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1-IIYBbBA. AJTEBPA, ®YHKIIMOHAJI AHAJIN3, TEOMETPHSI
UCH O’LCHAMLI ASSOTSIATIV ALGEBRALARNING AVTOMORFIZMLARI

Matlubaxon Abdulatibova
Andijon davlat universiteti

Avtomorfizm — matematikadagi fundamental tushunchalardan biri. Avtomorfizm algebrada muhim
ahamiyatga ega. Abstrakt algebrada matematik obyekt gruppa, halga yoki vektor fazo kabi algebraik struktura
bo’ladi. Avtomorfizm 0’°z-0’ziga sodda biektiv gomomorfizm hisoblanadi. Avtomorfizm gruppalar nazariyasi,
sonlar nazariyasi kabi sohalarda juda katta tadbiqqa ega. Avtomorfizmning ko’plab umumlashmalari mavjud.
Eng asosiy umumlashmasi bu lokal va 2-lokal umumlashmalari hisoblanadi. So’ngi yillarda ko’plab olimlar
lokal va 2- lokal avtomorfizmlarga oid ko’plab maqolalar chop ettirishdi [1-3].

Quyida biz uch o’lchamli barcha nilpotent algebralarning tasnifini keltiramiz.

1-Teorema.[4] Ixtiyoriy uch o’lchamli kompleks nilpotent assotsiativ algebra bazislari {e;, e,, €3} bo’lgan
quyidagi o’zaro izomorf bo’lmagan algebralarning biriga izomorf bo’ladi:

Aqeje; = eyeq = €3,

A, e? =e,, ee, = eye; = e,

Az ieje; = —eze; = e,

AY:e? = e;,e? = aez, e e, = e,

Asieje; = ey
va qoldirib ketilgan ko’paytmalar nolga teng.
Ta’rif. Algebrani o0’zini-o’ziga mos qo’yuvchi d:A—A chizigli akslantirish ixtiyoriy x,y€A elementlar uchun
o(xy)=0(x)¢p(y) shartni bajarsa, u holda ¢ akslantirish avtomorfizm deb ataladi.
Ushbu ishda barcha uch o’lchamli kompleks nilpotent algebralarning avtomorfizmlari tasnif gilingan.
2-Teorema. Ay, A, A3, Ay As assotsiativ - algebralarning avtomorfizmlari  matritsalari mos ravishda
quyidagilardan iborat bo’ladi:

Algebra Avtomorfizmlar Cheklovlar
Aq a;; 0 0
P1= 0 azz 0 a117£0
az; A3z Qg1 03
0 aq 0
2= azi 0 0 aqz a217£0
az1 Q32 Qq2027
A, aq 0 0
(p: a21 a%l 0 a117£0
3
az; 2a41 Q21 a7y
Az a1 Q12 0
0= az1 az; 0 Aq1 Az # Qg A,
a3z1 A3z Q11032 — Q12021
Ay ap2 — Q1 —Qdzq 0 ) )
¢1: a21 a22 0 a’a21—a21 azz + azz ?‘: 0
2 2
aszq Az  aaz1—0az1 Az 1453
a, O 0
o=l 0 ap 0 2270
2
asz1 dzz dz;
As a, O 0
0=\ az1 a%1 az3 a1170
az; 0 as; az3#0

FOYDALANILGAN ADABIYOTLAR
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1-IIYBBA. AJTEBPA, ®YHKIIMOHAJ AHAJIN3, TEOMETPHA
LOBACHEVSKIY FAZOSIDA HARAKAT

Absalomov Javoxirbek
GulDU 2-kurs magistrant

E —to‘la o‘Ichovli 1 dan kata, to‘la, xaqiqiy sonlar maydoni ustida aniglangan separabel evklid fazosi
bo‘lsin va B(0,1) c E markazi O € E nuqtada radiusi 1 ga teng ochiq shar (sfera) bo‘lsin.

1. |xy| orgali x, y € E nuqtalar orasidagi masofani va L(x,u) € E orqgali x nugtadan boshlanuvchi
u # x nuqtalardan o‘tuvchi nurni belgilaymiz.

A to‘plam R ustida aniglangan Lobachevskiy fazosi deyiladi, agar shunday n: A — B(0,1) akslantirish
mavjud bo‘lib, y uchun quyidagi shartlar bajarilsa:

1. n —biyeksiya;

2.Ixtiyoriy x,y € A elementlar juftligiga shunday S(x,y) € R son mos qo‘yilganki

p(x,x) =0; x#yda p(x,y) =ElnW
' ' ' 2 InCullr)vl

bu yerda v(u) — L[ (x), w(y)] bilan $(0, 1) sferani kesishish nugtasi, k > 0 — const.

Lobachevskiy fazosini o‘Ichovi deb E fazoni o‘lchovi tushuniladi, ya’ni dimA = dimE.

A fazoning elementlari uning nuqtalari deyiladi.

A = B(0,1) , m = id bo‘lsa, Lobachevskiy fazosini Beltrami-Kleyn modeli deyiladi.

Lobachevskiy fazosining harakati deb (A, p) fazodagi shunday izometriyaga , ya’ni f: (A, p) —
(A, p) suryeksiyaga aytiladiki, ixtiyoriy x,y € A uchun

p(fO).F) = p(x, )

shart o‘rinli bo‘ladi.

Lobachevskiy fazosining barcha harakatlar gruppasi Iso(A) aynan Beltrami-Kleyn modelining barcha
harakatlar gruppasi Iso(B(0,1)) ga izomorfdir.

Lemma 2. Beltrami-Kleyn modelining Lobachevskiy tekisligidagi ixtiyoriy harakat quyidagi
ko‘rinishga ega:

L, _ax+by+c L bx+my+n
x_px+qy+r' y_px+qy+r'
bu yerda xaqiqiy koeffetsiyentlar quyidagi shartlarni ganoatlantiradi:
a’?+12—p?=b2+m?—q?=—-c?*—-n?+r?=1,

ab+Ilm—pg=ac+In—pr=bc+mn—qr=0.

©® Quyidagi ifodani hisoblaymiz
%
SN2 4 (5)2 —
@+ @ 1=
bu yerda
V=(0@*+1?-p>)x?2+ (b?+m? —q®)y?+c?+n? —r? +
+2(ab + Im — pq)xy + 2(ac + In — pr)x + 2(bc + mn — qr)y.
5(0,1) shartning saglanishidan

(x?2+y%2—1)(a®+ 12 -p?)

(px +qy +71)?

x2+y?—1=
hosil bo‘ladi.
Tenglikning chap va o‘ng qismlari 0 dan kichik bo‘lish mumkin. Shuning uchun h = a? + 12 —
p? > 0 bajariladi.
h = s? gatayanib va s ning barcha koeffitsiyentlariga bo‘lib, talab gilingan shartlarni olamiz. ©

FOYDALANILGAN ADABIYOTLAR
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2. Mo‘minov Q.Q, Jo‘raboyev S.S, Giperbolik tekislikning harakatlari gruppasi ta’siriga nisbatan
yo‘llarning ekvivalentligi, Nam.DU ilmiy axborotnomasi, 9-son, 14-21 b, 2020 y.
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1-IIYBbBA. AJTEBPA, ®YHKIIMOHAJI AHAJIN3, TEOMETPHSI
JIOKAJIBHBIE JTU®OEPEHIHIUPOBAHUSA AJITEBPBI OKYBO

A.X. Aiutam0epreHoB
Hyxycckuil cocyoapcmeennsiti nedazo2uyeckuti UHCMumym, OOKmMopaHm
E-mail: allayar2010@mail.ru

AHHOTanus: 3aMeTKa IMOCBSIIIeHa N3yUSHHIO JIOKATBHBIX AuddepertmpoBanmii anredpsr Oxyoo.
Karouesble cinoBa: Anrebpa Oky60; muddepeHunpoBanue; JokaabHoe quddepeHnnpoBanue.

Ilonstus nokampHOTO AuddepeHpoBanns ObUTH BBEICHBI M HE3aBUCUMO HccienoBansl P.B.
Kamuconom [1], . Jlapconom u A. Cypopom [2]. DTu pabOTHl MOPOIWINA CepUt0 pabOT, MOCBSIIECHHBIX
ONMCAHHUIO OTOOPAKEHHUH, OIM3KKMX K aBTOMOpu3Mam, u auddepentmpopannto C”—anrebp 1 onepaTopHbIX
anre6p. P.B. Kagncon u3noxu nmporpaMMy H3y4deHHs JIOKAIBHBIX 0TOOpaxennid B [1], mpemmonaras, 4to
nokajbHble AU (depeHIUPOBAaHUS MOTYT OKa3aThCsl MOJIE3HBIMU MPH HOCTpoeHHH AnddepeHIUpOBaHUNA C
onpezaencHHbIMU cBoricTBamu. P.B. Kanucon B [1, Teopema A] pokasan, 4To Jit000e HEMPEPHIBHOE JIOKAIbHOS

muddepenmmponanue anredpsl Gpon Heiimana M B nBoiictBennoM 6anaxoBom M — 6uMomyne sBIseTcs
nmuddhepeHnrpoBaHneM. DTOT pe3ynbTar 0bl1 00001mIeH b. [IxoHCOHOM, MOKa3aBIIMK YTO BCAKOE JIOKAIhHOE

nuddepennmposanre C — amrebpsr A B GanaxoBom A— GHMOIylC aBTOMATHYECKH HEIPEPHIBEH H,
CJIeZIOBATENbHO, ABTSCTCS U PEepEeHINPOBAHHEM.

B mocnennue rojpl BHUMaHue OBUIO OOpalleHO HA CHMMETPUYHYI0 KOMIIO3HIMOHHYIO anredpy, B
KOTOpO#i TpeOyeTcsi, 9TOOBI HopMa ObllIa aCCOIMATHBHOM, T.€.

n(xy,z) = n(x, yz) 1)
st Besikoro X, Y, Z € C . Ormerum, uto (1) 3KBUBaJICHTHO B KOMITO3HMIIMOHHOMW anredpe
(xy)x = x(yx) = n(x)y. 2

ITycts ' — none xapakrepuctuku otmuynoi ot 2, 3. Torna ' comepxut mpUMUTHBHBIN KyOU4eCKHit
xopenb @ u3 1. [Tycts M, (IF) acconmaruBHas anredpa 3x 3 — marpui Haa . O6o3naunm yepes sl, (IF)

COOTBETCTBYIOILYIO CIenuaibHyto anreopy JIn. OmpenennM HOBOe YMHOXEHHE Ha Slg (IF) CIICAYIOIINM

obpa3zom:

60—(02

X*Y = @Xy — 0 yX — tr(xy)1. (3)

rzie tr — kaHoHnyeckwuii e Ha M, (F) :
HW3BecTHO, uTO [5, cTp 2481-2504]

(x#y)*x=x*(y*x)=sr(x)y (4)
mist moGoro X, Y € s, (]F) , TAe sr 0003HauaeT KBaJpPAaTHUHYK (OPMY, KOTOpas MHOSBISAETCS KakK
koopunment X B MHorowieHe Konu-I'amuinbrona

det(X1-a)=X°—tr(a)X*+sr(a)X —det(a)
wist a€ M, (F) )
HsBecTHO, uto (cM. [4] nnm [3, Jlemma 4.42]) (S 7 n) anrebpa, ¢ HEBBIPOXKIECHHON KBaAPATUIHON

dopmoii N. Torma N MyTbTHIUIMKATUBHA, a €€ MOJIsipHas popMa accolMaThBHA TOT/Ia ¥ TOJIBKO TOT/, KOTAa
OHa YIOBJIETBOPSIET yCIOBUIO (2).

JInneitnoe mpoctpancteo O = sl, (]F) ¢ yMHOXXeHHEM * B (3) W HEBBIPOXKACHHOIN KBaApaTUIHOU
dopmoii N (X) = SI’(X) SIBIISIETCS] CAMMETPUYHON KOMIIO3UIIMOHHOM anre0poil:
n(xxy)=n(x)n(y),n(x*y,z)=n(x,y*z), (5)
i groboro X, Y, Z.

Anrebpa ((’), *) JomyctuMa 1o JIu B ToM cMbIciie, 4To anredpa

(O,%) = (O,[u,v] :=u*v-v=*u) (6)
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1-IIYBBA. AJITEBPA, ®YHKIIMOHAJI AHAJIU3, TEOMETPUS
sBisiercst anre6poit JIu. Ha camoM nene otobpaxeHne X —X gaer usomopdusm ¢ slg (F) Ha anreOpy
(©,%)".
Onpenenenne. Cummerprynas koMnosunuonnas anredpa (O,*,N) naswsiBaercs anrebpoit Oxy6o
Hag IF.
W3zBectHO, uto [3], ecin [ moste xapakrepuctuku oTawgHoii ot 2,3. Torma Der(@,*) A30MOPGHO

anre6pe sl;(F).
Der (O,*) = {ad} (: y = X*y - y*X): x € O}.
Beskoe qudpdepenuuposanre D A—> A uMeer creayromryo MaTpuiLy:

D= [ Dll D12 J
DZl D22

rie
0 0 73 =B, no =B, B
_ 0 0 -7 B _| 77 B n B
Dy, = Dy, = '
=B B 0 0 —Q, V3 a7
7. 73 O 0 B - B, a
B B 4 Vs 0 0 -a, n
D. = s n B oa D. = 0 0 Y
= Yoy = .
-5 B a7, o -1 0 0
7 e ﬂz - _ﬂl a, 0 0

Teopema. Beskoe nokanbHoe —audepenimposanre  amredpesl  Oxyoo O sBisercs
T pepeHIpPOBaHHEM.
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(m -1) O‘LCHAMLI SIMPLEKSDA ANIQLANGAN LOTKA-VOLTERRA AKSLANTIRISHLARI
TRAEKTORIYALARINING DINAMIKASI

Aminov R.

Bizga ma’lumki, S™~1 — (m -1) o‘Ichovli fazoda umumlashtirilgan geometrik figura hisoblanadi.
Ta’rif 1. Simpleks bu affin erkli fazoning m-1 o‘Ichovli fazoda yotmaydigan m ta nuqtalaridan iborat
gavariqg gobiqgdir. Bu nugtalar esa simpleksning uchlari deyiladi.
SM1 = {x = (xq,%2,%3, .- X)) ER™:x; = O, Vi€ E, Y x; =1} (1)
Bu yerda E-erkli o‘zgruvchi fazo.
S1-bu 1 o‘lchamli simpleks bo‘lib, bunda m=2. Ya’ni, 2 ta uchga ega bo‘lgan kesma.

o 0
€(1;0) e;(0;1)

~18~ «EIII MATEMATHUKJIAPHUHT STHTU TEOPEMAJIAPH — 2022»



1-IIYBBA. AJTEBPA, ®YHKIIMOHAJ AHAJIN3, TEOMETPHA

52 2 o‘lchamli simpleks. Bunda m=2. Ya’ni, nuqtalari soni 3 ta.

Uning uchlari ey (1; 0; 0), e;(0; 1; 0), e,(0; 0; 1).
53 3 o‘Ichamli simpleks. Bunda m=4. Ya’ni, nuqtalar soni 4 ta va bu shakl tetraedr bo‘ladi.

3 o'Ichovli simpleks

Teorema 1. Agar ixtiyoriy ay; i,k= 1, m koeffitsiyentlar va x, € S™ 1 uchun |a,;| < 1vaay; =
—ayy, shartlar bajarilsa, u holda

x = x (1 + X2 arix;) (2)
orqali aniglangan V operator simpleksni o‘zini o‘ziga akslantiradi.
Ya’ni, y:sm-1 - gm-1gm-1 simpleksda quyidagi

Pijk = 0,Pj = Py Xk=1 Pij = Lijk=1m (3)

(2) va (3) shartlar bilan aniglangan V operator kvadratik stoxastik operatorlar deb ataladi.

Teorema 2. V:S™~1 — §™~1 kvadratik stoxastik operatorlar uchun k & {i,j} da P;; , = 0 bo‘lsa, u
holda V volterra tipidagi kvadratik stoxastik operatorlar deyiladi va uning ko‘rinishini quyidagicha yozish
mumkin:

xp = X (1 + XiZq AGgiXi), (4)
Bu yerda g = 2Pik,k —1,i # k va A = O,k =1m
Isbot: Pyy; = 0,i # k ekanligidan Py, = 1 kelib chigadi.
m m m
Xj = Z Pyj ixiXj = Py X + Z Pige e XXy + Z Pyj XXy
ij=1 i=1, izk i=1, izk
tenglikdan P;; . = Pj; ; ni hisobga olib,
X = X (X + 22021, ik PirceXi)
ni hosil gilamiz. 37, x; = 1 ekanligidan foydalansak,
xp = xc(1+ X221 121 @Pikcsc — Dx;)

ga ega bo‘lamiz. i # k da ay; = 2P, — 1 deb olsak, (4) ni hosil gilamiz. 0 < P, < 1 bo‘lgani uchun
|aki| <1lva Pik,k + Pik,i = 1 dan Agi + Aix = Zpik,k -1+ ZPki,i -1 == Z(Pik,k + Pki,i - 1) = 0 o‘rinli
bo‘ladi. Bundan a;; = a;; ni olamiz.

Biror x° € S™~1 uchun shu nuqtadan boshlanuvchi trayektoriya deb, quyidagi ko’rinishda

{x%x®, .., x™, .}

Aniglangan ketma-ketlikni tushunamiz. Bunda x™ = v (... (Vx(©®) ..) = Vx(®~D
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ON A CHARACTERISATION OF LOCAL DERIVATIONS ON JORDAN
ALGEBRAS OF DIMENSION FIVE
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In the present research work we investigate local derivations on finite dimensional Jordan algebras.
We give a description of local derivations on some five-dimensional nilpotent non-associative Jordan algebras.
A linear map V7 from an algebra A into itself is a local derivation if for each a in A there is a derivation D, on
A with D,(a) = V(a). This concept was introduced by R.Kadison [2] and D.Larson, A. Sourour [3]
independently in 1990.

By theorem 5.4 in [1] every local derivation on a JB —algebra is a derivation. In particular, every
local derivation on a finite dimensional semisimple Jordan algebra is a derivation. In the present paper we
investigate derivations and local derivations on five-dimensional nilpotent non-associative Jordan algebras.
Recall that a linear mapping D on a Jordan algebra J, satisfying, for each pair x, y of elements in J,

D(xy) = D(x)y + xD(y), is called a derivation, and a linear mapping V : J — J is called a local
derivation if for every x € J there exists a derivation D : | — J such that V(x) = D(x).

Let J be a Jordan algebra of dimension five over an algebraically closed field [F of characteristic
# 2 with a basis {e;, e,, e3,e4,es}. Letx be anelementin J. Then x = x,e; + xpe, + x3e3 + x4e4 +
xses for some elements x4, x,, x5, x4, x5 INF. Let T: J — J be a linear operator. Then

5 5

T(x) = Z Zauxj e, X€J
i=1 \j=1
. 5 .
for the matrix A = (ai'j)ijzl of the linear operator T, where x = x;e; + x,e, + x3e3 + x,e, + xses. For

example, if 7 = Jis and T is a derivation on /7, then T has the following form
T(x) = ay1x1€1 + (a21%1 + 2a11%;5)e; + (az 1% + az %y + 3a51x3 + AzaXy)es +

+(ag121 + 2ay1%4)eq + (@511 + a5 2% + A5 3%3 + A5 4%, + 4ag1%5)es
with respect to the basis {e;, e, e3, e4, es}for some a, 1, a,1,a31,a3 2, 34,41, 051, a5 2,A5,3, 05 4 INF.

Let E; ; be a linear mapping of the algebra J with a basis {e, ..., es}, which maps the basis
element e; to e; and the rest basis elements to zero. Then, for example, the vector space of derivations of
the algebra g% admits a basis of the following form:

{Exq + 2By + Eyy + 2Es 5,233 + Ey g + 2Es 5, Ep 4 — E43,Es5 1, Es 3, Es 4.

Our principal tool for the description of local derivations on Jordan algebras of dimension five is
the form of the matrices of derivations, depending on a basis of these Jordan algebras. Our main goal in
this research work to justify table 1 below and prove the theorems corresponding to this table. The third
column of the tables indicates whether each local derivation of the corresponding Jordan algebra is a
derivation or not, i.e., if yes, then sign ”+” is put in the appropriate place of the column, if not, then sign -
” is put in this place. All notations of table 1 are taken from [3].

Local derivations on five-dimensional nilpotent
non-associative Jordan algebras.

J Is each local
Multiplication A basis of the vector space derivation
table of derivations derivation a
derivation?
Jis | e1” = ey eie; = e, {E1,1 +2E;, + Eyy +2E55,2E33 + Eg 4 + 2E55,E) 4 }
ei = aes, — Ey43,Es51,E53,Es.4)
922 = €163 =

e,e,=es5 A EF
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bl e’ =ezee;=eze, {Ei1+ Ezp + 2E33+ 2Ey 4 + 3E55, B3 + 2E35 + -
= €5,818; = €y, BEss, Ezs+Eys+Eys E1s+ +Eys,Eq5,Ez 5}
3283 == ﬁes,ﬁ € F

Iy | e =ezee; = ey, {E1iq1+ 2E33+ Egq+ 2Es5, By + Ey 4+ Ess, Eq 5+ -
€ye3 = 5,618, = Eys, Eva+ 2YE35,E5 4 + VE4s, Eq5,E5 5}

" 1
yes,V € F \{11 _E}

Theorem. A linear operator on the Jordan algebras J5%, 353,(7;’4 is a local derivation if and only if the
matrix of this linear operator has the following form, respectively
a, O 0 0

0

a, a4, 0 0 O

Der(‘]g): 8y, 8, 83 &, 0

a, 0 0 a, O

8, 85, 853 85, 85
a, 0 0 0
0 a, 0 0
Der(‘]zlé): 83, 8, a, 0
8 _ﬁa4,2 0 &3

8, 8 83 85,4 855

a, 0 0 0 O

0 a, 0 0 0

Der(J;)=|a&, 0 &, 0 0], ;/eIF*\{l,—%},

84, 8y 0 a, O

A, G, JA, 9, Qs

o O o o
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ACCOIIUATUBHBIE AJITEBPBI YOBJIETBOPAIOINUE BHYTPEHHEMY
HOPIAHOBO-PUKKAPTOBOMY YCJIOBHIO

Ap3ukyJioB PapxoaxoH
L ¢h.-m.u., Uncmumym Mamemamuxu, AHPY3
XakuMoB YTKUpOeK
Anoudicanckuil 20cy0apcmeentblil yHugepcumem

B nanHo# paboTe MbI BBOJMM U MCCJICIYEM HOBBIN KJIACC aCCOIMATUBHBIX ajire0p, KOTOPbIE OIM3KH K
accoraTUBHEIM anreOpam Pukapra. Takuwe accoruaTuBHBIE anreOpsl MBI Ha3bIBaeM BHYTPECHHUMH

ﬁOpﬂaHOBO-pHKapTOBLIMH aCCOIIMaTUBHBIMU anre6paMI/I.

Hacrosmas cTarbs mocBsIeHa U3y4eHNI0 HOPIAHOBBIX aHAJIOTOB MHBOJIIOTHBHBIX anre0p Pukkapra
u Bapa. B [1] 6bun Haiinens MopnaHoBsl aHamory ycaoBus bapa u 0606uieHo nonstue AJW-anreGps! Ha
ciyuaii JB-anreOp. Ilonstue AJW-anreOpbl ObuIo BIiepBbIE BBEACHO M M3y4EHO TOINMUHIOM B paMKax
HOpIaHOBBIX anredp caMOCONPSDKEHHBIX ONEpaTOPOB B TMIILOEPTOBOM NMPOCTPAHCTBE (Tak Ha3biBaeMbIX JC-

anreop).
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OnHO W3 YNOMSIHYTBHIX BBILIE YCIOBUH COCTOMT B cienyromeM: ans JB-anreOpsl A HopaaHOBBII
AHHYJISATOP KaXXI0T0 MOJMHOKECTBA MOJIOKUTENBHBIX JIEMEHTOB OPOXKIAETCSI HAEMIIOTEHTOM (3JIEMEHTOM-
mpoekTopoM) B A. B [2] ¢ moMomipio 3TOTO YCIIOBUS MBI BBETH W M3YYHIM HOPIaHOBHI anreOpsl bapa u
Pukapra. B ymomsiHyTO# paboTe, B 4aCTHOCTH, OBUIO JOKa3aHO, YTO BCSKas KOHEYHOMEpHas HOpaaHOBas
anreOpa 0e3 HUIIBIIOTEHTHBIX JIEMEHTOB SIBJISIETCS opaaHoBoM anreopoii bapa. B crathe [3] Mbl BBOIMM e
HOpIaHOBEI aHAJIOTH WHBOJIOTUBHEIX anre0p bapa m Pukapra, koropble Ha3wIBaroTCs ciadsiMu BJ- m RJ-
anredpamMu, COOTBETCTBEHHO. Kitacchl ATHMX anreOp OKas3alucCh 3HAYMTEIHHO IMHUPE KJIACCOB OIPPOBCKUX H
PHUKapTOBCKUX HOPAAHOBBIX anreOp, COOTBETCTBEHHO. [lokazaHo, 4TO B ciyyae HOpJaHOBBIX anreOp Oe3
HWIBIIOTCHTHBIX 3JICMECHTOB TOHSATHS O3POBCKOW (PHKApTOBCKOW) HOpAaHOBOW anreOpsl u cnaboit BJ-
anreops! (RJ-anreOpsr) coBmamaroT.

Taxke MoKa3aHo, YTO BCsIKask KOHEYHOMEpHas iopaaHoBasi anreOpa A, BBIPOXKICHHBIH paauKal
Deg(A) xoTopo# He COAEP)KUT HUIBIIOTEHTHBIX 3JIEMEHTOB C KBaJIpaTHBIM KOPHEM U3 anreOpsl A u gaxTop-
anrebpa A/Deg(A) mo sToMy paauKaly HE WMEET HUJIBIIOTCHTHBIX 3JIEMEHTOB, sIBIsieTCs ciaboit BJ-
anrebpoii, a 3uaunT u RJ-anre6poii. [To Teopeme Mopnana-don Heiimama-Buraepa Besikas KOHSIHOMEpPHAS
(hopmanbHO BelIeCTBEHHAs! YHUTAJIbHAs HOpAaHOBa anredpa Hall MojeM IeHCTBUTEIBHBIX YHCEN SBISETCS
cnaboii BJ- u cnaboii RJ-anre6poii [3]. Onpenencuus cinabbix RJ- u cnabeix BJ-anre6p BrosiHe COBMECTHUMEBI
C OMpEeeICHUSIMA PHKAPTOBCKUX U 0IPOBCKHX *-aiaredp coorBercTBeHHO. B [3] mokaszano, uTo #opaaHoBa
anrebpa A, BBIpOXICHHBIH paaukan Deg(A) koTopoll He UMEET HUIILIIOTEHTHBIX 3JIEMEHTOB C KBAJIPATHHIM
KopHeM B A, sBisercs crnaboit BJ-anre6poit (RJ-anre6poit) Torma u TosKo TOTAa, Korda (akrtop-aaredpa
A/Deg(A) ssnsercs ciaaboii BJ-anredpoii (cooTBeTcTBeHHO RJ-anrebpoii).

[lycth A — acconuatuBHas anredpa, U mMycTh

A>={a*: a € A},St:={a€A:axa=0,(Vx €S},
1S:={x€A: axa=0,(Va € S)}

Jis acconmatuBHOM anreOpbl A pacCMOTPHUM clieayroniee ycioBue: (A) s KaXIoTo dJIeMeHTa X €

A cymiecTByeT UeMIIOTeHT e € A Takoii, 4To
L{x} N A% = ede n A?

Omnpenesienue. AcconuatuBHas anreOpa, yI0BIETBOPSIONIas YCIOBUIO (A), Ha3pIBAETCSI BHYTPEHHEH
HOpIaHOBO-PUKAPTOBON aCCOMMATUBHOM anreOpoii. A camo ycnosue (A) Ha3pIBae€TCs BHYTPEHHUM HOPIaHOBO
ycinoBueM Pukapra.

1 .

Mpumepsl. 1) [lycte A — accouuaTuBHast anredbpa u a b = 5 (ab + ba) — HiopaaHOBO YMHOXKCHHE
Ha A. Torga, ecnu HopnaHoBa anrebpa (4, -) sBisercs cnabo RJ-anrebpoii, To scHO, uTo A sBISETCS
BHYTpEHHEH HOpIaHOBO-PUKAPTOBOW acCOIMATHBHON alreOpoii.

2) Ilycte M,,(R) — accoumaruBHas anrebpa n X n — MEPHBIX MaTpHIl HAJ| MOJEM BEIECTBEHHBIX

gucen R, 1 — equauna anre6per M, (R), {ei' j}:lj=1_ cucTeMa MaTpUuHbIX eauHul anredpsl My, (R) un = 2k.

Toraa anreOpsI

k k
A=R1+ z ReZi—l,Zi ,A=R1+ Z ReZi,Zi—l'

=1 =1

k
R(ezizi-1 + €2i-12i), A=R1 + Z R(ezi-1,2i — €2i2i-1)

i=1
k k

A= z Reyi_ 12,4 = z Reyini1
i=1 i=1

SBJISIFOTCSA BHYTPEHHUMH HOPIaHOBO-PUKAPTOBBIMH aCCOLMATUBHBIMU ajredpamu.

Teopema 1. HunbnoTenTHast accounaTtuBHas anreOpa, KOTOpasi He UMEeT HUIBIIOTEHTHBIX SJIEMEHTOB
C KBaJpaTHBIM KOPHEM, SIBIIIETCS BHYTPEHHEH HOpIaHOBO-pPUKAPTOBOM anreOpoit.

Teopema 2. [Tycts A — N — MepHas accouuatiBHas anreopa u {e, e, ,, ..., €, } 6a3uc B A Takoi, 4To

ee =e, ee; = eje = g;, e;ej = —eje;, L,j=12,..,n

Torma Beskas acconuaTwBHasi anredpa, u3oMmop¢Has anreOpe A sBhsieTcs BHYTpeHHEH HOpIaHOBO-
PHUKapTOBOI acCOLMAaTUBHOM aaredpoi.

[Iycte M — accoumatuBHas anrebpa u S — HeIlycToe OAMHOKECTBO B M 1

RS ={xeM: sx=0(Vs eI}

Torma R(S) Ha3bIBaeTCs MpaBbIM aHHYJIATOPOM MHOXecTBa S. Ecinm s Bcsikoro x € M cymiecTByeT
UJIEMIIOTEHT g Takoii, uto R({x}) = gM, To M Ha3bIBaeTCS pUKAPTOBOM acconuaTHBHON anreOpoit. Cienyer
OTMETHTBH, YTO HE BCAKAsk pUKAPTOBA acCOLMATUBHAS anreOpa sSBJISIeTCS] BHYTPEHHEH HOpIaHOBO-pPUKAPTOBOM

k
A=R1+

i=1
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acconuaTuBHOM anreOpoil. B cBoio odepens, He BcAkas BHyTpeHHas HOpIaHOBa-pHKapTOBa acCOLMATHBHAS
anreOpa SBIAETCS PUKapTOBa aCCOLMATUBHON anreOpo.
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allabayarziev@inbox.ru, paraxatorinbaev@gmail.com.

Hycts (€2, %, ) — mpocTpaHCTBO ¢ Mepoii, ob6najaroliee CBOHCTBOM MpPAMON CyMMBI, H IYCTbh

L°=1° (€4, Z, ) — anreGpa BceX KOMIUIEKCHBIX M3MEPHMBIX (GyHKImi Ha () (QyHKIMH paBHBIE HOYTH

BCIOJTy OTOX/IECTBIISIIOTCS).
PaccmotpuMm srHelHOe pocTpancTBo X HaJ MoJieM KoMIuieKeHbIX yucen C,

Orobpaxenne ||-||: X —> L’ nassieacress L -3maunoit mopmoit wa X, ecnim mis Kakaoro
X,y € X, Ae€C ppmonnsrorcs CIICAYIOIIUE COOTHOIICHHUS:

1. ||x]20, ||x][=0< x=0;

2. | ax =1 21X

3 | x+y <X+ y .

Mapa (X, H . H) Ha3bIBaeTCs PELIETOYHO-HOPMUPOBaHHBIM npocTpancTBoM (PHIT) Haz L°.
PHII X Ha3bIBaeTCA d -paznoxumoi, ecJk s JIF000T0 Xe X C

IX[=A4+4, 0<A4, 4 el’, A4, =0 cymectsyior X,X, € X  Takue, uto X=X +X, u
[l = A = 2.

Cetb {Xa} B X HaswBaerca (DO) -cxomsmeiics x X € X, ecinu ceth {”Xa —X||} SIBJIAETCS

aeA

achA
(0) -cxomsmeiics k mymo B L°.  (bo)-monmoe d -pasnoxumoe PHIT max L° massiBaercst mpoctpancTBOM

Banaxa — Kanroposuua (I1BK) nag L°.
UsgectHo, uto kaxaoe [IBK X max L° seusercs momynem max L° u | Au||=| Al u| ans Beex

Ael®ueX [1].

[Tycte X — oToOpaXkeHHe, CTaBsIIEe B COOTBETCTBHE KAXKIOM TOUKe @ € () HEKOTOPOE GAHAXOBO

IPOCTPAHCTBO (X (w), '||><(w) ), rae X (@) #{0} ns Becex @ e Q. Ceuennem X HaswiBaercs GyHkims U,

ompeseNneHHas modTH Bcrogy B ) u npunnMaromas 3Hadenne U(@) € X (@) mns Bcex @ € dom(u), e

dom(u) €CTh 00J1acTh onpeesieHus U .

[Tycts L — HEKOTOPOE MHOKECTBO CEUEHHUIA.
Onpenenenne 1. [2]. TTapa (X, L) naseiBaetcs usmepumvin 6anaxoevim paccioenuem, eciu

1) 4C +AC, €L muaseex 4,4, €l uc,C,el,rne
AC +A,C, : @ e dom(c,) ndom(c,) > AC (@) + A,C, (@) ;

2) dynkims || Cc || :oedom(c) > || c(w) || u3Mepuma rpu Bcex CeL;

X (@)

3) s xaxoit Toukn @ € Q muoxectso {C(®) : € € L,w e dom(C)} mnorro 8 X (@) .
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Bwmecrto (X, L) 6ynem miucats nmpocto X.
CeueHne S Ha3bIBACTCS CTyIEHYATHIM, eci S(@) = Z Za(@)C (@), tie ¢ el, Ael,i =1n.
i1
Ceuenne U HasbBaeTcsl U3MepuMbIM, ecmu s kaxgoro A€ X, t(A) <+ wuaiinercs Takas

noCIe0BATENBHOCTS (S, )5 CTyneHuaThix cevennii, uto || S, () —u(w) || x(@ —> 0 v mourH Beex @ € A

Mycts M(Q,X) — muox)ectBo Beex m3mepuMbix cedenmit. Cumsomom L°(Q, X)  o6Gosnaunm
daxtopmsammio M (Q, X) 1o orHomeHumio paBeHcTBa moutH Beiomy. Uepes U 0GO3HAYMM KIace H3
L°(Q, X), comepxammii ceuerne U € M (€, X). BseneM OTHOIICHHE SKBUBAICHTHOCTH || B MHOXECTBE
M(Q,X), momaras UV, ecntu U(®)=V(®w) nna moutm Bcex we(). Kmacc SKBUBAJIEHTHOCTH,
conepsxamuii >nement U € M (Q, X) , o603nauaercs cumMBoIoM U. Muoxectso L° (QQ, X) ecrectBeHHBIM
00pa3oM MpeBpaIaeTcs B BEKTOPHOE MPOCTPAHCTBO, a UMeHHo, st A, 1L €] u U,V € M (€, X) nonarator
TI0 OIIPE/IENICHUIO AU+ y\7 =AU+ uv.

U3sectHo, [1] uTo, ecu mpocTpancTso ¢ mepoit (2,Z, 1) obragaeT CBOHCTBOM MPAMOIi CyMMBI, TO
IS 1I060r0 M3MepuMoro Gaxaxoa pacciuoenms X Hax Q muoxkecteo L°(Q, X) ¢ BBeeHHBIME
onepanusiMu 1 Hopmotii siBisiercs [IBK nazg LO.

Omneparop T:L2(Q,X) > L°(QQ,Y) Ha3bIBAETCH L -nuneitHbIM, eciu
TAX +A4%)=AT (%) +AT(X,) ama seex A, 4 €L’ x,X, € 2(Q X). L’ -nuueituit oneparop
T:L°%(Q,X) > L°(QQY) nasmBaetes  L°-orpanmuennsiv, ecim  cymectsyer Ce L’ Takoe, uro

|| T(X) || < C|| X || st Beex X € L°(Q, X). Hust L°-orpannuennoro L°-muueiitoro onepatopa T momnoxum
|| A || = sup{]| A(X) || : || X || <I}. WMssecrmo [3], uro mms Beskoro L°-orpammuenmoro L -mmmeitnoro

omepatopa T :L°(Q, X) = L°(QQY) cymectByer ceMeiicTBO OrpaHHYEHHBIX JMHEHHBIX ONEPATOPOB
{T, : X(®) > Y (@)} raxoe, uro T (X) =m s Beex X € L°(Q, X).

ITycts A siBIsieTCs MPOM3BOJILHOM anreOpoi Hax mosnem [, u A sBIsieTcss MOIyJIeM Hajl L ¢
(AU)v = A(uv) =u(Av) s Beex A€L°, U, Ve A Paccmorpum Ha oToii anreGpe L -3Haunyio Hopmy,
crabxkarommee anre6py A crpykrypoii IIBK, B uactroctn || AU ||=| A [|U || mnscex A € L, u € A. Anre6pa

A mazpBaercs anre6poii Banaxa-Kanroposuaa (ABK) max L°, ecou || uv [|< ||u||||v|| nis Beex U,V e A. Ecin
A — ABK nan L° ¢ enununeii e, takoe, 4to ||e|| =1 tne 1 - emmnuma B L°, Torna A HaswiBaeTcs

yauransHoit ABK. O6osnaunm uepes SP(X) (X € A) muokectso Beex A € L takux, uro snement Ae— X
HeobpaTuMm B A.

Hpeononcenue 1. Jlna kaxcoozo X € A mnoxcecmeo SP(X) nenycm.

Ilycte V' OyneBa anredpa BceX WAEMIIOTCHTOB B L°. Ecm A yuutanbHas ABK Hag L°, toraa
noanredpa TA= {72'X . X€e A}, rne 7€V, 7 #0 moxer ObITh paccMoTpeHa Kak YHHTaJIbHas aireopa ¢
eqummieii €. Uepes SPM(X) oGozHaumm MHOXkecTBO BceX A € SP(X) Takux, 49To Ams KaIoro
neV, m#0,snement ﬂ(le - X) & Inv(;zA), M Ha30BEM €r0 MUKIIMYECKHUM CIIEKTPOM.

BepHa crieyiomas TeopeMa KoTopasi BSUISETCs BapuaHToM TeopeMsl Ienbganma o crek-tpe L°-
muneitubix L -orparmaennsix oneparopos B ITBK max L°.

Teopema 1. ITycms L°(Q,X) — IIBK nao L° u T:L°(QX)—=L°(QY) — auneiinoii L°
oepanuyenuslil onepamop. Toeoa

spm(T) ={21eL®: A(ew) esp(T,) o ns. 0 QY.
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CONSTRUCTION AND SOME PROPERTIES OF SPACE

Atamuradova D. R.
Teacher at Tashkent State Pedagogical University
Akbarova Sh. S.
Master student at Nukus State Pedagogical Institute

Let be an arbitrary infinite set of cardinality m > X, x, € X —some point. Let 's define a family
t={UcX:x, & U}U{U:|X\U| < oo}.

It is easy to establish that (X, ) — the topological space that is commonly denoted A(m).For
everyone x € X \ {x,} single - point sets {x} open-closed, and the set {x,} closed, but not open. At the same
time , the open neighborhood of the point x,are only and only those sets U, containing x, u y which
additions of course. A family consisting of all single-point sets {x}, x € X \ {x,}, and of all the sets Uwith a
finite complement, form the base of the space(X, 7).

Closure of a subset A € A(m) = (X, 1) (i.e. the set of all points x € X, each open neighborhood of
which intersects with A) in this case , it is determined by equality
A= A, if Aof course,

B { AU {x,}, if Ais infinite.

Indeed, unless of course and x & A, then when x # x, plenty {x} is an open neighborhood of a point
xand {x}NnA = 0;ifx, & A, thatset U = X \ A is an open neighborhood of a point x, u U N A = @. Thus,
if A of course, then every point of space X,not included in the set A, has a neighborhood that does not
intersect with A. Means, A = A.

If is infinite and x & A, then when x # x plenty {x} is an open neighborhood of a point x u {x} N
A = @. This means that x ¢ A. Each neighborhood of a point x, has the form U = X \ F, where F — finite
set. Since A cannot be embedded in any finite set F in any way, then the sets U and A necessarily intersect.
Hence, by definition of closure, we have

A=AU{xy}.

It follows that:

(Cly) infinite subset of space A(m) = (X, t) is closed if and only if it containsx,;

(Cl,) intersection of any two closed infinite subsets of space A(m) = (X, t) not empty.

The point x of the topological space X is called the accumulation point (limit point) of the set A c X,
if x € A\ {x}, that is, each neighborhood Ox of a point x has at least one point y other than x belonging to
the intersection

AN Ox.

The point x_0 is the only point of accumulation of the topological space A(m) = (X, 7).

For a topological space A(m) = (X, 1) inside IntA subsets A c X (r. e. the set of all points x € 4,
each of which has an open neighborhood lying in A) is defined by the equality

(4 ifX\ Aof course,
Intd = { A\ {xo), ifX \ A infinitely.

Indeed, if X \ A of course, then for each x € A, x # x,, its open neighborhood {x} contained in A.
If xo €A, ToU =X\ (X\ A) = Ais an open neighborhood x, u U c A. So in this case, IntA = A.

Let now X \ A infinitely. Then for each x € A, x # x,, its open neighborhood {x} is contained in
A. But, no neighborhood U = X \ F points x,, where F —a finite set that is not contained in A. Therefore
Xo & IntA, 1. e. IntA = A\ {x,}.

It follows that:

(Int;) any two open subsets of the space A(m) = (X, t) with a finite complement have a non -

empty intersection;

(Int,) a subset of the space A(m) = (X, t) with infinite complement is open if and only if it does

not contain x.
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2-LOCAL DERIVATIONS ON LIE ALGEBRAS OF SKEW-ADJOINT MATRIX-VALUED
MAPS

Ayupov Shavkat Abdullayevich
Academicion.V.l.Romanovskiy Institute of Mathematics Uzbekistan Academy of Sciences
Arziqulov Farhodjon Nematjonovich
DSc, Professor. V.I.Romanovskiy Institute of Mathematics Uzbekistan Academy of Sciences
Umrzaqov Sardorbek Muxammedovich
Andijan State University

In the present paper we consider 2-local and local derivations on Lie rings and Lie algebras. The study
of 2-local derivations began in the paper [7] of Semrl. In [7] Semrl introduced the notion of 2-local derivations
and described 2-local derivations on the algebra B(H) of all bounded linear operators on the infinite-
dimensional separable Hilbert space H. Later a number of papers were devoted to 2-local maps on different
types of rings, algebras, Banach algebras and Banach spaces.

In the present paper 2-local derivations on the Lie ring of skew-adjoint matrices over a commutative
involutive ring are described. In [3] of L. Chen, F. Luand T. Wang 2-local Lie derivations of operator algebras
over Banach spaces are described. The first paper, where 2-local derivations of Lie algebras which are not
generated by associative algebras, are described, is the paper [2] of Sh. Ayupov, K. Kudaybergenov and I.
Rakhimov. They proved that every 2-local derivation on a finite-dimensional semi-simple Lie algebra £ over
an algebraically closed field of characteristic zero is a derivation. At the same time, in [5] X. Lai and Z.X.
Chen give a description of 2-local Lie derivations for the case of finite dimensional simple Lie algebras. L.
Liu characterized 2-local Lie derivations on a semi-finite factor von Neumann algebra in [6]. Recently, in [4]
it is proved that every 2-local Lie derivation on factor von Neumann algebras, UHF algebras and the Jiang-Su
algebra is a Lie derivation.

In [1] the first and second authors of the present paper investigated 2-local inner derivations on the Lie
ring K, (R) of n-dimensional skew-symmetric matrices over a commutative associative ring R and proved that
every 2-local inner derivation is a derivation.

In the present paper we study 2-local spatial derivations on various Lie algebras of infinite dimensional
skew-adjoint matrix-valued maps on a set. We prove that every 2-local spatial derivation on subalgebras of the
algebra M(Q, B, (H)) of all maps from Q to B, (H) for an arbitrary set Q and the algebra B(H) of all bounded
linear operators on a separable Hilbert space H, under some conditions, is a derivation.

Let R be a ring (an algebra) (nonassociative in general). Recall that an additive (respectively linear)
map D: R — R is called a derivation, if D(xy) = D(x)y + xD(y) for any two elements x, y € R.

A map A: R — R (neither additive nor linear, in general) is called a 2-local derivation, if for any two
elements x, y € R there exists a derivation D, ,,: R — R such that A(x) = Dy ,,(x), A(Y) = Dy 5 (¥).

Let R be a Lie ring (Lie algebra). Given an element a in R, the map R,(x) = [a,x], x € R is a Lie
derivation. Such derivation is called an inner derivation of R. A map A is called a 2-local inner derivation, if
for each pair of elements x, y € R there is an inner derivation R, of R such that A(x) = R, (x), A(y) = R, (¥).

Throughout the paper, let w, be the countable cardinal number. Now let H be a separable complex
Hilbert space of dimension w, and, let B(H) be the von Neumann algebra of all bounded linear operators on
H. Let {e;};2, be a maximal family of orthogonal minimal projections in B(H) and, let {e; ;};7-4 be the family
of matrix units defined by {e;};21, i.e. e;; = e;, e;; = e;;e;; and e; ; = e;;e; ; for each pair i, j of natural
numbers.

Let B, (H) be the vector space of all skew-adjoint matrices in B(H), i.e.

Bgy(H) ={a € B(H):a" = —a}.
Then with respect to Lie multiplication [a, b] = ab — ba, a, b € By, (H) Bg(H) is a Lie algebra.

Let Q be an arbitrary set, F(Q, Bg, (H)) be the Lie algebra of all maps from Q to By, (H) with the Lie
multiplication [a, b](t) = [a(t),b(t)],t € Q,a,b € F(Q, Bs(H)). Put é; ; = 1e; ;, where 1 is the identity
element of the algebra F(Q) of all complex-valued maps on Q. Throughout the rest sections, puts; ; = é; ; —
é; ; for every pair of different natural numbers ¢, j, and, let I be the imaginary unit.

Definition. Let A be a Lie algebra and, let B be a Lie subalgebra of A. A derivation D on B is said to
be spatial, if D is implemented by an element in A4, i.e., D(x) = [a,x],x € B, for some a € A. A 2-local
derivation A on B is called 2-local spatial derivation implemented by elements from A, if for every two
elements x, y € B there exists an element a € A such that A(x) = [a, x], A(y) = [a,y].

Let, throughout the present section, Q1 be an arbitrary set, F(Q, By (H)) be the Lie algebra of all maps
from Q to B, (H). Let (4,) be a sequence of nonzero numbers from C such that ¥;7_; 1,45, < o and x, =

~26~ «EIII MATEMATHUKJIAPHUHT STHTU TEOPEMAJIAPH — 2022»



1-IIYBbBA. AJTEBPA, ®YHKIIMOHAJI AHAJIN3, TEOMETPHSI
Yne1 AnSnn+1 € F(Q, B, (H)). Let L be a Lie subalgebra of F (£, By, (H)) containing the element x, and the
family {1é;;}72, U {s; ;}{j=1- The following lemmas hold.

Lemma 1. Let 4 be a 2-local spatial derivation on £ implemented by elements from F (02, B, (H))
and i, j, p be arbitrary pairwise different natural numbers,

1) let R,, R, be the spatial derivations on £, implemented by a, b € F(Q, Bs (H)), respectively, such
that A(s;;) = Rq(si;) = Ry(s;;). Then the following equalities are valid a*/ + a/* = b%/ + b/, a*' —
al’ = bbt — bl

2) let R4, Ry, be the spatial derivations on £, implemented by a, b € F(Q, Bs (H)), respectively, such
that A(s; ;) = Ra(si;), A(Sip) = Ry(sip). Then the following equality is valid a*/ + a/* = b*J + b/*,

Lemma 2. Let 4 be a 2-local spatial derivation on £ implemented by elements from F ({2, B, (H)),
i, j, p be arbitrary pairwise different natural numbers and, let R,, R}, be the derivations on £, generated by
elements a, b € F (2, Bg(H)) such that A(s;,) = Ry (Sip), 4(Sp,j) = Rp(sp,;). Then the following
equalities hold éi,iaéj'j = éi’ibéj,]’, éj’jaéu = éj,jbéi,i'

Let A be a 2-local spatial derivation on £, implemented by elements from F(Q, Bsx (H)), i, j, p be
arbitrary pairwise different natural numbers, and, let R, be the derivation on L, generated by an element a €
F(Q, Bg (H)) such that A(s; ) = Ra(Sip), A(Sp,j) = Ra(Sp,j)- By lemma 2 the following elements are well-
defined: Cli,j = éi_iaéj,j = ai'jéi'j, ai'j € ER, aj'i = éj,jaél-,l- = aj'iéj,i, aj'i € iR, a= Z?Z’:l,iij ai_j. In these
notations the following lemma is valid.

Lemma 3. Let 4 be a 2-local spatial derivation on £ implemented by elements from F ({2, Bg, (H)),
i, j be arbitrary different natural numbers and 4(s; ;) = R4(s; ;) for some element d € K, (R). Then
A(Si'j) = asi,j - Si,ja + (di'i - d]'])él,] + (d]'] - di’i)é\j’i.

Fix different natural numbers i,, j,. Let c € F(Q, Bg (H)) be an element such that A(s; ;) =
[¢, 57,1, A(%0) = [c,x,]. Put ¢ = ¥i5-1 ¢/ &;;j € F(Q, By (H)) and @ = ¥7-1 ;= @i j + Xi21 a;;, Where
a;; = c“é;; forany i. Then @ € F(Q, Bg (H)). In the above notations we have

Lemma 4. Let k, [ be arbitrary different natural numbers, and let d be an element in F (2, B, (H))
such that A(sy;) = [d, sx.1], A(x0) = [d, x,]. Then ck* — bt = gk — gl

The following theorem is the key theorem of this paper.

Theorem 5. Let 2 be an arbitrary set and let F ({2, Bg, (H)) be the Lie algebra of all maps from 2
to By (H). Let L be a Lie subalgebra of F (12, B, (H)) containing the element x,, and the family {I¢é;;};2, U
{sij}ij=1,i=j- Then any 2-local spatial derivation on L implemented by elements from F (12, B, (H)) is a
spatial derivation.

In particular, as a corollary of Theorem 5 we have the following theorem.

Theorem 6. Each 2-local inner derivation on the Lie algebra F ({2, Bs, (H)) is an inner derivation.

Let Q be a hyperstonean compact, C(£) denotes the algebra of all C-valued continuous maps on Q.
There exists a subalgebra V" in F (€, B(H)), containing the family {é; ;};%-1, which is a von Neumann algebra
with the center isomorphic to C (). More precisely V' is a von Neumann algebra of type |.

The vector space K = {a € N:a"* = —a} of all skew-adjoint elements in V" is a Lie algebra with
respect to Lie multiplication [a,b] = ab — ba,a,b € K. The Lie algebra K is a Lie subalgebra of
F(Q, Bg, (H)) containing the element x,, and the family {1¢; ;};2-; U {s; j}{j=1,i=j- SO, by Theorem 6 we have
the following theorem.

Theorem 7. Every 2-local spatial derivation 4 on & implemented by elements from in F (02, B, (H))
is a spatial derivation, i.e., there exists an element a € F (2, B, (H)) such that A(x) = R,(x),x € K.

Remark 8. Note that it is not necessary that for each pair of elements x € K and y € F (2, Bg(H))
the elements yx, xy, R, (y) belong to K. But, by theorem 5, in theorem 7, for every x € K, the element
R, (x) belongs to K.

Let K (H) be the C *-algebra of all compact operators on the Hilbert space H over C, X (H) be the
Lie algebra of all skew-adjoint compact operators on the Hilbert space H. Let Q be a topological space. Then
the vector space C(Q, X (H)) of all continuous maps from Q to I, (H) is a Lie subalgebra of F(Q, B, (H))
containing the element x, and the family {7é;;};2, U {s; j}{j=1+;- Therefore, by Theorem 5 we have the
following result.

Theorem 9. Every 2-local spatial derivation on the Lie algebra C (2, Ky (H)) implemented by
elements from F(£2, Bs,(H)) is a spatial derivation, i.e., there exists an element a € F(£2, Bs(H)) such that
A(x) = Ry(x),x € K.
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Remark 10. Note that, as in Remark 8, it is not necessary that for each pair of elements x €
C(,Kx(H)) and y € F(2, Bg(H)) the elements yx, xy, R, (y) belong to C (2, K, (H)). But, by theorem
5, in theorem 9, for every x € C(2, Kk (H)), the element R, (x) belongs to C (2, X (H)).
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GROUND STATES FOR BLUME-EMERY-GRIFFITHS MODEL ON A CAYLEY TREE

G.1.Botirov, D.H.Jovliyev
National University of Uzbekistan

We construct some finitely periodic ground states for the Blume-Emery-Griffiths model on te
Cayley tree of order three. In [1] was considered for the low temperature Blume—Emery-Griffiths Zd,
d >2, lattice model taking site spin values 0, +1, -1 they constructed, using a polymer expansion, two
pure states in the parameter region where there were an infinite number of configurations with minimal
energy. Each state was invariant under translation by two lattice spacings and the two states were
related by a unit translation. Using analyticity techniques, they showed that the truncated n-point
function decays exponentially with an n-independent lower bound on the decay rate. For the truncated
two-point function, authors found the exact exponential decay rate in the limit f—oo.

The Cayley tree (Bethe lattice) I'* of order k > 1 is an infinite tree, i.e., a graph without cycles,
such that exactly k + 1 edges originate from each vertex (see[3]). We write T*= (V,L) where V is the set
of vertices and L the set of edges. Two vertices x and y are called nearest neighbors if there exists an
edge | € L connecting them and we denote | =< x,y >.

It is well-known that there exists a one-to-one correspondence between the set V of vertices
of the Cayley tree of order k > 1 and the group of the Gy of the free products of k +1 cyclic groups of
second order with generators a,ay,...,aw+1 (see[2],[3]).

We consider the model [2] in which the spin takes values in the set ® = {-1,0,1}. A
configuration y one the set V is then defined as a function x € V — y(x) € ® the set of all configurations
coincides with Q = ®. The Hamiltonian of the BEG model [2] with competing interactions has the
form

H() = ) (0:0) +yoPa} + x(of + )
(i.J)
where {i,j} is an unordered pair of nearest in Z°, 6i€{—1,0,1} and x, y € R?

Let M be the set of all unit balls with vertices in V . By the restricted configuration oy, We
mean the restriction of a configuration o to a ball b € M. The energy of a configuration o, 0n b is
defined by the formula

1
HD)= =3 (010 +yofo] +x(af + 0},
l’]

where x,y € R?
We consider the case k =3. It is easy to see that U(op) €{U1,U,...Ux} for any on, where

Us(o)=5(4-4y—8x), Uz(0)=5(~4-4y—8x), Us(0)=5(2-4y~8x),
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Us(o)=5(-2-4y-8x), Us(0)=; (~1-4y—8x), Us(c)=5(~4y-8x),
U7 (0)=5(3-3y-7x), Us(0)=5(-3-3y~7x). Us(o)=5(1-3y-6x).
Uso (0)= 5(~1-3y-6x) Ui (0)= 5(2-2y-6x) Usz(0)= 5(~2-2y~6x)
Uss(0)=(~2y~6x), Use(0)= 5(1-y~5%), Uss(0)= 5(~1-y=5),
U (6)=—2x, Us(0)=—3x, Uss(0)=—x, Uss(0)=X, Uz0(0)=0.

Definition. A configuration ¢ is said to be the ground state of the relative Hamiltonian H if
U(¢b) = min{Ul,Uz,...,Uzo}
forany b € M.
We set Ci= {ov: U(op) = Ui} and Ui(J) = U(op,d) if ov € Ci, 1 =1,2,...,13. Forany i = 1,2,...,20, we
set
Ai=Je R?: U= min{Ul,Uz,...,Uzo}.(l.Z)
Rather cumbersome but straightforward calculations show that
A= A= As=As=As = Ar=Ag= Aio= A= A1z =Aiu={x =0,y = 0},
A={x<0, y >-1-2x}U {x>0,y>-1-x},
As=An=An={x>0,y=-1—-x},
A ={x>0,y<-1—x},
Az =As=Aw={x=0,y<-1},
A ={{x<0,y<—1-2x)
and U,A,= R?
Theorem. For any class C;,i = 1,2,...20, and any bounded configuration o, € C;, there exists a periodic
configuration ¢ (on the Cayley tree) such that ¢,° € Cifor any b® € M and ¢, = ov.
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KILLING VEKTOR MAYDONLARI VA ULARNING INVARIANT FUNKSIYALARI

Boysunova M.Ya.
O ’zbekiston Milliy Universiteti, Matematika fakulteti 1 — kurs magistranti

Ta’rif-1. Agar G to’plamga tegishli har bir p nuqtaga bitta X(p) vektor mos qo’yilsa , bu moslik
vektor maydon deb ataladi.
Ta’rif.2 Agar berilgan vektor maydonning koordinalari differensiallanuvchi funksiyalar bo’lsa,
bunday vektor maydon differensiallanuvchi yoki sillig vektor maydon deyiladi.
Ta’rif.3 Birorta G sohada X vektor maydon berilgan bo’lib va shusohada p=p(t) tenglama
bilan aniglangan differensiallanuvchi y chiziq ham berilgan bo’lsin. Agar har bir t uchun p'(t
)=X(y(t)) bo’lsa y chizig X vektor maydonning integral chizig’i deyiladi.
Teorema.l Sillig vektor maydon berilgan sohaning har bir nugtasidan shu vektor
maydonning yagona integral chizig’i o’tadi.
Ta’rif 4. Berilgan X vektor maydonning t=0 da p nuqtadan o’tuvchi chizigni y (t,p) bilan
belgilasak p —» Xt(p) aksalntirishlar oilasi X vektor maydonning ogimi deyiladi.
Ta’rif 5. Agar har bir t nugta uchun
x = y(tx)
akslantirish izometrik akslantirish bo’lsa, X vektor maydon Killing vektor maydoni deb ataladi.
Boshqacha qilib aytganda M ko’pxillikda berilgan X vektor maydon hosil gilgan bir parametrli
diffeomorfizmlar oilasi M ko’pxillikda izometrik akslantirishdan iborat bo’lsa X vektor maydon Killing
vektor maydoni deb ataladi.
Bizga R™(xy,x5,..,x,) da
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n

0
“= 2,75
1 l

i=

vektor maydon berilgan bo’lsin.

Ta’rif 6. X silliq ko’pxillik, G esa bu ko’pxillikning almashtirishlar gruppasi bo’lsin. X da
aniglangan f: X — R funksiya invariant deyiladi, agar Vx €X, Vg € G uchun f(gx) = f(x) tenglik
bajarilsa.

Teorema 3. f funksiya X vektor maydon oqimi uchun invariant funksiya bo’lishi uchun

X(f)=0
tenglik basharilishi zarur va yetrli.
Bizga tekislikda

vektor maydon berilgan. Bu vektor maydon uchun
floy) =x*+y*
funksiya invariant funksiya bo’lishi

0 0
X(f) = —y£+x%= —y2x +x2y =0

Tenglikdan kelib chigadi .
Misol. Bizga yevklid fazosida vektor maydon va
feyz) =2 +y?
funksiya berilgan bo’lsin. Bu vektor maydon uchun bu funksiyaning invariant funksiya ekanlaigini
tekshiramiz.
X(f) = 1§—§—zj—§+yg—§= 0—2z2y+y2z =0
Tenglikdan kelib chigadi.

FOYDALANILGAN ADABIYOTLAR RO’YHATI:
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MAKSIMAL PRO-NILPOTENT IDEALGA EGA BO'LGAN MAKSIMAL BO'LGAN PRO-
YECHILUVCHAN LI ALGEBRALARI

Davlatova Durdona Qodirjon qgizi
Namangan Davlat Universiteti magistranti
durdonadavlatovaunigue@gmail.com

Ta’rif 1. F maydon ustida aniglangan L algebraning ixtiyoriy X,Y,Z elementlari uchun quyidagi
ayniyatlar bajarilsa,
[x, X] = 0 — antikotativlik ayniyati,

[[x, y1, 2] + [y, z], X] + [[z, ], y] = O — Yakobi ayniyati,

u holda L algebra Li algebrasi deyiladi, bu yerda [-,-]-L algebrada aniglangan ko’paytirish amali.

Avytaylik, L LI algebrasi bo’Isin. L Li algebrasi uchun quyi markaziy va hosilaviy gatorlarni mos ravishda

quyidagicha aniglaymiz:

L=, LEd=[LM M) k>1 Li=L, L**1=[L°, LY, s> 1.
Ta’rif 2. L Li algebrasi uchun shunday me N (M &€ N)son mavjud bo’lib, LI"=0 (mos ravishda,

L™=0) bo’lsa, u holda L yechiluvchan (mos ravishda, nilpotent) Li algebrasi deyiladi.

Ta’rif 3. Aytaylik, L cheksiz o’Ichamli Li algebrasi bo’lsin. Agar 1 >1uchun ﬂj:ll‘[j] =0 va dim

L/ " < o0 (mos ravishda, ﬂ;Lj =0 va dimL /L' <00)bo’lsa, uholda L Li algebrasi pro-
yechiluvchan (mos ravishda, pro-nilpotent ) deyiladi.
n,: [f,f1=d 9,1 eN,

q,l 1:q+| ’
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{fsiv1, fair2, foiss, faiva, faivs, foive, foir7, foirs}, leN U{O} bazisda ko’paytma quyidagi jadvalda keltirilgan:

f8j+1 f8j+2 f8j+3 f8j+4 f8j+5 f8j+6 f8j+7 f8j+8
fo, O 1 1 -3 -2 0 1 —1
fo., —1 0 0 0 1 -1 0 2
fo., —1 0 0 3 -1 1 —2 1
fo.. 3 o -3 0 3 0 —3 0
foe 2 -1 1 -3 0 0 1 —1
fo.o O 1 -1 0 0 0 1 -2
., —1 0 2 3 -1 1 0 1
foe 1 —2 —1 O 1 2 —1 0

Bu yerda i, j noma’nfiy butun sonlar.
Teorema: Maksimal pro-nilpotent ideali N, pro-nilpotent Li algebrasi bo"Igan maksimal bo’Imagan pro-
yechiluvchan Li algebrasining ko rinishi quyidagi ko rinishda boladi.

R(nz,u):

R(nz,al,y) :

t
1t > 2iy f .
k=1 k 8k +8i+1

[8I X]= 2|f

[f8i+2’X]=(2i+1)f8 +

X]=Qi+Df +

[f
8i+3 8i+37 2,

X]=(2i+1)f

[8|+4 8|+4

[f, o XI=(@i+D Ty +

8iL5 (2i+1

[

[f8i+6,x]:(2i+1)f8i+6+ (2i+1)

= =~ =
"*IIM"'IIM"”IIM"“IIM"’IIM"’IM""

[N

X]=Qi+2)f +

[f
8i+7 8|7kl

Uy g XI=(1+2g g% 2

[fg;,5.X7=((4i +Day + (20 +1) f

«EIII MATEMATHUKJAPHUHT SSHTU TEOPEMAJIAPH — 2022

(2'+1)”k 8k + 8i + 2"
(@ +D T gi g
1( D4 gy g a
|R(n2uu)
i e 1 git s
M Tk 4 8i 46
2+ 2 Ty L giy7

L @+ Ty gig

[Tgisg XI= (i + D gy + kélzi“k "gicigi1:

[ 8i+2’ X]= 4If8|+2+k§:1(2i+1)“k f8k+8i+2’
g, g0 =41+ g 5+ % O D Tggisg
[fgisqnX]= (41421554 + | 2 G+ DA Mgy gia
[fgj 5 x]= (41 +3) fgj 5+ Z DA Tg g5
[fgj. X1 = (4 + Dfgj, 6+ Z @Dy Ty giage

[fgjy7 X]=(41+3fg 7 +k§1(2”2)“k fek+8i47"

. LI,
[Tgi,g 0=+ Dgi g+ X (21424 Ty 518

[l X1= (@1+ Dty +20 Ty + 3 2 T gy

[f8i+2,x'] = (4ia1 +(2i +1)) f8i+2 + ki:l(zi +1),uk f8i+8k+2’

8i+3 " él(Zi *DiycTgi g3
[f 8i+4" XT=((41 + 2)a1 +(2i +1)) f8l+4 + kél(Zi +1)/,1k f8i+8k+4’
[f8i+5' xT=((41 + S)al + (2i +1)) f8i+5 + ki:l(Zi +1)/1k f8i+8k+5’
[f8i+6’ x"T=((4i + 4)a:L +(2i +1)) f8i+6 + kél(Zi +1),uk f8i+8k+6’
[f8i+7,x'] =((4i + 3)a1 +(2i + 2)) f8i+7 + kizl(Zi + 2),uk f8i+8k+7’

. . t
[fgi.gXT= (41 + 9oy + 21+ 2) fgy g+ X (21 +2)44 fgi gy 5
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PARABOLOIDNING EGRILIK CHIZIQLARI

Ergashova Muxlisa Murod qizi
O ’zbekiston Milliy Universiteti, Matematika fakulteti 1-kurs magistranti
Tel nomer:902998199

Anostasiya: Ushbu tezisda paraboloidning egrilik chiziglarini hisoblash hagida ma’lumot keltirilgan va
paraboloidning egrlik chiziglari topilgan.

Kalit so’zlar:Sirt, urinma ,bosh yo’nalish, egrilik chiziglari,birinchi kvadratik forma , ikkinchi kvadratik
forma

Biz kanonik tenglamasi

z=x%-y?

ko’rinishda bo’lgan paraboloidni
xX=u
y=v

z =u?® — v?
parametrik ko’rinishda yozib olamiz va uning egrilik chiziqglarini topamiz .
Ta’rif : Sirt ustida yotgan chizigning har bir nugtasidagi urinmasi sirtning shu nugtadagi bosh
yo’nalishlardan biri bo’yicha yo’nalgan bo’lsa, bunday chiziq sirtning egrilik chizig’i deyiladi.
Malumeki egrilik chiziglari

MG — FN dv* + (LG — EN) dv+(LF ME) =0
( )du du B

Differensial tenglama yordamida aniglanadi. Bu tenglamada E,F,G birinchi kvadratik forma
koeffitsientlari, L, M, N lar esa ikkinchi kvadratik forma koeffitsientlaridir.
Birinchi kvadratik forma shu ko’rinishda
I =1+ 4u?)du?® — 8uvdudv + (1 + 4v?)dv?
hosil bo’1di.
Endi ikkinchi kvadratik formani koeffitsientlarini topamiz

-2 2
L=—— M=0,N=——=
Vit+4u2+4v2 "’ ! Vi+4uZ+4v2

guv(")? — (8u% — 80)) %Y 4 Bup = 0
uv(du) u V7)ot 8uv =

uvdu? + (u? — v?)dudv —uvdv? = 0
du_, iy 2) du _0
uv(dv) u‘—v I uv =

du _-u ,du _ dv du dv

=— |, —=—"- =J— ;—clnu=Inv
dv v -_u v - _u U . . . . . . . . - - -
bu yerda ikkala tarafni e =" = e!"ning darajasi ko rinishida yozib olamiz va eng so’nggi yechim hosil
bo’ldi. ue “=vw
du v du _ dv du dv u _v 2 2
—=—-;—==— [—=[—>c—=->cu‘=v
dv u -u v v u voou

FOYDALANILGAN ADABIYOTLAR:
1. A Ya Narmanov ,,Differensial geometriya va topologiya”
2. Sobirov ,,Differensial geometriya’
3. A.Ya.Narmanov ,,Analitik geometriya”
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DERIVATIONS OF NATURALLY GRADED ASSOCIATIVE ALGEBRAS OF DIMENSION FIVE

WITH CHARACTERISTIC SEQUENCE C(A) = (3, 2)

Khakimov Utkirbek

Andizhan State University
Kurbanov Abdukahhor
Namangan State University

The paper is devoted to derivations on associative algebras of dimension five. Associative algebras are
one of the classical algebras that have extensively been studied and found to be related to other classical algebras
like Lie and Jordan algebras. The classification of low dimensional associative algebras is believed to have been
first investigated by Peirce [1]. In 1916, Hazlett classify nilpotent algebras of dimension < 4 [2]. Mazzola
published his result in 1979 on algebraic and geometric classification of associative algebras in dimension five
[3]. Most classification problems of finite dimensional associative algebras have been studied for certain
properties of associative algebras while the complete classification of associative algebras in general is still an
open problem. In the present paper the notion of derivation of five dimensional associative algebras is studied.

Theorem 1 [4]. Let A be a five-dimensional naturally graded associative algebra with characteristic
sequence C(A) = (3,2). Then, it is isomorphic to one of the following pairwise non-isomorphic algebras:

€161 = €y,
7, (@): 2122 f ;3231 = é3,
1€4 = €5,
e,e1 =aes, a €C
eie, = ey,

7T3((Z): ] eje, = ex

€464 = €5
e1e1 = éy,
€16, = €61 = €3
€1€4 = €5,
ms(a): { a1 =€zt ées
6462 = 293
ese, = 2es
Kesel = 63
e1eq = ey,
elez = ezel = 63'
my(Q): § €164 = —€4€1 = €5,
€464 = €y
€465 = —€5€64 = €3

Definition 1. A derivation of associative algebra A is a linear transformation d : A — A where
d(x - y) = dx)y + xd(y)

€16; = €61 = €3

m,(a):

e(a):

€161 = €y,
€16, = €xeq = é3
€164 = €461 = €5
6464 = es
(9191 =€y,
€16y = €261 = €3

ma(@): { €184 = €5,

€461 = €3 — €5
€s€1 = €3

(€161 = €3,
€16, = €61 = é3

€164 = €461 = €5,
6464 = 32’
€465 = €€y = €3
(€161 = €2,
€164 = €s,
_ 2
ese; = (1—a)es ,
_ 2
e, = —a“es,
ng(a) { esey = —aes,

€163 = €261 = €3,

ese; = (1 —a)e, + aes,
esey, = —ae, + (1 + a)es,
\ese, =(1—a)e;, a €C

X,y €A

The set of all derivations of an associative algebra A we denote by d(A).
Theorem 2. The derivations of (), my(a), m3(a), mu(a), ns(a), me(a), m,;(a), mg(a) associative

algebras are given as follows:

a, 0

az,l 2al,].
d(7(a))=| @  2a

a,, 0

U5y Oy (a+1)

0
0

3o,

0
0

181,4
0
ﬂ3,4
ﬂ4,4
135,4

0 Q.

Iy 21

0 , d(ﬂz(a))_ Qs

0 Uy
a(al,l +ﬂ4,4) s,

0 0
2a;, O
2aZ,l 36{l,l

0 0
2a,, O

0
0
ﬁ3,4
,B4,4
Ps 4
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@, 0 0 0 0 o, 0 o 0 0
a,, 20, 0 0 0 x4 20, 0 A, O
d (7r3 (a)) =\ay; 20,, 3a; P, 0 | d (774 (a)) =|ay 20, +as, 3oy Py P
a, O 0 B, O 0 0 0 fi. 0
A5y Oy, 0 L. 2B, s, 0 0 ﬂ5,4 2ﬂ4,4
a, 0 0 0 0 a, O 0 B, 0
s 20, 0 A, 0 a,, 2a, 0 B, 2B,
d (775 (a)) =| @y 205, tas, 3oy By Pou |0 d (7[6 (0‘)) =\ 20y, 3y, Py Oyt Py
0 0 0 o, O a,, O 0 o, 0
s 0 0 [y 2, as, 20, 0 [, 20,
a, O 0 L. 0
0 20, 0 B, a,+p,
d (7[7 (0‘)) =lay, 0 3y, By Pt
a,, O 0 o 0
as, 0 0 A, o,
Q1 0 0 ﬂ1,4 0
(273 2051,1 ta,, (1_ 0!) 0 ﬂ2,4 0y, ﬂ1,4
d (7[7 (0{)) =| & 20, +05,(1-a) 3oy, +a,2-a- a®) B4 Bos— s,
Ay 0 0 Bis 0
s, 27%) (1+a) 0 135,4 O+ 0y, L+a)+ Bas
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YCJIOBUA EAMHCTBEHHOCTHU CJABO HEPUOJUYECKUX MEP I'MBBCA /UIS HC-
MO/IEJIX CO CYETHBIM YU CJIOM COCTOSIHUI

Xoammup3aes K., Opunos X.
Hamaneancxuii cocyoapcmeennuitl ynusepcumem, Hamanean, Y3oexucman
k
[ycte 7° = (V : L) — ectb aepeBo Komu nopsiaka K >1. M3BectHo, uto nepeBo Kanu npencrapisiercs

kak rpymna G, , sBisromascst cBo6oaHbIM npousBeneHreM K +1 MUKIMYECKUX TPYII BTOPOTO TOPSIIKA C

o6pasyoumMi  a,...,8, ;. Jis Qukcuposansoro X' €V oGosmaunm W, = {X eV|d (X, XO) = n} ,

n
V, = U j=oWi rae d (X, y) €CTh paccTostHue Mex 1y Bepiuaamu X, Y €V . [l X EWn MHOKECTBO MPSMBIX

{yi eW,,1d(xy,)=Li=12..k}.

OTOMKOB BEPIIMHBI X 0003HAUMM Uepe3 S (X) - S (X)
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Ilycte @=7Z u © e’ -koH¢urypauus. Kondurypaums o Ha3piBaeTcsl IONMYCTHMOM, €CIH

G(X)O‘( y) =0 gna moOBIX coceaHux <X, y) m V (V, coorB.) u 0003HaYMM MHOKECTBO TaKHUX
koHurypanuii gepes (€, ) fAcHo, uto Q .

PaccMoTpuM MHOKeCTBO Z Kak MHOXECTBO BEPIIMH HEKOTOporo Geckoneunoro rpapa G .
Koudurypanus o HassiBaercs G -oonycmumoii kongueypayueri Ha nepese Komu (8 V), ), ecin {g ( X) ’ g( y)}

-pe6po rpada G st sroGoit Gvkaiinieii mapst coceneit X,y w3 V (u3 V). O6o3naunm MHOX)ecTBO G -

o G
JOIYCTUMBIX KOH(UTypanuii uepes Q° (Q,n) MHuoxectBo aktmBHOcTH [1] mis rpapa G ecth

orpannuenHas ¢yskums A:G — R,. 3mauenne A, ¢yskumm A B BepmmHe i€ Z HasbBaercs ee

“axkTuBHOCTBIO”. [Inst manubix G u A onpenenum ramuiasronnad G — HC -monenu kak

Hi(0)=3>In4,,, ecm oeQ°.
xeV
[onsitre mepbl [ 1O0Ca u APYTUX MOHATHH BBOJIUTCS CTaHAAPTHBIM 00pa3oM (cum. [2]). HokazaHo, 94To

Kaxoi (rpagueHTHoil) mepe [ mO06ca Ha (QG : B) COOTBETCTBYET COBOKYITHOCTH BEKTOPOB
H Z
z, = {Zi ol € ZO} € R Takas, uTo VX €V HMEIOT MecTo ClelyIomue paBeHCTBa:
" L
8 + Zm?w B Zm,y VA m,y

yes(x) Aoy Zm:_w aOmZm‘y

ZiI,X =ﬂ,ll y |,m S ZO (1)

rie Z, =4 ak: , A= A (i)

Zy, B 2,v(0)

mepa. Paccmotpum koukpetssiii rpad G ¢ 8, =1 VieZ n g, =0 Vi,meZ,. lycrs G, -HOpMaIbHBbIiA

, Z,=Z \{O} u V= {V(i) >0,ieZ } — (UKCUpOBaHHAs BEPOATHOCTHAS

JlenuTens KoneaHoro unaekca I > 1. Pacemorpum paxrop rpyny G, /G, = { Hy, ..., Hr}
Omnpenenenue 1. COBOKYITHOCTh BEKTOPOB Z = {ZX, Xe Gk} Ha3bIBACTCSA C_;k -TIEPUOANIECKOM, €CITU

Z, =12, amsi modoro XxeG, n yeG,. G, -nepuoandeckie COBOKYITHOCTH BEKTOPOB HA3bIBAIOTCS

TPaHCISIIIHOHHO-UHBAPUAHTHBIMH.
st moGoro X € G, MHOkECTBO {y eG, :<X, y>} \S (X) VIMEET €JMHCTBEHHBIH 3JIEMEHT, KOTOPOro
0603Ha4MM yepe3 X .

Omnpenenenue 2. CoBOKyITHOCTh BEKTOPOB Z = {ZX, Xe Gk} Ha3bIBACTCS Gk -c11abo MEPUOUIECKOM,
ecin Z, = Z; npu X € H;, X, € H; nns moGoro xeG,.

Onpenenenne 3. Mepa 1 HasbiBaercs G, -(cnabo) nepuoaMuecKoid, eciu OHa COOTBETCTBYET G, -

(c1abo) mepuoIMIecKoil COBOKYITHOCTH BEKTOPOB Z .

Hycrs O=AcN, = {1, 2,...,k +l} . VI3BecTHO, uT0 1K00ast morpymnna uHuekca asa rpymmst G,
HMEET BUJ HA = {X IS Gk . ZieAWX (a1. )—qenmoe ltuCJZO} , rae W, (6\1 ) — 9ucio OykB a; B clIoBE X € Gk .
Glgz) - {x eG, ;|x| —yemnoe L[uc_]lo} , TIIe |X| - mHa ciosa X € G, u G|E4) =H, ﬁGéz) — HOpMaJIbHbIH

nematens uazekca 4. Pacemorpum daxrop-rpymy G, /GY = {HO, H,H,, H3} ,THe

H, = {X eG, :Z:WX () —uerHo, | X | —'—IGTHO} , H, = {X eG, :Z:WX (a,) —Heuemmno, | x | —qemﬂo} :

ieA ieA

H,= {X eG, :Z:WX () —uemno, | x| —He’{€H1HO} :

ieA

H, = {X eG,: ZWX () —Heuemno, | x| —Heqemﬂo}

ieA
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Torna B cuity (1), mociae HEKOTOPBIX MPeoOpa3oBaHUM, MOTYIUM
_ (1+V)* A B (1+T)* y)
Q - Wi B Y ' k=i ? B= Wi B i\ ’ k=i !
((1+v) iy 'Tl‘l') (1+B) ((aT)" + 22ve) (1+Q)

V= (1+Q)" A = (1+B)" A

i k=i ? i k=i *

((1+Q)kﬁ +il/iBl—1/i) (1+T) ((1+ B)k/i +11/iQ1—1/i) (1+V)

rne EZZJ'EZO /’lj’ ZJEZO qj :Q’ ZJEZU bj - B’ zjezovj :V’ ZjEZOtj =T

Pacemotpum otobpaxenne W :R* — R*. 3amernm, uro (2) ects ypasnenne Z =W (Z). UroGsr

(2)

PEIINTh CHCTEMY ypaBHEHHIA (2), Ha/l0 HAWTH HETOABIKHBIE Touku oTobpaxkenus Z' =W (z).
Jlemma. Otobpaxenre W nMeeT HHBapHAHTHBIC MHOXKECTBA CIICAYIONINX BUJIOB:

Il = {(Q, B,V,T)E R4 Q: B :V :T}, |2 = {(Q, B,V,T)E R4 Q :V, B :T},
1,={(Q.BV.T)eR*:Q=B, V=T}, I,={(Q.BV,T)eR*:Q=T, B=V},
Teopema. Ilycts K =2, i=1 wm k=3, i=1. Torma ana HC mozmenu co CYETHBIM 4YHCIOM
COCTOSHHII B CITydae HOPMAIbHOTO JeIUTeNs HHIEKCA YeTHIPE CIPABE/TUBEI CIIEAYIONTIE YTBEPKICHHS:

1. Ecnu pan Zj zﬂ“i’ MOJY4YEHHBIH M3 IOCIIENI0BATENbHOCTH IapaMeTpOB (/11-). , +CXOZMTCS H €ro
c je

cymma Zj , /1]. = A, TO Ha HHBapHAaHTHOM MHOKECTBE '4 ci1abo mepuoanyeckas Mmepa ['nb0ca eTMHCTBEHHA.
€

Bonee Toro, 3Ta Mepa coBmagaeT ¢ €AMHCTBEHHON TPAHCIIAIIMOHHO-MHBAPUAHTHOM Mepoii ['n00ca.
2. Ecnu psin Zj , /1] pacxoamTcs, TO ¢l1abo nmepuoauyueckas Mmepa ['mb0ca He cyIecTByer.
€
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HEKOTOPBIE CBOMCTB PEIIETKH TPUIIOTEHTOB HA TPAHEBO
CUMMETPHUYHOM ITPOCTPAHCTBE

L2UGparumo M.M., *Taeymyparos C.JK.
Yemumym mamemamuxu umenu B.M. Pomanoscrkozo AH PY3
2Kapaxannaxckuii 2ocyoapcmeennuiii yuusepcumem umenu bepoaxa
SHyryccxuii punuan Hasouiickozo 20cy0apcmeenozo 20pHo20 UHCMUnyma

CHIIbHO TPaHEBO CHMMeTpHuuHoe mpoctpanctBo ( SFS -mpoctpancTBo) Brmepesie ompeneneHo u
uzydeHo S.@puamanom u b.Pycco B paGote [1]. MBI B 3T0# paboTe UCTIONIB3yeM MOHSTHS, TS PMUHOJIOTHU U
o0o3HaueHus u3 pador [1-2]. B [2, Ilpemnoxkenue 4.5] mokazaHo, yTo I JIIOOOro (DPUKCHPOBAHHOIO

TCOMCTPUICCKOI'0 TPUIIOTCHTA a B HCﬁTpaﬂLHOM S FS -IPpOCTPAHCTBEC Z MHOXCCTBO

Lw = {V eGU :v< 0)} U {0} SIBIIAETCS TIOJIHOM OpPTOMOAYJISPHOW pEHIeTKOM ¢ HaMMEHBUINM

1 .
snementom O, HanGonbmmm snementoM @ u oprogononaerreM V> V- =@ — V. Mkl B 5t0if padote

HCCJICA0BAIM HCKOTOPLIC CBOICTBa I_m .

Iycts Z jeiCTBUTENBHOE MM KOMILIEKCHOE HOPMHPOBAHHOE MPOCTPAHCTBO. DJIEMEHTHI
f g€ Z SABIISAIOTCS B3alIMHO OPMO2OHATLHBIMU, o0o3HavaeTcst f<>g, ecim

Hf + gH = Hf - gH = H f H+H9H Bvicmaenennoii no Hopme 2panbio  €JMHUYHOTO 1Iapa Zl

IMPpOCTpaHCTBA Z ABJIACTCA HC  IMYCTOC  MHOXCCTBO (065133.T€J'H>H0 * Z1 ) I/IMCIOH_II/Iﬁ BU
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FX ={ fe Zl - f ( X ) = 1}, rne X € Z* , HXH =1. Jns mo0oro moaMHOMKECTBA S < Z nonoxum

0 . 0 *
S ={ feZ: ng, Vg e S} W HA30BeM O opmozonanbHuivm donoinenuem k. S . Inement U € Z
. . 0
Ha3bIBACTCS NPOEKMUBHOU eOUHUYel, ECITI HUH =1u <U F, > =0.
ONpeNenM cumMMempuynylo 2paib Kaxk BHICTABICHHYIO 110 HOpPMe Ipab F B Zl C CIEMYIOIUM
. . 2
CBOMCTBOM: CYILECTBYET JIMHEHHAs H30METPHs SF w3 Z wa Z, ¢ SE =1 (vb naspiaem Takoe

OTOOpaKEHNUE CuMMempuel), TaKkas, YT0 MHOKECTBO HENOJBMKHbIX Touek S. susercs SPF @ =
JleiicTBUTENIEHOE MM KOMIUIEKCHOE HOPMHPOBAaHHOE IIPOCTPaHCTBO Z  HA3BIBAETCS C1abo 2paneso
cummempuunvin npocmpancmeom (WFS -npocmpancmeonm), ecnu xaxnas mo HopMe BbICTaBICHHAS TPAHb
Z, SBISETCS CHMMETPUMHOMN. [eoMempuueckum mpunomenmoM HA3bIBACTCSH NPOCKTHBHAS CAMHHIEA

* *
ueZ co ceoiicrBom, uto F = Fu SIBJISIETCSI CUMMETPUYHOM T'PAaHBIO U SFU = U w1 HEKOTOpOW

CUMMETPUHU SF cootserctpyiomeit - . Uepes S.F u G7 0603uaunm MHOXKECTBA BCEX CHMMETPHUHBIX

*
rpaHei Z1 ¥ TEOMETPUYECKHUX TPHUIIOTEHTOB B Z1 , cootBerctBenHo. Jna U,V € G7 6Gymem mucath
usv, ecln FUCFV.
WFS-nipoctpasctBo  Z  HaskIBaeTCs Culbho 2paneso cummempuunviv  npocmpancmeom  ( SFS -
o o *
NPOCMPAHCMBOM), €CIN IS KaXKI0M CUMMETPUYHOW T'paHU Fu u3 Z1 u kaxgoro VE Z ¢ HVH =1lu
*

Fu cC FV HMEEM SUV =V, rme Su— CUMMETpHS, COOTBETCTBYIOLIAS Fu.

HanomuumMm, yTo A4 31€MEHTOB A U b s opToMoxynspHoii pemerke L. ucmons3yrores ciemyronue

1
oGo3HaueHust 1 monsTHs: mumem a L DB cayqae d < b*; mumem a®b=avb s cnyuae a L b;
1

CKaXeM, 9TO MEMEHT & Kommymupyem ¢ snementoM D | eciu b= (a A b) @ (a AN b) . PaccmoTtpum
KaKHe MMEIOT CMBICIM U CBOMCTBA 9TH 0003HAYEHNs M MOHATHS, Korma L = La_)— MIOJTHAsT OPTOMOMYJISIpHAs
penrerka B HEUTpaITbHOM
SFS -npocrpancree Z .

Teopema. ITycmv Z  neiimpanvnoe SFS -npocmpancmeo. Tozoa ona mo6eix ceomempuueckux

mpunomernmog U,V € L@ IKBUBANIEHMHBL CIeOYIOUjUe YCIOBUL:
(i) udv;
(ii) us<v*;
3 TeopeMbl BUIHO, 4TO HeifrpamsaoM SFS -mpoctpanctee ams U,V € Lw HEPaBEHCTBO
U< V" skeusanentHo oproronamsHocTd U 1 V. [Tostomy BMecto o603Hauenne U L V ncromssyem UQV
. Torna npu UQV umeem UBV=UVV =U+V . ITockomsky, (UAV )<>(Ul A\ V) , TO CKa)eM, 4TO
U komMmyTtupyer ¢ V, ecnu
v=(U/\v)+(ul/\v). *)
PaccMotpuM yciosus B Hefitpanbiom SFS -mpoctpancTe, mpu BhIIOTHEHNS KOTOPHIX PaBEHCTBA
(*) BBITIONHAETCS WM HE BHIIONHAETCA T TeOMETPUUECKHX TPUIIOTEHTOB 13 L "
Cayuaii 1. Ecuu USV ww UQV, mo U xommymupyem c V.

Cnyuaii 2. Eciu ceomempuueckue —mpunomenmor U,V € L » 63AUMHO He OpMO2OHAIbHbL U
UAV=0 moV ;E(U/\v)+(uL /\V).

Cayuaii 3. Ecnu UAV # 0, mo pasencmeo (1) ne svinonnsemes.
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Cnyuaii 4. Eciu Lm aensemcs Oynegou aneebpot, mo paseHcmeo (*) evinoiHsemcsa 07

aoovix U,V € Lw.

U3 TeopeMbl BHITEKALT CIIEIYIONIEE CICACTBHE.
Cneocmeaue. Ilycme Z - seuecmeenHoe KOHeUHOMEpHOe HelmpaibHoe
SFS - npocmpancmeo. Toeoa ons nmo6ozo @ € GU  pewemra Lw saensiemcs 0yne6ou aneedpoll.

JUTEPATYPA
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HHBOJIIOTUBHBIE ABTOMOP®U3MbI AJI'EBPBI U3MEPUMBIX OIIEPATOPOB

HNcnamoBa ML.U., Carnuszona J.K., Kamannapos T.C.
Kapaxannaxckuii cocyoapcmeennwiil ynueepcumem umenu bepoaxa

Xopomo u3BecTHO [1], uro Besikmii *-aBromopdusm anreOpsr ¢pon Heiimana tuma I, ocraBmstonimii
IICHTP HEMOABIKHBIM, SBJIIETCS BHYTPEHHHM. HekoTopbie pe3ynbTaThl TAaKOTO poja JJIsi HEOrpaHUUSHHBIX
orepaTopHbIX anreOp ObUIM TMONy4eHBl B [2]. A MMEHHO, OBUIO JOKa3aHO, YTO BCSKUH *-aBTOMOpGhU3M

makcumanpHoit O -anreOpol SIBNSETCS BHYTPEHHUM.

OnHUM W3 BaKHBIX KJIACCOB HEOTPAaHMYCHHBIX OMEPAaTOPHBIX anredp SBISAIOTCS anreOpsl ApeHca,
KOTOpBIE BIEPBBIC B KOMMYTAaTHBHOM CiTydae ObIIH paccMOTpeHbI ApeHcoM [3]. HekoMMyTaTuBHBIE anreOpbl
Apenca 0puH H3y4eHbl IHOYH B padore [4].

ITycte H — runmsbeproBo mpoctpanctBo, B(H) — amreGpa Bcex OrpaHMYEeHHBIX JIHHEHHBIX

oneparopos, aeicryromux B H, M — momanre6pa ¢poun Heiimana B B(H), T — TouHbIil HOpMaibHBbIi
nonykoneunsiii cieq Ha M, P(M) — nonnas pemerka Bcex optonpoektopoB 8 M .

ITycts A Hekotopast *-anredpa.
Onpenenenne. buekTuBHbI nuHEWHbId onepatop ¢ :A— A amredbpst A HasbiBaeTcs

aBromopdusmom, eciiu P(Xy) = @(X)P(y) mpu Bcex X,y € A.
HasbiBaeTcst BHyTpeHHHM, ey @(X) = UXU™* mpu Bcex X € A il HEKOTOPOTrO YHUTAPHOTO DIIEMEHTa

ueA

Jluneitnoe moampoctpancteo D B H  HassiBaercs mpucoenuuenusiMm k M (0603nauenne DM ),

eciim U(D) © D st mio6oro yauraproro omneparopa U u3 kommyranTa
M'={y'eB(H):xy'=y'x,Vxe M}
anredps! pon Hetimana M .

JluueiHslii omeparop X, aeidictByrommii B H, ¢ oGmactero onpenenenus D(X), HasbiBaeTcs
npucoeauHeHbM K M | (0603auenne XnM ), eciu U(D(X)) < D(X) mis 1r060ro yHUTApHOTO OllEpaTopa
ueM' u ux(f)=xu(f) mmscex e D(X).

Jluneiinoe moanpoctpancteo D B H  HaskiBaeTcss T -IUIOTHBIM, eciu

1) DnM ;

2) s moboro € >0 cymectyer npoekrop P € P(M) rakoit, uto p(H)c D u t(p")<e.

3aMKHYTBIN JIMHEHHBIN oniepaTop X Ha3blBaeTcs T -U3MEPUMBIM OTHOCHUTENHLHO anreOpsl hon Helimana
M, eciu xnM u D(X) smusercs T -motaeiM B H .

O6o3naunm vepe3 S(M,T) MHOXECTBO BCeX T -U3MEPHMMBIX ONEPATOPOB IPUCOEAUHEHHBIX K M .
HUsBectHO, yro S(M,T) sBIsETCS MOIHOM METPU3YEMOIL * -aireOpoi.

s p>1 nonoxkum Lp(M,’C)={X€S(M,T)Z‘C(|X|p)<00}.

Torma L°(M, 1) — 6anaxoBo mpocTpaHCTBO, OTHOCHTEIEHO HOPMBI

~38~ «EIII MATEMATHUKJIAPHUHT STHTU TEOPEMAJIAPH — 2022»


mailto:sarsenbay-2011@mail.ru

1-IIYBBA. AJTEBPA, ®YHKIIMOHAJ AHAJIN3, TEOMETPHA

X, = =(X")°, xeLP(M, 7).

Paccmorpum muoxkectso L”(M, 1) = ﬂ LP(M,1).

p21
B pabGote [5] mokazaHo, 4TOo SABISETCSA TMOJHOW JIOKATbHO BBIMYKJIOH MeTpu3yeMmoil * -anreOpoit

OTHOCHUTEIFHO TOTIOJIOTHH { , TOPOKIEHHON CHCTEMOW HOPM {” . ||p} .
p>1

Anreopa L”(M, 1) nasweiBaercs nexommymamusnoti ancebpoii Apenca.

Crienyroiiasi TeopeMa u3BeCTHO U3 paboThI [6].
Teopema. Eciu M — aneebpa on Heimana muna I, mo eécaxuit Z -nunetnvlii *-asmomopdusm

anzebpur L° (M, 1) , aersemca enympennum.
Hycts M, — anreGpa xBamparHbix Matpui Tpethero nopsiaka Hax L°(M,t). Ecnu orpakenne

®: M, > M, onpenensiercst popmynoii

P(x1)  #(%,)  h(Xs) Xy X X
DO(X) =| d(Xy1) (X)) B(Xp5) v X =| Xy X Xo5 |y X € L*(M,7) (1),
(%) P(Xy)  P(Xs5) Xy Xy Xg3

spec  orobpaxenne ¢ L7(M,7) > L?(M,7) sBngerca Z -nuneiinblii  *-aBToMOpQu3MOM, TO MO
TIPHBEICHHOMN BBIIIE TEOPEME MBI MOJTYYAEM CIICTYFOIIUI PE3yIBTAT.
Pesyabrar. Ecim otobpakenne @M, — M, anreGpb KBagpaTHuHbIX MATPHIL BTOPOTO MOPAIKA HAl

a 020
L*(M, 1), onpenensiercs popmymnoii (1), To ono umeer Bug ®(X)=AXA*. rne A=|0 a O0].
0 0 a
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THEOREMS ON A SURFACE IN ISOTROPIC SPACE

Ismoilov Sherzodbek Shokirjon o ‘g ‘li
National University of Uzbekistan
E-mail: ismoilovsh94@mail.ru

The isotropic space R32 is a subspace of the Minkowski space® R, . Interest in the study of the geometry

of isotropic space is explained by its application in classical mechanics and quantum theory. The geometry of
surfaces of an isotropic space was first studied by K. Strubeker [6]. Recently, a number of papers have appeared
on the differential geometry of an isotropic space, including the works by E.M. Aydin [3], M.S. Lone and M.K.
Karacan [4], and H. Sachs [5].

Let there be given a three-dimensional affine space A,, set by an affine coordinate system Oxyz .
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Definition 1. If the dot scalar product of vectors X{x,,Y,,z} and Y{X,,Y,,Z,} is given by the
formula
{(X’Y)1:X1X2+y1y2 if (XlY)f’&o )
(X,Y), =2z, if (X,Y),=0 ’

then the space is said to be an isotropic space and denoted by R32 [2].

Since an isotropic space has an affine structure, there is an affine transformation that preserves the scalar

product by formula (1). This motion of an isotropic space is given by the formula [5]
X'=Xcos@p—Yysinp+a
y'=Xxsinp+ycosp+b.
'=ax+py+z+cC

The theory of surfaces in isotropic space is given in the works of K. Strubecke. If a uniquely projected
regular surface F is given by the equation z = f (X, y), (x,y) €D,
the formulas for the total and mean curvature of the surface are further simplified and have the form

2
K=f,f,—f, 2H=1f,+1,,
respectively.

The right-hand side of total curvature equation is called the Monge-Ampére operator [].

As we know, in the case of K =0, the surface can be a plane, a cylinder, a cone, or another developing
surface. Letasurface F fromthe class C* be given, defined on the whole plane OXy . The following theorem
can be stated[1].

Theorem 1. If the total curvature of a surface F is equal to zero, and the condition

12gn " gr2 rETEN
foofy + ety -2 =0

holds, then the total curvature of the surfaces y = y(f) is also equal to zero, here y(f)eC? isany

function.

Corollary. The function f(X,y)=C,x+C,y+C satisfies the condition of the theorem. This means
that the functions y = y(C,x+C,y+C) have zero total curvature.
Consider the function f(X,y) being the sum of two regular functions U (X, y) and V (X, Y), that is

fFOGY)=U(xy)+V(XY).
Investigate now the connection between the total curvatures of the surfaces f(x,y), U(X,y), and
V (X, y) . We denote the total curvatures of these surfaces by K, K, and K, , respectively.
Theorem 2. If the functions U (X, y) and V (X, y) satisfy the Cauchy-Riemann condition
then the total curvature of the surface z = f (X, y) is the sum of the total curvatures of these surfaces,
K=K, +K,.
These theorems help in solving surface reconstruction problems.
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ON DYNAMICS OF A NON VOLTERRA QUADRATIC STOCHASTIC OPERATOR

U. U. Jamilov, Kh. O. Khudoyberdiev
V.1. Romanovskiy Institute of Mathematics;
e-mail: jamilovu@yandex.ru, e-mail: xudoyberdiyev.x@mail.ru

Let S™* :{x=(x1,x2,..., X) €R™:x >0, for anyiand > x, :1}
i=1
(m —1) -dimensional simplex. A map V of S™ “into itself is called a quadratic stochastic operator (QSO)
if

(VX), = Z Pij X X; 1)
i,j=1
forany X € Sm_land forall K =1,...,m where Pik 20, Py = Pjiges i P =1 2
k=1

The trajectory {X"™}"= of an operator V for a point X € S™ " is defined by x™ =V (x™) for
aln=0,12, ..., Denote by @, (X®) the set of limit points of the trajectory XMy

Definition 1. A point X € S™ is called a periodic point of V if there exists an N so that
V" (x) = x. The smallest positive integer N satisfying the above is called the prime period or least period of
the point X . A period-one point is called a fixed point of V .

Denote the set of all fixed points by FiX(V ) and the set of all periodic points of (not necessarily
prime) period N by Per (V). Let D(V (X)) = <8Vi 1 OX; )(X*) be a Jacobian of V at the point X

A fixed point X is called hyperbolic if its Jacobian D(V (X)) has no eigenvalues on the unit circle.

A hyperbolic fixed point X is called: (i) attracting, if all the eigenvalues of the Jacobian D(V (X)) are less

than 1 in absolute value; (i) repelling, if all the eigenvalues of the Jacobian D(V (x")) are greater than 1 in
absolute value; (iii) a saddle, otherwise.

We let intS™* denote the interior of 5™ be the set intS™* = {x eS™IXX, X, > O} and a face

of the simplex S™ pe the set I = {x eS"ix =0,iglc{l, 2,...,m}} .
Let us consider a non-Volterra QSO defined on the two-dimensional simplex which has the form
Xll = X12 + (% + X3)2 +(1-a)xX, + (1= B)X X,
Vidx, =1+ f)xX, 3)
X, = (L+ o)X, Xy,
where a, f €[-11].
Proposition 1. For the QSO (3) the following statements are true:

Fix(V) = {{el} if a+f+aB<0,
{e,, &} if a+pf+af>0.
i:( 1 L+ )L+ f) -1 L+ )+ B) -1 ]
Jer o)+ p) Jira)lJaro) +Ja+ p) Jar pJa+a) +Ja+ )

ii) The fixed point X isa non-hyperbolic and

where e, =(1, 0, 0) and

attracting, if a+pL+aB<0,
e, hasthe type a (an) 1 non-hyperbolic, if a+ 8+ af =0,
repelling, if a+p+af>0.
Let 0 +2\/3(1+“)(/3—2)+1where a#-1 p+-1,

T efara)arpy  303aep) 3
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0 =345 (1+@)(25-5)-4(Ta - 20) +12,[3(4-ap)(2-@)(2- f) +3(a— ) .
Consider the functions f, () = (1+a)x* —(1+a)x+1 f,(x)=(1+8)x* —(1+ )x+1, x€[0,1],
fp(x)=1,(f,(x)=(1+a)(1+B)((1+B)x" —=2(1+ B)X° +(2+ B)x* —=x)+1, x[0,1].

We define f, = f, o---o f_, tobethe n-fold composition of f_; with itself.

ntimes

Proposition 2. For the function faﬁ (X) the following statements are true:
i)if &+ f+af <0 then Fix(f,,)={x=1} andif &+ f+aff >0 then Fix(f,,)={x=1 x"=x,};
ii) if a+B+af <0 then X=1 is attracting; if o+ B+aB =0 then X =1 is non-hyperbolic and if
a+ f+apf >0 then X =1 is repelling; the fixed point X is attracting when a + S +af > 0;
iii) for any value n > 2 the function faﬁ (x) has no n — periodic points, different from fixed points;
iv) if &+ B+ af <0then m fop(X)=1forany 0<x<1;

iv) if @+ B +af >0then lim f7, (x) =X forany and f,;(0)=f,, (1)=1.

For any X €5?\{e,} we denote , (L+a)x” +(1+ )% K, =(8.5.8), € =Xx,,

X + x{
XéO) Xéo) ) o ) ] B
g:m(l_xa}/)’gzm(l_xé}/)'X§7:(X1'X2’X3)’X1:1_X2_X3,X2:(1+ﬂ)€€3,

X3 = (l+ a)gﬁz ' yaﬂ = (Xaﬂ’o’l_ Xaﬂ )’ Zaﬂ = ( f,b' (Xaﬂ)’l_ fﬂ (Xaﬂ)’o) '
Theorem 1. For the V —QSO (3) the following statements are true:

e if X9eS? and a=-lor f=-1
{ l}’ ﬂ ]
{e.}. if X% erl,,u{e}and -1<a,p<1,
o(x¥)={{e}, if XV eS°\(I,, u{e}) and a+p+ap <0,
2,51 i X0 e(Tyyulyy)\ed and a+B+ap>0,a,pe(-11],
£ .5} if X9 eintS?2 and a+B+af<0, a,Be(-11].
{ (74 (57} ﬂ ﬂ ﬂ ( ]
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THE DYNAMICS OF SUPERPOSITION OF NON-VOLTERRA QUADRATIC STOCHASTIC
OPERATORS

Jamilov Uyg‘un Umurovich, Aralova Kamola Akbar qizi
V.1.Romanovskiy Institute of Mathematics
e-mail:kamolaaralova96@gmail.com

We consider discrete-time dynamical systems generated by quadratic stochastic operators. The
motivations for such investigations can be seen e.g. in [1,2] and references therein.
Let
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S™ ={X=(X,%,,....X,) €R": foranyi, x, >0, and > x, =1}

i=1
be the (m-1) -dimensional simplex. Amap V :S™* — S™ is called a quadratic stochastic operator (QSO) if
m
(Vx), = z Pij X X; (1)
i,j=1
forany xe S™" andforall k =1,...,m, where
Pk =0, Py =P, forall, j,k; Z Pk =1 @
i,j=1
The trajectory {x™}~ of an operator VV for an initial point X” € S™* is defined by
XM =V (xXM) =v"™(x?), n=0,12,...
Denote by @, (') the set of limit points of the trajectory {X™}_,.
A Volterra QSO (see [1]) is defined by (1), (2) and with the additional assumption
Pix =0, kedi, j}, forany i, j ke E (3)
Definition 1. A point x € S™ is called a fixed point of VV , if V (x) = X. Denote the set of all fixed points by
Fix(V).
Let us consider the following nonlinear operator W defined by superposition of the non-Volterra
operators in S?

X = (L)X +2%%,)(6G +2X%X,),
W i3 X, = L+ o) (X2 + 2% %, ) (X7 + 2%, X,),
X =1= L+ a)(X +2%%)(L- (X +2%X,)).
where « €[-1,1] . Denote

C_ 3118— 440 +18V60? 320 + 43
¢ J(1+a)
Proposition 1. For the operator W , the following statements are true:
i) the setM, ={x e S?:x =X, }is invariant set of W ;
i) FixW)eM,;
i) X = (X, %, X;) is the fixed point of the operator W if only if X; is the fixed point of the operator

., (X) 2%(9X4 —12x° +4x% +1) —@(w2 —2X+)(Bx+1)(x-1).

« t 2 1
Proposition 2. X=1 and X, :§—$+§ are fixed points of the operator ¢ and there is no periodic

(24

point without fixed points.
Theorem 1. For the operator W , the following statements are true:

e. !, if a<-1/2, 1
i) Fix(W)= {35 ) where x° = ! X“,l X“,x* :
{3,xa}, if a>-1/2, “ 2 2 “

i) Wx?) =e,, forany x? e{e,,e,,e.}
{e,}, if a<-1/2,
iii) if xX© eS*\{e,,e,,e,},then x0) =4
) =57\ eu € 0 then o, () ) it a>-1/2
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LOCAL AND 2-LOCAL AUTOMORPHISMS OF SOLVABLE LEIBNIZ ALGEBRAS WITH
MODEL NILRADICAL.

PhD. I.A. Karimjanov
S.M.Umrzaqov, M.A.Qodirova
Andijan State University

In this work, we describe the automorphisms on the solvable Leibniz algebras with model nilradical.
We show that any local automorphisms on the solvable Leibniz algebras with model nilradicals, whose the
codimension is maximal is an automorphism. Moreover, similar problem concerning 2-local automorphisms
of such algebras has been studied

In recent years non-associative analogues of classical constructions become of interest in connection
with their applications in many branches of mathematics and physics. The notions of local and 2-local
derivations(automorphisms) are also become popular for some non-associative algebras such as the Lie and
Leibniz algebras.

The first results concerning to local and 2-local derivations and automorphisms on finite-dimensional
Lie algebras over algebraically closed field of zero characteristic were obtained in [5] and [4]. Concerning 2-
local automorphism, Z.Chen and D.Wang in [4] prove that if £ is a simple Lie algebra of type A4;, D; or Ey,, (k =
6,7,8) over an algebraically closed field of characteristic zero, then every 2-local automorphism of £ is an
automorphism. Finally, in [2] Sh.A.Ayupov and K.K.Kudaybergenov generalized this result of [4] and proved
that every 2-local automorphism of a finite-dimensional semi-simple Lie algebra over an algebraically closed
field of characteristic zero is an automorphism. Moreover, they show also that every nilpotent Lie algebra with
finite dimension larger than two admits 2-local automorphisms which is not an automorphism. Sh.A.Ayupov,
K.K.Kudaybergenov, B.A.Omirov proved similar results concerning local and 2-local derivations and
automorphisms on simple Leibniz algebras in their recent paper [3].

An algebra L over a field K is called a Leibniz algebra if for any x, y, z € £, the Leibniz identity

[[x,y] z] = [[x, z], y] + [, [y, z]]

is satisfied, where [—, —] is the multiplication in L.

For a Leibniz algebra £ we consider the following derived and lower central series:

@ = L, L+1) — [L("),L(")],n > 1;
L= r, LM = [£" L],n > 1.

An algebra L is called solvable (nilpotent) if there exists s € N (k € N, respectively) such that
LG =0 (£* = 0, respectively). The minimal number s (respectively, k) with such property is called index
of solvability (respectively, of nilpotency) of the algebra L.

A linear bijective map ¢: L — L is called an automorphism (resp. an anti- automorphism), if it
satisfies ¢ ([x, y]) = [¢(x), @(¥)] (resp. o([x, y]) = [ (), p(x)]) for all x, y € L.

Let £ be an algebra. A linear map ¢: L — L is called a local automorphism, if for any element x €
A there exists an automorphism ¢,: £L — £ such that @ (x) = ¢, (x).

L (not necessary linear) map @: L — L is called a 2-local automorphism, if for any elements x,y €
L there exists an automorphism ¢, ,,: L — L such that @(x) = @, ,,(x), @(¥) = @y, (V).

We present the classification results for arbitrary dimensional solvable Leibniz algebras with model
nilradical, whose codimension is maximal.

Theorem 1. [1] An solvable Leibniz algebra R with nilradical Ny, ., such that DimR —
DimNy,, ., = s, is isomorphic to the algebra:

S

(lefell =chn 1e<si<ism-1,
[eil,xl] — iel-l, 1<i<m,,
R(le....,ms) = [elt) xl] = (l - 1)elti 2 S t S S, 1 S l S mt’
[xl,e%] = _e%;

where {xy, ..., x5} IS a basis of complementary vector space.
Now we shall give the main result concerning automorphisms of solvable Leibniz algebras.
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Proposition 2. Any automorphism ¢ of the algebras R(Np, 1, 2) has the following form:

(G DU :
p(el) = 2}7’111- Tejln 1<i<my,
J—iy, pi—1pj—i
(p(eZ) — ZmZ %ej , 1<i< ms,
o) =3m el g,
P(x2) = xz.

we shall give the main result concerning local derivations of solvable Leibniz algebra R(Ny,, ., 2)-
Theorem 3. Every local automorphism of R(Ny,, m,,2) is an automorphism.
Theorem 4. Every 2-local automorphism of R(Ny,, m,, 2) is an automorphism.
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AMHHUTAH KOCOCUMMETPHUK MATPUCATA ETA, Y4 VJIYAMJIM CUMILIEKCIA
AHUKJAHTAH JIOTKA-BOJITEPPA AKCJIAHTUPHUIILJIAPYU TPAEKTOPUSLJIAPUHUHT
JTUHAMMKACH

Kapumos 1.1
Aneebpa 6a gpynuxuyuonan ananus 1-xKypc masucmpamypa manadpacu

Avtaitmnk, X = (Xl’ Xy yeees Xm) Typiap SXTUMOJUTMKIAPUHUHT TakcuMoTh OyncuH. TyprnapHUHT

¥3apo YaTUIIMIIKN Tacoaubuil (MaHMHUKCHS) OYJICHH Ba TYpJIM aBJoJyiap ypTacujard Xe4 KaHJaal JaTUIIHUII
OYMacHH, y X0J1/1a TOMYJSIIUSHYHT aBJIOIaH KeMUHTH aBJIOATa YTHII SXTUMOIUKIApH TAKCUMOTH KyHuaaru
(dhopMmyna OWIaH aHUKITAHAIH:

(””)_x(”)(lq—Zaklx(”)j, k=12,..m n=01,....

XO = (Xlo, Xy yer X ) OonUIaHFHMY aBJIOJJArM SXTHMOIUIMK TaKCHUMOTH, Q; = —dj, \aki\ <1 UPCHAT
KOX(PUITESHTH.
Ksazpatuk croxactux oneparop V : S™ — S ™ kypub unkamus [1]:
VX), =X, = Z XX, k=1m:
i,j=1
Oy epma X = (X1 Xyyees X ) eS mfl, (\/X)k ~VxeS m-L HYKTaHUHT K -uu KOOpJMHATACH,

Oy koo punment P] ¢ KyHHJIard mapTHU KaHOATIaHTHPAJIN:

P =P, >ozm:,

jik —

. -1
1-tabpud. Arap Pij,k =0, k %{I, j} 6y1ca, y xomaa kBaapaTuk croxactuk V  omeparop S"
CUMILIeKc1a aHuKIanran JloTka-Bosbreppa akcIaHTUPUILN IeHUIaIN.

Tavpudra kypa, uxruépuit iLk=1m YayH Pik T Pk P = =1 Tenrnuk Gaxapunauy.

Ajitaitmax VX = (Xl, Xy yeeny Xm) 0yncun. Kuputuiran 6enrunanuiapaad ¢poiaananuod, onepaTopHUHT

YMYMHI KYpUHHIIHHU KyHuaarnda €3u0 onamus:
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m RS
X, = X, (1+ Zakixij, k=1,m
i=1

m-1 o o
By mynocabar S cuMiekcaa Jlorka-BonpTeppa onepaTOpUHUHI KAHOHUK KYpPUHUIIM JEeHUIIaaN

[1].

2-tabpu(. Arap 6apua xy¢dT TapTHOIM OO MHHOpIAapH HOJMaH (apkiau Oyica, KOCOCUMMETPHK
marpuia A= (ak,) YMyMHU# X0JaTaa Aeiuanm.
Arap KOCOCHMMETpPHK MaTphIa yMyMuii Xomatna Oyinca, y xomaa yara moc V  JloTka-BombTeppa

akcrnaHTupui dy; Kod3hduimenTy Gunan xaM yMyMU# X0IaTaary oneparop 0ynaiu.

1-eopema. Arap A — xococummeTpuk Mmatpuma 6yica, y xoma P ={XxeS™":Ax >0}

TY1uIam Oy 6yaMaran KaBapuk Kynékmup [1].
By Teopemanan Kyiumaru HaTHKa KeTUO YMKa/IH.

1-narmka. Q = {X eS™ I Ax< 0} — Ty1iaM 0¥ OyiMaran KaBapuk KyIEKAnp.

Arap xydT TapTHONM MHHOpIAp HOJTa TEHT Oyica, OM3 aHWUTaH KOCOCMMMETPHK MaTpHIlara MOC
Jlorka—Bonbreppa akciaHTUpHMIIMIra dra Oyinamu3, Oy 53ca KOCOCHMMMETPUK MATPHIIAHMHT 0ab3u

K0d>(Q(UUMEHTIApH HONra TeHr OYnraH Xon Oymamu, sbHU dy; = 0. Bus xkuumk Ymuammard aifHHraH

KOCOCMMMETPHUK MaTpHLara Moc KBaapatuk Jlorka-Boibreppa akcIaHTUPUIIN IMHAMUKACUHU YpraHaMmus.

byHpall cucTeMaJlapHUHI WYKM HYKTQJIapy TPACKTOPUSUIAPMHHUHI JVHAMMKACUHU YpraHull aH4a
KAAMHYWIUK TYFAUpaad, UIYHHHT y4yH WYKM HYyKTajap TPaeKTOpHUsUIapyd XapakaTHHU OaTtadceun xkypud
YUKHUII YIyH O3 KOMIBIOTEPHUHT aMaIdi JacTypiapuaaH GoramaHnuIl MabKyIl 1e0 XUCo0IaiMu3.

bynnaii cuctemanapa KaHIal yCyJuTapHH KYIIan MyMKHHIATH XaKHIaT A CaBOJITa )kaBoO OepHIll yayH
0m3 cucteMaHuHT (hazanu nopTpeTuaan GpoiiranaHUIIIMHU3 MyMKHH.

yrnait kumuo, “daszanu mopTper”’ Ousra AMHAMHUK CHCTEMAaHHMHT XOJIaTHHHU KYPHII UMKOHUHH Oepaiy,
SABHU YHUHT EpAaMuaa Ou3 OMp Kapamiga Typid XM WYKH HYKTajJap TPaeKTOpUSUIapH AMHAMHKAcH, Xamaa
JUHAMHUK cHcTeMa KOX(QQHUIMEHTIAPUHUHT TYpiIu KUHMaTiapuia io3ara KeluIld MyMKuH OynraH

XapakaTIapHH TYIHK KaMpa® omuin uMKoHHsTHEE Gepanu. Yiap yayn P Ba Q tymnammaprn taceupmant

Ba Oy Tyruramiap €paaMuaa WIKH HyKTallap TPaeKTOPHUIApUHUHT aCHMIITOTHK XapakaTH O0aTaBcHi EPUTHII
MacalacMHU Kapaiimm3. bomikaya aiTranma, SBONIONMSHHHT KaepAa OOIUIAaHWIIM Ba Kaepaa TYyramd
IapTJIApU TOIHII MacajlacH OWIaH IIyFyJUIaHAMH3.

bynnait cucremanapHu Yypranumpga Ou3 Tpaduap HazapusICHHUHT 0ab3d  TYIIyHYaJapuaaH
¢oiinananamus [2]. SpHu Oy cucTemanapra Moc apainani rpadiaapan Kapaimus. Mucon[ 1]

x1" = x1(1 - axy) X1 0 a O
V:S* - 5% {x, = x,(1 + ax;) X=( xz) P={AX= 0}; Q={AX< 0} A=(—a 0 O) I3 ={a,01-a}
x3' = x3 X3 0 0 O
0 a O a
(—a 0 0) < 0 >=(0;1—aa;0) —ax<0a€(0;1)
0 0 O l1-a

Q={a;1—aa;0};{0<a<1}Tl,3 ={0,8,1—-p}

0 a O 0
<—a 0 0) ( B >=(aﬂ; 0;0) af <0 BeE(0;1)
0O 0 O 1-p8

P={0,8,1—p};{0<p<1}
AJIABUETJIAP

1.TamxueBa M.A., I'anuxomkaeB P.H. KonduukTHbIE cuTyalud B JUCKPETHBIX ITUHAMUYECKUX CHCTEMAax
Jlotku-Bonbreppa //  Marepuansl MexayHaponHoi koHpepennmu “KPOMII-2019” Kpemm. 17-29
centsa6ps, 2019. C. 130-131.

2. 'anuxomxkae P.H., Dmmamarosa [.b., TamxueBa M.A. KapTra HEMOABMXHBIX TOYEK BOJBTEPPOBCKUX
OIepaTopoB C OJHOPOJHBIM TypHHpoM B cumiuiekce 4 S// Proceedings of scientific conference “actual
problems of stochastic analysis” dedicated to the 80th anniversary of the birth of academician
Sh.K.FORMANOV. Tashkent, February 20-21. 2021. P. 499-503
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N30MOP®U3M MEXIY AJITEBPOI N3MEPUMBIX ®YHKIIUI U EE IIOJAJTEBPOMI
ATIIMPOKCUMATHUBHO JJA®PEPEHIIUPYEMBbIX ®YHKIIAN

Kapumos X
Hnemumym mamemamuxu umenu B.1M.Pomanoeckozo AH Pys3
hakimkarimov1995@gmail.com

Ilycte E < R— usmepumoe mo Jlebery muoxectBo, f :E — C— usmepumas dynkims. [Tycrs
t, € R rouka B xoropoit E umeer miornocts 1. Hanomuum, 9to uncio ¢ Has3pBaeTCs almpOKCUMATHBHBIM
npenenom f Brouke t;, ecu muoxectBo {t € E ;| f (t) — ¢ |< g}umeer mnoTHOCTS OtiH B t, 11151 Kaxkgoro

£>0, u ¢ obo3nagaercs yepe3 ap — |imHt0f (t). Ecst anmpoKCHMAaTHBHBIHN TIpeest

fo(ty):=ap— IimM

tot, —to
CYIIIECTBYET W KOHEYEH, TO OHAa HA3bIBAETCS alPPOKCHMATHBHON MPOW3BOAHON (HYyHKIHH f pu to , a

GyHKIms ~ HaspBaeTcs anmpokcuMmartuBHa guddepenumpyemoit npu  t,[1]. Hamee s ymoGcrsa

anmpoKcUMaTHBHYIO NPUOMIKEHHY0 poussonnyio f, o6osnaunm xax f.
ITycte AD(0,1)— MHOXeCTBO BCEX KJIACCOB KOMIUICKCHO3HAYHBIX HW3MEPUMBIX (DYHKIIHIA,

COCTOSIIIEE U3 TOYTH BCIOAY ANNpOKCHMATHBHO auddepenmupyembix Gyrxumii a [0,1], n AD™(0,1) —
MHOKECTBO BCEX KJIACCOB KOMIUIEKCHO3HAYHBIX M3MEPHMBIX (YHKIHMH, COCTOAIIEee M3 MOYTH BCIOay N
anmpokcuMatuBHO auddepentmpyembix Gpynkmii Ha [0,1]u mycts
AD”(0,1) =(AD™(0,1).
n>1
3amernM, 4ro coriacHo [2] amre6pa AD(0,1) sBusiercs peryssipHOM, LENO3aMKHYTOM W p -
3aMKHYTOM cobcTBeHHOoM mopanreopoit B S(0,1) . Bonee Toro,

V(S(O,l)) = V(AD(O,l)).
Haunee, anreopa AD(0,1) oxxoponna, a anre6psr S(0,1)u AD(0,1) nuzomopdusr [3].

Teopema 1. Ancebpa AD™ (0,1) ssnsiemea  pezynspnoni,  ummezpanvHo  3AMKHYMOL,
P -3amkrymot u C -00nopoonou nodanzeopoui ¢ S(0,1) ons scexn € N U{oo}.

Teopema 2. Anzebper 5(0,1)u AD™ (0,1) usomopner ons écexn € N U{oo}.

JJUTEPATYPA
[1] H. Federer, Geometric Measure Theory, Heidelberg, New York, 1996.
[2] A. F. Ber, K. K. Kudaybergenov and F. A. Sukochev, Notes on derivations of Murray—von
Neumann algebras, J. Funct. Anal. 279:5 (2020), 108589.
[3] Sh.A. Ayupov, K. K. Kudaybergenov and Kh. Karimov, Isomorphisms of commutative regular
algebras, Positivity, 26, 11 (2022). 23 p.

IDEMPOTENT O’LCHOVLAR SIMPLEKSINI O’ZINI-O’ZIGA O’TKAZADIGAN CHIZIQLI
OPERATORLARNING n=3 BO’LGAN MAXSUS HOLDA HARAKAT TRAYEKTORIYASI

Karimov Muzaffar Musaxonovich (NamDU) ,
Karimova Shalola Musayevna (NamMQI)

”) _ __ chizigli operator |, ni o’zini-o’ziga akslantirishi uchun quyidagi
I, j=Ln
shartlardan birini ganoatlantirishi zarur va yetarli:

1) ai J >0 va A matritsada hech bo’lmaganda 1 ta nol satr mavjud;

2) ai J >0 va A matritsaning barcha satr va ustunlarida bittadan ortiq bo’lmagan nolmas element
mavjud. [10]

1. Faraz gilaylik ushbu teoremaning 2) sharti bajarilsin.
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Ya’ni &;: >0 va A matritsaning barcha satr va ustunlarida bittadan ortigq bo’lmagan nolmas element

1~
mavjud.
Ushbu shart bajarilganda harakat trayektoriyasini o’rganamiz.
a, 0 0 ainl 0 0 Xlo ainlxio
A=|0 a,, 0 |bo’lgan hol. A =10 a, O Xg = a;ZXg
0 0 a, 0 0 a3”3 x§ aé‘Bxg ga teng bo’ladi.

0

Shunday qilib, ixtiyoriy x° = (X7, X3, X5) € I, uchun xX™ = A"X’ = (a},x’, aj,x5, ajx7) ga egamiz.
Lemma: Agar A chizigli operator teoremaning ikkinchi shartini ganoatlantirib a;, >0 va g; =0 bo’lsa

uholda I, quyidagicha trayektoriyalarni hosil giladi

(0,0,0), agar a;, <la,, <la;<1l bo'lsa,
(x2,0,0), agar a,=1Lla, <la,<1 bo'lsa,
(0,x2,0), agar a,<la,, =1a,<1 bo'lsa,
(0,0,x9), agar a,<la, <la,=1 bo'lsa,
(x,x7,0), agar a,=la,=1a,<1 bo'lsa,
(x2,0,%3), agar a,=Lla, <la,,=1 bo'lsa,
(0, x2,x3), agar a,<la, =1a,=1 bo'lsa,
(X2, X3, x3), agar a,=Lla,=1a,=1 bo'lsa,
(=0, X2, XJ), agar a,>Lla, =1a,=1 bo'lsa,
(X2, 0, X9), agar a,=Lla, >1a,=1 bo'lsa,
(X2, X3, —0), agar a,=la, =1a,>1 bo'lsa,
(=00, —0, X), agar a;, >la, >la,,=1 bo'lsa,
(=0, X3, —0), agar a,>la,=1a,>1 bo'lsa,
limx™ =lim(a/,x?, a),x3, aix)) =< (x?,—0, o), agar a,=1a, >1a,>1 bo'lsa,
Hﬁ HD (—00, —00, —0), agar a,>la, >la,;>1 bo'lsa,
(0, —o0, —0), agar a;, <la,, >la;>1 bo'lsa,
(—00,0,—0), agar a;,>1la,, <la;>1 bo'lsa,
(—o0,—00,0), agar a;,>1la,, >la,<1 bo'lsa,
(0,0,—0), agar a;, <la,, <la,;>1 bo'lsa,
(0,—0,0), agar a;, <la, >1a,<1 bo'lsa,
(—0,0,0), agar a;,>1la,, <la;<1l bo'lsa,
(x,0,—0), agar a,=la,<la,>1 bo'lsa,
(x0,—0,0), agar a,=Lla, >1a,<1 bo'lsa,
(=0, x2,0), agar a, >la,=L1a,<1 bo'lsa,
(0, X2, —o0), agar a,<la,=1a,>1 bo'lsa,
(0, -0, x3), agar a,<la, >la,=1 bo'lsa,
(=0,0,Xx3), agar a, >la,<la,=1 bo'lsa,

ADABIYOTLAR
[1] M. Akian, Trans. Amer. Math. Soc. 351, 4515 (1999).
[2] J. M. Casas, M. Ladra and U. A. Rozikov, Linear Algebra Appl. 435 (4),852 (2011).
[3] P. Del Moral and M. Doisy, Math. Notes. 69 (2), 232 (2001).

~48~ «EIII MATEMATHUKJIAPHUHT STHTU TEOPEMAJIAPH — 2022»



1-IIYBBA. AJITEBPA, ®YHKIIMOHAJI AHAJIU3, TEOMETPUS
[4] P. Del Moral and M. Doisy, Theory Probab. Appl. 43 (4), 562 (1998); 44 (2), 319 (1999).
[5] R. L. Devaney, An introduction to chaotic dynamical system (Westview Press 2003).
[6] R. N. Ganikhodzhayev, F. M. Mukhamedov and U. A. Rozikov, Infin. Dim. Anal., Quantum Probab.
Related Topics. 14 (2), 279 (2011).
[7] G. L. Litvinovand V. P. Maslov (eds.), Idempotent mathematics and mathematical physics (Vienna 2003),
Contemp. Math., 377, Amer. Math. Soc., Providence, RI, 2005.
[8] G. L. Litvinov, J. Math. Sciences. 140 (3), 426 (2007).
[9] V. P. Maslov and S. N. Samborskii (eds.), Adv. Soviet Math. 13, Amer. Math. Soc., Providence, RI,
(1992).
[10] U. A. Rozikov and M. M. Karimov, Dinamics of Linear Maps of Idempotent Measures, Lobachevskii
Journal of Mathematics, 34(1), (2013) 20-28.
[11] A. N. Shiryaev, Probability, 2 nd Ed. (Springer, 1996).
[12] M. M. Zarichnyi, Izvestiya: Mathematics. 74 (3), 481 (2010).

SURJECTIVITY OF POLYNOMIAL STOCHASTIC OPERATORS ON INFINITE
DIMENSIONAL SIMPLEX

Khakimov Otabek
Institute of Mathematics
Saidov Abdulatif
Gulistan State University

Wedenote S; = {x = (x;)ien : x; =0, Xeny x; = 1} ItisknownthatS; = convh(ExtrS;), where
Extr(S;) is the extremal points of S; and convh(A) is the convex hull of a set A. Any extremal point of S;
has the following form:

e, = (0,..,0,1,00,..), VkE€N.

k
. ken D€ am + 1-ordered hypermatrix. An m + 1-ordered hypermatrix P is

------

called stochastic if for any iy, i,, ..., i;,, k € E if one has

Let P = (Pil...im,k)i1 L

Py ik 20, Xner Piyipn = 1. 1)
For a given m + 1-ordered stochastic hypermatrix P we define an operator IV on S; by
V) = Ziyiyimen Piyiy.ipkcXiy Xiy - Xi,,, Yk EE. (2)

The operator (1), (2) is called m-ordered polynomial stochastic operator (in short m-ordered PSO).
Without loss of generality, we may always assume that P; ; , = P; for any permutation m of

(1,2, ..., m). For details on PSOs see [1].
Let us recall some notions which will be used in the sequel. By support of x = (x;);ey € S; We mean
asetsupp(x) ={ieN : x; # 0}.
Recall that two vectors x,y € S; are called orthogonal (denoted by x L y) if supp(x) N supp(y) =
o. If X,y € S, then one can see that x L y if and only if x,y, = 0 for all k € N. In what follows, we denote
Xoy = Yren XiVk-
Definition 4.2.1. An m-ordered PSO V defined on S is called orthogonal preserving PSO (OP PSO)
if forany x,y € §; withx L yone hasV(x) L V(y).
In [2] it has been studied surjectivity of quadratic stochastic operators. Recall that we get quadratic
stochastic operators from PSOs when m = 2.
Theorem 4.2.2. Let V be an m-ordered PSO such that V(e;) = e; for every i € N. The following
statement are equivalent
Q) V is an OP;
(i) Forany iy, ..., i, k ENonehas P, ; = 0ifk & {iy, ..., im};
(iii) Forany x € S; and k > 1 it holds (V(x))k = x, A, (x), where

C’qk(x) - xk - + Z ern i z Pk---kim+1—j---im’kximﬂ—j “.xl‘m'
Im+1—jr-mlm*K
REFERENCES
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O CJIABO IEPUOINYECKUX MEPAX TUBBCA JJIS1 HC-MOJEJIN CO CYHETHBIM
YUCJIOM COCTOSHUM

XakumoB P.M., MaxammanaiaueB M.T.
Unemumym Mamemamuxu, Hamanean, Y30exucman;,
Hamaneanckui 2ocyoapcmeennwiil ynusepcumem, Hamanean, Y30exucman.

[ycth T = (V ) L) — ectb gepeBo Komu nmopsiaka K >1. M3BectHO, uTo nepeBo Kanu npeacrasiusercs

KaK rpymnmna Gk , ABJISIOIIASACS CBOOOMHBIM Mpou3BeicHHeM K +1 MUKIMYECKUX TPyl BTOPOTO MOPSIKa C

obpasylomumM  a,...,8,,,. i Qukcuposanroro X' €V oGosmaunm W, = {X eVvV|d (X, XO) = n} ,
n
Vn = U j70Wj rae d (X, y) €CThb paCCTOSHUE MEXY BEpIIHHaMu X, Y eV . Jlna X EWn MHOECTBO IIPSIMBIX

IOTOMKOB BepuHbl X 0603naumm uepes S (X): S (x)= {yi eW , ld(xy)=1i=12, k} :

Ilycte @=Z u O e’ -koH¢urypauus. Kondurypauus O Ha3piBaeTCcsi IOMYCTHMOM, €CIH

a(x)o(y)=0 JUTsE JTFOOBIX COCETHUX <X, y) m V. (V, coor.) u 0603HAYMM MHOXECTBO TAKHX

KOH(pUTyparuii yepes3 (Qvn ) Scno, uto Q@ .

PaccMoTpuM MHOKECTBO Z Kak MHOXKECTBO BEPIIMH HEKOTOporo Oeckoneunoro rpapa G. C
nomorsio rpada G onpenenum G -momycTuMyro KoHGUTypanuro ciaenyomum oopazom. Kondurypamms o

HasbiBaercsi G -0onycmumoii kongueypayuen uva nepese Konu (8 V), ecin {g(x) , g( y)} -pedpo rpada G
i moboil Grmkaiimeit mapet cocemert X,Y w3 Vo (u3 V). OGoznaunm MHOXecTBO G -IOIMyCTUMBIX

o G
KOH(UTypaluii uepes3 Q° (Qvn ) MmuoskectBo aktuBHOCTH [1] i rpada G ecTh orpannveHHast GYHKIHS

A:G = R, . 3nauenne A, Gpynkunn A B BepiuuHe | € Z HasbBaeTcs ee “akTUBHOCTBIO”. st nanHbix G 1

A onpenenum ramunsronnan G —HC -mozenu kak
J Zlnla(x), ectu oeQ°,
H é (O') = xeV
+00, ecin o ¢ Q°,
[TonsTre Mepsr ['n60ca u qpyrux MOHITHI BBOAUTCS CTaHIAPTHBIM 00pa3om (cMm. [2]). [JokazaHo, 4To

. . G
Kaxo (rpaguenTHoil) mepe ['m66ca Ha (Q , B) COOTBETCTBYET COBOKYITHOCTb BEKTOPOB

Z, = {Zi ol € ZO} € R takas, 4to VX €V HMEIOT MECTO Cle/lyonIue PaBeHCTBA:

qo+ . a7 7 ny

Zi‘,X = /lll H . - y i, me ZO (1)
yeS(x) aOO + Zm:—w aOmZm’y
. Zie o AV(i) : :
ez, =A—, A= , Ly=2 \{0} u V= {V(I) >0,ie Z}-Q)HKcnpOBaHHaﬂ BEPOSTHOCTHAS

Zo v (0)
mepa. Paccmorpum konkpernbiirpad G ¢ 8, =1 VieZ u 8, =0 Vi,meZ,. Iycrs C_':‘k -HOpPMaJIbHBIN
nenuTenb, KoneuHoro unzekca I > 1. Pacemorpum dakrop rpynmy G, / Gk = { H,,..., Hr}
Omnpenenenne 1. COBOKYITHOCTh BEKTOPOB Z = {ZX, Xe Gk} Ha3bIBaCTCsI Gk -[IEPHOJMICCKOM, ecin

=1, M n1r000ro XeGk 3 yeGk. Gk -IICPUOJNICCKUEC COBOKYITHOCTH BEKTOPOB HA3bIBAIOTCS
TPAHCIALMOHHO-UHBAaPHAHTHBIMU.

Jist moboro X € G, MHOXeECTBO {y eG,: <X, y>} \S (X) UMEeT EJUHCTBEHHBIH 3JEMEHT, KOTOpPOro

0003Ha4YMM 4epes X, .
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Onpenenenne 2. COBOKYNHOCT BekTopos Z = {Z,, X € G, } naspiBaetcs G, -c1abo neproandeckoi,
ecnn Z, =7; npu X € H;, X, € H; s moboro X € G, .
Onpenenenne 3. Mepa 4 HasbiBaetcs G, ~(cabo) MepHOAMHUECKOH, €cli OHA COOTBETCTBYET G, -

(cimabo) mepruoauIecKoil COBOKYITHOCTH BEKTOPOB Z .

Hycts D=AcN, = {1, 2,...k +1} . UI3BecTHO, 4to0 mMroGast moarpymma uHaekca asa rpymmsl G,
umeer Bug H, = {X eG,: ZiEAWX (a1. )—qemﬂoe quazo} , rae W, (a,) — ancno OykB @; B cioBe X €G, .
Glgz) - {x eG, :|x| —yemnoe L[uc_]lo} , TIIe |X| — mana crnoa X € G, u Gé4) =H, ﬁGéz) — HOPMaJIbHBIHA

nemutens nugexca 4. Pacemorpum daxrop-rpymy G, /G = {HO, H,H,, H3} , TIe

icA icA

H, = {X eG, :ZWX (a,) —uerHo, | X | —‘IGTHO} , H, = {X eG, :wa (a,) —Heuemmno, | x | —uemno} :

H, = {X eG, :wa () —uemmno, | x| —HeqemHo} :

ieA
H, = {X eG,: ZWX () —Heuemmno, | x| —He’{el’}’ZHO}
ieA
Torma B cuiy (1), mocie HEKOTOPBIX MPE0OPa3OBaHUH, TOTYIUM

0= (1+V)" A 8= (1+T) A
((1+V )k/i Rl el )' (1+ B)k_' ((1+T)k/i MPILVEST )I (1+Q)k—|
@)
_ (1+Q)* A _ (1+B)" A
V= i k=i ! T= . i =
((1+Q)k/l +//Ll/iBlfl/i )I (1+T) ((1+ B)k/l +ll/infl/i) (1+V)

e ﬂzzjezoﬂuj, Zjezoqj =Q, Zjezo b; =B, Zjezovj =V, Zjezotj =T.

.p4 4 -
Paccmorpum otobpakenme W :R™ — R". 3amernm, uro (2) ects ypaBmenme Z =W (z). Uro6w!
PEIINTh CUCTEMY ypaBHEHHIA (2), Ha/l0 HAWTH HeToABUKHbIE Touky oTobpaxkenus Z' =W (z).
Jlemma. Otobpaxxenrne W vMeeT HHBapHAHTHBIE MHOXKECTBA CIICAYIOIINX BUIOB:

,={(Q,BV,T)eR*:Q=B=V =T}, 1,={(Q,BV,T)eR*:Q=V, B=T},
1,={(Q,B,V,T)eR*:Q=B, V =T}, 1,={(Q,B,V,T)eR":Q=T, B=V},

CrpaBeninBa cienyromias Teopema.
Teopema. Ilycte k>2. Torma mis HC Momenu co CYETHBIM YHCIIOM COCTOSIHHME B Ciiydae
HOPMAJIBHOTO JISTUTENS HHIEKCA YEThIPE CIIPABEIIINBHI CICAYIONINE YTBEPKIACHNS:

1.Ecim psin Zj ; ﬁ,j , IOJIyYE€HHBIA U3 MOCIE0BATEIbHOCTA apaMETPOB (ﬁ,j ) , , CXOJIUTCSL U €ro
€ j€

cymMMa Zj ,A;j=A,10 mnsa mobeix i<k m A>0 Ha MHBAPHAHTHBIX MHOXKECTBAx I, w1 cnado
€

nepuoguueckas mepa [ubbca enuHcTBeHHa. bonee TOoro, sTa Mepa coBmagaeT C EIUHCTBEHHOM
TPaHCISAIMOHHO-UHBapUaHTHON Mepoii [ mb6ca.

2. Ecnu psin Zjem ﬂ,j pacxomutcs, To cinabo neproandeckas mepa [ mo6ca He CyIIecTByeT.
0
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ON THE EXISTENCE OF EIGENVALUES OF THE ONE PARTICLE DISCRETE
SCHRODINGER OPERATOR

Sh.l. Khamidov, J. Jumanov, R. Ahmadov
Samarkand State University, Jizzakh State Pedagogical Institute

Let Z be the one dimensional cubical lattice and #2(Z) be the Hilbert space of square-summable
functions and #1(Z) be the Banach space of summable functions on Z.

In the coordinate space representation, the one-particle Schrodinger operator (Hamiltonian) H: =
H(E) under a potential field ? € £1(Z) is defined as

H=H,+7V,
where the operator H,, is a Laurent-Toeplitz-type operator
(Hof)(®) = Ysez Ex—9)f (), f € £2(D),

in £2(Z), the function € € £ (Z) sarisfies £(s) = £€(—s), and the operator V is the multiplication in £2(Z) by
». Note that H is a self-adjoint bounded operator.

Let T: = (—m, ] be the one dimensional torus, the dual group to Z, equipped with Haar measure n =

S_Z' and let L2 (T, n) be the Hilbert space of square-integrable functions on T.

In the momentum representation, the operator acts in L?(T,7) by
H=FHF '=FH,F ' +FVF1=Hy+V,
where
F:t*(Z) = L(T,n), (FA)(P) = Txez f(x)e™*
is the standard Fourier transform with the inverse
FHLA(T,n) - £2(Z), (F7H)(x) = [ f(@)e P n(dp).

The operator H,, is the multiplication operator in L?(T,n) by the continuous function £&: = F& € C(T)

and the operator V acts on L?(T, n) as a convolution-type integral operator
VH®) = [ v — Of ©On(dL)

with the kernel distribution v: = F7.

Hypothesis 1.

(a) The function & has a unique non-degenerate minimum at p = 0.

(b) there exists y € (0,1) such that 0 < Y,ez |x|*1Y|D(x)| < oo, where |x|: = Y&, |x;|.

The operator H, is the multiplication operator by the continuous real function £(-), therefore, it has
only the essential spectrum, i.e.,

U(ﬁo) = 0(Hy) = 0ess(Hp) = [Emins Emax)s
where

€min = miné (), Emax = rgg%E(p)-

Since the perturbation operator ¥ is compact, by the Weyl Theorem [3],
O-ess(ﬁ) = Uess(ﬁo) = [Emin Emax]-
As expected, for any nonzero potential ¥ € £1(Z), the operator H has eigenvalues and they lie to the left or to
the right of the essential spectrum o..s(H) (see [1], [2]).
For any z € C\o.ss(H), we define the compact integral operator B(z) acting in £2(Z) as
1 1

B(2): = —sgn(E(p) — 2)R; (VR (2)
where
1, if Smin >z
sgn(€(p) —z) =41, if Emax < 2.

1

1
Here ﬁg(z): = .‘F‘le(z)T is the positive square root of the resolvent of the operator H, at the point z €

C\0Oess(H), and Ry(2): = [H, — zI]~1 is the resolvent of the operator H, at the point z € C\0ess(Ho):
- A 9=0n(dq) »
Ro@DN@ = Tyer fy g 2 ).
Then we obtain:
el My (dq) ) f(myz (de)

(B@F)() = —sgn(€®) = 2) Tyez fy e 000 Emer |y
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The following theorem is the Birman-Schwinger principle for the one-particle Schrodinger operator H
on the lattice Z.
Theorem 1. For any z € C\o.s(H) the following statements hold:
1

(1) If f € £2(Z) solves Af = zf, then {: = sgn(E(p) — 2)R2(2)V f € £2(Z) solves P = B(z)ip.

(2) If P € £%(Z) solves P = B(2)y, then f: = —R2(2) € ¢%(Z) solves Af = zf.

(3) The number z < €, (resp. z > Eay) IS an eigenvalue of A of multiplicity M if and only if 1 is
an eigenvalue for B(z) of multiplicity M.

(4) Counting multiplicities, the number of eigenvalues of H below z < &£, (resp. above z > €,,.x)
is equal to the number of eigenvalues of B(z), greater then 1.
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UCH O’LCHAMLI NULL-FILIFORM LEIBNITS ALGEBRALARIDA
ROTA -BAXTER OPERATORLARI

!Kodirova M., *Saidto’rayeva S.
LAndijon davlat universiteti, 2Namangan davlat universiteti

Rota—Baxter algebrasi ehtimollar nazariyasidagi ba’zi bir masalalarni yechishdan kelib chiggan bo’lib,
matematika va fizikaning ko’plab sohalarida 0’z tadbig’iga ega, jumladan sonlar nazariyasi, kvazisimmetrik
funksiyalar, Li algebralari va Yang — Baxter tenglamalari. Rota — Baxter operatorlari Baxter tomonidan
ehtimollar nazariyasidagi [3] analitik formulani yechish [2] uchun kiritilgan. Bu operatorlar, matematika va
matematik fizikaning boshga sohalariga ham alogador [4]. [2] ishda 3-0’1chamli nilpotent assotsiativ algebralar
uchun Rota-Bakster, Reynold va Nijenhuis operatorlari tasnif gilingan.

F maydon ustida L Leibnits algebraning A-vaznli Rota — Baxter operatori deb quyidagi tenglikni
ganoatlantiruvchi P: A —» A chizigli akslantirishga aytiladi:

P(x)P(y) =P(xP(y) +P(x)y +Axy), Vx,y € A, A € F

Ta’kidlab o’tish kerakki, agar P — A # 0 vaznga ega Rota — Baxter operatori bo’lsa, u holda A1 P — vazni
1 gateng Rota — Baxter operatori.
Ushbu ishda biz 3 — o’lchamli null-filiform Leibnits algebrasida Rota — Baxter operatorlarini tasnifladik.

Ta’rif 1. L algebra [-,-] ko’paytirish amali bilan F maydonda aniglangan bo’lib uning ixtiyoriy
x,y,z € L elementlari uchun quyidagi Leibnits ayniyati bajarilsa

[x, [J" Z]] = [[x, )’]'Z] - [[x' Z]' y]
U holda L Leibnits algebrasi deb ataladi
Quyidagi ketma-ketliklarni Kiritamiz:
L =1L L], L¥'=][L*L], k=2,
LA =[L,L], L =[LBLLE], s> 2.

Agar gandaydir k(s) natural son uchun LX = 0 (L'! = 0) bo’Isa, u holda L nilpotent(yechimli) algebra deb
ataladi.

Ta’rif 2. n-o’lchamli L nilpotent Leibniz algebrasida dim(L)) =n—i+1, 2<i<n+1,bo’lsa, L
algebra null-filiform Leibnits algebrasi deb ataladi.
[1] magolada avtorlar tomonidan barcha null-filiform Leibnits algebralari tasnif gilingan

Teorema 1.[1] Barcha n-o’lchamli null-filiform Leibnits algebralari bazis elementlari eq, e, .... e,
bo’lgan quyidagi algebraga izomorf bo’ladi

[ei,el] =€i+1, 1<i<n-1

Quyida 3-o’Ichamli null-filiform Leibnits algebralari Rota-Baxter operatorlarini tasniflaymiz

Teorema 2. 3 — o’lchamli null-filiform Leibnits algebrasida nol vaznli Rota — Baxter operatori
matritsalari quyidagicha bo’ladi:
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0 0
0 0 0 . 0 0 0
P = <a21 Az 0>, pp=(% 3z 0 | p :( 0 0 0 )
az; asz 0 az; %a21 §a11 az1 43z 433
Teorema3. 3 —o’lchamli null-filiform Leibnits algebrasida vazni 1 bo’lgan Rota — Baxter operatori
matritsalari quyidagicha bo’ladi:

aq 0 0
2
ai
a 0 1 1,43,
Pl = 21 1+2a44 , a11 e {_E, _E i _6 l}.
a11(1+as1)az; ad,
az1

1+3ay,+3a2;  143ai1+3a%,
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HOYTH BHYTPEHHUE THO®PEPEHIIUPOBAHUSI HEKOTOPBIX 4-MEPHBIX
PASPEIIUMBIX AJITEBP JIEUBHHUIIA

Kyp6an6aes T., Harmetrynnaes A., Yteyiaues L.
Kapaxannaxckuii 2ocyoapcmeennwiil yrusepcumem

B nacrosmeit pabote paccMOTpeHO Mo4TH BHyTpeHHHE nudhepeHInpoBaHus 4-MEpPHBIX HEKOTOPBIX
paspemmMebIx anreop JleitOHuIa ¢ 3-MepHBIM HIJILPATUKATIOM.

Omnpenenenne 1. Anre6pa L wax monem F HaseiBaercs aneebpoii Jletibnuya, ecnu Jyis JHOOBIX
X, Y, Z € L BeimonHseTcs ToxaecTBo JleiOHua:

[x. [y, zI1=1Ix yI. 2] =[x, z], y]
rue [ , ]- yMHOXxeHue B L .
Jlnst mpou3BoJIbHOM anreOpbl Jleiouuna L onpenenium psiib:
L' =L, L" =[L"™, L] — HrKkHuii ieHTpatbHBIH psit;
M =L, '™ =[L"" L] - npousoausrii psi;
AnreGpa Jleiibrnua L maseBaercs paspewwmoii, ecnn cymectsyer M e Nrtakoe, uto L™ =0.

HarypanbHoe aricio M HassiBaeTcs undekcom paspeummocmu aneeopuil, ecmn L™ 20u L™ =0,

Aure6pa Jleiibnuua L HaswiBaetcs nunonomenmnuot, ecmu cymectsyer S € Nrtakoe, uto L° =0.
MunuManbHOe YHCIO S, oOJiafaroliee TaKUM CBOWCTBOM, HA3bIBACTCS UHOEKCOM HUTbNOMEHMHOCHU
(nunvunoexcom) anredpsi L, T.e. L*1£0 n L°=0.

Onpenenenne 2. Jluneiinoe oroOpakenne DL — L naseisaercs ougpepenyuposanuem anrebp
Jleitbnuna L, eciu aiist mo0bIx X, Y € L BeIIONHSIETCS Ciieiytomasi paBeHCTBA

D([x, yI) =[D(x), yI+[x, D(y)].
IMpocrpancTBo Beex mudepeprimpoBannn anredp L o6o3uaunm uepes Der(L).
Jnst xaxmoro X € L omepatop R, :L — Lkoropsie HaswiBéM npasvivymmosicenuem, Takoe, 4To
R.(Y)=LY,X], yelL, u sror oneparop seusiercs mudpdepenimposanneM. Jnddepenmmposanne R,

Ha3BIBAETCS BHYTPEHHUM nuddepenumposanuem anrebp Jleitonuma L . TTpocTpaHCTBO BCEX BHYTPEHHHX
nuddepepuunposanuu anredp L o6osnauum uepes Inner(L).

Onpenenenne 3 [1]. Tuddepennmpobanus D € Der(L) anreOp JleiiOuuna L naswiaercs noumu

gHympennum ouggepenyuposanuem, ecma D(X) € [X, L], apyrumu cinosamu cymectsyer @, € L Takoe, uto

D(x)=[x,a,].
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ITpocTpaHCTBO BCEX MOYTH BHYTPEHHHX A depernnpoBanun 06o3uaunm uepes AID(L) .
B pabore [2] knaccudpunmpoBansl 4-MepHble paspemmMeie areop Jlelionuna. B padore [3] nzyueno
104TH BHYTpeHHue aupdepeHunpoBanne 4-MepHbIX paspemnmsix anrebp Jleitonnna L — Ly [2, Proposition

3.8-3.9]. Msl mOpPOJODKMM OTH HW3YYEHHIO, T.€. PAaCCMOTPUM BHYTPEHHHE W IIOYTH BHYTPEHHHE
i depernupoBanus ciaenyromux anreop [2, Proposition 3.10]:

L9(7):[ ] €, [e1 X] €, [ez,x] V€5, [e3,x]:2e3, [X’el]:_el' [X'ez]:_7ez;
L, (5): [e.e]=6; [6,X] =6, [6,,X] = 56&,, [65, X] =285, X, €, ] =—¢,;

L, [e.e]=6[e.x]=6, [e;, X]=2¢,, [x,&] =8, [x. X] =€,;
L,:[e.e]=6[e.x]=6, [e, X] =26, +&;, [e;,X] =26, [ x, €, ] =¢,
L,:[e.e]=6[e.x]=6+e, [, x] =6, [&;, X] = 2¢,, [x,6,] =—€, —&,, [x,6,] =—&,;
L,:[e.e]=6[6,X]=6,, [x.6&]=¢6.

Lis(4): [e1 %]:eal[ez’x] 2'[X e1] 3'[X’ez]:_e2![x’x]:)“e3-

Ls:[e.e]=6s[e, x| =6,.[x.6,] =—e,.[x X] =—2€;.
L17:[e1 e1]:e3a[ezlx]:ez
Lla(,u):[81,81]263,[eZ,X]=ez,[X,el]=es,[X,X]zye3.

. _ _ _ —e, p-yizda-l
L19-[e11e1]—e3’[ez’x]_ez’[x’el]_e3’[el’x]_e3’ 'B_MH_'

Crenyromyie TeopeMBbl SBISIOTCS OCHOBHBIM PE3yJIbTaTOM JaHHON paboTEhI.
Teopema 1. PasMepHOCTh BHYTPEHHHX W TIOYTH BHYTPEHHUX TU(GEpEeHIIMPOBAaHUN 4-MEepHBIX

paspemmmbix anre6p Ly — L g mokasano B cienyrormem Tabinue:

Algebras dim InDer dim AID D
L9 3 4 E2,2
L.I.O 2 3 E2,2
Lll 2 3 E2,4
L, 2 2
L, 3 3
L 3 3
L15 3 4 E3,4
L16 3 4 E3,4
L, 2 2
L18 2 3 E3,4
L19 2 3 E2,2
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JJOKAJIBHBIE TU®PEPEHIIUPOBAHUA TPEXMEPHBIX HE IMEBBIX
p - AIMYECKUX AJITEBP JIEMBHUIIA

T.Kyp6ano6aes, . EmunusizoBa, A.AliTMypaToB
Kapaxannaxckuii 2ocyoapcmeennwiil yrusepcumem

B »10i 3amMeTKe n3y4eHo nokanbHbIe Au(depeHIrpoBaHns TPEXMEPHBIX HE JINEBBIX [) -aAHIECKUX
anre6Op JleitOnuia. Kpome Toro, HaiiieH MaTpU4HbBIN BUJI JIOKATbHBIX TU((EPSHIIMPOBAHUS TPEXMEPHBIX HE
JUEBBIX P -amuyeckux anredp JleirOHua.

CHavaJia HAOMHHM OIIpeIeNICHHE Mot P -axudeckux uncel. [Tycts Q - mose pannoHaibHbIX YUCe
n

v P ¢ukcupoBanHoe npoctoe yncio. Kaxnoe paunonansroe uncno X # 0 npexcrasum B Buge X = p’ )

m 1

rne m, n, y(x)eZ, (m,p)=(n,p)=1. B mome Q BBemem HOpMY |X|p 10 MpaBHIaM |O|p:O,
—n7M™
|X|p =P '

Hopma |X|p Ha3bIBACTCSL [) -a0U4eCcKoll HOpMOU, W OHA YIOBJIETBOPSECT CHILHOMY HEPaBEHCTBY

tpeyronbruka. [Tomonuenus noias Q mo P -agudeckoil HopMe 0Opasyer mose P -aJu9ecKHX YHUCell, KOTOPOe
oGosna1mum 1epes Q.

Omnpenenenne 1. Anrebpa L wax monem F HaseiBaetcs aneebpoii Jletibnuya, ecnu Ui THOOBIX
X, Y, Z € L BeimonHseTcs ToxaecTBo JleiOHMIa:

[X’ [y, Z]] = [[Xv y]! Z] _[Xv Z]! y]
rue [ , ]- yMHOxeHue B L .

Onpenenenne 2. Jluneitnoe orobpaxenne D : L — L naswBaercs ougpgepenyuposanuem anredp
Jlenionuna L, ecnm uist mo0ObIx X, Y € L BBIMOIHSETCS ClIEIYIOIAs paBEHCTBA

D([x, y]) =[D(x), y1+[x, D(Y)].
Jluneitnoe oroOpaxkenne AL — L HaseBaercs nokanvneiv Oughghepenyuposanuem anrebpa

Jleitbnuua, ecim s kaxgoro X € L cymecrsyer muddepenumposannem (3aucsiee or X) D, :L— L
Takoe, uto A(X) =D, (X).

B pabore [1] kmaccuguimupoBaHbl TPEXMEPHBIC HE JMEBbIE p-agndeckue anreOp JleitOuuma. B atoit
Kiaccuukanmy noimydeHo 11 anrebp, u3 HEX JBa anredpa OTIUYaeTcs OT 3-MEPHOTO KOMILIEKCHOTO airedp
Jlerionuna [1, Theorem 4.1-4.2]. JuddepeHmpoBanust 3-MEpPHBIX Pa3pelIMMBIX p-aIHUeCKUX aureop
JleitOnuma m3y4eno B [3].

Crenyromiasi TeopeMa sIBISIETCS. OCHOBHBIM PE3yJIbTaTOM.

Teopema 1. CymectByer nokaigbHOe AuMdHepeHIIMPOBAHNUS TPEXMEPHBIX HE JIMEBBIX P-aIMYCCKHX
anre6p JleliOauIa He sBisromUMCs Mg epeHIIMPOBAHUEM.
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NILRADIKALI BERILGAN YECHILUVCHAN LEYBNITS ALGEBRASINING
DIFFERENSIALLASHLARI FAZOSINING LI STRUKTURASI

!Mamadaliev O‘ktamjon Xasanboyevich, 2Abduvaliyev Zokirjon Xusanboy o‘g‘li
'NamDU, Phd, katta o ‘gituvchi, ’NamDU magistranti

1-ta’rif. ¥ maydon ustida aniglangan L algebraning ixtiyoriy X, y, z elementlari uchun quyidagi

Leybnits ayniyati bajarilsa,
[X7[y’ Z]] = [[X’ y]’ Z] _[[X’ 2]7 y]’

u holda L algebra Leybnits algebrasi deyiladi, bu yerda [-,-] — L da aniglangan ko‘paytirish amali.
Ixtiyoriy L Leybnits algebrasi uchun quyidagi quyi markaziy va hosilaviy ketma-ketliklarni mos
ravishda aniglaymiz:
Li=L, L¥i=[L% LY, LM =L, LRkt = LK) L], k>1.

2-ta’rif. L Leybnits algebrasi uchun shunday S € N son mavjud bo‘lib, I_[S] =0 (mos ravishda,
L® = 0) bo‘lsa, u holda L yechiluvchan (mos ravishda, nilpotent) Leybnits algebrasi deyiladi.
Ixtiyoriy Leybnits algebrasining maksimal nilpotent ideali uning nilradikali deyiladi.

1-teorema [2]. Maksimal uzunlikdagi har gqanday n-o‘lchamli (n>6) kvazi-filiform Li bo‘lmagan
Leybnits algebrasi quyidagi o‘zaro izomorf bo‘lmagan algebralardan biriga izomorf bo’ladi:

M1 - [e,e]=¢e,, [e...e]l=e,, [e.e]=¢e.,, 2<i<n-3,
\le, .6, ]=0e, {0}, [e.,e ]=0¢,,, 2<i<n-5
[e.&]=€,, 1<i<n-3, [e.e]=e, [e.e]=¢€,, 3<i<n-1,
M?*:1[e, .e]=¢6, M2 [e,6]=—6,,, 3<i<n-1
[e.e, ,]=1e,, A€C; [e;,e;]=ags, =0, agar n>6, o €{0,1}, agarn=6,

bu yerda {el,ez,. .oy en} algebraning bazisi
3-ta’rif. Aytaylik d— L Leybnits algebrasining chizigli almashtirishi bo‘lsin. Agar ixtiyoriy X,y € L

lar uchun quyidagi tenglik bajrilsa

d([x, yD)=[d(x), yI+[x, dW)],
u holda d chizigli almashtirishga L Leybnits algebrasining differensiallashi deyiladi.

2-teorema [1]. R(I\/I 2’/1,2) oilasining ixtiyoriy algebrasi quyidagi algebralardan biriga izomorf:
[e,.e]=€.,;, 1<i<n-3§

[e.e =64, 1<i<n-3,
[en_l’el]: €n, [en—lvel]:en’
[e, x ]=1e;, 1<i<n-2, [e, e ]=—¢.,
R(M?°,2):{[e,, x]=¢,, R(MZ.2): [e,x]=i, 1<i<n-2,
[X]_’el] = _e_]_1 , [Xl’el] = _el’
[en—l’ XZ] = en—li [en 1 Xl] " _[Xl1en] =S

[en 1. X ]=-IX; 80 4] =604,
[e.. X 1=—1x;,6,]1=¢,

Biz R(M 2‘_1, 2) algebrani differensiallashini hisoblab quyidagi tasdigni olishimiz mumkin.

[en’xz]:en’

1-tasdig. Quyidagi chizigli almashtirishlar R(M 2’_1, 2) algebraning differensiallashlari fazosida
bazis tashkil giladi:

dZ(ei):ei+1’ 1<i<n-3, dz(en—l):en’ dS(XZ):en—1’
d3(e_l.) = en1 d4(en) = en1 d4(en—1) = en_]_’ dS(Xl) = en; d5(X2) = en-
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2-tasdig. R(M 2-1 2) algebraning differensiallashlarining D(R(M 2-1 2)) Li algebrasi quyidagi
algebraga izomorf bo’ladi:
[d;.d,]=d; =-[d,,d,],  [dy,d5]=d5=—[ds,d,],
[dy.d;]=ds =—d;,d,],  [d,,d3]=d; =—]d;,d,],
[d, ds]=ds =—{ds,d,].
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LOCAL DERIVATION ON SOME SOLVABLE LIE ALGEBRAS

Mamadaliyev U.Kh.l, To’rajanov A. O.2
Namangan State University, Namangan, Uzbekistan

lmamadaliyevuktamjon@mail.ru, 2toraazimjon79@gmaiI.com

The notions of local derivations were introduced in 1990 by R.V.Kadison [3] and D.R.Larson,

A.R.Sourour [4]. Later in 1997, P.Semrl introduced the notions of 2-local derivations and 2- local
automorphisms on algebras [2]. The main problems concerning these notions are to find conditions under
which all local (2-local) derivations become (global)derivations and to present examples of algebras with
local (2-local) derivations that are not derivations.

Investigation of local derivations on Lie algebras was initiated in papers in [1]. Sh.A.Ayupov and
K.K.Kudaybergenov have proved that every local derivation on semi-simple Lie algebras is a derivation and
gave examples of nilpotent finite-dimensional Lie algebras with local derivations which are not derivations.
In this work we investigate local derivations of some solvable Lie algebras.

Definition 1. An algebra L over a field K is called a Lie algebra if its multiplication (denoted by
(x,y¥) — [xy]) satisfies the identities:

(1) [x,x] =0,

(2) x[Iy.z]1 + y,[zx] + z,[xy] =0,
for all x,y,z €L. Identity (2) is called the Jacobi identity.

Definition 2. Alinear map d: L — L of a Leibniz algebra (L, [+, -]) is said to be a derivation if for all
X,y €L, the following condition holds:

d([x, yI) = [d(x), yI + [x, d(y)].

The set of all derivations of L is denoted by Der(L), which is a Lie algebra with respect to the
commutator.

For a given element x of a Leibniz algebra L, the right multiplication operator R,.: L — L defined
by R, (v) = [w,x], vel L is a derivation. In fact, Leibniz algebras are characterized by this
property regarding right multiplication operators. As in the Lie case, these kinds of derivations are said
to be inner derivations.

Definition 3. A linear operator A is called a local derivation if for any x & L | there exists a
derivation D,.: L — L(depending on x) such that A(x) = Dx(x).

For a given Leibniz algebra L the lower central and derived series defined as follows:

L'=1L, L™ =L L], k=>1, L =L, LB = [LET LE, s >1,
respectively.

Definition 4. A Leibniz algebra L is said to be nilpotent (respectively, solvable), if there exists
k € N (5 € N) such that L*={0} (respectively, L® ={0} ). The minimal number k with such property
is said to be the index of nilpotency of the algebra L.

Definition 5. An n-dimensional Leibniz algebra is called quasi-filiform if its index of
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nilpotency is equal to n-1

A Leibniz algebra L is Z-graded, if L = D=z Vi, where [ V; V}] = VH}. for any i, j € Z with a finite
number of non-null spaces V;.

We say that nilpotent Leibniz algebra L admits the connected gradation = V| @ ..DV . iV, + {0} forany
i(1=<i<t).

Definition 6. The number I(@L) = I(V,, & .. BV, ) = k. — ky + 1 is called the length
of gradation. A gradation is called of maximum length, if [(¢& L) = dim (L).

We denote by I(L) =max { [(@L) such that L = V,, B ... & V. is a connected gradation

the length of an algebra L.
Definition 7. A Leibniz algebra L is called of maximum length if I(L) = dim(L).
Theorem 1.[5] Any element of R(g%x1), 1), is isomorphic to the following

[e.e1=—le.e ]=e., 2<i<n-2
[ei’en]z_[en’ei]:eHZ’ 2SISn_3
[e,.e;]=—e.e,]=¢,,, 3<i<n-4,n>7

Lie algebra: R(g(an,l)’l): [e,, x]=-[x,e,]=¢
1 i RATAC Y Bl |

[e,, x]=—x,e;]= (i +1)e, 2<i
[en ' X] = _[Xfen] = Zen

We calculated the derivation of solvable Lie algebra R(g*n1), 1). We will give the matrix of the
derivation of solvable Lie algebra R(gn1), 1).

n-1

IA

Ay, 0 X3 Xy 4 Ay Xy Ay Ay 0 Ay 0 0
0 3ay 7% Q4 0 Ay Q5 e (22 Ay p3 0 0
0 0 da ay s ay, —ay, 0 0 0 0 0
0 0 0 Say, a, g Ayy  —Oy 0 0 0 0
0 0 0 0 6a,, a,; Qayy oo 0 0 0 0
0 0 0 0 0 0 0 a, g ay, 0 0
0 0 0 0 0 0 0 o (n=Day, a,; 0 0
0 0 0 0 0 0 0 0 Nay, 0 0
0 0 0 Q3 Ty Ty TG ~@ins ., 2a,; 0

A,y —3oyy —day, S5 —bay, —Ta; 8y - —(N-Dayy Py —20,, 0

Now we will give the main result concerning local derivation of solvable Lie algebra R(g%n1), 1).
Theorem 2. Any local derivation on the algebra R(g%x1), 1), is a derivation.
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TEOMETPHSI OPEUT BEKTOPHBIX ITIOJIEM HA IIUJINH/IPE

Mamamapunona llloxcanam Mamacosiu Ku3u
Hayuonanvueiii ynusepcumem Yzbexucmana umenu Mup3zo Ynyebexa

Omnpenenenne 1.[1] Ilycte X, rmagkoe MHorooGpasue. OmpenenuM BEKTOPHOE MOJE Ha
muoroo6pasuu M . Bektoproe mone X wa M 3amaercs kacarensubivu Bekropamu X |, € TM |, B kaxmoit
Touke X & M, Takumm, uto X |, TIajKO MEHSETCS OT TOYKH K TOYKE. B JIOKalIbHBIX KOOPIMHATAX

(X1: Xy ey Xm) BEKTOPHOEC MOJIC UMEET BU
0 0 0
X |, =E(X)—=+E*(X) — +...+ &M (X) —,
=& 00—+ 00 S+t ET 0 =

rae kaxaas &' (X) Tmagkas GyHKIES OT X
Onpenenenne 2[1]. MuTerpanpHas KpuBas BEKTOPHOTO Mo X - 9TO IJIajKas IapaMeTpU30BaHHas
kpuBasg X = @(€) , kacaTenbHBII BEKTOP K KOTOPOH B Ka)KI0H TOYKE COBIAJAET CO 3HAYEHHEM BEKTOPHOTO

noyis VB otoit Touke: (€)= X |y, 115 Beex & . B nokanbHBIX KOOp/mHaTax X = ¢(e) = (qpl(e), Q" (e))

JIOJDKHA OBITH PEIIeHHEeM aBTOHOMHOM CHCTEMBI OOBIKHOBEHHBIX UG (hepeHnanbHbIX YpaBHEHUH

ox' :
—=&'(x), i=1..m,.(Q)
oe
Hasee paccmotpum cemeiictBo D cocrosimieii n3 BekTopHBIX mostelt X ..., X, .

Onpenenenne 3[2]. [lonoxuresnbHO# (OTpHUIATETBHOI) TTOTyopouTon L (X) ( L (X)) cemeiictea D

BEKTOPHBIX MOJEHN, TPOXOALIEN Yepe3 TOUKy X, Ha3bIBAETCS MHOXKECTBO Takux Touek Y m3 M, s

KOTOPBIX ~CYHIECTBYIOT peiictButenshble umena  Gt,,..t, >0 (tt,,..,t, £0) wu BekropHBle mMOMNSA

Xi11 Xi2 i Xik u3 D (rne K -npousBosbHOE HaTypaabHOE YMCIIO) TAKUE, YTO

=X (X (o (X))

Npumep. Paccmorpum Ha miockoctn M = R BextopHoe mone X(X,y)= X6_+ ya— :
X y
CooTtBercTBytomIas cucreMa qudQepeHanbHbpIX ypaBHeHuit (1) uMeet Bua:
X=X
y=y

HHTerpanbHas KpuBas 3TOr0 BEKTOPHOrO IMOJS, MNPOXOJdAllas 4Yepe3 TOUYKU (XO, yo), 3a1at0TCs
napaMeTpuiICCKUMM YpaBHCHUAMU
t
X(t) = x,e

y(t) = yoet

Ecnyu HavanbHas TOYKa 0c00ast, T.€. OHa ABJAETCS MOJOKEHHEM PABHOBECHS CHCTEMBI AU((epeHINaTbHBIX
YPaBHEHUH, TO UHTErPaJIbHas KPUBas ABJIAETCS TOUKOM.

HaubGonee BaxkHas onepanys Haj BEKTOPHBIME HOISAMH-TO UX CKOOKa JIu, win kommyrtarop. Jlerde
BCETO 3Ty OIEPALMIO ONPEAEIUTH B TEPMUHAX MX JEHCTBHA Kak AuddepeHuupoBanuii GpyHKIUER. A UIMEHHO,
ecru X u Y — Bektopmsle mons Ha M | To nx cko6ka Jlu [X,Y] — enuHcTBeHHOE BekTOpHOE MO,
Y/IOBJIETBOPSIOLIEE YCIIOBHIO

[X,YI(F) =X (Y (£)) =Y (X(f)),

nns Beex rnankux Gyskmmii T :M — R. Jlerxo nposeputs, uto [ X,Y ] Ha camoMm siene sBnsercst BeKTOPHBIM
noneM. B JTOKaIbHBIX KOOPAMHATAX, €CIIH

X =i§‘(x>§, Y =in‘(x)§.
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Mx,v]:i{x (#)—Y(f)}%.

HW3BeCTHO UTO, €CIM BEKTOPHOE mosie X 3aaHo Ha MoBepxHocTel ¢ ypaBuenueMm F(x, y,z) =0 To
BBIIIOJIHAETCS.  YCJIOBHE (gradF, X) =0 [1]. PaccMoTpEM JIBYMEPHBIH  KPYrOBOM  IIMJIMHJp:
F(X, Y, Z) =x*+ y2 —R?*=0u BEKTOpHOE mone: X, = {y,—x,l} MoxHO TOKa3arh, 4T0 X, -SIBISIETCS

BEKTOPHBIM IT0JIEM Ha IHITUHIIPE.
JUISL HAXOXICHWS HMHTErPAJbHBIX KPHBBIX BEKTOPHOrO Toisi X;, pacCMOTPHM CHCTEMY

I QepeHInanbHBIX ypaBHEHUH

X=y

y=-X

z2=1
Pemast Ty cucreMy, HaxonuMm {)2(2 +Ci/2 —¢

3HaunuT HUHTErpajIbHBIC KPUBBIC BEKTOPHOT'O ITOJIA Xl ABJIAIOTCA BUHTOBBIC JIMHUU MUJIMHIpPA. AHaJ'IOFI/I‘IHO,

MOKHO PacCMOTPETh BEKTOPHBIE oM X, = {0, 0,1} , HHTErpaJIbHbIC KPUBBIC MOJe X, - SIBISIIOTCS KPUBBIC.

x(t) =X,
3HAYNT, HHTErPAbHBIE KPUBBIE BEKTOPHOTO 10Nt X, ABJISFOTCS 0OPa3yOLMMK LIJIMHAPa 3 Y (t) =Y.
z(t) =z,

Bepno caexyromas
Teopema. Ha unnunape opbura cemeiictso B u D ={X,, X,} cosmanaer ¢ unnmunapom.

JIUTEPATYPbI
1. Ongep I1. llpunoxenus rpynn Jlu nudepenmansaeiM ypaBaeHUsIM Mocksa, 1989 r.
2. Acnonos XK.O I'eomeTpust opOUT BEKTOPHBIX Mosieil. Jluccepranys Ha COUCKaHUN YYEeHOH
CTETCHM KaHauaaTa pu3nka-MareMaTuuaeckux Hayk. Tomkent 2012r.

BOREL TO’PLAMLARINING XOSSALARI

Maxmatqulova Hikoyat
Mirzo Ulug bek nomidagi O zbekiston Milliy Universiteti

X topologik fazoda Borel to'plamlari oilasi ostida biz quyidagi shartlarni ganoatlantiradigan eng
kichik @ oilasini tushunamiz:
(BSl) @ oilasi X fazoning barcha ochiq gism to’plamlarini o'z ichiga oladi;

(BS2)agar A€ @ bo’lsa, X \ Ac p;
o0

(BS3) agar i=1,2,.... uchun A € bolsa, U A €.
i=1

Ushbu ifodalangan shartlarni ganoatlantiruvchi eng kichik @ oila mavjudligi quyidagi oddiy tushunchadan
kelib chigadi:
X fazoning barcha gism to’plamlari oilasi (BS1)—(BS3) shartlarni ganoatlantiradi va
(BSl) - (BS 3) shartlarni qanoatlantiruvchi har qanday oila majmui bu ko’rsatilgan shartlarni

ganoatlantiradigan berilgan majmuidagi barcha oilalarning umumiy gismi oilasidir.
Shunday gilib, (BS1) — (BS3) shartlarni qanoatlantiruvchi X dagi borel to'plamlari oilasi barcha

@ oilalarining umumiy qismi sifatida belgilanishi mumkin. Ko’rinadiki, borel to'plamlarini
aniglashda (BS1) shart o'mini (BS1') shart bilan almashtirish mumkin, ya’ni ¢ oilasi X fazoning barcha
yopiq to'plamlarini o'z ichiga oladi, ~ (BS3) shartesa (BS3') shart bilan almashtirilishi mumkin, ya’ni
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o0
agar 1 =1,2,... uchun Aj €@ bo’lsa, | /—\ €.
i=1

Aslida, (BS1') va (BS2) shartlarni birlashtirish (BS1) va (BS2) shartlarni birlashtirish bilan

ekvivalent va (BS2) va (BS3") shartlarni birlashtirish esa, (BS2) va (BS3) shartlarni birlashtirish

bilan ekvivalentdir.
O’zaro Borel to’plamlari ochiq va yopiq to'plamlardan iborat, demak yopiq to’plamlarning sanoqli
sondagi birlashmasi va ochiq to’plamlarning sanoqli sondagi kesishmasi ham Borel to'plamiga tegishli.

Birinchisi F(7 — to'plamlari va ikkinchisi Gg — to'plamlari deb nomlanadi. Shubhasiz, F(7 —to'plamlarining

go'shmasi G5 — to'plamlari hisoblanadi va aksincha. Ikki FU — to'plamlarining kesishishi yana FU —
to'plamlari bo’ladi.

o0 o0
Aslida, agar E = | Ei va F={J Fj , bu yerda Ei va Fj yopiq to'plamlar bo’lsa,
i=1 i=1

o0
unda ENF= U (Ei N Fj)’ demak E(F FG — to’plamdir.
i j=1
Xuddi shu tarzda, ikkita G5 — to'plamini birlashtirish G5 — to'plam hisoblanadi. Shubhasiz, FG -
to'plam (65 — to'plam) ning sanogli birlashmasi (kesishmasi) FG -
to'plam (G 5 to'’plam) bo’ladi.

Teorema: G s to’plam bo’lsa uning uzluksiz obrazi G s to’plam bo’lmaydi.

X
X nugta olsak uning ochiq atroflari mavjud. Grafikni X o’qiga proyeksiyalasak H(x,y) =X ga o’tadi.

1 2, |1
Misol. Y = — giperbola R2 da yopiq to’plam. Chunki to’ldirmasi ochiq bo’ladi. R \< = dan ixtiyoriy
X

Proyeksiya uzluksiz bo’lib, (—OO, 0) Y (O, OO) bo’ladi. Bu esa ochiq to’plam. Demak, G s to’plamlarning
uzluksiz obrazi G§ — to’plam bo’Imas ekan.

Teorema: G 5 to’plamning ochiq akslantirishdagi obrazi G s to’plam bo’lmaydi.
1

Yuqgoridagi Y = — misoldan ko’rinadiki, grafikni X o’qiga proyeksiyalasak proyeksiya ochiq akslantirish
X

bo’ladi. Bundan ko’rinadiki G s to’plam ochiq akslantirishda saglanmas ekan.

ADABIYOTLAR
[1]. Durenskunar P. O6mas tononorus. Mup, Mocksa, 1986, 752 ctp.
[2]. CapoBuuunii FO.B., bemumos P.b., XKypaes T.®. Tononorusi, Tamkent, Y ausepcuret, 2021, 200c.

BA’ZI LEYBNITZ SUPERALGEBRALARINING DIFFERENSIALLASHLAR FAZOSI.

Muhammadova Sh. S.%, Solijanova G. 0.2
O ’zbekiston Milliy Universiteti, Toshkent, O zbekiston.
muhammadavo.sh@mail.ru*, gulhayo.solijonova@mail.ru?

Annotatsiya. Ushbu ishda ba’zi kichik o’lchamli Leybnitz superalgebralarining differensiallashlar fazosi
o’rganilgan.

Marc Gilg [1] maqgolasida 5 o’Ichamligacha bo’lgan barcha Leybnitz superalgebralarining tasnifi
olingan bo’lib, ular ichidan ba’zilarining differensiallashlar fazosini o’rganaylik.

1) L(1,2)5 {Xo, V1] = Y5;

[Xo, V1] = Y5,

2) L :{

@) (22) [X1, V1] =Y5;

3) L(1,3):{[X0'Y1] =Y, [XoY2]=7Ys;
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. [Xo'y1] =Y, [Xo' Yz] =1Y;,
“) L(2'3)'{[X1'Y1] =Ys;
©) L' ,{[Xo' Y] =1, [Xo, Y2] = Y3,
CONXL ] =Y + Vs, [X, V] = V35
(6) L(1,4):{[X0:Y1] =Y, [Xo.Y2]l=Y5, [X0, V3] =7Y,.
Teorema 1. Yuqorida berilgan Leybnitz superalgebralarining ixtiyoriy differensiallashlarining

matritsasi quyidagi shaklda bo’ladi:
xXg o« 0 Xy

% 9 Z Yo "1 0 Y2
D(L(LZ)): yO() 301 ,82 ; D(L(z’z)): BO Bl Bll ﬁlz ;
o+
ot 0 0 0 votn

w0 0 o X, %; O 0 X3
A S oo 0 0 F
1 2 . ’
D(L3): 0 0 xu+p8 B ' D(L(2,3)): 0 vy B B2 B3 ;
ot b1 2
0 0 0 Xptp; «<+pf;
0 0 O 2 <o+ By
0 O 0 0 1+ b1
/oco o«; 0 0 B’ \
[Yo vi O 0 Vs |
D(L'z3):| %0 —%0 B B> Bs ;
0 0 0 Xotxi+ By %1+ B,
0 0 0 0 2 g4 2 o4+
g 0 0 0 B4
0 B1 B2 B3 Ba
D(L1,4)):] O 0 Xo+ By B B3
0 0 0 2%+p B2
0 0 0 0 3y +p;

FOYDALANILGAN ADABIYOTLAR
1. Marc GILG. LOW-DIMENSIONAL FILIFORM LIE SUPERALGEBRAS, REVISTA
MATEMATICA COMPLUTENSE (2001) vol. X1V, num. 2, 463-478,
http://dx.doi.org/10.5209/rev_REMA.2001.v14.n2.17014

BA’Z1 LEYBNIS SUPERALGEBRALARINING DIFFERENSIALLASHLAR FAZOSI.

Muhammadova Sh. S.%, Solijanova G. 0.2
O’zbekiston Milliy Universiteti, Toshkent, O’zbekiston.
muhammadavo.sh@mail.ru*, gulhayo.solijonova@mail.ru?

Annotatsiya. Ushbu ishda 5 o’lchamligacha bo’lgan ba’zi Leybnis superalgebralarining differensiallashlar
fazosi o’rganilgan.
Ta’rif 1. Z? gradiurlangan L=Lg @Lz vektor fazoning ixtiyoriy X; y; z € L elementlari uchun quyidagi
shartlar bajarilsa:
1 [ny] = _(_1)|x”y|[}’;x],

2. (—1)|Z“x|[x, [y, x]] + (—1)|x||3’|[y, [z, x]] + (—1)'3’“Z|[Z, [x,y]] = O (super Yakobi ayniyati); L Li
0,agar x € Lg,
1,agar x € L.
[1] maqolada 5 o’lchamligacha bo’1gan barcha Leybnis superalgebralarining tasnifi olingan bo’lib, ular ichidan
ba’zilarining Leybnis superalgebralarining differensiallashlar fazosini o’rganaylik.

L =Lo @ Libuyerda, Lo ={X,, X;, ... }
L ={Y, V5, Y3, Y,}

superalgebrasi deyiladi. Bu yerda, [-; -] - L algebrada aniqlangan ko‘paytma amali va |x| = {

(7 {[fgg'?]]: 1;3

0,111 = I

(8) {[X1'Y1] =Y
) {[Xo'[gg] ;]Yz 1[/XOIE’)'Z(] ?3]/3 v
o011 = I3, 0 f21 = I3
(10) {[Xl'yl] =Y
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(11) {[Xo'yﬂ =Y, [Xo'Yz] =Y;
[Xl' Yl] = YZ + Y3, [XllYZ] = Y3
(12) {[X01Y1] =Y, [Xo. Yz] =Y; [XO.Y3] =Y,
Teorema 1. Yuqorida berilgan Li superalgebralarining ixtiyoriy differensiallashlarining matritsasi quyidagi

shaklda bo’ladi:
X 0 0 0 0 Zy
1. Doi(o B1 B- ) D1:<Vo 0 0)
0O 0 O

0 0 o«+p

xXg o«; O 0 0 0 0 o,
v vi O 0 |0 0 0 y
2Dito 0 g g ] Pl B0 0
xg O 0 0 0 0 0 o4
0 B B B3 0O 0 O 0
3 Dol g <o+ By B Dl'(O 0 0 O
0 0 0 2 %o+ By 0 0 0 0
o, o« 0 0 0 0 0 0 0 o4
Yo 1 O 0 0 00 0 0 B,
4. Dy:l O 0 B B2 B3 Di:f0 y1 0 0 0
0 0 0 Xot+pf; X4+ B 0O 0 0 0 O
0 0 0 0 yi+h 00 0 00
xy o 0 0 0
Yo v1 O 0 0
5Dp:f 0 0 p B2 B3 |
0 0 0 xgt+oq+ fy <+ B
0 0 0 0 2o+ 20¢ +f4
0 0 0 0 [33\
0 0 0 0 vy,
Di:| g =g 0 0 o |
0 0 0 0 0/
0 O 0 0 O
g 0 0 0 0
/0 B1 B2 B3 Ba \
6.D:| 0 0 %o+ By B> Ps
0 0 0 2 x5+ fq B
0 0 0 0 3 o +h1
0 0 0 0 pB,
0O 0 0 0 O
Di:l0 0 0 0 O
0 00 0 O
0O 0 0 0 O

FOYDALANILGAN ADABIYOTLAR
1.Marc GILG. LOW-DIMENSIONAL FILIFORM LIE SUPERALGEBRAS, REVISTA MATEMATICA
COMPLUTENSE (2001) vol. XIV, num. 2, 463-478,
http://dx.doi.org/10.5209/rev_REMA.2001.v14.n2.17014

UCHBURCHAKLARNI BERILGAN UCHTA TOMONIGA KO’RA YECHISH

Nishonov Tulanmirza, Hasanov Jamshidbek
Andijon davlat universiteti

Uchburchaklarni yechish maktab matematikasining asosiy masalalaridan hisoblanadi.
Uchburchaklarda quyidagicha belgilashlar kiritiladi [1]:

1. A, B, C — uchburchak uchlari;
2. a, b, c —mos ravishda 4, B, C uchlari garshisidagi tomonlar;
3. a, 8,y —mos ravishda 4, B, C uchlaridagi burchaklar;
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4. hg, hy, he - mos ravishda A,B,C uchlaridan a,b,c tomonlar yotgan to’g’ri chiziqlarga
tushirilgan balandliklar;

5. mg, my, M. —MOS Mos ravishda 4, B, C uchlaridan a, b, c tomonlarga o’tkazilgan medianalar;

6. la, Uy, 1. - mos ravishda A4, B, C uchlaridan a, b, c tomonlarga o’tkazilgan bissektrisalar;

7. P — uchburchak perimetri;

8. S — uchburchak yuzi;

9. R — uchburchakka tashqi chizilgan aylana radiusi;

10. r — uchburchakka ichki chizilgan aylana radiusi.

C

a

Uchburchaklar uchun eng muhim xossalar quyidagilar [1]:

1°. Uchburchak tomonlari uzunliklari quyidagi tengsizliklarni ganoatlantiradi:
a+b>c
b+c>a

c+a>b
va aksincha, agar musbat a, b, ¢ sonlar yugoridagi tengsizliklarni ganoatlantirsa, u holda tomonlari

uzunliklari a, b, ¢ sonlariga teng bo’1gan uchburchak mavjud.

2°. Uchburchak ichki burchaklari yig’indisi 180° ga teng.

Uchburchakning uchta xarakteristikasi qiymatlari berilgan bo’lsa (ba’zan ikkita), uning boshqga
o’Ichovlarini hisoblash uchun yetarlicha formulalar mavjud. Bunda avval bir formuladan biror xarakteristikasi
hisoblanadi, keyin esa ulardan foydalanib keyingi xarakteristika hisoblanadi va h.k. Lekin, uchburchakning
uchta xarakteristikasi qiymatlari berilgan bo’lsa, qolgan barcha xarakteristikalarini aynan shu xarakteristikalar
orqali to’g’ridan-to’g’ri hisoblanadigan formulalari tizimlashtirilmagan. Biz shu formulalarni tizimlashtirishni
0’z oldimizga magsad qilib qo’ydik va eng sodda holdan boshladik.

Tasdig: Agar musbat a, b, ¢ sonlar

a+b>c
b+c>a

c+a>b
tengsizliklarni ganoatlantirsa, u holda tomonlari uzunliklari a, b, ¢ sonlariga teng bo’lgan uchburchak

mavjud va uning xarakteristikalari quyidagicha hisoblanadi:

1. Uchburchak burchaklari:
3 b? + c? — a?
a = arccos he
3 c? 4+ a? — b?
B = arccos Seq
3 a? + b? — ¢?
Y = arccos Zab
2. Uchburchak balandliklari:

ha=%\/(a+b+c)(a+b—c)(a—b+c)(—a+b+c)

hb=%\/(a+b+c)(a+b—c)(a—b+c)(—a+b+c)
1

hc=Z\/(a+b+c)(a+b—c)(a—b+c)(—a+b+c)
3. Uchburchak medianalari:
1
m, = E\/Z(b2 +c?) —a?

1
my = E\/Z(c2 + a?) — b?
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1
m, = E\/Z(a2 + b?%) — ¢?

4. Uchburchak bissektrisalari:
- Jbe((b + ¢)? — a?)
a- b+c
- Jea((c + a)? — b2)
b= c+a
Jab((a + b)2 — c2)
l.=
a+b
5. Uchburchak perimetri:
P=a+b+c
6. Uchburchak yuzi:
1
S21\/(a+b+c)(a+b—c)(a—b+c)(—a+b+c)
7. Uchburchakka tashqi chizilgan aylana radiusi:
R abc
\/(a+b+c)(a+b—c)(a—b+c)(—a+b+c)
8. Uchburchakka ichki chizilgan aylana radiusi:
1 ja+b—-c)la—b+c)(—a+b+c)
"= 2 a+b+c

FOYDALANILGAN ADABIYOTLAR:
1. Tynaranos T.P. Yubypuak reomerpusicu: / [Tlemaroruka MHCTUTYTIApH, OWINM IOPTIApU, MaKTad
YKUTYBUMIAapH YuyH YKyB KyJUL.]. — T.: YkutyBun, 1997. — 96 6.

UCHBURCHAKLARNI BERILGAN IKKI TOMONI VA BIR BURCHAGIGA KO’RA
YECHISH: BERILGAN BURCHAK BERILGAN TOMONLAR ORASIDA YOTGAN HOL

Nishonov Tulanmirza, Hasanov Jamshidbek
Andijon davlat universiteti

Uchburchaklarni yechish maktab matematikasining asosiy masalalaridan hisoblanadi.
Uchburchaklarda quyidagicha belgilashlar kiritiladi [1]:

11. A, B, C —uchburchak uchlari; a, b, c — mos ravishda A, B, C uchlari garshisidagi tomonlar;

12. a, B,y —mos ravishda 4, B, C uchlaridagi burchaklar;

13. hg, hp, he - mos ravishda A,B,C uchlaridan a,b,c tomonlar yotgan to’g’ri chiziglarga
tushirilgan balandliklar;

14. mg, my, m. —mMos Mos ravishda A4, B, C uchlaridan a, b, ¢ tomonlarga o’tkazilgan medianalar;

15. la, Uy, 1. - mos ravishda A4, B, C uchlaridan a, b, c tomonlarga o’tkazilgan bissektrisalar;

16. P — uchburchak perimetri; S — uchburchak yuzi; R — uchburchakka tashqi chizilgan aylana

radiusi; r — uchburchakka ichki chizilgan aylana radiusi.

C

a

Uchburchakning uchta xarakteristikasi qiymatlari berilgan bo’lsa (ba’zan ikkita), uning boshqa
o’lchovlarini hisoblash uchun yetarlicha formulalar mavjud [1]. Bunda avval bir formuladan biror
xarakteristikasi hisoblanadi, keyin esa ulardan foydalanib keyingi xarakteristika hisoblanadi va h.k. Lekin,
uchburchakning uchta xarakteristikasi qiymatlari berilgan bo’lsa, qolgan barcha xarakteristikalarini aynan shu
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xarakteristikalar orqali to’g’ridan-to’g’ri hisoblanadigan formulalari tizimlashtirilmagan. Biz shu formulalarni
tizimlashtirishni 0’z oldimizga magsad qilib qo’ydik va sodda hollardan boshladik.
Tasdig: Agar a, b mushat sonlar va ye(0; ) bo’lsa, u holda ikki tomoni uzunliklari a, b ga va ular
orasidagi burchak y ga teng bo’lgan uchburchak mavjud va uning xarakteristikalari quyidagicha hisoblanadi:

1. a=a,b=b,c=+a%+ b2 — 2abcosy;

a—bcosy
ﬁ = arcCos —————

@ = arccos ————2o% =y;
' JaZ+b2—2abcosy’ Ja?+b2—2abcosy’ y=r.
absiny .

2
3. hq = bsiny, h, = asiny, h, = Jaz+bZ—2abcosy’
. %\/az iy Zabcosy, my, = 1\/4(12 1+ p2 — 4abcosy, m, = %\/a2 + b2 + 2abcosy;

T2
2by/a?+b2%-2abcosy 1 b—acosy 2a\/a?+b%2-2abcosy

l, = - cos |=arccos Ay = .
b+ a?+b%2—2abcosy 2 Ja2+b%2-2abcosy a++a%+b%2-2abcosy

a—bcosy ) __2ab . Y.
» be

1
COS (— arcCoS ———— = —"C0S,
2 Ja%+b2-2abcosy a+b 2
1 . Ja?+b%2-2abcos absin
6. P:a+b+\/a2+b2—2abcosy,S:—absmy,R= - Y r= 14 )
2 2siny a+b++/a%2+b2-2abcosy

Natija 1: Agar b,c musbat sonlar va ae(0; ) bo’lsa, u holda ikki tomoni uzunliklari b,c ga va ular
orasidagi burchak a ga teng bo’lgan uchburchak mavjud va uning xarakteristikalari quyidagicha hisoblanadi:
1. a =Vb2 + c2 — 2bccosa, b = b, ¢ =c;

bsina — arcsin csina .
besi JbZ+c2—2bccosa’ | VbZ+cZ-2bccosa’
csina

2

3. ha = N Ry hb = csina, hc = bsina;
4
5

. a=a,f = arcsin

1 1 1
. my = E\/b2 + c? + 2bccosa, my, = Ex/bz + 4c¢? — 4bccosa, m, = E\/4b2+c2 — 4bccosa;
__ 2cVb?+4c?-2bccosa 1 . bsiny __ 2bVb?+c?-2bccosa
= pre 055 b = ama cos (GaArCSiN e |, Lo = e
b+c 2 c+Vb“+c4—2bccosa 2 a“+b=-2abcosy b+Vb“+c“—2bccosa

csina )
VbZ+cZ-2bccosa/’
1 . Vb2+c2-2bccosa bcsina
6. P=b+c+Vb2+ c2—2bccosa, S ==bcsina, R = : T = :
2 2sina Vb2+c2-2bccosa+b+c

Natija 2: Agar c,a musbat sonlar va Be(0; ) bo’lsa, u holda ikki tomoni uzunliklari ¢, a ga va ular
orasidagi burchak § ga teng bo’lgan uchburchak mavjud va uning xarakteristikalari quyidagicha hisoblanadi:

1. a=a,b=/c%+a?—2cacosP, c =c;

1 .
cos (E arcsin

. asin . csin,
o= arcsm—ﬂ, B=By= arcsm—B;
Jc2+a2-2cacosf Jc2+a2-2cacosp

acsinf
Jc2+a2-2cacosp’
1 1 1
.my = E\/4cz+a2 — 4cacosfi,my, = E\/cz+a2 + 2cacosf, m, = E\/CZ + 4a? — 4cacosp;
2¢y/c2+a%-2cacosf asinf 2ca B 2a./c2+a%-2cacosf
= ———, [, ==——-cos%, .= :
c+y/c2+a2-2cacosf Jc2+a2-2cacosp c+a 2 a++/c%2+a?%-2cacosp

1 . csinf i
CoS Earcsm— ,

Jc2+a?-2cacosp

h. = asing;

2
3. hy =csinB, hy, =
4
5

1 .
* COS (E arcsin

1 . Jc2+a2-2cacos casin
6.P=c+a+\/cz+a2—2cacosﬁ,5=—ca5mﬁ,R= - ’B,r= B )
2 2sinf8 a+./c2+a?-2cacosf+c
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KOJIBHEBBIE N30MOP®U3MBbI - OTOBPAKEHUS, COXPAHAIOLIUE ITOPSJIOK

Hyp:xanos b. O.
Kapaxannaxckoe omoenenue Uncmumyma mamemamuxu umenu B.1M. Pomanoeckoeo
Kapaxannaxckuii 2ocyoapcmeennulii ynusepcumem umenu bBepoaxa
nurjanov@list.ru

Konbio A HaseiBaercst * -KOJBIOM (MM KOIBLOM C WHBOJIIOLKEH), €CIIM CYIIECTBYET OIEpAIHst
*: A — A Takas, uto uist Beex @,0 € A BBINONHSIOTCS Clleyole PaBeHCTBa

(@) =a, (a+b)"=a"+b", (ab)'=b"a".
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2
DieMeHT € * -konblia A Ha3bIBaeTCs IIPOEKTOPOM, €CIIH €° =€ =€°,
Kosbio A Has3bIBacTCs peryisipHBIM, €CIIH TS Kaka0ro X € A cymectByer sneMent Y € A Takoi,
uyto XyX = X. MuBomonus * B A HasbBaeTcss coOCTBEeHHOM, ecim m3 X X =0 cnenyer, uto X=0 mus

moboro X e A. *-kombiio A HasbIBacTCS * -PETYISAPHBIM, €CIH OHO SBISETCS PErYISAPHBIM KOJBIIOM C
CcOOCTBEHHOMN MHBOJIIOIHEA.

ITycts A - * -perymsipuoe koibio. Toraa cymiecTByeT equHCTBEHHbII poekTop F(X) Takoii, uto

- xr(x) =x;

- Xy =0 rtorga u Tosnbko Tormaa, koraa r(x)y =0.

AHAJIOTHYHO CYIIECTBYET eAUHCTBeHHbIH mpoektop |(X) Takoii, uto

- I(xX)x =x;

- yx =0 rtoraa u Toaeko Toraa, korga Yl(x) =0.

ITpoekropsl I(X) u |(X) Ha3bIBaIOTCA COOTBETCTBEHHO IPABBIM U JIEBBIM POEKTOPOM X .
Ipoextop S(X) =1(X) Vv r(X) Ha3bIBacTCs HOCUTENEM DIEMEHTA X .

PaccMOTpUM Tak Ha3bIBAEMYIO PAHK-METPHKY o Ha A, ompeaeseMyro CIEAYIOIUM 00pa3oM
p(X,y)=ull(x-y)), xyeA (4, Temma 18.1]).

OpmHUM 3 BaXXHBIX KITACCOB * -PETYJLIPHBIX anredp siBisttoTcs anreopbl Mroppesi-pon Hefimana [3].
Konbliebie nzomopdusmsl anredpsi Mioppesi-pon Heiimana u ux * -moganre6p B ciydae anre6p tuma |1,
ObLTH ommcaHbI B paboTax [1, 2].

ITycts A - * -peryisipHOe KOJBIIO C paHK-METPUKON ©. Boiee Toro, Mbl Oy/aeM mpemnonarath, 9To
(A, p) - [OJTHOE METPUYECKOE * -KOJIBIIO.

Jlns onemenToB a,b € A monoxum

a<,b < I(ab=a,
a<,b < br(a)=a.

Otnourenue <, tae <€{<,<,}, ABnsercs yacTMuHbIM MOpsiAKOM Ha A, T.e.

1) X< X;

2) XY, Y=<X =>X=Y,

3) X<Y, Y<Z =>X<L

Hns * -konen A u B Ouekuus (He o0s3arensHo nuHeiiHas) @ : A —> B Ha3bIBaeTCsS KOILEBBIM
U30MOPHU3MOM, ECITH

- ®d(a+b)=d(a) +D(b) muascex a,be A;
- ®(ab) =d(a)®(b) nnsacex a,be A.
PaccMOTPHM KOJIBLIEBbIC H30MOP(GU3MBI PETYISIPHBIX KOJICLl, COXPAHSIOLINE YaCTHYHBIE MOPSAKH <

u =<, .

Teopema. Ilycts A, B - * -perynspusie konbiua u O : A — B - konbuesoii usomopdusm. Toraa
1) X<, Y roraa u tonbko Toraa, koraa P(X) <, D(y).
2) X<, Y Toraa u Tonsko Torna, korna P(X) <, O(y).
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ON THE EXISTENCE OF EIGENVALUES OF THE TWO PARTICLE DISCRETE
SCHRODINGER OPERATORS

A. 1. O’ktamov, I.A. Muhammadiyev
Samarkand State University

Let T = —m, ) be the one - dimensional torus. Let L?(T) be the Hilbert space of square-integrable
functions on T. L#¢(T) < L?(T) is the Hilbert space of square-integrable even functions on T. For any u, A €
R and k € T the Schrédinger operator Hyy (k) is bounded and self-adjoint acting in L2¢(T) as

Hy (k) = Hy(k) + Vyp.
Here the non-perturbed operator Hy(k), k € T is the multiplication operator by the function &£, (-) acting in
L%¢(T) as
k
Ho(R)f)(p) = Ex@)f (), Ek(p) = 2[1 —cos>cosp], p €T.
The perturbation operator V,,; is defined as

1
(Vuaf)®) = 5 J; (u + Acospcost) f (t)dt, f € L**(T).
The operator Hy(k), k € T is the operator of multiplication by a continuous real function &, (p) defined in T,
therefore its spectrum consist of the essential spectrum:
) o(Hy(k)) = Oess(Ho(k)) = [Emin(k), Emax (K)],
with
Emin(): = min&(q) = 2(1 — cos%) > 0,
qeT 2

Emax (K): = max€,(q) = 2(1 + cos%) < 4.
qeT 2

The perturbation V,,; is an operator of rank-two. Hence, from the Weyl theorem [2] the essential
spectrum of H,, (k) coincides with the spectrum of H,(k), i.e.,
ess(Hua (k) = o (Ho (k).
We define the Birman-Schwinger operator in L2¢(T) as
Bua(k, 2) = =ViaRo(k, 2), z € C\[min€;(¢), maxé; (q)]
For any fixed values of the parameters u, 1 € R, the determinant of the operator H,; (k) — zI is understood as
the Fredholm determinant of the operator I — B,; (k, z),
A(u, A; k, z): = det(I — Bya(k, z)) = det(Hy, (k) — zI).
In the case k # m the determinant A(u, 4; k, z) of H, (k) can be represented as
A(u, Ak, z) = (1 + pa(k, 2))(1 + Ac(k, z)) — udb?(k, z),
where

dt 1 costdt 1 cos?tdt

1
a(k,z): = ;f'ﬂ" &)z’ b(k,z): = 2w T & (t)-2z’ c(k, z): = 2n T & (t)-2

Theorem 1. We have the following asymptotic relations for the functions a(k;-),
b(k;-), c(k;-) on the left of the point €, (k)

k, = — gmin k) — _% 1), Emin k),
a(k,z) 2\/@( (k)—2z) 2+0(1),as z 7 (k)
b(k, = — gmin k) — _%_
(k,2) 2\/:5%( (k) — 2) —
¢, 2) = —— (Emin(k) —2) 2 -

2 COSE

and on the right of the point €, (k)

;& +o0(1),as z 7 Emin(k),
2

1

+o0(1),as z 7 Epin(k)

k
ZCOSE

1 _1
a(k' Z) = - 2\/@ (Z - <rZ‘max(k)) 2+ 0(1)"15 AR gmax(k)l
2
bk, 7) = —— 2 (2 — £y () 2 + —— + 0(1), a5 2 Epay (k)
)] - 2\/:5; max ZCOSS ) max ’
1 -1 1
= — — N .
o) = = 6 ()75 g o005 2 ()

Also, forany A, u € R, we have
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lirll DA u k,z) =1.
Z—+co

We define the asymptotics of the function A(u, 4; k, z) at E,in (k), the bottom and at £,,,,4(k), the top
of the essential spectrum of H,,; (k):

1 _ _1
A, Ak, z) = ————=C1(U, 4; k) (Epin(k) — 2) 2 +
8COS§ COS; _E i
+——Ci (A k) +0(1),as z 7 Epin(k),
800525
where
Ca(ul k) =—pd— ZACOSS - 4,ucos§, Co(w A k) =—pd — ZACOSS + 8cos? S
2
1 _1
A(‘Ll, A: k; Z) = ﬁcjl(.u! A: k)(Z - gmax(k)) 2+
/ 2
8c057 cos»
+—LCF A k) +o(1),as z N Epay(K),
8COSZE
where
. k k
Chi(u A k) = ur — ZAcosE — 4ucos >
2

k k
Ci(u, k) =—pur+ ZAcosE + 8cos? >
Theorem 2. For each A, € Rand k € T, the number z € C\[Ein (k), Emax (k)] is an eigenvalue of

the operator Hy; (k) if and only if
DA wk,z) =0.
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ERMIT MATRITSALARI UTSHUN MAJORLASH HAQIDAGI TEOREMA
Ongarbaev Raxim

Bu maqolada biz ermit matritsalari uchun majorlash haqidagi teoremani ko‘rib chigamiz.*

AeM | (C) matritsasining go ‘shmasi deb, A~ orgali belgilanuvchi, A" =AT matritsasiga

aytamiz, bu yerda, A clement bo‘yicha qo‘shma matritsa. A€ M | (C) matritsasi uchun A" = A bo‘lsa
Ermit matritsasi deyiladi.
Mayli A BeM , berilgan bo‘lsin. Biz B matritsasi A matritsasiga o‘xshash deymiz, agar

shunday aynimagan S € M, mavjud bo‘lib B = S'AS bo‘lsa. A— SAS akslantirishi S

o‘xshashlik matritsasi bo‘yicha o‘xshashliq akslantirishi deyiladi. Biz B matritsasi A matritsasiga orin
almastirish bo‘yicha o‘xshash deymiz, agar shunday aynimagan P orin almastirish matritsasi mavjud bo‘lib

B=P" AP orinli bo‘lsa.

Mayli A€ M bolsin. Agar skalyar A soni va noldan fargli X vektori
Ax=Ax,xeC", x#0, AeC" tengligini ganoatlantirsa, unda A soni A matritsasining xos soni,
X vektori xos vektori deb ataladi.

Ae Mn ermit matritsasi bo‘lsa uning xos sonlari haqiqiy bolishidan, ularni algebraik
kamaymaydigan tartibda joylashtirish mimkin

ﬂ“min :21 SﬂZ S”.ﬂ‘n—lSﬁ’n :ﬂ’max
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Mayli X = [Xi] eR"vay= [yi ] e R" berilgan bo‘lsin. Biz X vektori Yy vektorini majorlaydi

deymiz agar
k

max x2maxz

1<y <-+<ig<n i1 h<--<i=n
o‘rinli bo‘lsa, bu yerda k=1...,n, tenglik belgisi K =N ushun o‘rinli.
Mayli Z Z[Zi] eR" berilgan bo‘lsin. Z vektorining o‘smaydigan gayta joylashtirilishi deb

elementlari Z ning elementleridan iborat, ammo o‘smaydigan Z; :21¢2°°~22i =Zi holda

joylashtirilgan vektorga aytamiz. Z vektorining kamaymaydigan gayta joylashtirilishi deb elementlari Z ning
elementleridan iborat, ammo kamaymaydigan Zjl = ZlT <...< Zj = Z: holda joylashtirilgan vektorga
aytamiz.

Quyidagi teorema bu ishning asosiy teoremasi bo‘lib hisoblanadi.

Teorema (Shur). Mayli A= [aij ] eM o ermit matritsasi bo ‘Isin. Uning xos sonlaridan tuzilgan

= [/1, (A)]in:l vektori uning asosiy diagonal elementleridan tuzilgan d (A) = [aii ]:=1 vektorini

majorlasin, ya ‘niy

X Los L
D A(A) 22 d(A
i=1 i=1
,buyerda kK =1,2,...,n, tenglik belgisi K =N uchun o ‘rinli bo ‘ladi. Agar yuqoridagi tengsizlik bazi bir
ke 1...,n =1 uchun o ‘rinli bo Isa, u holda A matritsasi B ® D matritsasiga o ‘rin almashtirish
bo ‘yicha o ‘xshash bo ‘ladi, bu yerda B € M K-

ADABIYOTLAR
1. Horn,R. A, and TS. R. Johnson. 1991. Topitss in Matrix Analysis. TSambridge University Press,
TSambridge.
2. Horn,R. A., and TS. R. Johnson., 2013. Matrix analysis, TSambridge University Press, TSambridge.

APPLICATIONS OF MONOMIAL EQUATION OVER
P-ADIC NUMBER FIELD

Pardayev Shoxzod
National University of Uzbekistan
Yahyayeva Ra’no
Namangan State University
Khakimov Otabek
Institute of Mathematics

We are going to give some applications of the following equation
x¥=a, keN, aeQ, (1)

in Q,. Let us first notice that the equation (1) can be considered over Z,,. Indeed, any nonzero p-adic number
x has a unique representation of the form x = —, where x* € Z,,. After substituting the forms x = W a=
14

IXI

k
— into (1), we can get that ( ) b | . This means that Eq. (1) has a solution in Q,, whenever a € Q,, if
p

lalp | 1xIp
and only if |a|, = p*! for some [ € Z and the equation x¥ = a, has a solution in Z,. Hence, we may always

assume that a € Z,, when we consider the equation (1).
An integer number b is called an m-th power residue modulo p if the congruence equation x™ =
b(mod p) has a solution in Z. In the sequel, we always assume that p > 3. It is well-known (see [4]) that b €
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-1
Z is an m-th power residue modulo p if and only if pr = 1(mod p), where d = (m,p — 1). We notice that
the monomial equation over Q,, were considered in [2], [3].
Recall that f: Z,, — Z, is L-Lipschitz function if
lf )= fWp S Llx=ylp,  Vx,y €L )
We notice that the discretness of p-adic norm’s values yields L = p® for some a € Z. So, the condition (2) is
equivalent to: x — y = o[p*] implies f(x) — f(y) = o[p* %] forall k > a.
For a given k = mp® with (m,p) = 1, s = 0 we consider the following function
F(x) =x* —a+ ef (%), (3)
where a € Zj, |¢|, < |k?|, and f:Z,, - Z,, is a L-Lipschitz function with L < p*. One can see that F (Z,) c
Z,,. Moreover, F is a 1-Lipschitz function. In [1] the authors found a criterion for the existence of a root of 1-
Lipschitz functions. Moreover, they were able to prove the analogue of Hensel’s Lemma for 1-Lipschitz
functions. In this paper, we will show locations of roots of the equation (3) which was not studied in [1].

Theorem. Letp > 3 and k = mp® with (p,m) = 1 and s > 0. Assume that F is a function given by

(1.7.2). Then the following statements hold:
(F1) if Sol,(x* — a) = @ then F has no root in Z,;
(F2) if Sol,(x* — a) # @ then the followings are equivalent:

(@) F has aroot in Zy;

(b) a =af +o[p*l;

() F has exactly k,, roots in Z,: x¢, € B(§;,1), € € Sol,(x* — a), i = 1,k,.

Remark. We point out that the Hensel’s Lemma (see [1]) reduces finding of roots (of polynomial
equation) to finding roots of some iterative procedure in each step of which, one needs to solve some linear
congruence equation. In the above given procedure, it has been used a nonlinear congruence equation in each
step of iteration, which means we have implicitly used a generalized version of Hensel’s Lemma with adoption
to our equation.
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BIR QVAZI VOLTERRA OPERATORI HAQIDA

Parpiyeva Nozima Murodjon gizi
NamDU matematika fakulteti magistri

Umumiy holda S™ 1 ={x = (x1, ..., %) ER“x; >0, i =1.2,..,n Y, x; =1} simplersda
aniglangan V: S™~1 — §™~1 gvadratik stoxastik operator (k.s.0) quyidagi formula bilan beriladi:

n
V), =x, = z pijrXiXj, k=12,..,n €))
ij=1 L

Bu yerda Pijk >0, Zﬁ:lpij,k =1, Pijk = Pjik » i,j,k =1,n lar.
Kvadratik stoxastik operator \VVolterra k.s.o deyiladi, agar barcha k & {i,j} lar uchun p;;, = 0 shart bajarilsa.

Volterra (k.s.0) eng oddiy nochiziqli akslantirishlardan bo’lib juda ko’p holldarda yetarlicha
o’rganilgan. Misol uchun, $% da aniglangan Volterra k.s.0. uchun ergodiklikning zarur va yetarli shartlari
topilgan [1]. Ergodiklik deganda barcha x € S? lar uchun Ilim %Zﬁ‘;ol Vix limit mavjudligi tushuniladi. Bu
yerda x = x(® € $™1 nugtaning Vix trayektoriyasi x("*D=yx(™ n = 0,1,2, ... itaratsiyalar ketma-ketligi
sifatida aniglanadi.
Ta’rif. ™1 da aniglangan Volterra kvadratik stoxastik operator kvazivolterra deyiladi, agar barcha p; ko
k ¢ {i,j} koeffisientlar orasida faqat bittasi noldan farqli bo’lsa, qolganlari esa nolga teng bo’lsa.
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Oddiylik uchun ushbu magolada biz S da aniglangan kvazi k.s.o larni o’rganish bilan cheklanamiz.
Quyidagi kvazi Volterra q.s.0. ni o’rganamiz:
x; =1x2 + (1 —1)x1x, + (1 —r)xyx3,
xhb =1 =1rxZ+x2+ (1 +1)xx, + (1 —1)xpx3, 2)
xt=x3+ (1 +1r)xx3+ (1+71)xxs
Quyidagi teorema isbotlangan.
Teorema 1. Har ganday re[0,1) uchun (2) formula bilan aniglangan k.s.o. regulyar va demak ergodik
bo’ladi.
Endi (2) operatorning qo’zg’almas nuqtalarini qidiramiz.
Teorema 2. r = 1 bo’lganda (2) operator M;(1,0,0),M,(0,1,0) va M5(0,0,1) qo’zg’almas nuqtalar
mavjud bo’ladi.
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B nmanHO# paboTe M3ydeHBI aNrOPUTMHUYECKHE CBOWCTBA HYMEPOBAHHBIX Tpymm. MHOrga HEeKOTOpbIe
CBSI3U aNre0panyecKux 1 AITOPUTMHUUECKIX CBOMCTB KOHKPETHBIX ajareOp OKa3blBatoTCs 00Jiee CHIBHBIMH.

OCHOBHBIMH MOHSTUSAMHA ¥ (hPaKTaMH MOYKHO O3HAKOMHTHCS B [1-3].

Bcrogy onpenenennas GyHKIMS W3 MHOXKECTBA HATYPaJIbHBIX YHCET W B @ HA3bIBAETCS BHIYMCIUMOIA,
€CJIM CYLIECTBYET BBIUUCIAIOMNN ee anroput™M . llogMHOXECTBO « € w Ha3bIBACTCS GbIYUCAUMBIM
(nepeuucinumovim, COOMEEMCMEEHHO KONEPEUUCIUMBbIM), €CIIM BBIYMCIMMA €r0 XapaKTepUCTHYecKas
¢GyHkius (@ (COOTBETCTBEHHO @ \ @) — 00JAaCTh 3HAYCHUH HEKOTOPOIH BBIYUCIUMON (QYHKIUH). DTH
OTIpeJIeJICHHsI ECTECTBEHHBIM 00pa30M MEPEHOCITCS HA MHOTOMECTHBIE (PYHKIIMH U OTHOILICHHS.

Ilpumep: MHOXECTBO HATYpalbHBIX YHCEJN, ACCATHYHAs 3alMCh KOTOPBIX BCTpEUAeTCSd B KauyecTBE
MOJCTPOKHU B IECSITUYHOM 3alIUCH YHCIIA TT, SIBJISETCS IEPEUYHCIUMBIM, HO HE BBIYUCIMMBIM MHOKECTBOM.

Omnpenenenne 1. HymepoBanHoii anredpoii HazpiBaetcst napa (4,v) , rae A — yHuBepcasibHas anredpa
He 0oJiee, UeM CUETHOW CUTHATYpPhI X , a V — 0TOOpakeHHEe w Ha A CO CICAYIONIUM CBOHCTBOM:

Ecim F —n-mectHas ¢yHkius X- omepanws, AeWcTByromas Ha A , TO CYIIECTBYeT Takas N-MecTHas
BbIUMCIMMas QYHKIMS f , 4TO
F(vxq, o, VXp) = VF(Xq, ey Xp)
[lpuyeM CyIIECTBYeT aIrOpPUTM, KOTOPBIH IO HMMEHH Kaxaoi F «BblOaeT» MNpOLELYpY BBIYHCICHUS
COOTBETCTBYIOLIEH f .
Aopom uymepayuu v anredOpbl A OyJaeM Ha3bIBaTh HYMEPAIMOHHYIO SKBUBAJICHTHOCTh
Ker(v) = {(x,y) |[vx = vy}, tae v — HymMepanus.

st rpynn onpeniesieHHe HyMEpOBaHHON anreOpbl KOHKPETH3UPYETCS CIEAYIOIINM 00pa3oM.

Hymeposannou epynnoii Ha3piBaercs napa (G ,v ) , rae G rpynma c onepauueit “* ", v:w — G —
0TOOpaXeHHE CO CIEAYIONNM CBOHCTBOM:

Jiis “ * ” OuHapHOMW onepaniy CyIIECTBYET Takas BIYUcIuMas PyHKIHA [, 4TO VN * vm = v( f(n, m)).

HymepoBannas rpymma, y KOTOPOH SIIpO HyMepaluy MepedrcanMo (KOIIepednucinMo) Ha HoMepax,
HA3bIBACTCS HO3UMUBHOU (He2amugGHOIL).

Omnpenenenune 2. Hymepanus rpynnsl Ha3bIBACTCS JIOKAIbHO HO3UMUGHOU (HEe2AmMUGHOIL), €CITU XOTS OBl
OJIMH CMEXHBIN KJIACC SIpa 3TONH HYMEpAIHH SIBISETCS IEPEIUCIUMBIM (KOTIEPEUUCTHMEBIM).

B pabore [4] nonyueHs! cleIyonye pe3yibTaThl O JJOKaJIbHBIX alTOPUTMUYECKUX CBOWCTBAaX TPYIIIL:
Hpenaoxenue 1. J[ns BCSIKOW JIOKATBHO MO3UTUBHOW (JIOKAIIEHO HETaTWBHOW) TpyIIBI JIFOO0H CMEXKHBIH
KJIacC ee sApa MepedncianM (KOIepeIHCIIiMm).

Ipenaoxenue 2. Besikast ToKabHO MO3UTHBHAS HyMepaIus JII000W TPyTITbI TO3UTHBHA.
U3 npeanoxenns 1 MOXXHO MOJYYHUTH CIAEAYIOIIUI PE3yJIbTAT:
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Mpenno:xenne 3. Ecnu HyMepaius TpyIIbl SBISIETCS JIOKAITEHO MTO3UTHBHOM U JIOKAJTLHO HETATUBHOM, TO OHA
BBIUMCITHMA.,
Bompoc 0 HeraTHBHOCTH JIOKAJIbHO HETaTUBHOM IPYIIITBI OCTACTCS OTKPBITHIM.
[TycTh 1) — 3KBUBaJICHTHOCTh HA MHOXKECTBE HATYPATIBHBIX YKcel w. MHOXKECTBO «a S w Ha3bIBaeTCs
1)-PKBUBAJICHTHEIE, T.C.
X €Ea&x=y (modn) »yE€E a.
Onpenenenne 3. DKBUBAICHTHOCTD 1) HA3bIBACTCS GbIUUCIUMO OMOEUMOL, €CII BCsAKas mapa uucen (x,y)
HE DKBUBAICHTHBIX 110 1) OTIENACTCS MOIXOSAIINM 7] — 3aMKHYTHIM BBIYUCIUMBIM MHOYKECTBOM.
Hywmepanmonnas anreOpa Ha3bIBa€TCS GBIYUCAUMO OMOEAUMON, €CIH €€ HyMepalMOHHas
SKBUBAJICHTHOCTH SIBIIICTCS BBIUUCIUMO OTAeIUMON. B pabore [3] maHa XapakTepu3amuisl BBIYHCIHMO
OTJICTUMBIX alTe0p B TEPMUHAX HETaTUBHBIX aJreop.
W3BecTHO, YTO HEraTUBHBIC HYMEPOBAaHHBIC TPYIIIbI SBISIOTCS BBIYUCIUMO OTACIUMBIMU. DTOT
Pe3yABbTAT MOXKHO YCHIIHTH CIEIYIOIIIM 00pa3oM.
Teopema. JIokabHO HEraTHBHBIC TPYIITBI BEIYUCIUMO OTIEIIUMBI.
JanumM xapakTepu3aiuio BEIYUCIUMO OTACTUMBIX TPYI B TEPMHHAX JIOKAIILHO HETATHBHBIX TPYIIIL
Teopema. HymepoBaHHas Tpynmna @uiyuciumo omoeiumda TOTAa W TOIBKO TOTJa, KOTrJa OHA JIOKAIBHO
HeraTHBHA.
JIUTEPATYPA
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GROUND STATES FOR THE ISING MODEL WITH COMPETING INTERACTIONS AND A
PERIODIC EXTERNAL FIELD ON THE CAYLEY TREE

Rahmatullayev M.M.
Institute of mathematics, Tashkent, Uzbekistan
Asqarov J.N.
Namangan state university, Namangan, Uzbekistan

Let t¢ = (V, L) be a Cayley tree of order k, i.e, an infinite tree such that exactly k + 1 edges are

incident to each vertex. Here V is the set of vertices and L is the set of edges of t.[1]

Let G, denote the free product of k + 1 cyclic groups {e, a;} of order 2 with generators
ai, Ay, .., ey, 1.6, let al-2 =e.

There exists a one-to-one correspondence between the set V of vertices of the Cayley tree of order k
and the group Gy.[1]

For each x € Gy, let S; (x) denote the set of all neighbors of x, i.e., S;(x) = {y € Gx: < x,y >},
where < x, y > means that the vertices x and y are nearest neighbors.

Assume that spin takes its values in the set & = {—1,1}. By a configuration o on V we mean a
function taking o: x € V - o(x) € ®. The set of all configurations coincides with the set Q = ®V.

Consider the quotient group Gy / G = {H4, ..., H,.}, where Gy, is a normal subgroup of index r with
r=1.

Definition 1. A configuration o(x) is called to be G; — periodic if a(x) = g; for all x € G}, with x €
H;. A G, — periodic configuration is called to be translation invariant.

By period of a periodic configuration we mean the index of the corresponding normal subgroup .
Ising model with GZ —periodic external field is defined according to the following Hamiltonian:

HO) =] ). 0o+, ). o@e@)+ ) a0l ()
<x,y> xX,y€ev: X€EV
d(x,y)=2

where J;,/,, a, € Rand
ao, if x €G?,
a =
* lay,  if x € G,\G?,
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where aq # a; and G2 = {x € G: |x| is even},
The energy of a configuration a3 on b is defined by the formula

1
U =5h ). o@ol)+l ) o@o0) +a,o) (@)

x€S,(0p) zc,yE)b:
d(x,y)=2

It is not difficult to prove the following lemma.
Lemma 1 We have
0 700 ;O ;D (0) ) (€D 1)
U(ap) € {U+o U0, Usor UZgy o U ey Usgerny Ui (kery U—(k+1)'}

for all o, where U = (52— i) )y + ((E2 4 2i( -k = 1)) ) £ @y, i =0,k + 1,j = 0,1.

Definition 2. A configuration ¢ is called a ground state of the Hamiltonian (1), if
— i 0) 70 ;) ;D (0) 0) (€Y 1)
U(pp) = min{U, ¢, U2, Uy, UZgs s U ey Ushary U Gerny U= a3
forall b € M.
Foramixedm = +0,—-0,+1,—1,.....+(k+1),—(k + 1,j = 0,1, we set
AD = (U1)za0,a) €R*: U =min(U, UD,, .., uSG 1 ULs )}
Theorem . There is not any translation-invariant a ground state for the Ising model with G 2-periodic

external field.
REFERENCES
1. Rozikov U.A. Gibbs measures on Cayley trees. World scientific.2013.

TPAHC/SINAOHHO-UHBAPUAHTHBIE OCHOBHBIE COCTOSHUSA /151 MOJAEJIN
IHOTTCA C BHEITHUM ITIOJIEM 1 CHETHBIM MHOXECTBOM 3HAYEHHWMU CITMHA HA
JAEPEBE KJJIN

Paxmarynnaes My3agdap
Joxkmop ¢huz.-mam.nayx, Uncmumym Mamemamuxu AHPY3
Pacynosa Myxaiié
Hoxmopanm (PhD), Hamaneanckuii 20¢cyo0apcmeeHbill yHUugepcumem

Iycrs 7% =(V,L),k>1 ecrp nepeo Komm nopsiaka K, T.c. GeckoHeUHOE JepeBO, M3 KakKIOM
BepILHHBI, KOTOPOro BHIX0UT poBHo K +1 pebep, rae V — muokectso Bepumn, L — MuoKecTBO pebep 7.
Hycte G, — cBobGoanoe npomssenenne K+1 mukimueckux rpynm BTOpOro Mopsiika ¢ oGpasylonIuMH
8,,8,,.., 8y,,, COOTBETCTBEHHO, T.c. @ =€. CyIeCTBYeT B3aHMHO-OJIHO3HAYHOE COOTBETCTBHE MEKILY
mHokecTBOM BepunH V nepesa Konmu nopsaxa K u rpynnoit G, (em. [1]).

Uepez S,(X) o0o3Haumm MHOKECTBO Bcex Ommkaimmx cocegedl Ttoukn X e€G,, Te.
S,(x) ={y e G, :{x, )}

MbI paccMaTpuBaeM MOJENb, TI€ CIMH NPUHUMAET 3HadeHus u3 MHOkectBa ® =7, rne Z —
MHOKECTBO liebiXx umcesl. Kouurypaums o na V onpenenserca xak dynkius X €V — o(X) e D

MHOXKECTBO BeeX KoHburyparmii comagaer ¢ Q=@

Onpenenenne 1. Kondurypanus o HassiBaeTCs mpanciayuonno-uneapuanmuotl, ecnmu o(X) = o
npu VXeG, .

l'amuneToHnan mozgenu IlorTca ¢ BHemHUM noeM nmMeeT BHUL (cM. [2])

H (G) =J zaa(x)a(y) + aZ§OU(X)’

<X, y>! xeV
X, yev

rae J,a € R,a — uewnee none n d,, — cumson Kpouekepa, T.e.
{1, ecim U=V,

w

0, ect U # V.

OnpeieuM >HEPrHI0 KOHPUrypauu O, Ha mape D cnemyronum o6pasom:
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1
U(@,)=U.@) =23 D o yomm T %oy

XeSl(Cb)

Jlemma 1. JInd kaxnoil KOHGUTYpaly ¢, BEPHO CIIEIYIOLIEe:

U(gp,) e{U, :n=12k+4},

Un::[L:}.J.+ a__K;tg.J . ll:l
2 2 k+2
{n—l} n-1
Hu — nejasg 94aCcThb

k+2 k+2°

Omnpenesienne 2. Kondurypaiss ¢ Ha3bIBACTCS OCHOBHbIM COCMOsHUEM JUTs raMiibToHnana H |

e

cciun
U(p,)=min{U,:n=123,..2k+4}

st moboro be M .
TpaHCISIHOHHO-HHBAPUAHTHAS KOH(DUTYPALHS SBIISIONIASCS OCHOBHBIM COCTOSTHHEM J[ajiee HA30BEM
MPAHCTAYUOHHO-UHBAPUAHMHBIM OCHOBHBIM COCMOAHUEM.

O6osmaunw A, ={(J,2)eR?:1<0,220}, A,.,={(J,2)eR?:J<0,a<0}.

Crnenyromasi TeopeMa ONKCHIBAET MHOXKECTBA BCEX TPAHCIISAIMOHHO-MHBAPHUAHTHBHIX OCHOBHBIX
COCTOSTHUM.

Teopema 1. Ilycts K > 2. Torna BepHBI cIeyIONIUe YTBEPKICHHS:
a) Ha MHOXXECTBE A1<+2 CYIIECTBYET CUYETHOE KOJMIECTBO TPAHCISIIIMOHHO- MHBAPHAHTHBIX OCHOBHBIX

COCTOSIHUI, M OHH UMEIOT cheayromuil Bun: ¢(x) =i,ie ®\{0},vxeV ;

0) Ha MHO>KECTBE A2k+4 CYIIIECTBYET OHO TPAHCIAIMOHHO-UHBAPUAHTHOE OCHOBHOE COCTOSIHUE, U

OHO HMeeT crepytomuii BuI: @(x) =0,vVxeV ;

2
c) na muOkecte R \(Ak 2 YA, +4) HE CyLIECTBYET HU OJHOTO TPAHCIAMOHHO- HHBAPUAHTHOI'O

OCHOBHOI'O COCTOsAHUS.

JIUTEPATYPA

1. Rozikov U.A. Gibbs measures on Cayley trees. World scientific. 2013.
2. Rozikov U.A., Ganikhodjaev N.N. The Potts Model with Countable Set of Spin Values on a Cayley
Tree. Letters in Mathematical Physics. V. 75. P. 99-109. 2006.

LOCAL DERIVATIONS OF SOME SOLVABLE LIE ALGEBRAS WITH ABELIAN NILRADICAL

RejamatovXasan
National University of Uzbekistan

In the article [1], Gaybullayev R.K and others give the classification of solvable Leibniz algebras with
an abelian nilradical. It is considered k — 1 dimensional extension of k-dimensional abelian algebras and
classified all 2k — 1-dimensional solvable Leibniz algebras with an abelian nilradical of dimension k. We
study local derivations of some of the solvable Lie algebras (with low dimensional) in this paper.

Let determine the following solvable Lie algebras [1]:

[e1, x1] = eq, [e1, x1] = eq,
e, x| =e e, x| =e
My, [e2, x1] 2 and M, ,: [e2, x1] 2
) X1, 1] = —eq, ’ [x1,e2] = —ey,
[x2, €3] = —ey, [x1,e1] = —ey.

Proposition 1. Any derivation of the algebras M, , and M, ; has the following matrix form:
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@ 0 0 0 a, a, 0

0 1 0 0
D(My,) = v, 3 0 o andD(Mzrt)=(/3’1 0 0).
i v2 O

0 0 73 T4
Theorem 1. Any local derivations of the algebras M, . and M, .are derivations of the algebras M, . and M, ¢,
respectively. Hence,
LocDer(Mllt) = Der(Ml’t) and LocDer(Mz_t) = Der(Mz_t).

BIBLIOGRAPHY
[1]. Gaybullaev, R. K.; Khudoyberdiyev, A. Kh.; Pohl, K. Classification of solvable Leibniz algebras with
abelian nilradical and (k—1)-dimensional extension.
Comm. Algebra 48 (2020), no. 7, 3061-3078. Elektron pochta:rezamatovhasan@gmail.com

A SET OF FIXED POINTS OF A COVID-19 SPREADING MODEL OF POPULATION
WHO DO NOT OBEY TO LOCKDOWN RULES

U. A. Rozikov, S. K. Shoyimardonov
V.1.Romanovskiy Institute of Mathematics, Tashkent, Uzbekistan
shoyimardonov@inbox.ru

Based on SIARD epidemic model [1] and SEIR model [2] we have constructed the following discrete-
time SAIRVD model:

SO =S(1-vy)-(Bal + B,a’A)S + @R+ pV

A = Al-pu—y,—d,—v,)+ B,a’AS

W = 1D =1(1-y,—d,)+BalS +uA L.1)
RO =R(1l-w-vy)+y,A+y 1 +1V

VO =V(1-p-d, - )+V,A+vS+1R

DY =D+d,A+d,1+d,V

where S — is susceptible population, A— is asymptomatic infected population, | —is symptomatic infected

population, R —is recovered population, V —is vaccinated population and D —is death population. This

system also closed system as many other systems, so for simplicity we assume S+A+1+R+V +D =1,

hence, S™ + A™ + 1™ + RM v ™ L D™ =1 forany n e N. The coefficient & is the rate of susceptible

and asymptomatic population who do not obey to lockdown rules, ﬁA (resp. ﬁ| ) is a contact rate of infected

person which infects on average ,BA(IS (resp. ﬂ|0!S) of susceptible population. We assume that COVID-19
epidemic immunity can be do not exist or very low, so recovered population becomes susceptible with a rate

@. Similarly, vaccinated population also can be susceptible with a rate p. In addition, Y:7,,)y are recovery
rates of asymptomatic, symptomatic, vaccinated population respectively. Moreover, Vs,V,, Vg are vaccination
rates, d A,d|,dv are death rates. The coefficient 4 is a rate of asymptomatic people who become
symptomatic. For epidemiological reasons [1], dASd,, the symptomatic population die more than

asymptomatic one, ; < ¥, the asymptomatic population recovered more than the symptomatic. In addition,
O<pu+y,+d,+v,<land 0<y, +d, <L

Remark-1. All coefficients of the operator (1.1) are from [0,1] and they satisfy the conditions
d,<d,, , <y, 0<p+y,+d,+v,<land 0<y,+d, <1.
From this remark it is clear that for any ne N each compartment of S, A™ 1™ R® V™ D™ s petween

O0and 1.
Recall that fixed point of the operator F is a solution of equation F (x) = x.
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Note that 4, = (0;0;0;0;0;1) is always the fixed point of the operator W.

Theorem-1. Let Fix(W) be set of fixed points of the operator W. Moreover, a>0 and

d,>0,d, >0. Then
A, =(s;0;0;0;0;1-s), if d,>0,vg =0,w+v, >0,where s €[0,1],
A, =(s;0;0;0;0;1—s), if d,=0,v53=0,u+v,>0,0+v, >0, where s [0,1],

A, =(0;0;0;r;0;1-r), if vy>0,0+v,=0,d,=0,u+v,>0,where r €[0,1],
FixW)=:4=(0;0;0;r;0;1-r), if v¢{>0,0+v,=0,d,>0, u+v, =0,where s<[0,1],
A, =(8;0;0;r;0;1—s—r), if v =0,0+v, =0,where s,r €[0,1]and s+r <1,

Jo = (ZyA. roroaﬂAyA 7/A aﬂA(a)+yA)rj, if d,=p=v,=v, =

Br 7a a IBA7A
where r €[0,1].
Theorem-2. Let Fix(W) be the set of fixed points of the operator W. Moreover, & >0 and

d,=0,d,=0,d, >0.Then

4, =(0;0;0;r;0;1—r), if vi >0,0+v, =0,where r €[0,1],
A, =(5,0;0;r;0;1-s—r), if vy =0,0+v, =0,where s,re[0,]and s+r <1,

7 apyy,
ﬁe ( O wr (1 r)aﬂﬂ/l 7|2_05ﬁ|60rj if Ve =v —0.0>0 IB >0
’ 1 ’ ’ R ' L |
ap, 7 apy,

and v, =f, =0,where r €[0,1],

2

)2 22
Fix(W) = %:[—(Z}/A a)—rO, ;0; (=N Brrn =7 aﬂAer,if Ve =ve=v,=u=p=0

Ba 7a azﬁAyA
and >0, g, >0,where r €[0,1],

ap, w ap, o

and >0, 4, >0, 4, >0,where a,i €[0,1]and a+i <1,

azﬂA ’ ap ap,uw

A, =(s;0;0;0;0;1-5s), if d, =0,v; =0, u+v, =0,v5 =0,v; >0,where s [0,1],

2_
A = [ﬂ 0.2 -0, (1=NBr =7 aﬂ'wrj,ifvS:vR:O,a)>0,ﬁl>0,vA>O,
|

Ve =0,0>0,

A, =(8;0;0;0;0;1-5), if v¢=0,v3>00rvy=0,v,=0,v,>0,0>0, 4, =0,where s<[0,1],

Jy = (7| ‘aci 7/||+7A ’O’(1_a_|)aﬂ|w_7|w_(7||+7Aa)a18|j,if Ve =ve=v, = u=0,

ﬂg:[,u‘H/A.aﬂA]ﬁ ﬂ|(,u+7A) ’(,LH‘?/A)(aﬁA?ﬁ :B|7A)|0dj if vu=v,=v,=0,

(a ﬁA w=y ) uo—la(u+y,) @By, = Biya— ﬂ|w)+a ﬁAa)(ﬂ+7|)]|

uop, >0,where d =
a’ Pue

where i €[0,1].
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DYNAMICS OF LINEAR OPERATORS OVER NON-ARCHIMEDEAN VECTOR SPACES

Salimov Jahongir
National University of Uzbekistan
G’oziyeva Sojida
Namangan State University
Khakimov Otabek
Institute of Mathematics

Let X and Y be topological vector spaces over non-Archimedean valued field K. By L(X,Y) we denote
the set of all continuous linear operators from X to Y. If X =Y then L(X,Y) is denoted by L(X). In what
follows, we use the following terminology: T is a linear continuous operator on X means that T € L(X). The
T- orbit of a vector x € X, for some operator T € L(X), is the set

O(x,T):={T"(x);n€E€Z,}.

An operator T € L(X) is called hypercyclic if there exists some vector x € X such that its T-orbit is
dense in X. The corresponding vector x is called T- hypercyclic, and the set of all T-hypercyclic vectors is
denoted by HC(T). Similarly, T is called supercyclic if there exists a vector x € X such that whose projective
orbit

K-0(x,T):={AT"(x);n€Z,, A€ K}
is dense in X. The vector x € X with a dense projective T-orbit, is called T-supercyclic vector and the set of
all T-supercyclic vectors is denoted by SC(T). Finally, we recall that T is called cyclic if there exists x € X
such that
K[T]x:= span O(x,T) = {P(T)(x): P polynomial }
is dense in X and such kind of vectors are called T-cyclic vectors. The set of all T-cyclic vectors is denoted by
cC(T).

For more details on dynamics of linear operators over real vector spaces see [1].

Remark 1. We stress that the notion of hypercyclicity makes sense only if the space X is separable.
Note that one has HC(T) c SC(T) < CC(T). Moreover, if T is a hypercyclic operator on a Banach space then
ITI> 1.

We are going to study some basic properties of cyclic/supercyclic operators on c, space which have
not an analogue for Archimedean case. In what follows, we always assume that c, is a separable space. Note
that the separability of ¢, is equivalent to the separability of K. For every integer n we denote by e,, is a unit
vector such that only the n-th coordinate equals to one and others are zero. On dynamics and basic properties
of linear operators over non-Archimedean vector spaces the reader can see in [2-4].

Proposition 1. Let T be a cyclic operator on ¢,. If x € ¢ satisfies the following condition

{(T”(x))i ~ " for some i#j, VneEN
(T (x)); = x;, ) '
then x & CC(T).

Proposition 2. Let T be a supercyclic operator on c,. Assume that for a given x € c,, there exists an
integer N > 0 such that

{l(Tn(x))il = |(T™(x))l,
|(T™(x));| = |(T™ (%)),

for some i#j, ¥Ynm=N,

)

then x & SC(T).
Note that we have essentially used a non-Archimedean norm’s property in the proofs of Proposition
1 and Proposition 2. For this reason, we can say that the assumptions of these Propositions are not hold in
Archimedean case.
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NILRADIKALI MAKSIMAL UZUNLIKDAGI KVAZI-FILIFORM ALGEBRA BO’LGAN
YECHILUVCHAN LEYBNITS ALGEBRASINING DIFFERENSIALLASHLARI FAZOSI

Satiboldiev Ibroximjon Raximjon 0’g’li, Bozorboyev Alimuhammad Farxodjon o’g’li
Namangan davlat universiteti magistranti

Ta’rif 1. ¥ maydon ustida aniglangan L algebraning ixtiyoriy x, y, z elementlari uchun quyidagi

Leybnits ayniyati bajarilsa,
[X, [yv Z]] - [[X! y]! Z] - [[X’ Z], y]’

L algebra Leybnits algebrasi deyiladi, bu yerda [-,-] — L da aniglangan ko‘paytirish amali.

Ixtiyoriy L Leybnits algebrasi uchun quyidagi quyi markaziy va hosilaviy ketma-ketliklarni mos
ravishda aniglaymiz:

Li=L, L¥i=[L% LY, LM =L, LU= [LK) K], k>1.

Ta’rif 2. L Leybnits algebrasi uchun shunday S €N son mavjud bo‘lib, L[S] = 0 (mos ravishda, LS =
0) bo‘lsa, u holda L yechiluvchan (mos ravishda, nilpotent) Leybnits algebrasi deyiladi.

Ixtiyoriy Leybnits algebrasining maksimal nilpotent ideali uning nilradikali deyiladi.

Tabiy usulda graduirlangan Leybnits algebrasi ta’rifini keltiramiz.

L chekli o‘lchamli nilpotent Leybnits algebrasi bo‘lsin.

gr(L)i:=LY/L"!, 1<i<s-1 deb olamiz, bu yerda s — L algebraning nilindeksi va grL=gr(L):®gr(L)® ...
@gr(L)s-1 deb belgilab olamiz. grL da ko‘paytma ni quyidagicha aniglaymiz:

[x+ L%, y+ Ulgr = [X, y] + L', bu yerdaxelL™, yelJ2.

U holda [gr(L)i, gr(L)ilor=gr(L)i+jbo‘ladi va biz grL graduirlangan algebrani hosil gilamiz.

Ta’rif 3. Yugorida qurilgan graduirovkani tabiiy graduirovka deb ataymiz. Agar L Leybnits algebrasi
grL algebraga izomorf bo‘lsa, u holda L tabiiy usulda graduirlangan Leybnits algebrasi deb ataladi.

Ta’rif 4. Aytaylik L — n-o‘lchamli Leybnits algebrasi bo‘lsin. Agar uning nilindeksi n-1 ga teng bo‘lsa,
u holda L kvazi-filiform Leybnits algebrasi deyiladi.

Aytaylik L — nolga teng bo‘lmagan fazolarning chekli soni bilan Z-graduirlangan Leybnits algebrasi,

ya’ni L= C-BZ Vi bo‘lsin, bu yerda har ganday i, jeZ lar uchun [V, Vj] < Visj.
ie
L nilpotent Leybnits algebrasi, agar L= Vkl ® sz .0 th bo‘lsa, bu yerda barcha i (ki< i < ki) lar
uchunV;=0, bog‘langan graduirovkani gabul giladi deymiz.
len(®L)=k—k:1+1 soni graduirovkaning uzunligi deyiladi. Keyinchalik, I(L)=max{len(®L)=k—ki+1 | L=
Vk1 G—)sz @ ... G—)th bog‘langan graduirovka} ni L Leybnits algebrasining uzunligi deb ataymiz.
Ta’rif 5. L Leybnits algebrasi, agar 1(L)=dimL bo‘lsa, maksimal uzunlikdagi algebra deyiladi.

Teoremal[2]. Maksimal uzunlikdagi har ganday n-o‘lchamli (n>6) kvazi-filiform Li bo‘lmagan
Leybnits algebrasi quyidagi o‘zaro izomorf bo‘lmagan algebra oilalaridan biriga izomorfdir:

ML [e,.e]=e, [e...e]=6, [e.6]=€,  2<i<n-3
e, e, ]=0e, {0}, [e.e ]=0¢,, 2<i<n-5;
[ei'el]:ei+l’ 1Si£n_3’ [el’el]:e37 [ei’el]:ei+l' 3<i<n-1,
M2 :[e, .e]=¢, M3 [e,e]=-6,,, 3<i<n-1,
[e,,e,,]=1¢e,, A€C; [e;,e;]=ae,, =0, agar n>6, a €{0,1}, agarn =6,

Bu yerda {el, €. .,en} algebraning bazisi
Ta’rif 6. Aytaylik d— L Leybnits algebrasining chizigli almashtirishi bo‘lsin. Agar ixtiyoriy x,y € L lar
uchun quyidagi tenglik bajrilsa
d([x, y)=[d(x), yI+[x, d(y)],
u holda d chizigli almashtirishga L Leybnits algebrasining differensiallashi deyiladi.
Teorema[1l]. R(M 2’/1,2) oilasining ixtiyoriy algebrasi quyidagi algebralardan biriga izomorf:
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[eisel]:ei+l’ 1S|Sn_3, [ei,E_l_]:ei+1, 1S|Sn—3,

[en—liel]: €ns e, ..e]l=¢,,

[ei,Xl]:iei, 1Si£n—2, [ellen_l]:_en,
R(M?°,2):4[e,, x,]=¢,, RMZ2): [e,x]=ie, 1<i<n-2,
[X]_! e]_] = _ell , [Xlle.l.] = _el'

(€010 %] =€, [en. 3] =1a. &1 =€,

[, 1. X ]=-1%.e,11=¢€ 4,
[en’xz]: _[X21en] =€,

Biz R(M 21 2) algebrani differensiallashini hisoblab quyidagi tasdigni olishimiz mumkin.

[en’xz]:en’

Tasdig. Quyidagi chizigli almashtirishlar R(M 2‘_1,2) algebraning differensiallashlari fazosining
bazisini tashkil giladi:
d,(e)=ig, 1<i<n-2, di(e,)=e, d,(Xx)=—-¢,

d,(g)=e,, 1<i<n-3, d,(e,,)=e, d;(X;)=6,4,
dS(el) =€, d4(en) =€, d4(en—1) =€ha
ds (%) =¢,, ds(x;) =¢,.
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STEREOMETRIYA MASALANI YECHISH YORDAMIDA O‘QUVCHILARNING FAZOVIY
FIKRLASH FAOLIYATINI RIVOJLANTIRISH

N.B.Shamsiddinov, f.-m.f.n., TDTU akademik litseyi
Q.Q. Tolibayeva, ChDPI I bosgich magistranti
Sh.Hamidullayeva, ChDPI | bosgich magistranti

Matematika olamni, dunyoni bilishning asosi bo‘lib, tevarak atrofimizdagi vogea va hodisalarning o‘ziga
X0s gonuniyatlarini ochib berishda juda katta ahamiyatga egaki, matematik bilimlarsiz ishlab chigarish va
fanning rivojlanishini tassavur qilib bo‘lmaydi. Shuning uchun ham matematik madaniyat— umuminsoniy
madaniyatning tarkibiy gismi hisoblanadi.

Ma'lumki, matematika fani inson aqlini charxlaydi, diqqatini rivojlantiradi, ko‘zlangan maqsadga
erishish uchun gat'iyat va irodani tarbiyalaydi, algoritmik tarzda tartib-intizomlilikka o‘rgatadi va eng muhimi
mulohaza yuritishga chorlaydi hamda tafakkurni kengaytiradi. Shunday ekan o‘quvchilardagi ijodkorlik
gobiliyatini magsadga muvofiq ravishda asta sekin rivojlantirib borishga erishish lozim. Bunday muhim
vazifani hal etishda matematika fanining imkoniyatlari cheksizdir, ya’ni matamatika fanini ham nazariy ham
amaliy jihatdan chuqur egallagan har bir o‘quvchining ilmiy dunyoqarashi kengayishi shubhasizdir.

Hisoblashga doir geometrik masalalarga berilgan geometrik shakining yoki shakllar jamlanmasining
bazi elementlari o‘lchamlari elementlar orasidagi nisbat agar shakllar ko‘p bo‘lsa shakllar orasidagi nisbat
aniq bo‘lganda qaysidir elementini yoki elemenlarning bir biriga bo‘lgan nisbatini topish kerak bo‘lgan
masalalar kiradi. Masalani tahlil gilish asosida uning sxematik yozuvini, shu jumladan masala obyektini
chizamiz. So‘ngra kerak bo‘lgan elementlarni yoki nisbatni topish uchun formulalarni yozamiz va ko‘ramizki
bizga ma’lum narsalar orqali bu formulalar bilan kerakli elementlarni topish mumkinmi yoki yogmi. Agar
bo‘lmasa, biz masalani ba’zi segmentlarni yoki burchaklarni topishga harakat qilamiz. Bunday holda, ushbu
qidirilayotgan elementlarning ma’lumotlar bilan bir xil shakllarga kirishini ta’minlash kerak. Agar bunday
bo‘lmasa maqsadimizga yetishga yordam beradigan qo‘shimcha elementlarni va shakllarni kiritamiz.
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Masala. Qirrasi a ga teng bo‘lgan ABCDA:B1C:D; kubda AB; va BC1 to‘g‘ri chiziglar orasidagi
masofani toping.
Masalaning tahlili:
1) Masala obyektini bitta jism tashkil etadi: kub;
2) Berilgan elementlar: girrasi a ga teng;
3) Topish kerak: ikki yon yoglari diagonallari orasidagi masofa;
4) Berilgan nisbat: kubning barcha girralari teng.
Yechish: | usul. AB: va BC; diagonallar orasidagi masofani topish uchun bu diagonallar orqali o‘tuvchi
parallel AB1D: va BDC; tekisliklar orasidagi masofani topamiz (1-rasm).

Bundan AA;C:C diagonal kesimni ajratib olamiz (2-rasm). C10 va AO; chiziglar A;C diagonalni uch
qismga ajratadi. Fales teoremasiga ko‘ra C;O va AO: chiziglar ACC; burchakning bir tomonida AO=0C
kecmalar ajratgani uchun ikkinchi tomonida ham CM=MN teng kesmalar ajratadi. Shunga o‘xshash AiN=NM
ekanligini ko‘rsatish mumkin. Natijada AB;D; va BDC; patallel tekisliklar A;C diagonalni teng uch gismga
ajratadi.

i
Ia

(7]
78
\ N E

[ )

2-rasm 3-rasm

1-rasm

Uch perpendikulyar haqidagi teoremaga ko‘ra A;C diagonal AB;D; va BDC: tekisliklarga
perpendikulyar va ular orasidagi masofa NM =AlTC bo‘ladi. Bu tekisliklar orasidagi masofa AB; va BC;

chiziglar orasidagi masofaga teng. Kubning diagonali AC = a\/§ bo‘lgani uchun, AB; va BC; chiziglar
orasidagi masofa ﬂ ga teng.
3

Il usul. Bundan AA;C:C diagonal kesimni ajratib olamiz (3-rasm). AEO to‘g‘ri burchakli
uchburchakdan a V2 JFa

OE=A0-cosg =— - —==——

2 J3 3
111 usul. Vektor usuli bilan umumiy perpendikulyar uzunligini hisoblaymiz. Vektorlar bazisini

(ﬁ,b,ﬁ) ko‘rinishda tanlaymiz: & = BA, 0 =BC € = B—B1 (4- rasm). Q va P nugtalar mosravishda AB; va
BC: to‘gri chiziglardagi olinga bo‘lsin. Vektorlarning kolinearligidan BP = xBC, = x(6+6),
AQ = yAB, = y(c—4) ega bo‘lamiz. U holda PQ = PB + BA+ AQ =—x(5+6)+§+y(6—é):(1— y)a—xb +(y—x)
. Shunday x va y sonlarni topish kerakki, vektor AB: va BC; vektorlarga ortogonal bo‘lsin. Buning uchun

quyidagi sistemani yechmiz:
{((1— y)a—xb +(y—x)6X5 +6):O,
(- y)a-xb +(y-x)c)c—a)=o.

4

A

A
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IV usul. Fazoda berilgan ayqash to‘g‘ri chiziqlar orasidagi masofani topish formulasi yordamida
hisoblaymiz.
Kub  uchlarini  Dekart koordinatalar  sistemasida  A(0;0;a), A4(0;0;0), B(0;a;a),
B1(0;a;0), D(a; 0;0), D;(a;0;a), C(a; a; a), C;(a; a; 0) belgilasak (5- rasm):
AB; to‘g‘ri chziq tenglamasi % = % = %; BC; to‘g‘ri chiziq tenglamasi g = % = % bo‘ladi.

0-0 a-0 a-a
mod| 0 a -a 3 3
d = a 0 —a = @ = a :i
\/|a -a? ‘—a 0|2 0 af? 3@»? a®3 V3
+ +|
0 -a -a a a 0

Geometriyaga oid ijodiy masalalardan foydalanish o‘quvchining biror sohadagi bilim darajasini
aniglashga, ya’ni o‘quvchi tushunish, esda saqlash tanish bo‘lgan vaziyatlarda ma’lum namuna yoki formula
bo‘yicha bilimlarni qo‘llay bilish va nihoyat, yangi notanish vaziyatlarda bilimlarni qo‘llay olish yoki qo‘llay
olmasligini aniglash imkonini beradi.
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TUPUIILIA TEOMETPUK MacaJalapHUHT YpHU . “XajK TabJIUMU WIMHUK-METOIUK KypHai. 2020 iun. 5-coH.

O HEKOTOPBIX HHBAPUAHTAX ITOBEPXHOCTEM, U30METPUYHbBIX
IO CEHEHUAM

A. C. lapunosg, 3.F0.Y cmoHxy:kaeB
Tawxenm, Hayuonanonwiii Yuugepcumem Y3zbexucmana

«["eomeTpus B 1eTIOM» SBIISIETCS OHUM U3 HATPaBJICHU COBPEMEHHOM TG PepeHINaANbHOM TeOMETPHH
U TOTIOJIOTHH, KOTOPOE HCCIIEAYeT TeOMEeTpUIecKue OOBEKTH Ha BCEM HX MPOTsbKeHHH. OJHUM U3 TEPBBIX
npobieM «reoMeTpuss B Lenom» cuuraerca 3amada O. Komm, 0 paBeHCTBE MHOIOIPAaHHHUKOB C
PaBHOCOCTABICHHBIMU TPAHAMHU.

MHorue 3a/1au1 TeOMETPUH «B LIETIOM» CBA3AaHbI CO CYIIECTBOBAaHUEM U €IUHCTBEHHOCTHIO TOBEPXHOC-
Tell ¢ 3aJaHHBIMM HMHBAapUAaHTAMU OTHOCHTEIBHO HEKOTOPBIX NpeoOpa3oBaHuil. 3agayd HaxXOKACHUS
WHBapHaHTOB MIOBEPXHOCTEN OMPEEIEHHOr0 KJlacca U PEICHNE 3a1a4 CYIIECTBOBAHUS U €AMHCTBEHHOCTH
MTOBEPXHOCTH, UMEIOIICH 3a/IaHHbIC 3HAYCHUS HHBAPUAHTOB, SIBIISCTCS akTyaiabHbiMH [ 1], [2].

B nanHoii pabote uccnemyercsi BOIPOC 00 MHBapHaHTAX MOBEPXHOCTEH N30METPUUHBIX 110 CEUCHHUSIM,
T.€. HAXOJJUM WHBapHaHThl OTHOCUTEIHHO MPE0OPa30BaHMs, COXPAHSIOUINA H30METPHIO 110 CEUEHUSIM.

3 —
B TpexmepHBIM €BKIHIOBOM mpocTpanctBe R° paccmorpum mnosepxuocts F  u Bextop €.
IosepxHocTs F  mepecekaeM BCeBO3MOXKHBIME IUIOCKOCTAMH 7', MepHeHINKYISPHBIME BEKTOPY 6.

i . j
MHO)K@CTBO TOUCK CCUCHUIA 0603Ha‘{I/IM qepe3 7/ . KJ'IaCC HOBerHOCTeH, JJIA KOTOpLIX CCUCHU 7

roMeoMOop(HBI OTPE3Ky, IPAMOIi TG0 OKPYKHOCTH 0603HaunM depe3 W (e) .

Omnpenenenne [3]. IToBepxHOCTH Fl u F2 HAa3bIBAIOTCS M30METPUYHBIMHU IO CEYECHMSIM, €CIIU

cymecTBytoT Hanpasinenus € u €, mepnenmukynapHO KOTOPBHIM MPOBOAATCS ceueHHs U TOMEeOMOPhU3M
f moBepxHoCTEH Fl u F2 YIOBJIETBOPSIOIIMM CIIETYIOIINM YCIOBUSIM:

a) TOYKaM HOBerHOCTeﬁ F , HOpUHaJICKAIIUM OJHOMY CCYCHUIO, COIIOCTABIISIIOTCA TOYKH,

IpUHAUIekKAIIE 0JJHOMY CEUSHHIO IOBEPXHOCTH F2 . O6pa3sl TOUEK, JeKAIMX HAa Pa3HBIX CEYCHUIX, JIEKAT
Ha pa3HbIX CEUCHUSX;
1 2
b) paccrosiHIS MEXTy TUIOCKOCTSIMHU, COICPKAIIMMHE KPUBBIE ) U ), ¥ TWIOCKOCTSIMH, COJICPIKAIIUMU

kpuBble f (7/1) u f (;/2) PaBHBI;

C) UIMHA JIyTH KpUBOH } Yer! MEKly JBYMsI TOYKaMH paBHA JUIMHE Iyrd Kpusoid f ( 7/j) MEXTY

COOTBETCTBYIOIIUMH TOUYKAMHU.
IloHsATHEe HM30METpUM MO CEUEHHUSAM, OTIMYAETCS OT H30METpUM MOoBepxHocTe. M3 wuzomerpuu
MOBEPXHOCTEH HE ClIeayeT M30METPHUS 10 CEUCHMSIM, M Hao0OopoT. PaccMOTpuM mIpuMeEp HOBEPXHOCTEH,
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KOTOpPBIC HE M3OMCTPUYHBI HO [JISI HHUX CYICCTBYIOT HAIIPABJICHUA 110 KOTOPBIM OHH ABJISIIOTCA

HU30METPUYHBIMHU TI0 CCUCHUSM.
2 2 2.2

X yo AT 2,2, 52 _ A2

Hpumep. Paccmotpum smuncouns P +¥+ 2 =l uchepy X +y +2°=2a".

JIs HEX CYIIECTBYIOT [BA HANpPABJIeHHs € (1; 0; /1) u €, (1; 0;,— l) , IO KOTOPBIM OHH SIBJISTFOTCS

HN30MCTPUYHEI 110 CCUCHUAM, TAC |/1| < 1 HeTp}/'ILHO IMMOKa3aThb, YTO 3THU NOBEPXHOCTHU HE ABJIAIOTCA
N30MCTPUYHBIMHU.

Teopema 1. ITycts mosepxuoctn F, F, eW {é } 3a/1aHbl YPaBHEHUAMU

F(U; V) =ui +y(u,v) ] +z(u; VK

F,=ui + [au +y(u,v)cosp—z(u,v)sin@]] + [Bu+y(u,v)sing+z(u,v)cosp]K ,
COOTBETCTBEHHO, Iie €(1;0;0) . Tora OHU ABISIOTCS M30METPUYHBIME 110 CEYEHHUSIM, 110 HAIPABIEHHUIO 6 .
3ameuanue. 13 Teopemsl 1 crneayert, 4To mpeoOpa3oBaHUs:
X=X+a
y = ax+ ycosp — zsing +b (1)
Z = X+ ysing + 2C0Sp +C

COXpaHseT U30METPUI0 IO CEYEHUSM, OTHOCUTEIBHO BEKTOpA e(l; 0; 0). CrnenoBaresibHO, UCCIIEIOBAHUS

MHBApHAHTOB MNOBEPXHOCTEW OTHOCUTEIHHO NpeoOpa3oBanus (1) ABISIOTCSA aKTyaJIbHBIMU.
PaccMoTpuM noBepXHOCTH IIEPEHOCA, 3aJaHHbIE YPABHEHUSIMU B BUIE!

B(u; v) =ui+vj+[ f(u)+g(v)]k. (2)
Teopema 2. J[111 TOBEpXHOCTEN MepeHOCca, CAEAYIOIUE BbIPaXKEHUSI HHBAPUAHTHBI OTHOCUTEIIBHO

npeoOpazoBanue (1):
1) JlnuHa npoeKIK HOPMAaJIH TIOBEPXHOCTEH MepeHoca Ha TIIOCKOCTh NEPIECHIUKYIISIPHYIO BEKTOPY

6(1, 0; O) WHBAPUAHTHO;

f ”(U) gﬂ(v)
2) VYcoBHas MOJIHAS KPUBU3HA TIOBEPXHOCTH MEpEeHOCa G= —— 2 ,TaKKe NHBapHaHTHO.
(1+9'(v))
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ESTIMATION OF CONFORMAL MODULUS

N.A.Shomurodov
National University of Uzbekistan, Nozimshoh007@gmail.com

A quasiconformal mapping f :[1 —>[1 isa homeomorphism that is absolutely continuous on almost

all horizontal and vertical lines, and whose partial derivatives satisfy

of of
L ()L =0, vzer
. u(z)az Ze

for some complex valued, measurable function £ with H,u”w <k <1, called the dilatation of f. For the

basic properties of quasiconformal maps, see Ahlfors’ book [1].
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If ,2=0 then f isa conformal homeomorphism of [l to itself, and hence it is linear. If the
dilatation £¢ is small, then we expect f to be close to linear. There are at least two reasonable senses in

which we can ask £ to be small: that H,uHOO is small or that the set {z :u(z):O} is small. In this note we

consider the latter possibility.

If I is a collection of locally rectifiable curves in a planar domain D, then a non- negative Borel

function p is called admissible for I if I,O(Z)|d2|21, forevery curve y e T". The modulus of T", denoted
/4

mod (F) , is the infimum of“'p2 (z)dxdy over all admissible . The reciprocal of the modulus is called
D

the extremal length of T, . A quasiconformal map f of D with dilatation satisfying H ,uHDO <k <1 has the

property that it can change conformal modulus of a path family in D by at most a factor of
k+1
K=—""1.
k-1
If D is a topological annulus in the plane with boundary components V11 Y, that are closed Jordan
curves, then mod(D) refers to the modulus of the path family in D that separates the boundary

components. This is the same as the extremal length f the path family that connects the boundary

components (also called the extremal distance between the boundary components). If

U (r, R):={Z el :r<lz< R} then it is standard fact that mod(A):iInE . Let

2r r

|fz|_|f7| 2 2
D, =212 =|f|-]|f,
f |fz|+|f7| f | Z| | Z|

denote the distortion and Jacobian of f respectively. Note that Df >1 and f isconformal if and only if
D; =1. 1t D, <K, then f can distort the modulus of an annulus by a factor of most K, and hence
for a map between round annuli, the ratio of radii changes by a most a power K. In the rest of this section we

show that better estimates are possible of D, <K' everywhere, but D; #1 “most places”.
Theorem. Suppose f isa K —quasiconformal map from U =U (1,qm) toU,, =U (1,qM ) Then
D(z)-1
M=m+—t 0 i #dxdy :
2zInqg rieg™ |z|

where ( € (1, +oo).

A special case of this is:
Corollary. Suppose f is a K —quasiconformal map from y_-u (Lqm) tou, =U (1qu ) Suppose

D,(z)<D on U,. Suppose 4 is the dilatation of f, that E:{Z :u(z);tO} and that
E = Em{qk’1<|z|<qk}, If we choose an integer N so that M < 2n, then

M =n+(D—1)[1_i2jo(Z”:S(zEkk)}

q ko

Where S (E, ) is area of E,.

REFERENCES
1. L.V. Ahlfors. Lectures on quasiconformal mappings, volume 38 of University Lecture Series.
American Mathematical Society, Providence, RI, second edition, 2006. With supplemental chapters
by C. J. Earle, I. Kra, M. Shishikura and J. H. Hubbard.
2. Christopher J. Bishop. Models for the Speiser class 2017 Proceedings of the London Mathematical
Society 114(5) DOI:10.1112/plms.12025
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2-LOCAL DERIVATION ON SOME SOLVABLE LIE ALGEBRAS

Yusupov B.B.!, Mamadaliyev U.Kh.2, Sobirob B.K.?
YInstitute of Mathematics of Uzbekistan
baxtiyor yusupov_93@mail.ru
28Namangan State University, Namangan, Uzbekistan
mamadaliyevuktamjon@mail.ru

The notions of local derivations were introduced in 1990 by R.V.Kadison [3] and D.R.Larson,

A.R.Sourour [4]. Later in 1997, P.Semrl introduced the notions of 2-local derivations and 2- local
automorphisms on algebras [2]. The main problems concerning these notions are to find conditions under
which all local (2-local) derivations become (global)derivations and to present examples of algebras with
local (2-local) derivations that are not derivations.

Investigation of local derivations on Lie algebras was initiated in papers in [1]. Sh.A.Ayupov,
K.K.Kudaybergenov and 1.S.Rakhimov have proved that every 2-local derivation on semi-simple Lie algebras
is a derivation and gave examples of nilpotent finite-dimensional Lie algebras with 2-local derivations which
are not derivations. In this work we investigate 2-local derivations of some solvable Lie algebras.

Definition 1. An algebra L over a field K is called a Lie algebra if its multiplication (denoted by
(x,y¥) — [xy]) satisfies the identities:

1 [3:, x] =0,
2 x?[:U?’Z} + y7[27$} + Z?[:U?y}: 07
forall x,1,z € L.\dentity (2) is called the Jacobi identity.
Definition 2. A derivation on a Leibniz algebra L is a linear map D :L — L which satisfies the

Leibniz rule:
D([x, y]) =[D(x), y1+[x,D(y)] forany z,y € L.
Definition 3. Amap V. L — L (not necessary linear) is called 2-local derivation if for any X,y € L
there exists a derivation D, & Der(L) such that

V(x)=D,,(x), V(y)=D,,(y).
For a given Leibniz algebra L the lower central and derived series defined as follows:
LY=L, L™ =L L], k=>1, L=, LB = [LE LE, s >1,
respectively.

Definition 4. A Leibniz algebra L is called nilpotent (respectively, solvable), if there exists P €[

(q € ) such that L°=0 (respectively, Lol = 0). The minimal number P (respectively, ) with such
property is said to be the index of nilpotency (respectively, of solvability) of the algebra L .
Definition 5. An n-dimensional Leibniz algebra is called quasi-filiform if its index of
nilpotency is equal to 77 — 1.
A Leibniz algebra L is Z-graded, if L =L =@, V;, where [ V;,V; | € V.y; foranyi,j € Z witha
finite number of non-null spaces V;.
We say that nilpotent Leibniz algebra L admits the connected gradation = V| @ ..oV . iV, # {0} forany
i(1=i<t).
Definition 6. The number [(@L) = I(V;, & .. BV, ) = k. — ky + 1 is called the length
of gradation. A gradation is called of maximum length, if [{(¢& L) = dim (L).
We denote by I(L) =max { I[(L) such that L = V,, & ... & V. is a connected gradation
the length of an algebra L.
Definition 7. A Leibniz algebra L is called of maximum length if I(L) = dim(L).
Theorem 1.[5] An arbitrary solvable Leibniz algebra whose nilradical is one of the

following: g’n1, with one-dimensional complemented space is isomorphic to the following
corresponding algebras: Any element of R(g%n1), 1), is isomorphic to the following:
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[e,.&]=-e.e]=e., 2<is<n-2
[e;.e,1=-1e,.e,]1=¢6.,, 2<i<n-3
[e,.e;]1=—e.e,]1=¢,.5, 3<i<n-4,n>7

R(g(n,l) ’1) : [ep X] = —[X, el] =€

[e,, x]=—x,e]=(1+1)e, 2<i<n-1
[en7x] :_[X7en] = 2en

We calculated the derivation of solvable Lie algebra R(g%n1), 1). We will give the matrix of the
derivation of solvable Lie algebra R(g%n 1, 1).

Oy, 0 O3 Oy A5 X6 A, Oyns Ana 0 0
0 ay, P A4 0 a4 G Oynsg Ay ns 0 0
0 0 4a,, Qg ay, — oy 0 0 0 0 0
0 0 0 Say, a, g Qyy -0y 0 0 0 0
0 0 0 0 6a, , ay; ayy 0 0 0 0
0 0 0 0 0 0 0 a3 ay, 0 0
0 0 0 0 0 0 0 o (n=Day, ay, 0 0
0 0 0 0 0 0 0 0 Nay, 0 0
0 0 0 Qg T, Oy TO s @, 20, 0

Ar3 — 30‘1,3 - 4“1‘4 - 50‘1,5 - 6051,6 - 70‘1,7 - 8a1,8 = =(n _1)al‘n—1 B - 2a2,4 0

Now we will give the main result concerning 2-local derivation of solvable Lie algebra R(g%n.1), 1).
Theorem 2. Any 2-local derivation on the algebra R(g%n1), 1), is a derivation.
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7. Semrl P., Local automorphisms and derivations on B(H), // Proceedings of the American
Mathematical Society. 125, 2677-2680 (1997).

8. Kadison R.V., Local derivations, // Journal of Algebra. VVol. 130, p. 494-509 (1990).

9. Larson D.R., Sourour A.R., Local derivations and local automorphisms of B(X),// Proceedings
of Symposia in Pure Mathematics. 51 Part 2, Provodence, Rhode Island, p. 187— 194 (1990).

10. Muratova Kh. A., Ladra M., Omirov B. A., Sattarov A. M., Solvable Leibniz algebras
with quasi-filiform Lie algebras of maximum length nilradicals,// Communications in Algebra, 48, pp.
3525-3542 (2020).

IOCTPOEHUE p-AJIMMECKHNX PACITIPEJAEJIEHUI
3.T.Tyréuon

Heckonbko npuMepoB p-aiuyecKuX paclpeneiaeHHi XOpOIIo U3BECTHBI: 3TO paclpeaeseHus Xaapa,
Masypa, bepaymu u T. 1. [1]. OcHOBBIBasiCh Ha JABYX M3BECTHBIX P-aJUUYECKUX PACHpPENCICHUNX [ U Uy,
U1 # Uy, 3A]IAHHBIX Ha Zy, MOXHO TIOCTPOUT HOBOE PACIpE/IeTICHIE

t= p(py, p2)
ONpPEJICTICHHOE Ha Zj,.

Bribepem Ha nepese Fg’ IPOM3BOJIBHBIN (KOHEUHBIH MK GeckoHeunbli) myTh X0 = xy < x; < x5 <
-++, HAUMHAKOIIMIiCA U3 ToukH x°. MOKHO MpeCTaBUTh 3TOT MyTh YePe3 TOCIEN0BATEIBHOCTD iyiqiy ..., THIE
in=01..,p—1 Tlyctb 7w={x"=x;<x <-+} —OecKOHeuHBIi IMyTb, IpPEICTABJECHHBI
MOCIIEA0BATENBHOCTBIO {giqip ... . COMOCTaBUM 3TOMY MYTH 7T P-aAUYECKOE YHUCIIO
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— — H n
t—t(n)—z inp", t €Ly
n=0
DTO COOTBETCTBUE SIBIACTCA B3aUMHO OJHO3HAUHBIM. bojiee TOro, YaCTUYHYIO YHOPSIOUYCHHOCTh < Ha
MHOKECTBE MyTEH MOKHO HCIOJIb30BATh I TOTO, YTOOBI BBECTH YACTHYHYIO YIOPSAIOYEHHOCTh Ha Zy,: a
HUMEHHO, 11 yucent,,t, € Zp OyIeM TOBOpHUTH, UTO t; < t,, €CIIH M TOJIBKO €CITH OHH COOTBETCTBYIOT ITYTSIM

T, Ty TAKUM, 4YTO 1T < 5.

3aukcupyeM MyTh 7T C NPEACTABICHUEM TT = gl ... BbiOepem a € Z,. Ecmu cymectByer m =
0 Takoe, 9TO @ WMEET IMPEICTABICHNE
— i i m m+1 i
a=lg+tup+t-+ipp" + Gpi1P t Qi1 #F by

Torna o6o3HaunM m 4yepe3 m(a,m). bByaeM roBopuTh, UTO J[Ba MYTH, HAYMHAIONINECS U3 BEPIIUHBI x°,

HMEIOT HEIlyCTOE NePEeCceUeHre, eCli Y HUX €CTh 110 KpaiiHe Mepe 0JIHO ol1ee pedpo.
HNmeet MmecTo ciienyromas reopema.
Teopema. Ilycts m = {x° = x5 < x; < -+ } — GeCKOHEUHBI}1 MyTh, IIPEICTABIEHHbII 10CIEI0BATEILHOCTBIO
lgiqly ... W Uq, Up — 33/IAHHBIE PACTIPECIICHUS HA Zy TAKHUE, UTO [y F [y,
m(a+ (™) = pp(a+ (p™), npu scex n < m(a,m) + 1;
TOr/a Ha Zp CYLIECTBYET HOBOE PACIIPEEIICHUE U, KOTOPOE OTIUYHO OT [ 1 [ U IOCTPOUTCS C OMOIILIO
3TUX MeD.
JINTEPATYPA
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Mathematical Physics, (2017) 193:2, 1694-1702.

XAPAKTEPU3ALIUSI HYMEPOBAHHOM I'PYIIIL.

Ycy0moHoB AnxamskoH AXaaskoH yriam, Haml'V,Vuumens.
IMapunos ®apxox Mypoayanaesud, HaulV,YVuumens.

AnHoTanus. Ha 3ToM Te3uce MpoCMOTPEHA, YTO B KAKUX CIIy4asX PYIIbI HA3bIBAETCS BBIUUCIUMO
OTAEIUMBIX TPYIIL.

KuroueBble c10Ba: BEIYHCINMOCTh, HETATUBHOCTb, HYMEPOBAaHHOM TPYIINON, JIOKaIbHO HETATUBHOM,
JIOKaJIbHO ITO3UTHUBHOM, BEIYUCIUMO OTACINMOMN

B pabote [3] pa3BUT TeOpusl BHIUUCIMMO OTIAEIMMBIX HYMEPOBAaHHBIX anreOp. Monenu sSBISIOTCS
ecTecTBeHHOM 0000menneM anre6p. B [4] mana cTpykTypHas XapakTepu3alis BBIYHUCIAMO OTIEIUMBIX
Mmojeneii. OueHb BaKHO nM3ydaTh 3((eKTHBHBIE CBOWCTBA HYMEPOBAHHBIX alreOpanvecKuX KIIACCHYECKHUX
CHUCTEM, TaKWX KaK TPYNIBl W Koiblla. B naHHOW paboTe paccMaTpuBaeTCs PaBHOMEPHO BBIYHCIHMO
OTJIENIMMBIE TPYIIIBI ¥ TIOJIYYECHBl aHAIIOTWYHBIE PE3YyJbTaThl /Il KOHKPETHBIX anre0p, a MMEHHO s
HYMEPOBAaHHBIX IPYIIIL.

Bce HeonpenenseMbie MOHITHS MOYKHO HaiTh B [1-4] .

Ecnu B ompeneneHny BBIYUCIMMON OTAETMMOCTH MOJIENIM NOTpeOdoBaTh Hajmumuue 3()(EKTUBHOTO

> u(P)

mpolecca MOCTPOSHUS ISl OTACIISIOIIEr0 MHOYKECTBA 110 AJIEMEHTY X € @ 1 TI0 HOMEPY HPETUKATHOTO
cuMBoia P, To mosyuyum moHsTHE PABHOMEPHO BBIYHCIMMO OTICIIMMON MOJICIH.

Jis rpynn hopMaibHO TaUM CIISAYIOIIee ONpeiecHHe.

Onpenenenne 1. Hymeposanuoii rpynmoii HassiBaercs nmapa (G,v), rne G rpynma ¢ onepanueii
*” v .G — ® — oTobpaskeHue co CIEIyIOIMM CBOKCTBOM:
s “*” OGuHApHOM ONepalyu CyLIECTBYET Takas BhlUMcIuMas QyHKuus f Ha MHOXKECTBE HATypajbHBIX

YHUCeI @ , YTO VN * vM :V(f(n,m)).

Ecnu Hymepaiust V' BBIYMCIMMOM (TIO3UTMBHOM, HETATUBHOM), TO HyMepoBanHas rpynma (G,v)
Ha3bIBAETCS BHIYUCIMMOM (TIO3UTHBHOM, HeraTUBHOM). Hymepauuss v Ha30BeM HO3UTHBHOH (HETaTHBHOM),
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2 N
ecmu 17, (@ \ 77,, ) BEIAHCTIMO IepeunciiMo. Hymeparinst v Ha30BeM BBIYHCITMMO, €CITH OTHOIICHHE uy

BBIYKMCIIMMO. HymeparmonHast 9KBUBaJI€HTHOCTD 77, = {(X, y>/ VX = vy} .

Onpenesienue 2. HymepoBanHas rpynmna Ha3bIBaeTCs BEIYUCIMMO OTACTNMOH, €CITH TAKOBOU SIBISETCS
e€ HyMepalMOoHHAs YKBUBAIEHTHOCTb.
Crnenyromasi TeopeMa MOKa3bIBAET, UTO HETATUBHBIC TPYMIIBI SBISIOTCS BAXKHBIMU HEOUCBUIHBIMHU
MpUMEPAMH BBIYUCIUMO OTACTUMBIX TPYIIION.

Teopema 1. Besikas HeraTuBHas TpyIimna (G,V) SIBJISIETCS] BBIYMCIUMO OTIEIMMON HYMEpPOBaHHOM
TpyIIoi.

Joxka3zarenbcrBo. O0603HaUMM depes [ ]V, omepaTop V — 3aMbIKaHUS HyMEpalMOHHOMN
SKBHBAJICHTHOCTH 7], , T.C. [a]v €CTb HaUMEHbILEE V — 3aMKHYTO€ MHOXKECTBO, coiepxkaiee d. bynem

rOBOPHTb, YTO HATypanbHOe uMcio Z OTBEpraercs MHOXKECTBOM @, eciu Z Q[a]v, T.e. VZ#va,

MIPOU3BOJIBHOC A € (.
Ilycts va#zvb, v - 3aMKHYTOC, BBIYMCINMOC MHOKCCTBO A OTACIISIIONIEC a OT b OCTPOUM
cleIyroIeM o0pa3oM:

tar 0: o9 ={a} , 5% = {b}
IIar 1: vO#va ﬂl:ﬂOU{O}, 051:0!0;
v0#1b alzaou{O},ﬁlzﬁO.

Iar e + 1: BeiOupaem nepByr0 BCTPEUAONYI0 Z € @ , HE IPUHATIEKAITYIO a® U p € Haummaem MPOBEPATH

« Z Ha npeaMeT OTBEPKEHHUS KaXKIbIM U3 3TUX MHOXECTB». Eciiu Z oTBepraercs ae , TO MoJIaraem
+1 e+l e

e+l e

Ecau Z otBepraercs ﬂe a = U{Z} €CJIH He TaK, TO KOTJa-HuOyIb Z OTBepraercs a® u

Ote+1 =a® , ﬂe+1 = ﬂe ) {Z} IloroMy 4TO B CHJIy HEraTUBHOCTH V OTHOILUEHUE « Z OTBEpraercs

e
MHOXECTBOM ae (I/IJ'II/I ﬁ )» ABJIACTCA BBIYUCIMMO NNEPECUUCTIUMBIM.

Honoxkum  a= | ae,ﬂ= U ,Be.
e>0 e>0
Ecnu JIONOJNHEHNE BBIYUCIUMO MEPEUYMCIMMOE MHOXKECTBO SBISETCS BBIMHCIMMO TEPEYMCIMMO,
TOI/IA 9TH MHOKECTBO BhMUCINMO. OTCIO/Ia BBITEKAET, UTO @ U = @, (f BBIYUCIMMO [EPEUHUCITUMO, U [

TOXE ABJIACTCA BBIYUCIIUMO MEPECUUCINMO, TOI'Ia OTH MHOXECTBA 6y,[[eT BBI‘-II/ICHI/IMO.TeHepb IMpOBEPUM, YTO

o sBnserca vV —3aMKHYTBIM. [lycts U E X u v =VvU, ecnu U <0 , TO U1 HEKOTOporo € nmeem U € &

e e
,ga UL~ . Torma L He OTBEPraeTcs MHOKECTBO (f HHU Ha KaKOM Ilare, a 3Ha4uT V OTBepraercs Ha

€
HEKOTOPOM I1are el >e MHokecTBoM [, UE . Eciu v <U, 10 V € @ . Tak Kak B IPOTUBHOM CJIy4ae u

HE OTBEpraercs ae, HO Torma U za®. [IpotuBopeune. CnemgoBarenbHO, ¢ CYyThb V — 3aMKHYTOE
BBIYHCIIMMOE MHOXECTBO. Teopema 10Ka3aHo.

Crenyromrasi TeopeMa XapakTePU3UPYET BEIYUCIUMO OTACITUMBIE TPYIIITHL.

Teopema 2. HymepoBanHas rpynmna BBIUACIUMO OTACIMMO TOTAa U TOJNBKO TOrAa, KOrJa OHA
anmnpoKCUMHUPYETCS HETaTUBHBIMU IPyIIIAMH.

JIUTEPATYPA

1. Maubues A. U. Koncrpykrusabie anreopst. 1. // YMH. — 1961. — T. 16. — Ne3 C. 3—60.

2. Pomxep X. Teopus pekypcuBHbIX pyHKIMH 1 3¢ heKkTuBHAS BEIYUCIUMOCTE. — M.: Mup, 1972. — 624
C.

3. KaseimoB H.X. PexypcuBHO oTaennmMeie HymepoBaHHble anreOpsl // YMH. - 1996. — T.51. — Ne3 — C.
145-176.

4. Uoparumo @.H. K Teopun pekypcuBHO oTAeauMbIX Mojessix. // Bectauk HY V3. — 2006. — No2. —
C.23-27.

«EIII MATEMATHUKJAPHUHT SSHTU TEOPEMAJIAPH — 2022 ~89~



1-IIYBBA. AJTEBPA, ®YHKIIMOHAJ AHAJIN3, TEOMETPHA
MNO3UTUBHBIE U HE'ATUBHBIE I'PYIIITbI

Ycy0:koHOB AXXaMiKOH AXaTKOH Yram, Haul'V, Yuumens.
CaiinanueB Aoayaoopu AdayBoxua Yrau, Haul'V, Yuumens.

AnHoTanus. JlanHoit paboTe aHOHCUPYETCsl HEKOTOPAast CBS3b MEX/Ty JIOKAbHBIMH H TII00ATBHBIMU
ANTOPUTMUYECKUMHU CBOMCTBAMU MPEJICTABICHUHN TPYIIIL

KuaroueBrbie c10Ba: BEIYHCIMMOCTh, HETATUBHOCTD, HYMEPOBAHHOM TPYIIION, JIOKaThbHO HETAaTUBHOM,
JIOKAJILHO TTO3UTUBHOM.

Ba3zoBble MOHATHS, HCIONB3yeMble B pabote, comepkarcs B [1-4]. Hamomuum, 4tOo BCIOIY
omnpezeicHHass (YHKIMSA M3 MHOXECTBA HATYPAIbHBIX YUCENl () B () HAa3bIBACTCH GbIUUCAUMOU, SCIN
CyIecTByeT BbUUCIIOmMUA ee amroput™ [1]. TlogMHOXKECTBO « C @ HAa3BIBACTCA BbIYUCIUMBIM
(nepeuucaumvim, COOTBETCTBEHHO KONEPEUUCTUMBIM ), €CITA BBIYUCIUMA €T0 XapaKTeprcTHUecKass QyHKIus (
@ (coOTBETCTBEHHO @ \ () — 00NACTh 3HAYEHHI HEKOTOPOI BBIUMCIMMON (YHKIMH). DTH ONpeeIcHHs
€CTECTBCHHBIM 00pa30M MEPEHOCATCS Ha MHOTOMECTHBIC (DYHKIIMU U OTHOIICHHUS.

Crnenys HO.JLEpmoBy u C.C.I'onuapoBy [2—4], mpuBemeM psii OCHOBHBIX OIpeaencHuid. Eciu
(A;XZ) — cueTHas yHHBepcaibHas anredpa 3 (HeKTUBHOM CUTHATYPHI X, TO e HyMmepayueli OyaeM Ha3bIBaTh

BCAKOE OTOOpaKeHHME V MHOKECTBA HATYPaIbHBIX YHCEN () Ha OCHOBHOE MHOXECTBO anreOper A, mis
KOTOPOTO CyIecTByeT 3(dekTuBHOE ceMeHcTBO A BBIYUCIUMBIX (YHKIWH, MPEACTABIAIOIINX 2 —
orepanuu aredpbl A B HyMepanuu V, T. €. BCAKAs oTepanusi O € X TPEACTaBIAETCS COOTBETCTBYIOMICH eif

Takol Berumciumon Qynkimeir f € F, uro VX (ovX=vfX). Eciu 77 — 5KBUBaNEHTHOCTh HAa @, TO
anreopy (A;X) OyleM Ha3bIBaTh npedcmasumoli Haja 1], €CIH CYIIECTBYeT HyMepalus 3TOH aareOpsl ¢
HYMEpaIMOHHOW SKBHUBAJICHTHOCTHIO, PaBHOW 77,T. €. Haiijercs Takoe 3¢hdexkTuBHOEe cemeiicTBo F
BbIYUCINMBIX (I)YHKHI/II‘/'I, COTJIaCOBAHHBIX C D3KBUBAJICHTHOCTBIO 77, (I/I3 77 — SKBHUBAJICHTHOCTU apryMCcHTOB
CIIEIyeT 7] — SKBUBAJICHTHOCTh 3HAUYCHUH (YHKIMI Ha 3THX apryMeHTax), uto (A;X) uszomopdua haxTop-
anredpe BIYHCIUMO# aredpsl (@; F) 1o KoHrpysHImu 7.

OyHnameHTanbHbIe anreOpandecKue TIOHSTUS TPYIIbl  SIBISIOTCS KIACCHUYECKUM OOBEKTOM
MaTEMaTHYECKON JIOTHKHU, KOTOPas, B YaCTHOCTH 3aHUMAETCSl OMMCAHUEM AITOPUTMHUYECKUX CBOWCTB TPYIIII,
3aJIaHHBIX TEMU WJIA HHBIMU ITPEICTABJICHUAMU. BaxXHENIIMMHU cpey aITOPUTMHUYECKHUX ITPENCTABICHUN 3TUX
O00BEKTOB SBISIOTCS BBIYHCIHMBIC, T.€. TaKHe, KOTOpble W30MOP(MHBI TPYyNIaM, HOCHUTEISIMH KOTOPBIX
SBJSIFOTCS BBIYMCIUMBIE TTOJMHOXECTBA MHOXKECTBA HATYPalIbHBIX 4ucell, OMHApHAs omepauusi TPYIIIbI
MIPEJICTaBJICHA TOAXOAAIIEN BBIYUCIMMON Ollepanuen.

Onpenenenne 1. Hymeposannoii rpynmoit HaseiBaercs napa (G,v), rne G rpynma ¢ onepanueii

13

*” V.G —> @ - oT00paXkeHue CO CIEMYIOIMM CBOMCTBOM:
Joa o OWMHApHOM oOmepalu CyIIeCTBYeT Takas pekypcuBHas ¢ynkimsa f, uro

vn*vmzv(f(n,m)).

B [5] BBemeHBI ClieIytOIINE MTOHSATHS:

Onpenenenne 2. Hymepanus anreOpsl Ha3pIBa€TCs JTOKATHHO TO3UTHBHOM
(HeraTuBHO#), eciM XOTs Obl OMUH CMEXKHBIA KJIacc siapa 3TOH HyMepaluu SIBISIETCS IMePeuruCIMMbIM
(KoTIepeUYHCITUMBIM).

OTMeTHM, 9TO, B TO BpEMsI KaK TO3UTUBHOCTD H HETATUBHOCTb SIBJISIFOTCS “TTI00aIbHBIMH ™ TIOHSATHSIMH,
NOJJpa3yMEeBaIONIMMU HAJIMYME €IMHO00pa3Hoi 3PQeKTUBHON MpONenyphl MOPOKIACHUS HyMEPAIMOHHOMI
9KBUBAJICHTHOCTH WM COOTBETCTBEHHO €€ JOMOJHEHUs, “JOKAIBHOCTH’, BOOOIIE TOBOpS, O3HAYaET
OTCYTCTBHE TakoW mpoueaypsl. lIpm 3TOM, K HpHUMEpy, YHCIO JIOKaJbHO IO3UTHBHBIX (HETaTHBHBIX)
9KBUBAJICHTHOCTEH JlaXKke ¢ He OoJiee YeM JIBYXDJIEMEHTHBIMH CMEXHBIMU KJIACCAMH €CTh KOHTHHYYM, TOTJa
KaK YUCIIO MMO3UTUBHBIX (HETaTHUBHBIX) SKBUBaJICHTHOCTEN cueTHO. OUeBUIHO, YTO BCSKAs SKBHUBAJICHTHOCTD
C KOHEYHBIMHU CMEXHBIMH KJIaCCaMM SIBISAETCS KaK JIOKaJIbHO MO3UTUBHOW, TAaK M JIOKAJHHO HEraTUBHOM,
OJTHAKO €€ aJITOPUTMHUYECKas CIIOKHOCTh MOXKET OBITh KakoW yroaHo. TeM He MeHee CBOWCTBA CHMMETPHUH B
Ipynmax W TMOJISIX MO3BOJISIIOT PaBHOMEPHO AS(PQGEKTHBHO IEPEXOJUTh OT JIOKAIBHONH IO3UTHBHOCTH
(HEraTUBHOCTH) WX MPENICTABICHUH K TTI00AIBHOM, T. €.

ITOPUTMBI MTO3UTUBHOCTH (HETATHBHOCTH) OKA3bIBAIOTCS W3HAYAIBLHO IMPHCYTCTBYIOIIMMH B CTPYKTypax
CaMHUX JTHUX CHCTEM, UTO MPOSIBIISIETCS] U B CBOMCTBAX MX ATOPUTMHUYECKHUX MpeAcTaBieHui. B [5] gokazan
CIEeTyIOIINI pe3ysbTarT.
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Mpenno:xenue 1. {nsg BCAKOH JIOKaTbHO TMO3UTHBHOM (JIOKQJIBHO HETaTHBHOW) TPYIIBI JIIOOOH
CMEKHBIN KJIAcC ee siIpa IepeurucIuM (KOTIepEeUHCInM).
Teopema 1. Ecin nymepanus rpyrnsl G sBIseTcs JTOKalIbHO MO3MTHBHOM M JIOKAJILHO HETATHBHOI,
TO OHA BBIYHCINMA.
JIUTEPATYPA
1. Coap U. P. Beraucnumo mepeurcinMble MHOXKECTBA U cTerteHr. Kazanb: KazaHbckoe MaT. 00IIecTBO,
2000.
Epmos 0. JI. Teopus nymepanuii. M.: Hayka, 1977.
Epmos 0. JI. [Ipo6nemsr pa3pemmMocTi 1 KOHCTPYKTHBHEBIE Moaenu. M.: Hayka, 1980.
I'onuapos C. C., Epmos 1O. JI. Konctpykrusnsie mogenu. HoBocubupck: Hayu. kaura, 1999.
H. X. KaceimoB, ®@. H. M6parumoB, OTnenumelie Hymepanuu el 1 3¢ ekTuBHast BIOKUMOCTh B HUX
kouten], Cub. mMateM. xypH., 2019, Tom 60, Nel, C.82-94

arwN

HEKPAMHOCTH EJJUHCTBEHHOM TPAHCJISIMOHHO-UHBAPUAHTHOM MEPBI
T'MBBCA J1JIS1 MOJEJIN HC-BJIFOMA-KATIEJISI B CJIYYAE “IIAKJI” HA JEPEBE K2JIU

Xaramos H.M.
Hucmumym Mamemamuxu AH PY3, HamI'V , e-mail: nxatamov@mail.ru,
OprawmeB baxtuép (macucmp Haml'V, 2-xypc)
Mup3aak6apoB Adaypacya (macucmp Haml'V, 1-kypc)

Omnpenenenne Mepsl [ 100ca 1 Apyrux MOHATHH, CBA3aHHBIX ¢ Teopuei Mep 1’ mbOca, MOXKHO HailTH,
HanpuMep, B padorax [1]-[5]. Hacrosmmas cTaThs mocBAIeHa emie MaTou3yuYeHHOH THHAMHUYECKONH MOIeTH
bmroma-Kanens nva nepese Kanm.

Hepeso Knmu r“= (V,L) nopsaxa K >1—6eckoneunoe mepeBo, U3 Kaxk0il BEpLUIMHBEI KOTOPOTO
BbixoauT posHo K +1 pe6po, rae V ects Muokectso Bepumn 1, L —ero muoxectso pebep. Ilycts i—
(QyHKIMS MHIMIEHTHOCTH, comocTapisomas kaxaomy peopy | € L ero xonuessie Toukn X,y €V . Eciu
i(1)={x, ¥y}, to Bepmmubl X KM Y Ha3BIBAOTCA Oaudcawumu cocedsmu U 0003HadaroTcs yepes (X, Y) .
[MycTs d (X, y), X, Y €V ecrs paccrosane Mexy BepmmHamu X, Y, T.e. KonmgecTBO pebep KpaTdanIIHii
myTH, coequnstomei X u Y.

PaccMOoTpuM MoOJ€Nb, TA€ CHMH TpuHMMaeT 3HaueHus u3 MHoxkectBa D ={-1,0,1}. Torma

kongueypayus o wa V' onpenensercs kak GpyHkius X €V — o(X) € @ ; MHOKECTBO BceX KOHUryparmii

cosmanaer ¢ Q=@ [Mycte AcCV . O6o3naunm uepes {2, NpOCTPAHCTBO KOHPUTYPALUH, OTIPEIETEHHBIX
Ha MHOecTBe A.
Paccmorpum rpad ¢ tpems BepmmHamu —1,0,1 (Ha MHOKecTBe 3HaueHU O (X)), KOTOPBIA UMEET
cnemyromuii Bug (cm.[4]):
yurn : {0,-1},{0,1},{-1,1}.

lamunbpToHMan moaenu bimoma-Kamens onpenenseTcs CIeayonmM 00pa3oMm:

H@)=3 > (e()-a(y)*, @)

(Y0, X, yev;
rie JeR.
IIycts x’ eV - ¢ukcupoBanHas Touka. bynem mucare X <Y, ecinu myTh OT x° J0 Y TIpOXOaUT
gepes X.
O06o03HauNM:

W ={xeV:d(x°,x)=n}, V. ={xeV:d(x°,x)<n}.
Touka y Ha3biBaeTCS “npsimbim nomomkom” Touku X, ecmm X<y u d(X,y) =1.
O6Go3raumm uepe3 S (X) — MHOKECTBO “npamvim nomomxom” Toukn X €V .
[ycte O ={yuxn}, G € O . Kondurypauus o (X) naswsaercs G — donycmumoii kongpuypayueri na

nepese Konu (B V, nnu W.), ecu {o(X), o (y)}—pebpo G st nroGoii Gvokaitiueit mapsi coceneii X,y u3

V (u3V,). O603naunm muokectBo G — nomycrumeix koHburyparmii yepes Q° (Q\?n ) .
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Iyete  h:xh = (hﬁ1 W 1 o x) €R®—  BemecTBeHHas  BEKTOPHO3HAYHAS  (DYHKIIHS
otHocutensHo nepemennoil X €V \{x’}. Paccmorpum BeposiTHocTHOE pacnipencnetne 4™ Ha Q\(,;n :

/u(n)(o-n) = Zn_1 exp {_ﬂH (Gn) + Z I:io(x),x} ! (2)

XxeW,
rie o, eQ\(Z, Z :26 el exp{—ﬂH (5n)+ZXEw ha(x),x} uh  eR.

['oBOpSAT, UTO BEPOATHOCTHOE paclpeacIICHUE ,u(") , (Vn>1) cornacosanno, eciau
(n) my_ ,,(n-D
> 1 (6,4,6™) = 1" (o,,) (3)

o)
G
ansBeex N21n o, , € .

B 5TOM cITydae CyIIecTByeT eTMHCTBEHHAs Mepa 4 Ha () , Takas, uTo
ulfol,=0})=1"(,),
msieeex N>21u o, € Q\i :
Iycrs L(G)— muokectBo peGep rpada G , 0603uaunm uepes A= A° = a; (i, ] =-1,0,1) marpuuy

cmexsoctn G, T.e.
a, = ai(j; _ {1, ecnu {l, j;} e L(G),
0, ecnu {i, j} ¢ L(G).
Crenyromiee yTBEpKIICHHE OIMCHIBACT YCIOBHE Ha ﬁx , obecreynBaroIee COTIaCOBaHHOCTD
1 (o) ans monenu Bioma-Kaness.
Teopema 1. ITycmo K > 2. Beposimnocmuoe pacnpedenenue ,u(n) (0,),n=12,... 6 (2) coenacosanno

mo20a u monvko moz20a, ko20a ons mobozo X €V umeiom mecmo credyrouue:
=TT, 8,02, taftan,
aO,—lez—l,y +850+35,7;,
2 =TT a, ,z,,+a,0+a,,0'7,
aO,—lez—l,y +350+35,7,
c0e @=exp{=Jp}, B=1IT, 7, = exp(ﬁi’X _ﬁo,x)’ i=1-1.

TpaHcnsIMOHHO-NHBapHAHTHBIE MepbI [ 1O6ca cooTBeTCTBYIOT pentenusiM (4) ¢ Z,, = Z, > 0 mpu Bcex

(4)

XeV ui=-1,1. Ina yno6cTea 0603Ha9uM Z_, =1,.Torna (4) nmeer BUI

3 k
- 1+0°z,
P lgrz, )]

3 k
. 1+6°z,
>\ g+z, )’

Paccmotpum ciydail 2, =7, = Z . B stom citydae u3 (5) noiny4um

1+60°2
Z= . (6)
227
s perieHuit mocieaHero ypaBHEHUs BEPHO.
Teopema 2. Ilpu K>2 u ona mobozo snauenus 6>0Q ypasnenue (6) umeem eouncmesennoe
HONONCUMENbHOE PelieHUe.
Torma u3 Teopemsl 1 moryarm

®)
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Teopema 3. IIycmv K>2. Toz0a ons mooenu HC-Bnoma-Kanena 6 cnyuae "yuxn” npu 6 >0

cywecmsyen moibko 00Ha MPAHCIAYUOHHO-uHBapuanmuas mepa I uboca [, .
Torna BepHa creayroIas Teopema.
Teopema 4. ITycmo K =2. Toz0a ona mooenu HC-Buioma-Kanens ¢ criyuae “yuxn” mepa M, e

aensemes kpatineti npu 0 € (6,;1) U (6,;+0), 20e 6, ~0.8051112259 u 6, ~1.191182787 .

JUTEPATYPA

[1] Teopru X.-O. 'u66coBckue mepsl U (pazoBsie mepexoasl. Mocksa. "Mup" 1992. c. 624.

[2] Preston C.J. Gibbs States on Countable Sets. - Cambridge Tracts Math., 68, Cambridge Univ.
Press, Cambridge, 1974.

[3] Cumnaii 4. I'. Teopus dazoBeix nepexoaos. Ctporue pe3ynabTarsl. - M.: Hayka, 1980.

[4] U.A. Rozikov. Gibbs measures on Cayley trees. World Scientific.-2013.

[5] N.M.Khatamov. Translation-invariant extreme Gibbs measures for the Blume—Capel model with a
wand on a Cayley tree. Ukrainian Mathematical Journal, Vol 72, No. 4(2020), p.540-556.

CYHIECTBOBAHHUE HOBBIX TPAHCJIAIINOHHO-UHBAPUAHTHbBIX MEP TNMBBCA B
MOJAEJIA BJIIOMA-KAIIEJISI MOJIEKYJIbBI JIHK HA JTEPEBE K3JIU

Xaramos H.M.
Hnemumym Mamemamuxu AH PY3, HamI'V , e-mail: nxatamov@mail.ru,
HNoparumos Uciaom (macucmp Haml'V, 2-xkypc)
AnameB Kaxpamoun (vazucmp HamlV, 1-kypc)

Kak u3BectHo, kaxaas mosekyina JIHK npencraBnser co0oi NBOMHYIO cIUpaib, 00pa3oBaHHYIO
ABYMS KOMIIIEMCHTAPHBIMH HUTAMU HYKJIICOTUAOB, KOTOPLIC YACPKUBAIOTCA BMECTEC BOAOPOJHBIMU CBA3SIMU
mexny mapamu  ocHoBauuit  C+ [ (umrosun-ryanun) w  A+T  (agenun-tumun). Monekyna JTHK
paccMmarpuBaeTcs Kak koHpurypamus moaeiu bioma-Kanens na myTsax aepesa Kanu.

k _ .
Hepeso Komu 3 =(V,L) nopsaka k >1—6eckoneunoe mepeBo, M3 Kaka0l BEpPIIMHBI KOTOPOIO

BBIXOHMT poBHO K +1 peGpo, rie V ecTb MHOKecTBO BepuH ¢, L —ero muoxectBo pebep. Iycts i—
(GyHKIMS MHIMIEHTHOCTH, conocTaBnsiomas kaxaomy peopy | € L ero xonuessie Touku X,Y €V . Eciu
(1) ={x, ¥}, 1o BepmmnHEl X u Y HaswBarOTCA OnudCcatiwumu cocedsmu ¥ obo3HadaoTcs depes (X, Y) .
Hycts d(X,Y),X,Y €V ectb paccTosiHne Mexay BepmmHaMH X, Y, T.e. KOJIHMUeCTBO pebep KpaTdanmimii
IyTH, coeaunstome X u Y.

Iycrs [0 ={...,—2,-1,0,1,2,...}. B pa6ore [3] G110 J0Ka3aHO, YTO BCE BEPLIMHEI AepeBa Ko MOKHO

pa30ouTh Ha KIIACCHl DKBHBAJIECHTHOCTH, MPOHYMEPOBAHHBIE IENBIMHU YHCIAMH, ¥ Yepe3 KXy BEpIINHY,
MIPUHAJUISKAITYI0 M —My KIACCy SKBHBAJIEHTHOCTH, MPOXOJIUT €IWHCTBEHHBIH IyTh, TAKOW YTO HOMEpa
KJIACCOB DKBHBAJCHTHOCTH, KOTOPHIM NMPHUHAUIEkKAT ITOCIIEIOBATENbHBIE BEPIIMHBI 3TOTO MyTH, 00pa3yroT
OeCKOHEUHYI0 B 00€ CTOPOHBI MOCIIEI0BATEIBHOCTD ...,M—2, M—-1 mm+1m+2,... uensix uucen. On

HazbIBaeTcs | —nyms .

PaccMoTpum QyHKIHIO O , KOTOpas mpucBauBaeT kaxaomy peopy | € L sunavenne o(l) e{-1,0,1}
tak,uto —1=A+T ul=C+1,a o(l) =0 o3nauaer, uro pedpo "cBoboano". ®yukius o ={o(l), | € L}
naspiBaercs Konpurypamuein. Konpurypauus o ={o (1), | € L} masesaerca oonycmumoii, ecrm o (1) # 0
nist Beex | €0 —nymo . Orpanudenue gonyctumMon Kongurypanuu Ha [J —nyme HaswiBaercs JHK.

MbI paccMaTpuBaeM CIeAyOILy0 Mojenb bitoma-Karnenst sueprun KOHGUIypaluu ¢ Ha MHOXKECTBE
JHK [4]:

H@)=3 > (c()-ot) | 1)
(1, elxL;
rne J € R—xoucranta csisu, o(l) €{-10,1} u (l,t) pebpa Gmuxkaiimmmu coceasmu.

CrannmapTHeiM 00pa3om (cM. pabotsl [1], [2], [4]) MokHO cBecTH 3amady u3ydeHus mep [ mboca B
moneiu biroma-Karnens k peieHuro clieayomei CucTeMbl (yHKIIMOHAILHBIX YPaBHEHHUI:
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A+ A+ A Az, +A+12,,

Z,, = el —nymo,
X'z +1 2z 41 s 'z, +1+ Az,, 4
4 4 4
. z, +4 ‘ z, +4 H Z, +A"+ Az, PR p— ,
YA 41 Az +1 S0 2% 114 27, ’ )
4 4
_ Z,+A H 2, +A"+12y, | <0 — nym
b 2% 41 B0 %7 414 4z,

TpaHCIAHMOHHO-MHBApUAHTHEIE Mephl ['mbOca orTBewaroT He 3aBucsamuM ot |,t  pemenusm
Z7=(2y,:2,,,2) e | g0 —nymo, t €] —nyms:
Zy, =U, 2, =V, Vl ¢l —nymw; z, =w, [ €[] —nymp, (3)

3necy BenmuuuHBL U,V,W TOJOXHUTENBHBl B CHIY ypaBHEHUH (2) M YIOBJIETBOPSIOT CileayroLIen
’ :( AV+A+U j“(/wvm]z
ANV +1+ U A'w+l)
4 k-2 4 2
V:{v+/1 +/1u] (W+/1 j )
ANV +1+ U A'w+l)

4 k-1 4
v+ A"+ Au W+ A
W= .
A% +1+ Au A'w+1

ScHo, uto V=W =1 y10BI€TBOPAIOT JaHHOM! CHCTEME yPABHEHUH IS JTIOO0T0 k>2

CHUCTEME YpaBHECHHMIA:

u A >0, Torna u3 nepBOro ypaBHEHHUs CUCTEMBI MBI TIOJTYYaEM

5 k-2 9 2
u=| A+U 41 _ 5)
AT+ AU+l AT +1
31ech BBEIEM 0003HAUYEHNH:
u A4 +1 2
X=—, b="—2,a=A"3(1"+1) . 6
24 202 ( ) ©)
Torna ypaBHeHue (5) MpUHAT BUJ
k-2
ax = (—“ X j . 7
b+x

Torma BepHa cnemyromnias Teopema.

k-1Y
Teopema. Ypasuenue (7) umeem oono pewenue, ecau unu K =3, um b < (—j .Ecnu K>3 u

2
b> (%j , mo cywecmeyrom wucaa 1,(0,K), 1,(b,K) ¢ 0<n,(b,k) <n,(b,K), maxue, umo ypasnenue

umeem mpu pewenus, eciu 17,(0,K) <a<n,(0,K), u umeem osa pewenus, ecru oo a=n,(b,K), oo
a=n,(0,K). Yucra n, naxoosmecs uz gopmynvi

m(b,k):i(“xi] ,

X \ b+ X

e0e X, X, A6NAI0MCA peueHuaMU ypasHeHus
X* +[2—(b-1)(k —3)]x+b=0.

TpaHCJ'IHLII/IOHHO-I/IHBapI/IaHTHLIC MCPBI FI/I66C3, COOTBCTCTBYIOIHEC 3TUM PCUICHUSAM,
SABJIIFOTCS HOBBIMMU.

JIUTEPATYPA
1. U.A. Rozikov. Gibbs measures on Cayley trees. World Scientific.-2013.
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2. U.A. Rozikov. Tree-hierarchy of DNA and distribution of Holliday junctions. J.Math.Biol.
75:1715-1733. 2017.
3. U.A. Rozikov, F.T. Ishankulov. Description of periodic p-harmonic functions on Cayley trees.
Nonlinear Diff Equ Appl 17(2):153-160, 2010.
4. H.M.XaramoB. Ctpyktypsl Xommunaes B mogenu bmoma-Kanenst monekynst JITHK. Teopetuueckas
u MareMmaruueckas pusuka. T. 206, N 3, c. 439-447, 2021.

VIIK 517.98
YCJIOBHS COTJIACOBAHHOCTH JI/ISI MOJEJIM BJIIOMA-KATEJISI C XUMAYECKAM
MOTEHIAAJIOM HA JIEPEBE K2JIN

XaramoB H.M.
Hnemumym Mamemamuxku AH PY3, HamI'V , e-mail: nxatamov@mail.ru,
3.9pkadoeBa (mazucmp Haml'V, 1-xkypc)

Mogens bmroma-Kanens-aTa aBymepHas cliMHOBasi cHCTeMa, TAE€ CIOUH MOXET MPHUHUMATh TPHU
sHauyenns: —1,0,1. ITepBonauanbHo oH 66T BBeAeH i u3yueHns He’ —He* dasosoro mepexona (cm.[3]).

MOoHO IyMaTh 0 Hell Kak O CHCTeMe 4acTHIl co cruHoM. 3Hauenne o (X) =0 cruHa Ha y371e pereTKu
(w1n Ha y3ie nepeBa) X OyZeT COOTBETCTBOBATh OTCYTCTBHIO YacTHI (BaKAHCHS), B TO BPeMsl KaK 3HAUCHUS
o(xX) =—1,1 GyayT COOTBETCTBOBATH MPUCYTCTBUIO HA y3lI€ X YacCTHIIbI CO CTMHOM —1,1, COOTBETCTBEHHO.
[To moBoy Apyrux pe3yiabTaToB 1o mozeiau bitoma-Kanens cmotpure, Hanpumep [4]-[7].

~K
Hepeso Komn < = (V, L) MOPsIIKa K >1 - 510 Geckoneuroe JIepeBo, T.e. rpad 0e3 IHUKIIOB, U3
i K+1 Vv 35, L
Ka)KI0¥ BEpIIMHBI KOTOPOro BeixoauT poBHo K + 1 pebep, rue €CTh MHOXKECTBO BepliuH 3 , L —ero

MHOKecTBO pebep. Ilycts | — ynkims mHmmmenTHOCTH, comoctapmsmomas kaxaomy pedpy | € L ero
xounessie Toukn X, Y €V . Eciu I(l) ={X, y}, To BepmmHel X u Y HasbIBaroTCA Onudrcariuuumu

coceosamu u obozHawatotcss uepes < X, Y >. Ilycrs d (X, y), X,y €V  ecrp paccrosmue Mexay
BepumHaMu X, Y, T.e. KonmdecTBo pedep kpaTdaiimmii mytH, coequustomeit X u Y ([1],[2]).

PaccMOTpUM MOJIENb, TA€ CIUH NPHHUMAECT 3HAYEHHS M3 MHOMXECTBO CDZ{—].,O,+1}. Torma

KoHgueypayuss O Ha V omnpeaensaeTcs Kak (QYyHKIUS xeV >o (X) ECD; MHOXECTBO BCEX

\
KOH(HTYpaluii coBIajaeT ¢ Q=0" Iyctse ACV . O6osnaunm wepes Q A TPOCTPAaHCTBO

KOH(UTYpaIni, ONpe/IeICHHBIX Ha MHOXECTBE A.
lamunproHnan wmojenu biatoma-Kamens ¢ XMMHYECKHM TOTEHIIMAIOM OMPEIEISIETCS CIIEIYIONTIM

obpa3zom:
H(o)=d > () -a(y) +ad o*(x), 1)

<X, ¥Y>,X,YeV; XeV;
Tae J S R , O e R — xumuueckwuii IMOTCHIIHAJ.

0 0
Iycts X € V -duxcuposannas touka. Bynem mucats X < Y, ecom myth ot X 0 Y mpoxoaut

yepes X.
O003HaYNM:

W, Z{XEV ; d(xo,x):n}, A ={X€V ; d(xo,x)gn}.
Touka Y HazeBaercs “npsambim nomomxom” Toukn X, eciu X <Y u d (X, Y) =1.
Hima X € Gk 0003HaUMM uepe3 S (X) — MHOXECTBO “npsamvix nomomxos” Touku X €V
Koudurypauuss o HassBaetess G — donyemumoii kongueypayueii na nepese Komu (8 Vn WIH Wn ),

eci {O‘(X), (o (y)} —pe6po G st mroboit Gmkaiimeii mapsr coceneii X, Y us V 3 Vn ). O603HaUNM

o . G G
muoxectBo G — romycrumoit koupurypamii uepes €2 (QV )
n
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Myets  h:x—h, =(h,,,hy,,h,,)—Bexkrop dymxmm or xeV \{x’}. Paccmorpum

(n) .
BEPOATHOCTHOE pacmpeseneHue L~ Ha Q'v :
n

w"(c,)=2;" exp{—ﬂH (,)+ X ha(x),x}’ @)

XeW,
me 0, €Q, , Z, = 72% exp{—ﬂH (an)+X§V hg(x)'x} nh,_, eR.
ey, eW,
T"0BOpSIT, Y4TO BEPOSTHOCTHOE pactpeseeHue [ (n), (VN > 1) cormacoanno, eciu

Z /u(n) (O.n_l’ O_(n)) — /un—l (O-n—l) 3)

oM

maecex N>1u (o EQV -

B 5TOM citydae cymecTByer eauncTsenHas Mepa A Ha (D, Takas, uto
_ —
ul{ol, =o.})=u"(a,)
msseex N21u 0, € Q\(/; ([1], [2D).

[lyctp L(G) — mHoxecTBO pebep rpada G, 0603naunm uepes A= A® = (aij )ijzfl,O, .1 Marpuiy

CMCXHOCTHU G , T.C.

o —aC = 1, ecufi, j} < L(G),
Vo0, ecudi, j} ¢ L(G).
Crenyromyie TEOpEeMbl JaeT HEOOXOMUMBIE W JOCTATOYHBIC YCAOBHS Ha hi « TP KOTOPBIX

BEITIONHsAETCSA (3).

TEOPEMA. Ilycmyo k>2. Beposmuocmnoe pacnpedenenue ,u(n) (G N ), n= 1, 2, v 6 (2) -
CO2NACOBAHHOE MO20A U MOALKO mMo20a, Ko20a 05 1106020 X € V' umerom mecmo credyrouue:
2= T1 8,02,y T80+ AL,

yeS(x) aO,—lgnZ—l,y +ay,+ ao,197721,y
=TI a, mz,,+a,0+a,0nz,

yes(x) ao,—19772_1,y +ay,+ a0,197721,y
20e @ =exp{-J B}, n=exp{ap}, B=YT .z, =exp(h,—hy,),i=-11.

JIUTEPATYPA
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[1] Georgii H.O. Gibbs measures and phase transitions. Berlin: de Gruyter stadies in Math, 1988.

[2] Rozikov U.A. Gibbs measures on Cayley trees. World Scientific. 2013.

[3] Kim S. Metastability of Blume-Capel model with zero chemical potential and zero external field.
Journal of Statistical Physics, 33(184), 2021.

[4] N.Khatamov, R.Khakimov. Translation-invariant Gibbs measures for the Blume-Capel model on a
Cayley tree. IMPAG. 2019, Vol.15, No. 2, pp.239-255.

[5] N.M.Khatamov. Translation-invariant extreme Gibbs measures for the Blume—Capel model with a
wand on a Cayley tree. Ukrainian Mathematical Journal, Vol 72, No. 4(2020), p.540-556.

[6] HM.XaramoB. Ctpykrypsl Xosmuaes B moaenu biroma-Kanensst momexyisr JJHK. TM®, 206:3
(2021), 439-447.

[71 N.M.Khatamov. Holliday junctions in the HC Blume-Capel model in "one case"” on DNA.
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IT IS ABOUT SUBRINGS OF THE FIELD OF RATIONAL NUMBERS

Kholmukhammadov Mukhammadyusuf (first grade master student) (NUU)
(xolmuhammedovmuhammadyusuf@gmail.com)
Khaydarova Sayyora (first grade master student) (NUU) (xaydarovasayyoraxon39@gmail.com)

It is a bit more difficult task to find out all subrings of the rational numbers as it is open-ended. In
general, we will face some questions such as “Is there any reasonable way to describe each of subrings?”,
“How many subrings are there anyway?”

As we know, there are two obvious subrings. The ring of integers Z, and the whole ring of rational
numbers Q. Since 0 and 1 must belong to each subring and each subring must be closed under “+"," -
"and " =", itis pretty clear that every integer is in each of subrings that we are going to figure out. So the
ring of integers Z is a subring of every subring of rational numbers Q. Thus, we can say that Z is the smallest
subring, likewise Q is the largest. Then we should find the subrings between Z and Q.

One of the things that makes @ different from Z is that every nonzero rational has a multiplicative
inverse that belongs to Q itself, whereas in Z the only elements that have multiplicative inverses belonging to
Z itself are 1 and —1. We could expect that a subring R of Q that we are seeking might have more invertible
elements than are available in Z. Perhaps it possible to get a better understanding of the subring R by
considering its invertible elements.

To begin with the simplest case, suppose for a certain integer b € R b > 0, (b # 1) % € R. Just by
using the fact that R is closed under multiplication we see that b—lz € R,b—l3 ER,.., bin € R (n € N) is correct.

What else must be in R?! Suppose d is an integer that divides b. Then 3q € Z, b = d - q relation is correct.
Thus, % =q -% ,sinceq € R and % € R and R is closed under multiplication. So % € R for every every factor

d of b. In particular, this means that % € R for every prime factor p of b. We can also say that if% ERforvp

p is a prime factor of b, then % € R. This suggests that we should consider the set {p | % ER,pis prime}.

Let us call this set P(R), it is the set of primes whose multiplicative inverses lie in the subring R. We can
realize that there is a function from the set of all subrings into the collection of the subsets of prime numbers,
let us call this function P, P:R — P(R). We say that this function is bijective and it will be a pretty good
description of what the subrings are. We can say that P: R — P(R) is both injective and surjective according
to the following two prepositions.

Preposition 1: If R and S are subrings of Q and P(R) = P(S),thenR =S

This preposition asserts that P is injective.

Preposition 2: If T is any set of primes, then there is a subring R of the ring of rational numbers, so that
P(R) =T.

This preposition asserts that the function is surjective.

Let us see the following set

1
Girer)
by repeatedly using the operations “+"," - " and " — ", this produces the set
R= {%| a,b€Zb>0, Vplb € T}
and this set is closed under “ +"," - " . We denote this ring R(T) that was made from the set T of primes.

Theorem: For any subset of the set of primes, there is a subring of the field of rational numbers
which contains the ring of integers and it is in the form of R(T).

CONCEPTS WITHOUT DEFINITIONS CAN BE FOUND IN THE FOLLOWING
LITERATURES:

[1] Fundamentals of abstract algebra / D.S. Malik, John N. Morderson, M.K. Sen
QA162.M346 1997

[2] Kocrpukun A.W. Beemenue B anredpy. Yacts |. OcHoBbl anre6pst. 2000. — 272 c.
[3] Kocrpukua A.M. Beepenme B anreopy. Yacts Il. Jlumeiinas anreopa. 2000. — 368 c.
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LOCAL DERIVATIONS OF METABELIAN FILIFORM LIE ALGEBRAS

1.G.Yuldashev
Department of Mathematics Nukus state pedagogical institute, Nukus, Uzbekistan
i.yuldashev1990@mail.ru

Let A be an algebra (not necessary associative). Recall that a linear mapping D:.A — A is said to
be a derivation, if D(xy) = D(X)y+XD(y) for all x,ye A. A linear mapping A is said to be a local

derivation, if for every x € A there exists a derivation D, on A (depending on X) such that A(X) = D, (x).

This notion was introduced and investigated independently by R.V. Kadison [1] and D.R. Larson and
A.R. Sourour [2]. The above papers gave rise to a series of works devoted to the description of mappings which
are close to automorphisms and derivations of C*-algebras and operator algebras. R.V. Kadison set out a
program of study for local maps in [1], suggesting that local derivations could prove useful in building
derivations with particular properties. R.V.Kadison proved in [1,Theorem A] that each continuous local
derivation of a von Neumann algebra M into a dual Banach M -bimodule is a derivation. This theorem gave

way to studies on derivations on C* -algebras, culminating with a result due to B.E. Johnson, which

asserts that every local derivation of a C* -algebra A into a Banach A -bimodule is automatically continuous,
and hence is a derivation [3,Theorem 5.3].
Lie algebras with filiform nilradical, namely with a so-called matabelian filifrom Lie radical.

A non-abelian Lie algebra £ is called a metabelian, if [ £, £] is abelian, that is, £2=0.

We shall consider a metabelian filiform Lie algebra £ of dimension n>7 with a basis {el, . ..,en} such that

[el’ei]:eiﬂ’ 2<i<n-],
[ez’ei]:ei+2 +€, 3<i<n-3
[eZ’en—Z] =€,
By [4. Proposition 3.2.5], any derivation D on L has the strictly lower triangular matrix (di’j) such that;
d2,1 =0,
dipi =ds,, 3<i<n

d; = di—j+2,2 _di—j+1,1 -d

i 3<j<i-1<n

i—j1
Note that the numbers d; ; (3<i, j <n) comlpetely determined by d, ,,d, , (k=3,...,n) and the space of
all derivations Der (L) has the dimension 2n—4.

Theorem. A linear mapping A on L is alocal derivation if and only if it has a strictly lower triangular
matrix (§i’j) with 6,, =0.

REFERENCES
[1]. R.V. Kadison, Local derivations, J. Algebra, 130 (1990) 494-509.
[2]. D. R. Larson, A. R. Sourour, Local derivations andB(X ) , Proc. Sympos. Pure Math., 51 (1990) 187-194.

[3]. B.E. Johnson, Local derivations on C~-algebras are derivations, Transactions of the American
Mathematical Society, 353 (2001) 313-325.

[4]. B. Verbeke, Almost-inner derivations of Lie algebras, Master dissertation, KU Leuven Faculty of Science,
2016.

JIOKAJIBHO HEI'ATUBHBIE I'PYIIIIbI C KPYUEHUEM

Hyanamesa 3amupa Oaua kusu (juldasevazamira@gmail.com)
IIapo¢ooena lax3oxa (Shahzodasharofboyeva@gmail.com)

B nannoi#t paboTe mM3ydeHBI aNrOPUTMHYECKHE CBOMCTBA HyMEpPOBAHHBIX Tpymi. MHOrma HEKOTOpbIe
CBSI3U aNre0panyecKuX 1 AITOPUTMHUUECKHX CBOMCTB KOHKPETHBIX ajredp oKa3bIBaloTCs 00Jiee CHIbHBIMH.

OCHOBHBIMH NOHATUSAMH U (PaKTaMH MOKHO O3HAKOMHTHCS B [1-3].

Bcrony onpenenenHas GpyHKINS U3 MHOKECTBAa HATYpaJbHBIX YMCEN W B (W HA3BIBAETCS BHIYMCIMMOIA,
€CJIH CYIIECTBYET BBIUMCILIIOMUN €€ anroput™. IIoaAMHOXKECTBO a & w HAa3bIBACTCS GbIUUCTUMBIM
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(nepeuuciumovim, COOMEENICMEEHHO KONepeuucaumMplm), €CIU BBUUCINMA €r0 XapaKTepUCTHUYECKas
¢GyHkms (@ (COOTBETCTBEHHO @ \ &) — 00NacTh 3HAYCHWH HEKOTOPOH BBIYUCIUMOW (yHKIUH). DTH
OIIpeIeJICHHsI €CTECTBEHHBIM 00pa30M MEPEHOCSITCA Ha MHOTOMECTHBIE (DYHKIIMH ¥ OTHOILICHHUS.

[Ipumep: MHOXKECTBO HATYpaJbHBIX YHCEN, HECATHYHAsl 3alHCh KOTOPBIX BCTPEYAETCS] B KadyecTBE
MOJICTPOKH B IECATUYHOM 3alMCH YHCTIA TT, SIBJISETCS NePEeUUCINMBIM, HO HE BEIUMCINMBIM MHO>KECTBOM.

Onpenesenne 1. HymepoBanHoii anredpoii HazbiBaetcs mapa (4,v) , rae A — yHUBepcaibHas anrebpa
He OoJiee, 4eM CUETHON CHUTHATYPHI X , a V — 0TOOpakeHre w Ha A cO CIIEAYIONINM CBOHCTBOM:

Ecim F — n-mectHas ¢yHkius X- omepanwsi, AeWcTByIomas Ha A , TO CyIIeCTBYeT Takas N-MecTHas
BbIYUCINMAst GYHKUUS [, YTO
F(vxq, o, VXy) = VF(Xq, e, Xp)
IIpuyem cymecTByeT alropuTM, KOTOPBIM MO HMMEHH KaxI0M F «BblAaeT» Npouenypy BBIUHCICHUS
COOTBETCTBYIOLIEH f .
Aopom nymepayuu v anredpsl A OyaeM Ha3bIBaTh HyMEPaMOHHYIO SKBHBAJICHTHOCTD
Ker(v) = {(x,y) |[vx = vy}, tae v — HyMepauus.

Jist rpynn onpeiesieHue HyMepOBaHHON anreOpbl KOHKPETH3UPYETCA CIEAYIOIINM 00pa3oM.

Hymeposannoii zpynnoii HazpiBaeTcs napa (G ,v ) , rne G rpynna ¢ oneparueit “* ", v:w = G —
oToOpaXeHre co CIIEeTYIOUIMM CBOHCTBOM:

Juns “ * ” OuHapHOU olepaliy CYHIECTBYET Takas Beluuciaumas GyHKIHA [, 4To vn * vm = v( f(n, m))

HywmepoBannas rpynma, y KOTOPOH siApO HyMEpaluH HepeunciiuMo (KOIepeuncaInMo) Ha HOMEpax,
HA3bIBACTCS HO3UMUBHOU (HezamueHOIL).

Omnpenenenue 2. Hymepanus rpynmsl Ha3bIBACTCS JIOKAIbHO HO3UMUGHOU (HE2AMUGHOIL), €CITU XOTs Obl
OJIMH CMEXHBIN KJIACC Apa STOW HyMEpAaIUH SIBISETCS EPEUUCIUMBIM (KOTIEPEUUCTMEBIM).

B pabore [4] nonyueHs! claenyonye pe3yibTaThl O JJOKaJIbHBIX alrOPUTMUIECKUX CBOMCTBAX TPYIIIL:
IMpenno:xenue 1. s BCAKOH JTOKaNBHO TO3UTHBHOM (JIOKAJbHO HEraTUBHOM) TPYMIbI JTF000H CMEXHBIH
KJIacc ee sAApa NepeuncianmM (KOIepeurucinm).

Ipenaoxenue 2. Besikas TOKaNbHO MMO3UTUBHAS HyMepalius JI'000# rpymimel mo3uTuBHA. M3 npemanoxkenus 1
MOYKHO TIOJIYYUTh CIEAYIOIINN pe3yabTar:

Ipennoxenne 3. Eciu Hymepanys rpymmbl SIBISETCS JOKATBHO MO3UTUBHOM U JIOKATHHO HETATUBHOM, TO OHA
BBIYUCIIIMA.

Bonpoc 0 HeraTMBHOCTH JIOKaJbHO HETAaTMBHOW TI'PYMIIBI OCTaeTcsi OTKPBITBIM. Ho g rpymm c
Kpy4eHHEM BOIPOC pelIaeTcs CAEAYIONIIM 00pa3oMm.

Teopema. JIokabHO HEraTUBHBIE TPYIIHI C KPYUYEHUEM SBIISIOTCS HETaTUBHBIMU.

JIUTEPATYPA
1. Coap U. P. Berurcnumo nepedricnumble MHOXKeCTBa U creneHu. Kazans: Kazan. mat. o-Bo, 2000.
2. 'onyapos C. C., Epmos 0. JI. Konctpykrusabie moaenu. HoBocubupcek: Hayd. kuaura, 1999.
3. KaceimoB H. X. PekypcuBHO oThenumble HyMepoBaHHbIe anreOpsl // Ycmexu MaT. Hayk. 1996. T.51, Ne 3.
C. 145-176.
4. H. X. Kacemos, @. H. M6parumoB, OTaenumble HyMepauy Teil U 3 GeKTHBHAS BIOKUMOCTh B HUX KOJIEL]
/! Cu0. mateM. xxypH., 2019, Tom 60, Homep 1, 82-94

KAHLER MONIFOLDS

Yuldosheva Nilufar Sirojiddin qizi
National University of Uzbekistan

Definition 1. Any function y: D X R™ x R™ — R satisfying the two conditions:
a) Linearity in each of its two column-vector variables:
Y(x; au > +bv,w) = ap(x;u,w) + by (x; v,w)
Y(x;u,au + bw) = ap(x; u, v) + by (x; u, w)
b) Antisymmetry:
Y(x;u, au + bw) = ap(x; u,v) + by (x; u, w)
(u,v and w being column-vectors and a and b being scalars).
will be called differential two-form on a set D € R™. By contrast differential forms of LI will be called
from now on differential one-forms.
Definition 2. A closed two-form w on a complex manifold M which is also the negative imaginary part of
a Hermitian metric h = g — iw is called a Kéhler form.
Let M be a smooth manifold, and w € Q?(M)a smooth two-form on M. Recall that by definition this means
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that for any p € M,
wp: TyM X T,M - R
Is a skew-symmetric bilinear map, and w,, depends smoothly on p.
Definition 3. We call w a symplectic form on M if
(1) (closeness) w is a closed two-formi.e dw =0
(2) (non-degeneracy) for VpeM, w, is a linear symplectic form on T, M.

We will call the pair (M, w) a symplectic manifold.

Definition 4. A Hermitian structure on a manifold M is said to be a Kdhler metric if and only if the two-
form w is closed. We will say that a complex manifold is Kéhler if and only if it admits a Kahler structure
and refer to o as a Kéhler form.

Proposition 1. Every Kdhler manifold is symplectic.

Definition 5. m: M — B is a Kdhler submersion if M, B are Kéhler manifolds, and = holomorphic with m:
M — B a Riemannian submersion.

Theorem 1. Let: (M,],g) = (M',]', g") be an (almost) Kéhler submersion. Then: 7 preserves the
horizontal holomorphic sectional curvatures.

LIST OF USED LITERATURE:
1. Andrei Moroianu. Lectures on Kahler geometry volume 69 of London Mathematical Society Student
Texts. Cambridge University Press, Cambridge, 2007.
2. E. Cattani. Introduction to Kahler manifolds. University of Massachussetts at Amherts Amherts
MA,2010.
3. Maria Falcitelli, Stere lanus, Anna Maria Pastore. RIEMANNIAN SUBMERSIONS
AND RELATED TOPICS. World Scientific.2004.

2-LOCAL DERIVATIONS ON MAXIMAL SOLVABLE LIE ALGEBRAS WHOSE NILRADICAL
IS AFILIFORM LIE ALGEBRAS

Yusupov B. B."?, Yusupov F.A.2, Nurullayeva M.M. 2

'V.I.Romanovskiy Institute of Mathematics, Uzbekistan Academy of Sciences,
81, Mirzo Ulughbek street, 100170 , Tashkent, Uzbekistan,
baxtiyor_yusupov_93@mail.ru;

2 Department of Physics and Mathematics, Urgench State University, H. Alimdjan street, 14, Urgench
220100, Uzbekistan

Investigation of 2-local derivations on Lie algebras was initiated in paper in [1]. Sh.A.Ayupov and
K.K.Kudaybergenov have proved that every 2-local derivation on semi-simple Lie algebras is a derivation and
gave examples of nilpotent finite-dimensional Lie algebras with 2-local derivations which are not derivations.
In [2] 2-local derivations and 2-automorphism of complex finite-dimensional simple Leibniz algebras are
investigated, and it is proved that all 2-local derivations on a finite-dimensional complex simple Leibniz
algebras are automatically derivations and it is shown that nilpotent Leibniz algebras admit 2-local derivations
which are not derivations.

Definition 1. An algebra (L,[—,—]) over a field FF is called Lie algebra if for any X,y,z e L the

following identities
%Ly, zll+[y.[z. x]] +[z.[x, yI1 = O
[x,x]=0

hold.

A derivation on a Leibniz algebra £ is a linear map D: L — £ which satisfies the Leibniz rule:

D([x,y]) =[D(x),y]+[x,D(y)] forany x,ye L.

Definition 2. A map V:L — L (not necessary linear) is called 2-local derivation if for any

X,y € L there exists a derivation D, , € Der(L) such that

V(x)=D,,(x), V(y)=D,,(y).
For an arbitrary Lie algebra L we define the derived and central series as follows:
W=, LY =L 18] s >1
=L, L =[5, L], k >1.
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An n-dimensional Lie algebra L is called solvable (nilpotent) if there exists Se N (k € N) such that

L1 =0 (L* = 0). Such minimal number is called index of solvability (nilpotency).
The maximal nilpotent ideal of a Lie algebra is said to be the nilradical of the algebra.

An n -dimensional Lie algebra L is said to be filiform if dimL' =n—i, for 2<i<n.

It is well known that there are two types of naturally graded filiform Lie algebras. In fact, the second
type will appear only in the case when the dimension of the algebra is even.

Any naturally graded filiform Lie algebra is isomorphic to one of the following non isomorphic
algebras:

n  :{le,e]=—le,e]=e 2<i<n-—1.
le,e]=—e,e]l=¢ , 2<i<2n—2

v [67:’62%17:’] — _[62n+17i76i] - (_1)26271,7 2<i1<n.

All solvable Lie algebras whose nilradical is the naturally graded filiform Lie algebra n, , are
classified in [4]. Further solvable Lie algebras whose nilradical is the naturally graded filiform Lie algebra
Q,, are classified in [3]. It is proved that the dimension of a solvable Lie algebra whose nilradical is
isomorphic to an n -dimensional naturally graded filiform Lie algebra is not greater than N+ 2. Here we give
the list of such solvable Lie algebras. We denote by s, solvable Lie algebras with nilradical n , and

codimension two. Similarly, for the solvable Lie algebras with nilradical Q,, we use notations 7, ,

[e..e]l=¢6.;, 2<i<2n-2,
[e,e]=6., 2<i<n-1, [e,,85n0i]=(-1)'e,,, 2<i<n,
e, x]=¢, e, x]=le; 1<i<2n-1,
"2 e, x]=(i-2e, 3<i<n, [ x]=(2n+1e,
[e:., y]=¢6, 2<i<n. [e,,y]l=c¢,, 1<i<2n-1,
(€20, Y1=—1Y. &, ]=26,,.

The following theorem is the main result of this note.
Theorem 1. Let s , and 7, , be solvable Lie algebras. Then any 2-local derivation of s , and

T,,, ISaderivation.

REFERENCES
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LOCAL DERIVATIONS ON MAXIMAL SOLVABLE LIE ALGEBRAS WHOSE
NILRADICAL IS A FILIFORM LIE ALGEBRAS
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1V.I.Romanovskiy Institute of Mathematics, Uzbekistan Academy of Sciences,
81, Mirzo Ulughbek street, 100170 , Tashkent, Uzbekistan,
baxtiyor_yusupov_93@mail.ru;

? Department of Physics and Mathematics, Urgench State University, H. Alimdjan street, 14, Urgench
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Investigation of local derivations on Lie algebras was initiated in paper in [1]. Sh.A.Ayupov and
K.K.Kudaybergenov have proved that every local derivation on semi-simple Lie algebras is a derivation and
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gave examples of nilpotent finite-dimensional Lie algebras with local derivations which are not derivations. In
[2] local derivations and automorphism of complex finite-dimensional simple Leibniz algebras are
investigated, and it is proved that all local derivations on a finite-dimensional complex simple Leibniz algebras
are automatically derivations and it is shown that filiform Leibniz algebras admit local derivations which are
not derivations.

Definition 1. An algebra (L,[—,—]) over a field FF is called Lie algebra if for any x,y,z e L the
following identities

[x.[y, zZI1+[y.[z, X1 +[z,[x,y]1 = 0
[x,x]=0

hold.

A derivation on a Leibniz algebra £ is a linear map D: L — L which satisfies the Leibniz rule:

D([x, y]) =[D(x), y]+[x,D(y)] forany x,yeL.
Definition 2. A linear operator A is called a local derivation if for any x € £, there exists a derivation

D, : £L —> L (depending on x) such that A(x) = D, (X).

For an arbitrary Lie algebra L we define the derived and central series as follows:

[ I ey [L[S] L[S]] s>1
=L, L =L, L], k>1.

An n-dimensional Lie algebra L is called solvable (nilpotent) if there exists S€ N (k € N) such that
L) =0 (L =0). Such minimal number is called index of solvability (nilpotency).

The maximal nilpotent ideal of a Lie algebra is said to be the nilradical of the algebra.

An n -dimensional Lie algebra L is said to be filiform if dimL' =n—i, for 2<i<n.

It is well known that there are two types of naturally graded filiform Lie algebras. In fact, the second
type will appear only in the case when the dimension of the algebra is even.

Any naturally graded filiform Lie algebra is isomorphic to one of the following non isomorphic
algebras:

n,, {le.e]l=—e.el=e€,, 2<i<n-L

le,e]=—le,e]=¢

1

" 2<i<2n -2

" €€ ) = e 6] = (—1'e,, 2<i<n.

All solvable Lie algebras whose nilradical is the naturally graded filiform Lie algebra n, , are

classified in [4]. Further solvable Lie algebras whose nilradical is the naturally graded filiform Lie algebra
Q,, are classified in [3]. It is proved that the dimension of a solvable Lie algebra whose nilradical is

isomorphic to an n -dimensional naturally graded filiform Lie algebra is not greater than N+ 2. Here we give
the list of such solvable Lie algebras. We denote by s, solvable Lie algebras with nilradical n_, and

codimension two. Similarly, for the solvable Lie algebras with nilradical Q,, we use notations z,,,

[e;.e]1=¢6.,, 2<i<2n-2,
[e,.e,]=e,, 2<i<n-1, [e.e,...1=(-D'e,, 2<i<n,
e x]=¢,, e, x]=le; , 1<i<2n-1,
"2 e X]=(-2e, 3<i<n, ' |[e, x]=(2n+De,,
[e..y]=¢;, 2<i<n. [e,yl=¢, 1<i<2n-1,
[eZn Y]= —[y,92n] = 2e2n-

The following theorem is the main result of this note.
Theorem 1. Let s, and 7, , be solvable Lie algebras. Then any local derivation of s, and 7, ,
is a derivation.
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MATEMATIKA VA INTEGRATSIYA

Yusupova Yashnar Feruz qizi, NamDU o qituvchisi
Dadajonova Zarnigor Abduvohid gizi, NamDU talabasi

Integratsiya asosida tashkillangan dars zamonaviy pedagogik texnologiyalarning yangiliklaridan
biridir. Ushbu texnologiya maktab dasturidagi barcha fanlarni o’zaro birlashtiradi va bir qarashda mos
kelmaydigan narsalarni bog’laydi. Integratsiyalashgan ta'limga murojaat gilish zarurati o'rta maktabda ishlash
jarayonida aniglangan bir gator ob'ektiv sabablarga bog'lig.

Integratsiya- bu bir-biridan ajralib turadigan gismlarga muayyan sohada umumlashtirilgan bilimlarning bir
o'quv materialida birlashishi.

Darsda integratsiyadan foydalanishning afzalliklari:

- bolalarni o'rab turgan dunyoni xilma-xillik va birlikda o'rganadi va ko'pincha bu birlikning ayrim hodisalarini
o'rganishga qaratilgan maktab siklining ob'ektlari butun hodisani tushunmaydi, uni tarqoq gismlarga
aylantiradi.

- integral darslar o'quvchilarning salohiyatini rivojlantiradi, atrofdagi hagigatni faol bilishga, sabab-ta'sir
munosabatlarini tushunish va topishga, mantiq, fikrlash, mulogot qobiliyatlarini rivojlantirishga yordam
beradi. Odatdagidan ko'ra ko'proqg, ular nutgni rivojlantirishga, solishtirish, umumlashtirish, xulosa chigarish
gobiliyatini shakllantirishga yordam beradi.

- integratsiyalashgan darslarning o'tkazish shakli nostandart, gizigarli.

- integratsiya 0'z-0'zini anglash, 0'z-o0'zini ifodalash, o'gituvchining ijodkorligi uchun imkon beradi,
o'quvchilarning qobiliyatlarini oshkor gilishga yordam beradi. Integratsiya-muayyan topilmalarni tasdiglash
yoki chuqurlashtiradigan yangi faktlarni topish manbai.

-integral darslar o'quvchiga 0'zi yashayotgan dunyo, o'zaro yordam, moddiy va badiiy madaniyatning turli
dunyosining mavjudligi hagida juda keng va yorgin tasavvur beradi.

Integratsiyalashgan darsning asosiy yo'nalishi hodisalar va ob'ektlarning o'zaro bog'ligligi hagidagi
bilimlarni o'rganish emas, balki majoziy fikrlashning rivojlanishi bilan bog'lig. Integral darslar, shuningdek,
talabalarning ijodiy faolligini majburiy rivojlantirishni nazarda tutadi. Bu barcha o'quv mavzularining
mazmunini ishlatish, ilm-fan, madaniyat, san‘atning turli sohalaridan ma'lumotlarni jalb gilish, atrofdagi
hodisalar va vogealarga murojaat gilish imkonini beradi.

Matematika darslarini tarix, astronomiya, geografiya, iqtisod, musiga, biologiya, fizika va boshqga
o'quv fanlari bilan integratsiya gilish ko'plab muhim hodisalarni ko'rib chigish, matematika darslarini hayot
bilan bog'lash, atrofdagi dunyoning boyligi va murakkabligini ko'rsatish, bolalarga gizigish, ijodiy energiya
beradi. Bolalar nafagat dunyoning o'z modelini yaratish, balki u bilan mulogot gilish usulini ishlab chigish
imkoniyatiga ega. Shuningdek, sub'ektlarning integratsiyasi bolalarni bilish yo'lidagi giyinchiliklarni magsadli
yengish istagini tarbiyalashga imkon beradi. O'gituvchining yangi funksiyalari, asosan, har bir bosgichda
rejaning paydo bo'lishidan tortib to to'liqg amalga oshirilishiga gadar o'quv faoliyatining tuzilishini va ularning
harakatlarini aniq ifodalash zarurati bilan belgilanadi. Shu munosabat bilan o'gituvchining uchta asosiy
vazifasi mavjud:

-talabalarni mustagil bilim faoliyatiga jalb gilish

-hissiy qo'llab - quvvatlashni ta'minlash, har bir talabaga individual baholash mezonlarini go'llash asosida
muvaffaqiyatli vaziyatni yaratish;

-olingan natijani, ham o'gituvchi, ham talabani tekshirish.

Integratsiyalashgan kurslarning magsadlari-dunyodagi yaxlit va uyg'un tushuncha va in'ikosni
shakllantirishdir. Ushbu magsadga erishish uchun integratsiyalashgan kursning keng gamrovli dasturi
yaratiladi, buning uchun tarkibni tanlash va uni loyihalash prinsipi juda muhimdir.

Boshga mavzular bilan integratsiyalangan matematika saboglari aniq go'llaniladigan yo'nalishga ega
va talabalarning shubhasiz bilimli gizigishlariga sabab bo'ladi.

Shunday qilib, dastur va darsliklarda fizika, kimyo, geografiya kurslari matematikasi kuchaytiriladi.
Vektor tushunchasi magsadli ravishda go'llaniladi va rivojlanadi. Misol uchun, fizikada mexanikani
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o'rganishda birinchi kinematik giymat tushunchasi — harakat va harakat vektori kiritilgandan so'ng — va
vektorlar va ularning proeksiyalari ustidan harakatlarni assimilyatsiya gilish ikkinchi kinematik giymatni
shakllantirishga kirishadi — tezlik. To’g’ri chiziqli tekis harakatning tezligi vektor qiymati sifatida qaraladi va
vagtning koordinatalarini bir vaqgtning o'zida o'zgartirishga teng, va tezlanish uchinchi kinematik migdor-
vektor miqdori va vaqtning o'zida tezlikni o'zgarishiga teng.

Matematik kontseptsiyalarga tayanish fizik, kimyoviy, biologik bilimlarning yangi jihatlarini ochib
beradi, ayni paytda matematik bilimlar umumlashtirilgan ma'noga ega. Ular: "matematika — fan shohi",
deyishadi matematika boshqga fanlarni o'rganish usullarini beradi. Fizika, kimyo, geografiya kurslarida
matematik usullarni qo'llash o'quvchilarda umumlashtirilgan o'lchash-hisoblash, grafik gobiliyatlarni
shakllantiradi. Bunga matematikaning istigbolli o'zaro alogalari yordam berishi mumkin, bu funksiyalarni,
to'g'ridan-to'g'ri va teskari proporsional bog'ligliklarini, ularning grafikalarini va grafik xususiyatlarini, vektor
miqdorlarini va boshgalarni go'llashning mumkin bo'lgan sohalarini ko'rsatadi. Matematik tushunchalarni
shakllantirishda boshga mavzular bilan integratsiyani kuchaytirish kerak. Shunday qilib, "vektorlar" mavzusini
o'rganishda geometriya kursida talabalar tomonidan Fizika kursida olingan ma'lumotlardan "kuch — vektor
kattaligi", "to’g’ri chiziqli tekis harakatda ikkita kuchni qo'shish"masalalarini ko'rib chigishda foydalanish
tavsiya etiladi. Ba'zi mavzularni o'rganish “er yuzidagi masofani o'lchash”, "yo'nalish va chizilgan
masofalarning tasviri", "Polar tortishish usuli bilan er uchastkasining sxematik rejasini tuzish"mavzularida
talabalar tomonidan olingan geografiya kursidan olingan ma'lumotlarga tayanishga imkon beradi. Bunday
alogalar yangi matematik tushunchalarni, teoremalarning dalillarini, shuningdek, geografik ahamiyatga ega
bo'lgan o'lchov qobiliyatidagi matematik xatti-harakatlarni tushunishga yordam beradi

Kimyo dasturlarida matematik usullarni qo'llab-quvvatlash kimyoviy jarayonlarning gonunlarini
miqdoriy baholash, individual gonunlar va nazariyalarni mantigiy asoslash imkonini beradi. Katta kognitiv
giymat, masalan, garamlikni aks ettiruvchi grafikalar qurishdir: eritmaning ma'lum bir massa eritmasining
eritmadagi konsentratsiyasi, hosil bo'lgan moddaning massasidan reaksiyaning termal ta'siri, moddalarning
harorat sharoitlaridan oksidlanish to'ligligi, modda eritmasining kontsentratsiyasidan ajralib chigish darajasi
va boshqalar. Bunday grafikalar o'quvchilarning grafika va ularning xususiyatlari hagidagi bilimlarini
rivojlantirish va aniglashtirish uchun muhimdir. Ular kimyoviy jarayonlarning migdoriy bog'ligligini vizual
va umumlashtirilgan shaklda ifodalaydi. Kimyo bo'yicha ko'plab muammolarni hal gilish nisbatlarni hal qilish,
hisob-kitoblarni gisqartirish va to'g'ri hisoblash gobiliyatini, shuningdek ragamlarni yaxlitlashni talab giladi.
Shu bilan birga, talabalarning matematik va kimyoviy bilimlari va ko'nikmalarini umumlashtiradi.

Statistik nagshlarni o'rganishda o'quv dasturlari talabalarni biostatistika texnikasi bilan tanishtirish
imkonini beradi. O'zgaruvchan belgining o'rtacha arifmetik giymatini hisoblash, o'zgaruvchan gatorni qurish
va variatsion gatorlar va boshqalar. Ular ehtimollik nazariyasi bilan tushuntiriladi va talabalarga turli xil
turmush sharoitlari ta'siri ostida bir xil irsiy asosga ega bo'lgan organizmlarda yuzaga keladigan
o'zgaruvchanlik qonunlarini ochib berishga imkon beradi. Turli xil tabiiy iglimiy hududlarda ishlab
chigarilganda bir xil turdagi, bir xil jins yoki turdagi shaxslarning miqdoriy xususiyatlarini, shuningdek,
sistematika, genetika, seleksiya, tibbiyotda Biostatistikadan foydalanishning ahamiyatini matematik ifodalash
amaliy ahamiyatini ta'kidlash muhimdir.

FOYDALANILGAN ADABIYOTLAR RO’YHATI:
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SOS MODEL ON CAYLEY TREE: A NEW CLASSES OF GIBBS MEASURES

Abraev Bunyod
Chirchiq state pedagogical Institute of Tashkent region,
abrayev89@mail.ru

In this work, for the SOS model on Cayley trees we give a very wide class of new Gibbs measures.
In [2] for the Ising model on Cayley trees the existence of a very wide class of Gibbs measures is
proved. It is also shown that these new measures are extreme under some conditions on the temperature.

Let T* = (V,L) be the uniform Cayley tree, where each vertex has k +1 neighbors with VV  being
the set of vertices and L the set of edges (see [1]).
Let ®:={0,1,2,....,m}, m>1, and the configuration c € ®", i.e., c ={o(X) e D:xeV}.
The Hamiltonian of SOS model is defined by
H(e)=-3 X lo(x)-a(y)l 1)

(x,y)el
where J € R and (X, y) stands for nearest neighbor vertices.

Fix X’ eV . For x,y eV we will write X <y if the path from x° to y passes through X . A vertex
y is called a direct successor of X if y> X and x, y are neighbors. Note that in T'* every vertex x # x°
has k direct descendants, and x° has k +1 descendants.

Let h:xi>h, =(hy,,h,....h, ) eR™ be a vector function of xeV \{x"}. Consider a

probability distribution 2™ on Q, :

/'ln (o-n) = Zn_l exp(_ﬂ'_' (O-n) + 2 ho-(x),x)l (2)
XeW,
where 0, €Q, and Z, = > exp(—AH(G,)+ D hspx)-
" &nEQ'Vn XeWn '
A probability distribution ™ is said to be compatible if for any n>1and o, , € Q,, ,, we have
Z /J(n) (o-n—l v wn) = /’l(n_l) (o-n—l)i (3)
a’nEQWn

where o, , V@, € QVn .
In this case, there is a unique measure x on € such that
uo, =0} =u"(c,)
forall n and o, QVn . Such a measure is called an SGM corresponding to the Hamiltonian H and to the
function x > h,, X # X, . The following statement gives a condition on h, guaranteeing that the distribution
of 1V (o) is compatible.
Theorem 1. [3] The probability distributions ,u(”) (o,),n=1,2,... determined by the formula (2)

are compatible iff for any x €V \{x°} the following equation holds,
h = 3 F(h,m,e), ()

yeS(x)

where 0 = &%, ,B=%. Here 0 = (N, — P 0y — Ny g Boa o B ) and F(e,m,0):R™ 5> R™ s a

vector function, i.e. F(h,m,8) = (F,((h,m,0),...,F, ,(h,m,8))), h=(h,h,...h ),
such that

m-1
S0l 1 g
F(hmo)=in=2 —  i=0,.,m-1, ®)
. h.
domlel +1

j=0
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The set of vertices of a Cayley tree of order k is denoted by V*. For x eV by Sko (x) we denote
arbitrary K, vertices of the set S(X) . If on the vertex X we have h, = h , then to the vertex S, (x) we put the
value h_=h, to the other vertices of S,(x) we put the value h, =1 . If on the vertex X we have h =1,
then on the vertex S_(X) we put the value h, = h , on the remaining vertices of S, (x) we put h, =1. Note
that a+b =k, ¢ +s = k. Using this construction, for h = (0,h,) and | = (0,1,) due to Theorem 1 we have
{hz =af (h,)+bf(l,) ©)
o = cf(hy) +sf(l,)
exp(x) + 26
0% +Oexp(x) +1

where f(x)=1In

Let b=0, o(x) = %((bc —as) f,(x)+sx)and y(x) = af,(x) + bfg(% ((bc—as) f,(x)+s x)j.

Note that the function y(x) is continuous and bounded. This implies that it has at least a fixed point,

say, X
Theorem 2. Let b= 0. If the condition |'(X") [>1 is satisfied, then for the SOS model there exist
at least three Gibbs measures, which correspond to the solutions of the system of equation (6).

REFERENCES

[1] U.A. Rozikov, Gibbs Measures on Cayley Trees, World Scientific, Singapore, 2013.

[2] M.M. Rahmatullaev, U.A.Rozikov, Ising model on Cayley trees: a new class of Gibbs measures and their
comparison with known ones. J.Stat.Mech. 2017, pp.2-15.

[3] Rozikov U.A. Suhov Y.M. Gibbs measures for SOS model on a Cayley tree. Inf.Dim.An.,Quant.Prob.
and Related Topics. 2006, V9, N3, 471-488.

TEKISLIKLARDA SILLIQ BO’LMAGAN ANALIZ

Amirova Dilnoza, Qurbonova Gulbahor
Milliy universitet 1-kurs magistrantlari

1.Klassik matematik analiz.

z = [x, y]-barcha nuqtalar to’plami (x, y hagigiy sonlar.)-2 o’Ichovli fazo (yoki 2 o’lchovli tekislik)
deb ataladi va R? bilan belgilanadi. R? tekislikdagi nugtalar vektorlar deb ham ataladi. R? da f (x,y) = f(z)
haqiqiy giymatlar gabul giluvchi funksiya berilgan bo’lsin .Klassik matematik tahlil differensiallanuvchi
funksiyalar bilan shug’ullanadi.

Ta’rif:f funksiyaz, = [x,y] nuqtada differensiallanuvchi deyiladi ,agar A = (ay,a,) vektorni
quyidagicha bo’laklash mumkin bo’lsa.

f(@)=flxy) =f(z0) + (A z—2) + o(llz— 2l (1)
Bu yerda
o(llz—zoll) lz—zoll-0
7=zl 2)

(4, B)vektorlarning skalyar ko’paytmasi .
AvaB (A =[ay,a;] B = [by,b;] (A4, B) = a;by + a;b,)

||z||-z vektorning yevklid normasi(z = [x,y] bo'lsal|z|| = /x? + y?)
Agar (1)tenglik o’rinli bo’lsa u holda

f(xo+a,y0)—f (xo, — £

M= zlzl—>0 o “yoa Co) = fx (X0,¥0) 3)
[ (x0.y0ta@)—f (xo, — g1

az — }lll;% X0,Yo aa (xo YO) = Y (x();y()) (4)

— f funksiyaning z, nuqtadagi x bo'yicha xususiy hosilasi
— f funksiyaning z, nuqtadagi y bo'yicha xususiy hosilasi
Shunday qilib ,agar f funksiya z, nugtada differensiallanuvchi bo’lsa u holda x va y o’zgaruvchilar har
biri bo’yicha differensiallanuvchi.Xususiy hosilalarning mavjudligi bilan biz funksiyani deya olmaymiz A =
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[ (x0, ¥0), f; (x0, ¥0)] funksiyaning z, nuqtasidagi gradienti deyiladi va f; (zy) yoki f'(z,) kabi
belgilanadi.
Agar g = [g1,92] € R? bo’lsin. f funksiya z, nuqtada g yo'nalish bo'yicha dif ferensiallanuvchi
deyiladi ,agar chekli limit mavjud bo’lsa
, L f@ota g —f(@) | f(xg+agy, Yo+ agz) — f(xe,¥0)
f'(zy,9) = lim =lim
alo a alo a
a | 0 Buyerdaa > 0 va @ —» 0 ma’nosini beradi. f'(z,, g) f funksiyaning z, nuqtadagi g
yo’nalish bo’yicha hosilasi deyiladi.
S; = {g € R?||lg|| = 1}bo’Isin bu birlik aylana.Funksiya barcha yo’nalishlarda differensiallanuvchi
bo’lsin.g, € S; yo’nalish f funksiyaning z, nuqgtada eng tik tushish yo'nalishi deb ataladi va

f'(20,90) = ”miP f' (20, 9)
gll=1

Xuddi shunday g, € S; yo’nalish f funksiyaning z, nugtada
eng tik ko'tarilish yo'nalishi deb ataladi va

f'(20,90) = ”ma_x f'(20,9)
gll=1

Endi faqat gradient yordami hal gilinadigan ba’zi muammolarni ko’rib chigamiz
1. f funksiyaning z, nugtada ixtiyoriy g yo’nalish bo’yicha hosilasini topish
f'(z0,9) = (f'(20), 9); (6)
2. f funksiyaning z, nuqtada yaqinlashishini ko’rsatish
f(2) = f(z0) + (f'(20), 2 — z9) + 0(llz — 2]); (7)
3. Minimum va maksimal uchun shartlarni tuzish : f funksiya z* nuqgtada minimal giymatiga yetishi
uchun quyidagilar zarur

f(z") =10,0] =0, (8)
f funksiya z** nuqtada maksimal giymatiga yetishi uchun quyidagilar zarur.
fz™) =0, 9)

Bu yerda 0, = [0,0] e’tibor bersak, maksimal va minimal uchun zaruriy shartlar mos keladi.
(8) va (9) shartlar maksimal va minimal nuqtada funksiyaning xususiy hosilalari nolga teng bo’ladi.Agar z,
nugtada f'(z,) = 0, bo’lsau holda z, nugtada f funksiyaning statsional nugtasi deyiladi.
4. Agar z, statsional nuqta bo’lmasa (ya'ni f'(zy) # 0) u holda eng keskin tushish va ko’tarilish
yo’nalishlarini topish mumkin;
f'(zo) o _ [0

I/ Co TGl
Bu yerda e’tibor bersak eng keskin tushish yo’nalishi eng tez ko’tarilish yo’nalishiga qarama qarshi bo’lib
ko’tarilish deyiladig, = —g° Shunday gilib eng tik tushishning yagona yo’nalishi va eng tik ko’tarilishning
yagona yo’nalishi mavjud.Ushbu yo’nalishlardan foydalanib minimum va maksimum topishning raqamli
usullarini qurish mumkin.

9o =
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JEMMA IBAPLA JJISI TAPMOHUYECKHUX ®YHKIIAIA

Axmanryuaesa Juiaadpys O0uakon Ku3u
dilafruzalimova42@gmail.com
Hayuonanvnvii Yuusepcumem Y3oexucmana umenu Mupso Ynyebexa

Teopema. (xnaccuueckas nemma ILllseapya ons edunuunoco kpyea). Ilpeononosicum, umo f:D —
D —ananumuueckoe omobpascenue {D: |z| < 1} u f(0) = 0. Knaccuueckas nemma [lsapya ymeepocoaem:

lf @I < lzlulf'(0)] < 1.

[IpuBeném nemmy llIBapria nmst rapMOHMYECKUX (PYHKIIMH.
Iycts S =S, = {w: |Rew| < 1} u S; = {w: |Rew| < w/4}. tg orobpaxkaer S; na D. [Tycts B(w) = %W u

fo= tg(g w). 3areM f; otobpakaet S, Ha D.
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1 .2 ) .

Ilycts ¥ < 1, Ag(2) = 1—:, HQ=i- Ind,, T.e. @ = @y o Ay, THE Py = i~ In. TIycts @ ompenencHo Kak
A . 4 . 4
@ (z) = —@(iz). HamomunmM, uto ¢ = —arctg sro obparHoe 3Hauenue fy. Cinenosarensho @' (0) = —u
4

eciu f — xoudopmuoe orobpaxenue D Ha Sy u f(0) = 0, torma |f'(0) = ~

Mo mpuHIMITY TTOAIUHCHUS,
(1) Ecnu f — ananutuyeckoe oroopaxenue D Ha Sy u f(0) = 0, Torma |f'(0) < %.

Amnayiorus Kiaccuueckoii temmMsl 11IBapua s rapMOHHYECKHX OTOOPaXKEHHIA.

Jlemma ([4]). ITycmo h: D > S, eapmonuueckoe omobpascenue u h(0) = 0. Tozoa Reh(z)| <
%tan_llzl U 9MO HepaseHCcmE0 Oyoem MOYHbIM 051 Kaxicoou mouku Z € D.

IMpumep. Tycms f,(z) = Rep(z) +iay u g,(z) = Rep(z) + ialmp(z). s a€R, f, u g,
aenaomest 2apmonudeckumu omoopaxcenusmu D na Sy u f,(0) = g,(0) = 0. IHockonvky |f;(0)] = |a| u
Ly, (0) = |a] %, Hem pa3yMHOU OYeHKU UCKANCEHUS 2APMOHUYECKUX YHKYUU, OMOoOpascarouux eOUHUYHbIL

Kpye 6 Noi0CY.

WNHTEepecHO OTMETUTh, 4YTO JIeMMa IIOKa3blBaeT, YTO MBI MOXEM KOHTPOJIHPOBATH POCT
JICHCTBUTEIBHON YacTH TapMOHHUYECKOTO OTOOpakeHus, KoTopoe oroOpaxkaer D Ha Sy u coxpanser
(uKcupoBaHHOE HAYaI0 KOOPIUHAT.

Ilycts Ay- runepOonmaeckas INOTHOCTH Ha . Torma
To1

Ao(w) = Hyps, (2) = zm-

Eciu F — ronomopgHoe otoOpaxenue u3 D B S, To 1o 1emme Anbdopca-IBapiia
Lo(F@)IF'(2)| <2(1—1z|»)71, z€eD.
Ucnonp3ys to, uto 1 — cos (%x) = 2sin? (g x) U HEPABEHCTBO %t <+2sint, 0<t < %, JIOKQXEM YTO

cos (gx) < 1—x2, |x| < 1, u mo3TOMY MBI HHOJTydaeM (Al)g(l —u?)" < Ao (w).
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TRANSLATION-INVARIANT GIBBS MEASURES FOR POTTS MODEL WITH COUNTABLE
SET OF SPIN VALUES ON THE CAYLEY TREE

G.1.Botirov, Z.E.Mustafoyeva
Institute of Mathematics

In this talk we consider of an infinite system of functional equations for the Potts model with competing
interactions of radius » = 2 and countable spin values 0,1, ... on a Cayley tree of order two. We describe
conditions on h, guaranteeing compatibility of distributions 1™ (,,). Also we give a description of the class
of measures v on @.

Let I'* = (V, L) be a Cayley tree of order k > 1. We consider a Potts model with competing nearest-
neighbor and prolonged next-nearest-neighbor interactions on a Cayley tree where the spin takes values in the
set @ :={0,1,2,...} . A configuration ¢ on V is then defined as a function x € V - a(x) € ®; the set of all
configurations is ®V.

The Hamiltonian of the Potts model with competing interactions has the form

H(o) = =] X<xy>05(x)0(y) — J1 2>%.9< S (x)0(y) 1)
xX,YEV X, YEV

where J,J; € R are coupling constants and & is the Kroneker’s symbol. As usually, < x,y > stands for nearest
neighbor vertices.
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The vertices x and y are called next-nearest-neighbor (NNN) which is denoted by > x, y <, if there
exists a vertex z € V such that x, z and y, z are nearest-neighbor. We consider NNN > x, y <, for which there
exist n such that x € W, and y € W,,,, this kind of NNN is considered with the three states Potts model.

For A c V denote by @4 the configuration space on A. Let h: x = hy = (hgx, Ry, ..) € R® beareal
sequence-valued function of x € V\{x°}.

Fix a probability measure v = {v(i) > 0,i € ®}.

Givenn = 1,2, ... consider the probability distribution p,, on ®"» defined by

'u(n) (Un) = Zﬁl exp(_ﬁH(Un) + erWn ha(x),x) HxEVn V(J(x))- (2)
Here, 0,,: x € V,, » o (x) and Z,, is the corresponding partition function:
Zy = Z&nE(DVn exp(—ﬁH(&n) + erwn h&(x),x) erVn v(6(x)).

Theorem 1. Probability distributions 4™ (a,,), n = 1,2,..., in (2), for a Cayley tree of order two, are

compatible iff for any x € V\{x°} the following equation holds:

hi, =F(hy, Ry B,]), i =12, .., ©)
where S(x) = {y, 2}, B = (hax — hox + 1n%, hox — hox + ln%, ..) and

1+Y % .q=0 exp{BJ(8ip+8iq)+I1BSpq+hyy+hy }

F;(hy,hy, B,]) =1n oz;+q;=0 .
‘( 2P ]) 1+¥ % g=0 €Xp{BJ(8op+80q)+J1B8pq+hy +hi 7}
P+q#0

Let, h, = h = (hq, hy,...) forany x € V. Now, we will rewrite (3) following form:
. 1+%% g=0 exp{BJ(8ip+8iq)+J1BSpq+hp+hy}
b =In2® 4] p+q£0

() 1+%% g=0 exp{BJ(Sop+80q)+/188pq+hy+hy}
p+q#0

From following determine u; = exp(h;),i = 1,2, ... we have
1+%5 g=0 exp{BJ(8ip+8iq)+J1BSpqlupuq

v (i) p+q=#0 .
u; = ,LEN. 4
Lov(o) 1425 g=0 exXp{BJ(Sop+80q)+J1B8pqItiply ( )
p+q#0

We describe solutions of (4) such that u; = a' for some a € (0,1) and the corresponding measure v.
In this case $2, u; = A = ——. From (4) we have
1+3% 40 eBI(Sop+80q)+11B8pq gp+q
v(i) = v(i,a) = v(0)a} - — B2 .
(l) (l ) ( ) 1+Z°§’q=0 eﬁ](sip+6iq)+]1ﬁ5pqap+q
p+q#0
Theorem 2. If 6,60 +6; —2 =0 (resp. 8 = 1) then for any a € (0,1) or a € (0;a*) (resp. a €
(0; a*)) and v(i) = v(i, @) there exists unique translation-invariant Gibbs measure u, which corresponds to
solution {u; = a'} of (4), where 6 = exp(JB), 6; = exp(J15) and

1
o = (-10763-2010%2-10560—19+3v/3V430%+13603+14602+640+11(36+1))3 = 6-1

9643 96+3
562%+50+2

+

2
+--
3 (36+1)-(-10763-20162-1056—19+3v/3V4360%+13603+146602+640+11(36+1))

1
3

1
(613+6912—6061+107+3\/§\/915—79§*—3Gf+142912—4-2091+387)§ 0-1
*%
a =

96,-3 96,-3

6#2-50,+10
+ 1 1

(961—3)(6f+6912—6091+107+3\/§\[915—79f—3913+14-2912—4-2061+387)%’
If 6, =1 then for any a € (0,1), 6 > 1 (resp. 6 < 1) and v(i) = v(i,a) there exists unique
translation-invariant Gibbs measure p,;
If6 < 1and@; = 2thenforanya € (0,1) and v(i) = v(i, a) there exists unique translation-invariant
Gibbs measure .
REFERENCES
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GOORDINATE CONSTANT TRANSLATION - INVARIANT GRADIENT GIBBS MEASURE
FOR FISHER MODEL ON A CAYLEY TREE

G.1.Botirov, M.A.Nazirov
Institute of Mathematics, Tashkent, Uzbekistan.

In this paper, we consider Fisher model (information) on Cayley tree of k > 2 (see [1]).

The Cayley tree T*of order k > 1 is an infinite tree, i.e., a graph without cycles, such that exactly k +
1 edges originate from each vertex. Let I'*= (V, L) where V is the set of vertices and L is a symmetric subset
of V x V, called the edge set. The word ”symmetric” means that (x,y) € L iff (y,x) € L. Here, x and y are
called the endpoints of the edge < x,y >. Two vertices x and y are called nearest neighbors if there exists
an edge [ € L connecting them and we denote [ =< x,y > (see [3]).

For any height configuration ¢ = (6(x)),ey € Z¥ and b =< x,y >€ L the height difference along
the edge b is given by Vo, = o, — g, and we also call Vo the gradient field of . The gradient spin variables

are now defined by .~ = 0, — o, foreach < x,y > € L. Let us denote the space of gradient
configurations by Q¥ = ZL (see [2]).
We consider Fisher information as a model (see [1]).

H@) = Y a0~ o0 2D s ompen, @)

<x,y>
where wg(x)4(y) — the weight of edge (x,y) € L.
From [2] we get normalisable the boundary law equation
k

—pfay (Ini 214 i i
e " L+ Y exp{—ﬁw,j(lni—lnj)z-ﬂ}zj
- e\ 2 @)
' o 14 ] '
4+ z exp{_ﬂa)lj(ln J) 'T}'Zj
je0 {13
We set
_ ni2<i+—1 i i 1
w=2, g=¢""2 o —expt-poyini-in iy 2L, 6, —expi-py,in 2L,
z

From (2), we obtain
k

b+ D 6y

ui — jeb \{1} ) (3)
1+ ) 6;-u,

jen \{1}

i1

Then from (3) it is easy to become following

) B’
Assume u; =u, 6 =6, Zﬁij :{A
j=2

equation

<1+x)k
a-x= ,
b+x
L B

where a = BRHL b= 24" (5)

4

2
Lemma 1. Equation (4) withx > 0, k > 1, a,b = 0 has a unique solutions if either k = 1 or b < (E) Af

k+1

2
k>1andb > (ﬁ) then there exists v, (b, k), v, (b, k), with 0 < v, (b, k) < v, (b, k), such that the

equation has three solutions if v; (b, k) < a < v,(b, k) and has two either a = v,(b, k) or a = v,(b, k). In
fact:
1 (1+x\K

bR =2 (G5

where x;, x, are the solutions of
x2+2-(b-1Dk-1D]x+b=0.
The translation-invariant Gradient Gibbs measure corresponding to u; = u, Vj € Z, is called a

coordinate constant translation-invariant Gradient Gibbs measure (CCTIGGM).
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Theorem 2. For the Fisher information model the following assertion hold

. k+1)2 . . ]
1) ifk>1,b< (ﬁ) then there is a unique CCTIGGM;

k+1
k-1

2
3) ifk=2b>= (%) and v, (b, k) < a < v,(b, k) then there are three CCTIGGM, where

parameters a, b, v;, v, are defined in (5) and Lemmal.

2
2) ifk=2,b>= ( ) and a = v,(b,k) or a = v,(b, k) then there are two CCTIGGM,;

REFERENCES
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23, 2019. https://doi.org/10.1214/19-EJP364
[3] Rozikov, U.: Gibbs measures of Potts model on Cayley trees// World Scientific 2013, 384pp.

O CJABO NEPUOAYECKNX THBBCOBCKUX MEP JIUISI OJTHOM MOJEJH

K. JexxoHoB
Anoudicanckuii 2ocyoapemeennoiil ynueepcumem, Anoudican, ¥Y3oexucman, dehgonovjasur@bk.ru

K _ .
Hycrs 7° = (V, L),k >1 ectb nepeo Konu nopsinka K , T.e 6eckoneunoe 1epeBo, U3 Kax 10 BEPIIMHBI
k
KoTOporo Beixoaut pasHo K +1 pebep, rne V - muokectBo Bepmmn, L - MHOKeCTBO pebep 7.
k
U3BECTHO, UTO 7" MOKHO TIpeacTaBuTh Kak G, - cBo6oanoe npoussenenne K +1 muknuyeckux rpymm

BTOPOr'o nopsAaka.

n
Jlns  mpomssonbHoit  Touku X' €V nmomoxum W, ={xeV |[d(x°,x)=n}, V = UNm,
m=0

L, ={<x,y>eL|x,yeV,}, tne d(X,Y)-paccrosuue mexxay X u y Ha nepese Konu, T.e. uncio pebep
IyTH, cCoequHsIoNee X u Yy .

Iycts ® ={-1,1} u 6 € Q = ®" xoudurypauus, To ectb o ={c(X) e D:xeV}.

PaccMOTprM raMUIIBTOHHAH MOjien M3uHra

He)=-3 > a(Xa(y), )

<x,y>eL

rae J € R, <X,y > - ommkaiitime cocenu.

NzBectHo [1], uTo xaxmoit mepsl ['ub6Oca Monmenu M3uHTa COOTBETCTBYET COBOKYMHOCTH BEIHYWH
h={h,,xeG,} ynosrersopstouiue

h,= Y f(h,,0), )
yeS(x)
rae S(X) - maoxkecTBO "mpsambix noromkos" Toukn X €V u f(x,6) = arcth(éhx),
1
6 =th(Jp), B = ?,T > 0 Temneparypa (cm.[1]-[5]).

B pa6orax [3]-[5] moka3aHo, uTo Ha nepeBe Kanu mopsiaka aBa OTHOCUTEIFHO HOPMAIBHOTO JCTUTEIS
WHJIEKCA JBa HE CYIIECTBYeT ciabo-mepuoanyeckas mepa ['mbbca. B atoit pabore nokazaHo, 4TO
OTHOCUTEIIFHO HOPMAIIFHOTO JEJMTENs WHJEKCa YeThIpe JOKa3bIBAETCS CYNIECTBOBaHHUE HOBBIX ClIa0o0-
nepuoanyeckux Mep ['mb0ca Ha nepeBe Kamu nopsinka nBa.

Tiycrs G, /G, ={H,,..., H,} - baxrop rpymma, rne G, - HopManbHbIit emutens nanexca I > 1,
Onpeneaenne 1. CoBokynHocts Benmuune h ={h,, X € G, } nassiBaercs G, -nepuoduuecxot,
ectn hy, =h, s VXxeG,,ye ék . G, -nepuonuueckass Mepa HasbIBACTCS — MPAHCIAYUOHHO —

UHBAPUAHMHOLL.
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Jlna X € G, o6o3uaunm uepes X, ={y € G, :<X,y >} S(X).

Onpenesenne 2. Cooxynnocts Bemmunn h ={h,, X € G, } naswiaercs G, - crabo
nepuoouueckoi, ecnu h, = hij ,mpu Xe H;, X, € Hj s VXeG, .

Onpenenenune 3. Mepy 4 Ha3bIBalOTCA C_Ek -(cnabo) nepuoduueckoii, €Ci OHA COOTBETCTBYET C_Ek -
(cmabo) neproaNYECKOl COBOKYMHOCTH BEMMYUH .

Iycte Ac{1,2,...k+1}u H, ={xeG, : ZieAWX (8;) —uerno}, rue W, (8;) — uucio Gykssl @; B
ciose Xe G, , G? ={xeG, :| x| - uerno } u G = H, N G? - coorsercTBytomumii eMy HOpMaTbHbIi
JIEIUTENb HHIEKCa 4.

Pacemotpum daxrop rpymmy G, /G ={H,,H,,H,,H.}, rze

Ho ={xeG, : ZWX (a;) -uetno,| X | —uerno}, H; ={x e G, : ZWX (a;) -neuerno,| X | —4erHo },

icA icA
H, ={xeG,: ZWX (a;) -uetno,| X | -Hewerno}, Hy ={x € G, : ZWX (a;) -neuerHo, | X | -HeueTHO}.
icA icA

Jns Gé‘” -cnabo mepuonuveckas Mep I'mb0ca mpu HEKOTOPBIX YCIOBHUSX C MOMOLIBIO (2) MOIy4yeHO
CIIeIyIOIINE CUCTEMAa YPaBHEHUS
L = (k=1 f(h,,0)+ f(kf(h,,0),0)
h, = (k-1 f(h,60)+ f(kf(hg,6),0)
h, = (k-1 f(hg,8) + f(kf(h,,6),0)
hg = (k1) f (h,,0) + f (kf (h,,0),0)
rre £(h,0)=L1n A+6)e" +(1-0)
2 1-0)e"+(@1+06)

Pacemotpum otobpakenne W : R* = R* onpenensieres npasoit uactsio (3).

3)

Jlemma. Oro6pakenne W umeeT cieyrolie HHBAPUAHTHBIE MHOXKECTBA
4ip _ _ 4o _h - _
l,=fheR*:h =h =—h,=—h;} 1, =fheR*:h =h,; h, =h|
Ananusupyem cucteMmy (3) Ha HHBApUAHTHBIX MHOXKecTBax |, J =1,2 nokasano crenyroumas.

Teopema. ITycts k=2. Torma mpu a <3 me cymecrsyer G\”-cmaGo mepmommueckue (ne

.. 4
TPaHCISIIMOHHO-HHBApHAHTHBIE) Mepbl ['MO0ca; npu ¢ > 3, Torja CyIeCTBYET HE MEHEE YeThIPEX G,E ).

ciabo nepuoandeckre (He TPaHCIAIUOHHO-HHBAapUaHTHEIE) Mepbl [ 1b0ca s monenu M3unra.
3ameuanue: OTMETUM,UYTO [T MOJIe M VI3HUHTA TPU YCIIOBUSAX TEOPEMBI MOT'YT CYIIIECTBOBAT U IPyTHUE
ci1abo nepuoanueckue Mepsl ' nooca.
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CJIABO MEPHOIMYECKOMN MEPBI TUBECA JJISI MOJEJIU ITIOTTCA OTHOCHUTEJIBHO
HOPAAKA AEJIUTEJA UHIEKCA YETBIPE

K.K. lexxoHoBa
Hamaneanckuii 2ocyoapcmeennviti ynugepcumem, Mazucmpanm

Jepeso Komu T K nopsiaka K >1— Geckoneunoe iepeBo, T.€. rpad Ge3 UUKIIOB, U3 KAKIOH BEPIIMHbI
KOTOporo BeIxomut poBHO K +1 pe6ep. Iyers T* = (V, L,i), rue V — ects muoxectso Bepumn T, L—

€0 MHOXXECTBO peGep, u | - (bYHK]_II/IH HUHIUJACHTHOCTHU, COIOCTABJIAIOIIAA KAXKIOMY p€6py I el €ro
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xonuesbie Touku X, Y €V . Ecim (1) ={X, ¥}, To X u y HaswBaroTcs 6auorcativiumu cocedsmu eepuiun u
o6o3Hauaerca | =(X,y).

PaccrosHue d(x,y),x,yeV Ha nepese Konu onpeensercs bopmynoii
d(x,y)=min{d | 3X = Xg,X;,..., X4_1, Xg = Y €V makou, umo  {Xy, X1 )s---1{Xgq_1, X4 )}-

Jinst huxcuposanroro X° €V o6osmaunm W, ={x eV | d(x,x°) =n},

V.o={xeV | d(x,x°)<n}, L, ={I=(x,y)eL | x,yeV.}.

Jus X €W, nonoxum S(X) ={y eW,,, :d(x,y) =1}.

U3BECTHO, YTO CYIIECTBYET B3aUMHO OJHO3HAYHOE COOTBETCTBHE MEXKIy MHOXKECTBOM V BepIIMH
nepesa Konn nopsiaka K >1 u rpynmoit G, , sBnsometics cBo6oaubv npomsseneanem K +1 nuxmmaeckux

IpyII BTOPOro Nopsiaka ¢ 00pasyomumu a,,a,,...,a,,; , COOTBETCTBEHHO (cM. [1]).

MBI paccCMOTpHM MOJIC/b, TJIe CIUHOBBIC MEPEMCHHBIC NPUHUMAIOT 3HAYCHHS W3 MHOXECTBA
®={12,...,q}, =2 u pacnonoxeHsl Ha BepmIMHAX jepeBa. Torga xouguzypayus o ua V
onpenensercs kak Gpyuknus X €V — o(X) € O ; MHOXKecTBO Beex KoH(UTrypamuii coBnagaer ¢ ) = DY,

INamunbronuan monenu IlorTca onpenensiercs Kak

H(o)=-J Z ooy (1)

(x,y)eL
rae J € R, X,y — Omwkaiimme cocenn u J; — cumpoi Kponekepa.

N3BectHo [ 1], uro kaxkaon Mmepe I'm60ca s moaenu [lorrca Ha aepere Kanu nopsinka
K > 1MO0KHO COMOCTaBUTh COBOKYITHOCTH BEKTOPOB

* —
h X - (hl,x""’ hq—l,x)
YIOBJIETBOPSIIOIINX YPAaBHEHUSM

h*x = Z F(h*y,e), (3)

yeS(x)
1
e 0=e, p= T T>0u  ¢ysxums F(-0) : R — R onpenenena  creayiommm — 06pasom:

F(h,0) = (F(h,6),....F,4(h,0) ¢

gq-1
(0 -1)exp + ) expi +1

=1

i q-1

0+ exp'i

j=1
ree hy, = (h,..., hqfl), i=12,..,q9-1.
Tycrs G, /G, ={H,,..., H,} - baxrop rpynma, rie G, - HopmanbHbiii emutens nunexca I > 1,
Onpenenenne 1. Cookynnocts Benmmunn h ={h,, X € G, } naswiBaercs C_-)k -nepuoouuecKol,
ectn hy, =h, s VXxeG,,ye G,. G, -mepronmueckas Mepa HA3BIBACTCA  MPAHCIAYUOHHO —

UHBAPUAHMHOU.

st X € G, 0603HaunM yepe3 (Xi): {y eG, :<x,y>}S(x).

Onpenenenne 2. Cosoxymocts semmann h ={h,, X € G, } nasssaerca G, - crabo
nepuoduyecroii, ecmu h, =hy , mpu Xe H;, X, e H; nma VxeG, .

Onpenesnenue 3. Mepy 4 Ha3bIBaIOTCS Gk -(cnabo) nepuoduueckoii, €Cii OHA COOTBETCTBYET Gk -
(c1abo) nepHoNUEcKoi COBOKYMHOCTH BEIMYUH N .

Mycrs Ac{1,.2,..k+1}u H, ={xeG, ZZiEAWX (8;) —uerno}, rme W, (8,) — uucno GykBbl @; B
ciose Xe G, , GP ={xeG, :| x| - uerno } u GY =H, N G? - coorsercrByiomyii emy HopManbHbIii

JIETUTENb HHICKCa 4.
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Paccmotpum daxtop rpymmy G, /G ={H,.H,,H,, H.}, Tze

Ho ={xeG, : ZWX (a;) -uetno,| X | —uerno}, H; ={x e G, : ZWX (a;) -neuerno,| X | —4erHo },
ieA icA
H, ={xeG,: ZWX (a;) -uetno,| X | -Hewerno}, Hy ={x € G, : ZWX (a;) -neuerHo, | X | -HeueTHO}.
icA icA
T G -cna6o nepuommueckas mep Tu66ca Mpu HEKOTOPHIX YCIOBUAX ¢ TIOMOIIBIO (3) TOMyYHeHO
CIIEYIONINE CHCTEMA YPABHEHHUS

2, = T(f (z;)) F*(2,),
z, = F(f*(z5))- 17 (20),
z, = F(F4(z0)) T (),

zg = F(£¥(2,))- 17 (z7).
@+q-2)-z+1
(q-1)-z+0

AHanm3 cucreMy ypaBHeHUs (4) maeT cieayromast.

(4)

rae f(z,0) :%In

Teopema. [Tycts K =2,0 =3. lns monenu Ilorrca Bce G¥ -cna6o me noauueckue mepsl I'ndoca
k
SIBIISIOTCS TPAHCISIIIMOHHO-HHBAPHUAHTHBIMH.

JUTEPATYPA
1. U.A.Rozikov Gibbs measures on Cayley trees (World Scientific.,2013).

2. M.M.Rahmatullaev. TM®, 180:3 (2014), 307-317.
3. M.M.Rahmatullaev. TM®, 176:3 (2013), 477-493.

EXAMPLE OF QUADRATIC STOCHASTIC PROCESSES OF TYPE (13|a).
O. Ismanjanov

Namangan State University, Namangan, Uzbekistan,
olimjon2300032@gmail.com

The Kolmogorov-Chapman equation (KChE) gives a fundamental connection between probabilistic
transitions. Namely, it is known that (see, for example, [1]) if each element of a family of matrices satisfying
KChE is stochastic, then it generates a Markov process. In [2], the authors study the Markov process of cubic
matrices, which is a two-parameter family of cubic stochastic matrices satisfying the KChE. They fix the
stochasticity of cubic matrices and fix the rule for multiplying cubic matrices. The main issue of this study is
to describe the dynamics of the process given by cubic matrices. This question is very important in the theory
of dynamical systems in order to know the future evolution of the system.

Denote | ={0,1,2,3,...,n—1}. Let Y be the set of all N°-dimensional cubic matrices over the
field of real numbers. Denote by E ; , i, j,k € I the basis cubic matrices in Y. In [3], define the following
multiplications for basis matrices Eijk :

B *a Binr = %4 Bia(jmyrs 1)

where 5k| is the Kronecker symbol, @: 1 x | — | is an arbitrary associative binary operation.

Imr

Denote by o, the set of all associative binary operations on l.
Then for any two cubic matrices A= (), B = (b, ) € Y the matrix A*, B =(c;, ) is defined

Cijr = Z Zailkbkmr" ()

Ima(l,m)=j k
Note that C;, =0 for J such that {Lm:a(l,m)=j}=0.

by
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n-1
A cubic matrix P = (pijk)ﬂ]%kzo is called (1,3) -stochastic if Py, > 0 and Z Py =1 forall ]
i k=0

n-1
Let parameters S > 0, t >0 are considered as time. Denote by M ™! = ( pLeY ) _acubic

i,jk

matrix with two parameters.
Definition 1 ([4]). A family {M [+1.5>0,t> 0} is called a Markov process of cubic matrices

(or a quadratic stochastic process (QSP)) of type (13| a) if for each time S and t the cubic matrix M
is (1, 3) -stochastic and satisfies the Kolmogorov-Chapman equation:

MET=METsx MY foral 0<s<rz<t. 3)
The equation (3) has the following form
[s.t] _ [srlplet]l i
R = Z anks Per » V1, ], T el (4)
Ima(l,m)=j k
[0 _ N plstl 1 54 _ [ st}
st] s, sit] s, . . .
Denote Q;;" = ZO I:’ijr , U —( ir )i,r:o' The following lemma gives a connection between
J:

stochastic matrices.
Lemma 1. The matrix M5! Z(Rj[ks't]), with F’ij[lf”t] >0, is (1,3)-stochastic if and only if the

n-1
corresponding matrix [ [) satisfies Z q.[s't]

ir
i,r=0

n.

n-1

For convenience of the writing of cubic matrix M ™) = ( Pij[ks‘t])_ o e introduce square matrix
1, )K=

MET=(PEIY" i=0,0,..,n-1.

! j.k=0

For simplicity let us consider the case N = 2. Write a cubic matrix M (1 i the following convenient

form:
[s,t] [s,t] [s,t] [s.t]
M [s.t] _ [Pooo I3001 I3100 I:)101 j )
[s.t] [s,t] [s.t] [s.t]
Pow P P R
This matrix generates QSP of type (13| a) if and only if
[s.t] [s.t] [s.t] [st] _
Poo +Fooi +Roe +Ror =1
[s.t] [s.t] [s.t] [st] _
Po + R + R + Ry =1, (6)

P[S,t] + P[S,t] — q.[_S‘t]’ i’ j = 0’1

i0j ilj ij
. . o 1( ¢()
Let ¢ is an arbitrary function with ¢(S) =0 and f (S,t) = —[— +1j.
4\ ¢(s)

Theorem. The matrices

M [st] _

N N N
N N N
N N
Nl NP

generate a QSP of type (13| a). The matrices
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f(s,t) f(st)  f(st) 1-3f(st)

M= g 1 1
Sof(st) Z-f(st) -
AL CL A

generate a discrete-time QSP of type (13]a).
REFERENCE

1,nmell,n<m,
f(s,t) 3f(s,t)—§
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ON DYNAMICS OF A NON VOLTERRA QUADRATIC STOCHASTIC OPERATOR
U.U. Jamilov, S.M. Rajabov

V.I1. Romanovskiy Institute of Mathematics;
e-mail: jamilovu@yandex.ru, e-mail: rajabovs90@mail.ru

Let

smt ={x=(x1,x2,..., Xn) €R™ 1% >0, for anyiand > x =1}

i=1

(m-1) -dimensional simplex. A map V of S™into itself is called a quadratic stochastic operator (QSO) if

(VX), = Z Pij X X; 1)
=
forany X € S™and forall K =1,..., M where
Pik 20, Pijx = Pjixs Z Pk =1 2
k=1

The trajectory  {X™}"= of an operator V for a point X € S™ ™ is defined by X" =V (x™)
forall N =0,1,2, ..., . Denote by @, (X®) the set of limit points of the trajectory {xMy=r.

Definition 1. A point X € S™ is called a periodic point of V if there exists an N so that
V " (x) = x. The smallest positive integer N satisfying the above is called the prime period or least period

of the point X . A period-one point is called a fixed point of V , denote the set of all fixed points by FIX(V)
Let D(V(X)) = (8Vi 10X, )(X*) be a Jacobian of V' at the point X .

Definition 2. A fixed point X is called hyperbolic if its Jacobian D(V (Xx')) has no eigenvalues on
the unit circle. A hyperbolic fixed point X" is called:
i) attracting, if all the eigenvalues of the Jacobian D(V (X)) are less than 1 in absolute value;

ii) repelling, if all the eigenvalues of the Jacobian D(V (X")) are greater than 1 in absolute value;

iii) asaddle, otherwise.
Let us consider a non-Volterra QSO defined on the two-dimensional simplex which has the form

% =0,5% +0,5% + X X, + X,X,,
V iaX, = 0,5%7 +0,5% + XX, + X, X, (©)
X, = 0,5%X% +0,5%7 + X, X, + X, X,.
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Theorem 1. For the QSO (3) the following statements are true:

) Fix(\/)={c=@;%;%j}

ii) The fixed point ¢ is an attracting ;

iii) (X ) = {c} for any initial point X e $™".

REFERENCES
1. R. N. Ganikhodzhaev. Quadratic stochastic operators, Lyapunov functions and tournaments. Sh. Math. 76
(2) (1993), pp. 489 — 506.
2.U. U. Jamilov. On a family of strictly non-Volterra quadratic stochastic operators. Jour. Phys. Conf. Ser.
697 (2016), 012013.
3. U. U. Zhamilov, U. A. Rozikov. On the dynamics of strictly non-Volterra quadratic stochastic operators on
a two-dimensional simplex. Sh. Mat. 200 (9) (2009), pp. 1339 — 1351.

DYNAMICS OF QUADRATIC OPERATORS DEFINED ON A TWO DIMENSIONAL SIMPLEX
OF IDEMPOTENT MEASURES

Juraev I.T.
V.1.Romanovskii Institute of Mathematics, Uzbekistan Academy of Sciences

Theorem. [1] A quadratic operator P = (pijvk):’j . with P < Omaps |, to itself, if and only if it

k=
satisfies one of following conditions:
i) Each k -th matrix contains exactly one non-zero row and exactly one non-zero column: In each k -

th matrix all of elements except i, -th row and i, -th column are zeroes. Where i; # i if j=m (i=1n,
j=Ln,m=Ln k=1n);

i) P has at least one zero matrix (3M < N such that all of elements of m -th P, = (pij’m)i“yjz1 matrix
consists of only zeroes).

Definition. ([2]). Recall that fixed points of P: 1 — 1, are solutions to P(x) = x.

Denote by FiX(P) the set of all fixed point of P . Let’s find fixed points of quadratic operator
P:l, > 1,.

Preposition. [1] If n =2 and condition (i) of the theorem is satisfied, then the set of the solutions of
the equation P(X) = X will have the following form:

( 1 , OJ if py, #0;
pll,l

Fix(P) = (O, ! Jif Py, #0;

p22,2

M)

(0, 0) forall other cases

When we map the non-fixed points by using quadratic maps they will change their coordinates. In this
paper our aim is to find the trajectory of non-fixed points if we use quadratic maps to them so many times. In
other words, we should find the solution of the following limiting:

lim P (x)= lim P(P(P(. (P(x)..) @

Let’s see the case N=2. For getting the trajectories of quadratic maps which map |, to itself we use

111 p22,2

results of the theorem 2. There are three fixed points: [ ! ,o], [0, 1 ] and (0, 0). These results are found
by using quadratic operator P(2;1,2)-
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Definition. [2] Suppose X, is a fixed point for F(X). Then X, is an attracting fixed point if
|F'(XOX <1. The fixed point X, is a repelling fixed point if |F'(x, | >1. Finally, if |F'(x,)=1, the fixed point

called neutral or indifferent.
We are going to describe dynamical system of the quadratic operator in case n=2. We have got

following system for the quadratic operator P(2;1.2)3

P(z 1 z)(X) =X= {Xl - pll,lxl2 + (plZ,l + Py )Xlx2

2
Xy = Poy Xy + (p22,l + p21,2)X1X2
We know that, at least one of these elements is zero. Following cases are possible:
Case 1. Let’s X, <0, X, =0. So, we get one dimensional function as: P(x)= p.1;X. . Solutions of

the equation P(x)=Xx are x, =0 and  __1

111

(pm * O), hence the fixed points are (0, O) and ( 1 ’OJ'

pll,l

We should to find derivative of this function. So we’ll get following: P'(X)=2p,;,X,

1.1) The fixed point X, = L (pll‘l * 0) is a repelling fixed point for the function P(xl)z p11,1X12
111

1

because from the definition we get \P ‘2 Pi1a X ‘ 2Py,

=2>1. So, the fixed point [i 0]

111 pll,l
is a repelling fixed point.

1.2) The fixed point X, =0 is an attracting fixed point for function the P(Xz) = p11,1X12 because from

XIX = ‘2- pmxl‘ =‘2- Pi1y -0‘ =0<1. So, the fixed point (O, 0) is an attracting
fixed point.
Case 2. Incase X, =0, X, <0. So, we’ll get one dimensional function as: P(x)= Py 2X5 . Let’s find

derivative of this function: P’(X)=2p,, ,X,

2.1) The fixed point x, = (pzz'2 #* O) is a repelling fixed point for the function P(X): p22,2X22

22,2

1

because from the definition we get |P'(x, ) =[2- p,, ,%,|= =2>1. S0, the fixed point [0, L J is

p22,2

2:Pyyy- 0

22,2

a repelling fixed point.
2.2) The fixed point X, =0 is an attracting fixed point for function P(X): pzmxz2 because from the

definition we get |P x2 ‘2 P, zxz‘ ‘2 s O‘ =0 <1. So, the fixed point (0, 0) is an attracting fixed
point.

(L )

In case when we use quadratic operator P(z;m), if we use this operator only one time all of the points

n |, become fixed point as (0, O). That’s why, we don’t need to research them.
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UHTETPAJIBHBIE ITPEJICTABJIEHUS THIIEPTEOMETPUYECKOM ®YHKIUU KAMIIE JIE
®EPUET F2'[X,Y]

Komunos A.
Depeanckuil 2oc. ynusepcumem, Hamanean, Yzoexucman,
komilov040498@mail.ru

Bonbmioii maTEpEC K TEOPHH TUIIEPTEOMETPUIECKUX (PYHKIMH CBA3aHO B OCHOBHOM TE€M, UTO pellICHHE
MHOTHUX NPHUKIAIHBIX 337a4, BKIOYas 3a/1a4M TEIUIONPOBOJHOCTH U Ta30BOM TMHAMUKH, 3JIEKTPOMarHuTHbIE
KoysieOaHusl, KBAaHTOBOM MEXaHWKM W TEOpUs MOTEHUHAJIA MOXHO HOJIY4UTh C  I[IOMOIIBIO
TUIEPreOMETPUUECKUX (BBICIINX Y CIIELHAIbHBIX WIN TPAHCUEHACHTHbHIX) GyHKUui. Takue GyHKIUM YacTo
Ha3bIBAIOT CTICIHATBHBIMH (GYHKIUSIMH MaTeMaTHIeCKON (Qr3HKH.

B sTOM noknane mokas3pIBaeTCsl MHTETPaIbHbIC IPEACTABICHUS IJIsl TUIIEPTeOMETPHUECKON (DYHKIIUH

211
ABYX TICPEMCHHBIX F1;1;1 [X, y] TPETHLECI0 IMOopsaAKa, TO €CTb pacCMaTpuUBACTCA (byHKIlI/IH U3 KJacca

runepreomerprueckux Gpynkmuii Kamme ne @epuer nByx nepeMeHHbIX (cM. [1, 19]):

F Pak (ap):(bq);(ck)' - H (aj)HSH (bi)rH (Ci)s

xX"y®, @)

I:m;n . . ’. XY= z | m n
(@): ()91 55 T (a) TT (81T (7)), rs!

obnacte cxogumocta psga (1.1) onpenensiercst cueayomuM 00pa3oMm:
ecn p+q<l+m+1 p+k<l+n+l 1o |X <o, |y|<oo,

1 1
ecmuke P+q=Il+m+1 p+k=1+n+1 1o |X|p1 +|y[p1 <1 mpn p>1,

p
wmax |yl <L p<hou [T () = (@), (@), (35),,.
i1

OrmernM, uro ¢yHKuuM Pumana w©  ¢yHZaMeHTaIbHbIE PELICHUS  BBIPOXKIAFOLIMXCS
I QepeHInaNbHBIX YPAaBHEHUH B YaCTHBIX HPOM3BOAHBIX BTOPOTO MOPSAJKA BBIPAKAIOTCS C MOMOIIBIO
THIIEpPreoMeTPHUYeCKIX (DYHKIIMHA MHOTHX NepeMeHHbIX. [103ToMy mpH MccieloBaHUM KpaeBbIX 3alad JUls
YpaBHEHUH B YaCTHBIX MPOU3BOJIHBIX HaM HEOOXOJUMO M3YYHUTh PEIICHHE CHCTEMbI THIIEPreOMETPHYECKHX

(bYHKIUI 1 HAWTH SIBHBIE JIMHEWHO He3aBUCUMBbIE perieHus. DyHkuus Fl:‘:r;?r;k COJIEPKHT OOJIBIIIOE KOIUIECTBO

¢bynkuumii Tna Anmens. 31eck Mbl BeIOMpaeM GpyHKIMN Fl;zl;;11;1 [X, y] ONpEAESAEMBIN CIENYIOIINM IBOHHBIM

psgom (em. [1, 3]):

Fl_zl;_ll;{ai, b y} 3 (B (B (P () o 2
. d;e; f; mno (d)_ . (e) (f) min!

Tae ai,az,b,c,d,e, f €0 mnocrosiaHbIC quciaa, IpuieM d,e, f we sBusOTCH OTPHULATEIILHBIMUA [EJIBIMUA

wcnavn a (@) =a(a+l)(a+2)---(a+r-1), (a),=1 (a), =C(a+r)/C(a) obosnauenue

IMoxrammepa (Leo Pochgammer) [2], T’ (a) - ramMma pyHKHa Dinepa.

Teopema 1. Ecmu Bemonmsiorcss HepasenctBa Ree > Reb, >0, Re f, >Rec, >0, 0 umeer wmecro

HUHTCTPAJIbHOC NPCACTABJIICHUC
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", ,a,:b;c; T(e)T'(f
S R

d;e; f; I'(b)I'(c)T'(e—b)I'(f—c) @
11
><” it (1—5)”’_l (1—77)”_1 F(a,a,;d; x5 +yn)dédn, Ree>Reb >0, Re f >Rec>0
00
rJe runepreomerpuueckas Gpynkims Fayce
& (@), (8)
Fla,Biyix)=), ———="x" X <. (&)
Teopema 2. Ecmu Beimonusiorcss HepasenctBa Red >Rea >0 t1o wumeer Mecto uHTerpanbHoe
Tpe/ICTaBICHHE
11| &,8,;b; ¢
i e |- 5
r(d) (®)

- [ et TR, (a,:b,cie, %, yE)dE, Red >Rea, >0,
Fayr a)) & TR s RedzRen

I7ie TuIepreoMerpudeckas QyHKIUs Anmnesns

& (@), (8),(8)
F(o B Bir 7 X Y) = min 22 Im 272 v x|+ |y] <. (@b
2( 11 P2:713 72 ) mZﬂ;() (71)m(72)nm!”! {| | | | }
Jns mokaszarenbcTBa TEOpeMbl 1 U 2, HY)KHO Pa3jioKUTh MOJBIHTErPajibHbIe (QYHKIMUA B DS U OMCHSTh
olepali CyMMHPOBAaHHE U HHTETPUPOBAHUE.
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ALMOST INNER DERIVATIONS OF THIN LEIBNIZ ALGEBRAS
Tuuelbay Kurbanbaev

Karakalpak State University, Institute of Mathematics named after V.l. Romanovsky
tuuelbay@mail.ru

In this note, we will consider almost inner derivation of naturally graded complex thin Leibniz
algebras. In [4], the following theorem is given, which classifies the naturally graded complex thin Leibniz
algebras.

Definition 1.1 An algebra £ over a field I is called a Leibniz algebra if for any X,y,z € £, the

Leibniz identity
[x. [y, zI1=[[x y]. zZ]-[[x. z]. ]

is satisfied, where [—,—] is the multiplication in £ .
Let £ be a Leibniz algebras. For each a € £, the operator R, : £ — £ which is called the right
multiplication, such that R, (y) =[y,X],y € £, is a derivation. This derivation is called an inner derivation

of £, and we denote the space of all inner derivations by InDer(£).

Now let us give the definitions of the almost inner derivations for the Leibniz algebras.
Definition 2 [1]. 2 The derivation D € Der(£) of the Leibniz algebra £ is called almost inner

derivation, if D(x) €[x, £] holds for all X € £; in other words, there exists a, € £ such that D(x) =[x,a,].
The space of all almost inner derivations of £ is denoted by AID(L).
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Theorem 13 [2]. Up to isomorphism, there are three naturally graded complex thin Leibniz
algebras, namely,

L: [e.el=e, [e.e]l=6, 122
L: [e.e]l=¢e, [e.e]l=¢, i23
L: [e.e]l=e, [e.el=-€, 122
where {e,,e,,€,,...} are bases of the algebras L;,L,,L, and other products vanish.
The following theorem is main results.

Theorem 2.4 Let £ be the naturally graded complex thin Leibniz algebra. Then any almost inner
derivation on naturally graded complex thin Leibniz algebras is inner derivation.
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PERIODIC GIBBS MEASURES FOR THREE-STATE SOS MODEL WITH PERIODIC
EXTERNAL FIELD ON A CAYLEY TREE

M. M. Rahmatullaev

Institute of mathematics after named V.l.Romanovsky, mrahmatullaev@rambler.ru
0. Sh. Karshiboev.

Chirchik state pedagogical institute of Tashkent region, okarshiboevsher@mail.ru

In this work, we study periodic Gibbs measures for the three-state SOS model with a non-uniform
external field on a Cayley tree. The Cayley tree T'* of order k >1 is an infinite tree, i.e., a cycles-free graph
such that from each vertex of which issues exactly k +1 edges (see [1],[2],[3]). We denote by V the set of

the vertices of tree and by L the set of edges of tree. The distance on this tree, denoted by d (x, y) is defined

as the number of nearest neighbour pairs of the minimal path between the vertices Xand y (where path is a

collection of nearest neighbour pairs, two consecutive pairs sharing at least a given vertex). The Hamiltonian
of the SOS model with external field is

H(J):—J Z |G(X)—0(y)|—2a0(x)]x, 1)

(xy)ev xev
where the first sum runs over nearest neighbour vertices (X, Yy), the spins G(X) take values in the set
®={0,1,...,m},m>2, JeR is the coupling constant and ¢, = (%,w%,x’---’ Ay ) e R™is the external
field. For a fixed x° €V, called the root, let

A Z={XEV :d(x,xo)sn}, W, ::{x eV :d(x,xo)zn},
be respectively the ball and the sphere of radius nwith center at x°. For X eW, et
S(x)= {y eW,,,:d(y,x) :1} be the set of direct successors of X.For x eV \{xo} —h = (hovx,..., hm,x) eR™

we define the (finite-dimensional) Gibbs distributions by the following formula

u,(o,)=2,"exp {—ﬂ H(o,)+ D, ha(x),x} (2)

xeW,

where Z is the partition function. The probability distributions (2) are compatible if for all o, , € @' one

has z u (o, ,,)=u (o). Under this condition, there exists a unique measure 4 on @' such that

w,e®"
Vn ando, € o, ,u({O' b, = an}) =u, (an) and we call it a splitting Gibbs measure (SGM) corresponding
to the Hamiltonian H and x> h,, x # x°.
Definition 1 Let K be a subgroup of G,. We say that a collection of vectors h = {ﬁx ell™:xe Gk} is K-
periodic if h, =h, forall xeG,and y € K.

«EIII MATEMATHUKJAPHUHT SSTHI' TEOPEMAJIAPH — 2022 ~121~


mailto:mrahmatullaev@rambler.ru
mailto:okarshiboevsher@mail.ru

2-IIYBBA. MATEMATHUK AHAJIN3, KOMILJIEKC AHAJIN3

Definition 2 A SGM is called K -periodic if it corresponds to a K -periodic collection of h.
Observe that a translation-invariant (T1) SGM is G, -periodic. It is obvious that for the SOS model with non-

translation-invariant (non-uniform) external field there is not any TISGM. Let m=2 and G,EZ) be the subgroup
in G, consisting of all words of even length. Clearly, Géz) is a subgroup of index 2 (see [1]). Let Géz) -periodic

sets of h = {ﬁx eR’:xe Gk} and the external field have the following form

LT xeG? _ |a, if xeg?
X: ~ aX:
h, if xeG,\G?, a, if xeG \G?

where ﬁj (h h ) and  ¢; —(a a; ) j=0,L,with a,#a,. The probability distributions

j,00 01 j,0?
t#,(o,),n=1,2,... in (2) are compatible iff for any V¥x eV \{xo} the following the system of equations
holds (see [2])

t, + Ot + 6?
z%[ 0%, +6’t1+1J
_ oty +t, +0
_ﬂl(et +¢9t1+1J @)

2, +602z,+6°

[ z +60z,+1

ty = 4

\_/

0z,+2,+6

~ | 97y w07 41

\_/

where
exp(ﬁ0 ): (ﬁl,j):tj’ exp(a,;)=4;, exp(&,; )=, j=0.1
6 =exp(BJ),h, (hOX, ,ﬁmlx) = (@ reers G gy )
h,=h,-h.+B(a,—a,).é,=pB(a,-a,,)i=0.,m-1
For any h= {ﬁx, X eV} satisfying (4) there exists a unique SGM u and vice versa. Denote
I ={z =(2,,2,t,t) eR* 1 A, =L 1y =1 7, =t =1} and
v (x2+20)
(052 + 607 +1)
ov* (x° +29)
(0x* +6° +1)
It is easy to see that g(0) > 0, g(+o0) < +00. We proved the following assertion

+26
g(x)=¢

+6%+1

Theorem 1. Let k=2. For the three-state SOS model with Géz) -periodic external field if the condition

g'(x") >1 is satisfied, then there exist three G,EZ) -periodic (non-translation-invariant) SGMs on the set | ,

where X" is a fixed point of g(Xx).
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POI NTS.

Rahmatullayev U, Abdukaxorova Z
NamSU , ulugbek.1509@bk.ru, zulxumor.t.a@umail.uz

Let Q be the field of rational numbers. The greatest common divisor of the positive integer n and m
is denotes by (n,m). Every rational number x # 0 can be represented in the form x = p” % where r,n € Z,
m is a positive integer, (p,n) =1, (p,m) = 1 and p is a fixed prime number.
p~", forx 0
0, forx=0

The completion of @ with respect to the p-adic norm defines the p-adic field which is denoted by
Q,. The algebraic completion of Qwhich is complete with respect to | - |,, is denoted by C,, and it is called
the field of complex p-adic numbers.

Let f: U — U be function. For x € U we denote f™(x) = f°...°f(x). If f(xy) = x, then x,, is called

The p-adic norm of x is given by |x|, = {

n
a fixed point.

In this work, we consider the p-adic dynamics of (0,2)-rational functions. Any (0,2)-rational function
has the following form f(x) = ﬁ a€C, (1),

where x # %1, = +V/—a.

It is easy to see that for (0,2)-rational function (1) the equation f(x) = x for fixed points is
equivalent to the equation x3 + ax —1 = 0. 2

Since C,, is algebraic closed the equation (2) may have three solutions with one of the following
relations:
(i)One solution having multiplicity three;
(if) Two solutions, one of which has multiplicity two;
(iii) Three distinct solutions.

The function (1) cannot have a unique fixed point. (0,2)-rational function has two distinct fixed

. 1 . . 3
points ; = —z=and x, = V& ifand onlyif a = — -

Let hemeomorphism h: C,, — C, is defined by x = h(t) =t +x; =t — 3—;5 Soh™1(x) =x+ %

Note that, the function f is topologically conjugate to function h=1°f°h. We have (h=1°f°h)(t) =
_1 2—3\/51'
%t

t2-3at-32
(2) rational function having two distinct fixed points is topologically conjugate to a function of the
— L x2-32x
following form: f(x) = 3‘/—\/_— (3), where x # £, , = ﬂ

Thus we study the dynamical system (f, C,) with f given by (3)
Note that, function (3) has two fixed points x; = 0 and x, = 3% Sowehave f'(x;) =1, f'(xp) = g

Thus, the point x; is an indifferent point for (3). Forany x € C,, x # %, 5, by simple calculations

V2l
we get |f(x)|p = |x|p 113 1-V3 (4).
| - 3\/— |p| - 3\/5 |p

Denote : P = {x € C,: 3In € NU {0}, f™(x) €€ {£,,%,}}.
Now let us calculate the 2-adic norm of £; and £,. We know v/3 ¢ Q,. Consider the quadratic extension
of K = Q,(v3). We can write any element of K in the form a + bv3. Ni\q,(a + bV3) = a? — 3b?

1431, = Wi, (1+V3)l; = JTT=3T; =
1=V3l, = [Neve, (1 ~V3)lo = T= 3 = 5

1 1
5 [l = V2.
For %h > |%,], = |%,|, define the function : [0, +) — [0, +) by

<||

It follows that |2 ], = ||, =
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(

T, if r<ﬁ

1

a’, if r=5=
V=1 v -

e, if i/_<r<

o, if r=1372

V2, ifr>§/—

where a’ and o’ some positive numbers with a’ < 3—\/1, «'> 3/2.

Lemma. The dynamical system generated by (r) has the following properties:
LFix(y)={r0<s<r< \/_} {3{/_ if a =§/_}U{\/2}

2. 1f > ? then lim Yr(r) = V2

3.Ifr—\/_anda <§/_ theny™(r) =a' foralln>1

Theorem. The p-adic dynamical system generated by function (3) has the following properties:
1. 1.1) SI(xy) = U 1 (0)
32

1.2) x,€S8377(0)

2. The fixed point x, is attractive and A(x;) = C, \ (V1 (0) UP)
¥

3. If xeS 1 (0), then one of the following two possibilities holds:

3

3.1) There exists keN and p, < % such that f™(x)eS,, (0) foranym = kand f™(x)eS 1 (0)

3\/Z

ifm<k-1.

3.2) The trajectory {f*(x),k = 1} is asubset of S 1 (0).

32
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SOS MODEL WITH COMPETING ‘UNCLE-NEPHEW’ INTERACTIONS
N.K. Razokova

Chirchik state pedagogical institute of Toshkent region,
nrazokova.90@mail.ru

In this work, we consider the SOS model with nearest-neighbour and ‘uncle-nephew’ interactions on
a Cayley tree of order two. The similar problem for Ising model is considered in [2]. We consider a semi-

infinite Cayley tree of second order Ff = (V,L), i.e. an infinite graph without cycles with three edges issuing
from each vertex except for x° which has only two edges, where V is the set of its vertices and L is the set
of edges (see [1]). Let @®:={0,1,2,..m},m>1, and the configuration oe®’, e,
o={o(x)e®:xeV}. Two vertices X,y €V are called nearest-neighbors if there exists an edge | € L
connecting them, which is denoted by | = (X, y). The distance d(X,y), X,y €V on the Cayley tree I'* is
the number of edges in the shortest path from x to y. For a fixed x°eV  we set

={xeV|d(x,x°)=n}, V, ={xeV |d(x,x°) <n},and L, denotes the set of edges in V,. The fixed

vertex X° is called the Oth level and the vertices in W, are called the n th level.
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Two vertices X,y €V are called third-nearest-neighbors if d(X,y) = 3. The third-nearest-neighbor

vertices X and y are called prolonged third-nearest-neighbors and is denoted by <x, y>. if xeW, and

yeW, ., for some n, i.e. they belong to the same branch of the tree. The third-nearest-neighbor vertices

n+3

X,y €V, that are not prolonged, are called two-level third-nearest-neighbors and are denoted by <x, y>.
There are two types of two-level third-nearest neighbors: left two-level third-nearest-neighbors <X, y>| and

right two-level third-nearest-neighbors <X, y> ,if xeW, and yeW
r

.y (respectively, xeW, ., and y e W,
), i.e. vertices x and y belong to the different branches of the tree.
Considering a semi-infinite Cayley tree Ff of second order as a genealogical or family tree, we can

reinterpret neighboring relations as a contiguous relations. If (X, y) are nearest neighbors with x e W, and

yeW

n+l

for some n, avertex x is called the parent of vertex y, and y is called a child of x. If <x, y> are

prolonged third-nearest-neighbors, where xeW, and y W, , for some n, then a vertex X is called the

n+3
great grandparent of vertex y and y is called a great grandchild of X, respectively. If <x, y>I and <x, y>

are left and right two-level third-nearest-neighbors, then a vertex x is called the uncle of vertex y, and vy is
called a nephew of x, respectively.
The Hamiltonian of the uncle-nephew SOS model is

H(o)=-3,), |0(X)—0(y)|—33<z>|G(X)—G(Y)I, )

(x.y)
where the sum in the first term ranges all nearest-neighbors, the second sum ranges all second-level third-
nearest-neighbors, where J,, J, € R are coupling constants.

Let xeW, for some n and S(X) ={y,,. Y.} Where y, vy, , €W, are the direct successors of

+1
x. Assume W' ={y, eS(x)forall xeW .} and W' ={y eS(x)forall xeW, }, such that
W. =W, UW.. For any site x, €W, its "nephews" N(X,) are defined as direct successors S(X,), where
X, X, are direct successors of some vertices. Similarly for any site X, €W its "nephews" N(X,) are defined
as direct successors S(Xx;).

Consider a probability distribution ™ on Q, :

(n) _
ty (0,) = Zn,lh exp{-pH (o) + Z hb(x),(o-n)b(x)}! (2)
XEanl
where o, EQvn: (Gn)b(x) =(o,) |b(x) and Z,\, = z exp{-pH (w,) + Z hb(x),({un)b(x) }.
(uneQ.vn Xeanl
with .. We consider the compatiblety condition for u™
> (@)= (o) 3)

(uneQVn
P Np_150, 1
forall n>1and o, , €Q, ,. According to the Kolmogorov theorem (see, e.g., [3]), there is a unique limit
Gibbs measure x, on Q such that for every n=1,2,... and o, eQVn, the following equality holds
ol =0} = 1. (). We prove the following

Theorem 1. The probability distributions £ (o), n =1,2,... determined by the formula (2) are

compatible iff for any x €V \{x°} the following system of equations hold:
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u; = N(u, +2abu, +a’b®u,)?,
u, = N(a’u, +2abu, +b?u,)(@’u, + 2abu, +b?u,),
u, = N(a’b®u, +2abu, +u,).

Z 1

where u =exp(h,,) for xeW,, a=exp(BJ,), b=exp(8J,), N= Z”’“‘ and S = =
n,h
T >0 is temperature.
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IQTISODIY JARAYONDA MABLAG’NI OPTIMAL SARFLASH MASALALARIGA DISKRET
DINAMIKANING QO’LLANILISHI

I.A. Sattarov?, X.A. Abdupattoyev?
Namangan davlat universiteti®, O zbekiston Milliy universiteti®
I.sattarov@mathinst.uz, xudoberdiabdupattoyev150@gmail.com

Har bir mamlakatda, har bir yiriklashtirilgan korxonalarda igtisodiy o'sish ro'y berishi uchun ishlab
chigarishni tashkil gilish muhim ahamiyatga ega. Makroigtisodiy jarayonlarda avvalo ishlab chigarish omili
sifatida asosiy fondlar K va mehnat resurslari L ishtirok etadi. Ishlab chigarilgan mahsulot sifatida milliy
daromad Y olinadi. Shu K, L, va Y miqdorlar orasidagi bog'lanish ishlab chigarish funksiyasi deb ataladi va
Y=F(L,K) kabi yoziladi. Bunday ko'rinishda yozilgan ishlab chigarish funksiyasi ikki o'zgaruvchili deb
yuritiladi. Umuman, ishlab chigarish funksiyalari bir va ko'p o'zgaruvchili bo'lishi mumkin.

Iqtisodiy dinamika modellarida mablag’ni optimal sarflash yoki optimal kapital qo’yish masalalarini
o’rganish muhim ahamiyatga ega. Bunday ishlarni R.Solou 1956 yilda boshlab bergan. Unga 1987-yilda Nobel
mukofoti berilgan[1-3].

Solou milliy daromad Y ni kapital qo’yishga va iste’molga optimal ajratish masalasi bilan
shug’ullangan. Aniqrog’i quyidagi tenglikda s ni topish masalasini qo’ygan:

YR)=I({t)+C@H)=sY()+ (1 —-9s)Y(t), t€[0,T], (1)
bu yerda I — kapital hajmi, C — iste’mol hajmi, t esa vaqt. Optimallik — bu jon boshiga iste’molni, ya’ni
C(t)=%, s=const, 0 <s<1, @)

funksiyani maksimum qilish ma’nosida tushuniladi.

Igtisodiy dinamika vaqt bo’yicha uzluksiz yoki diskret bo’lgan holatlarda gqaralishi mumkin.
Ma’lumki, ko’p hollarda iqtisodiyotda kuzatilayotgan obyekt haqidagi hulosalar statistik ma’lumotlarga
tayangan holda berib boriladi. Statistik ma’lumotlar esa diskret bo’lib, ular aniq bir vaqt oralig’iga qarashli
bo’ladi. Shuning uchun ham diskret vaqt qo’llanilish uchun qulaydir. Diskret vaqtli dinamik modellar uchun
tenglamalar ayirmasi ishlatiladi. Ikkala variantda ham modellarning murakkablik darajasi esa bir xil bo’lib,
ular uchun bir xil darajadagi muhim natijalar olish mumkin.

Bugungi kunda ko’p mashxur bo’lgan iqtisodiy dinamik modellar uzluksiz holatlarda qaralgan. Ammo
uzluksiz vaqtli dinamik modellarning real holatdagi jarayonlarni gonigarli darajada tavsiflay olmaganiga ham
ba’zi misollar mavjud. Shu boisdan uzluksiz vaqtli dinamik modellarni diskret holatda qarab tadqiq etish
qaralayotgan modellarni to’laroq tavsiflash imkonini berib kelmoqda. Ushbu ish shu kabi masalalardan biri
deb hisoblanishi mumkin bo’lgan, uzluksiz vaqtli holatda olingan natijalari uchun 1987 yilda Nobel
mukofotiga sazovor bo’lgan R. Solouning sodda dinamik modelini diskret vaqtli holda o’rganishga
bag’ishlangan. Bu tanlangan model statistik malumotlarga tayangan holda diskret vaqtli hollarda garalayotgan
iqtisodiy jarayonda mablag’ni optimal sarflash yoki optimal kapital qo’yish masalalarini hal qilishda
go’llanilishi mumkinligi uchun uni dolzarb deb hisoblash mumkin.

Kuzatuv vaqti diskret bo’lgani uchun umumiylikka ziyon yetkazmagan holda uni n € N U {0} deb
olaylik. U holda igtisodiy dinamikaning diskret vaqtli modeli
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Yn = F(Ln:Kn);
L,=5Y,0<s<1,
C,=(1-9)Y,,
4Kn+1 = I+ Ky, n €NU L0} ®)
Lpyi = +n)Lly 120,
\ Ky >0

munosabatlar bilan tavsiflanadi. Bunda 7 > 0 aholi sonining o’sish sur’ati deyiladi. Agar aholi soni
eksponensial gonun bo’yicha ko’paysa, aholini stabil (bargaror), aholi 0’sishi bo’Imasa, aholini statsionar aholi
deb yuritiladi. Agar (3) dan = 0 bo’lsa, L, = Ly, Vn € N bo’ladi.

Yuqorida keltirilgan (3) munosabatlar tavsiflaydigan iqtisodiy sistemani ko’raylik. Mamlakat
iqtisodiyoti har bir garalayotgan n-vagt momentida 5 ta ketma-ketlik bilan aniglanadi:

Ly, Kn In Cp Yy (4)

Agar shu ketma-ketliklar topilgan bo’lsa, igtisodiy sistemaning trayektoriyasi aniqlangan bo’ladi. Bundan
keyin (4) ni trayektoriya deb yuritamiz.

Ravshanki, gurollanganlik k., ushbu k,, = % formula yordamida aniglanadi. Bir birlik aholi jon
boshiga to'g'ri keladigan milliy daromad esa qurollanganlikning funksiyasi sifatida garaladi va bu munosabat

yo =1t = F(L12) = flkn) (5)
tenglik yordamida ifodalanadi.
1-teorema. Agar har kuzatuv vaqgtida ishchi kuchi o’zgarmas koeffisiyentga ortsa, u holda diskret
vagtli R.Solouning neoklassik o’sish modeli quyidagi ko‘rinishda bo‘ladi:

kvt = 1o f (k) + 1 (6)
Isbot. k,pq — ky, = % — IZ—" val,,; =@ +n)L, tengllklardan hamda (3) munosabatlardan foydalanib,
n+1 n
_ sYn —nKy .
e = G,

(5) tenglikdan foydalanib (6) ga ega bo’lamiz.
Quyidagi lemmani isbotsiz keltiramiz.

1-lemma. k,, qurollanganlik diskret vaqtli R.Solouning neoklassik o'sish modelining turg’un yechimi

fkn)

bo’lishi uchun —* . =1 tengllknl ganoatlantirishi zarur va etarli.

n
Solou ishlab chlqarlsh funksiyasining umumiy ko’rinish quyidagicha bo’lib,
1

Y=aplaK?+(1—a)L™] P, ay>0, 0<a<1 p>-1,
p parametr nolga intilganda Kobb-Dugass funksiyasini berishi va neoklassikligi saglanishi avvalgi boblardan
ma’lum. Milliy daromad Kobb-Duglass funksiyasi yordamida ifodalangan bo’lsin, ya’ni Y,, = aOK “L bu
yerda a, — bir birlik kapital va bir birlik ishchi kuchi bilan ishlab chigarilgan mahsulotni ifodalovchi 0°zgarmas
son, a va B lar kapital va ishchi kuchining elastik koeffitsiyentlari. Odatda @ + 8 = 1 deb olamiz, u holda n-
kuzatuv vaqtida quyidagilarga ega bo"lamiz

Y, K\
In = ﬁ = (L_:) = agky.
Bu holatda (6) model quyidagicha bo’ladi:
kn
kni1 = % nt T (7)

1
2-teorema. (7) model yagona ko = (%)1_“ ko’rinishidagi turg'un yechimga ega va bu turg’un
yechimdan fargli ixtiyoriy boshlangich k, uchun {k,,} ketma-ketlik k, ga yaginlashadi.
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TO'RT HOLATLI HC MODELLARINING BIRI UCHUN DAVRIY GIBBS O’LCHOVLARI
HAQIDA

Tojiboyev Bahtiyor Zokirjon 0’g’li, 2Burxonova Maloxatxon Otavali gizi
Namangan davlat universiteti, o’qituvchi, Namangan davlat universiteti, magistrant

Gibbs o’lchovlari nazariyasining asosiy masalasi berilgan gamiltonianga mos barcha  Gibbs
o’Ichovlarini tavsiflashdan iborat. Gibbs o’lchovi tushunchasi va Gibbs o’lchovlari nazariyasiga oid boshqa
tushunchalar bilan [1]-[4] ishlarda tanishish mumkin.

Har bir Gibbs o’Ichoviga fizik sistemaning bitta fazasi mos qo’yiladi va agar Gibbs o’lchovlari soni
0 zgarsa , u holda faza almashishi mavjud, ya’ni fizik sistema bir holatdan ikkinchi holatga o’tadi deyiladi.

Faraz qilaylik, z* =(V,L) Keli daraxti bo’Isin. Agar i(l)={x,y} bo’lsa, uholda X va Y lar eng
yaqin qo’shnilar deyiladi va | = (X, y) kabi belgilanadi.

Fiksirlangan x° €V uchun ushbu belgilashlar kiritiladi:

W, ={xeV |d(xx)=n}, Vo ={xeV | d(xx°)<n}
Bunda d(X,y)— X,y €V uchlar orasidagi masofa. X €W, uchun esa quyidagicha belgilash kiritamiz:
S(x)={yeW,,: d(xy)=1. S(X) to’plam X uchning to'g'ri avlodlari deyiladi.

Qaralayotgan modelda har bir x uchga o(x) € {0,,2,3} qiymatlardan biri mos qo‘yiladi. o'(x) =1,2,3
ekanligi X uchning “band”ligini , 0(X) =0 esa uning “vakant” ekanligini ifodalaydi. Keli daraxtida
konfiguratsiya V — @ ={0,1,2,3} kabi aniglangan. VV da aniglangan barcha konfiguratsiyalar to‘plami €2
orgali belgilanadi. Xuddi shunga o‘xshash, V, (W) da konfiguratsiyalar aniglanadi va V. (W,) da aniglangan
barcha konfiguratsiyalar to‘plami €2,, (€2, ) kabi belgilanadi.

n n

@ to‘plamni biror G grafning uchlari to‘plami sifatida qaraymiz. Agar V (V») dagi ixtiyoriy X, Y yaqgin
qo‘shnilar uchun {o(x),co(y)}— G grafning qgirrasi bo‘lsa, u holda & konfiguratsiya Keli daraxtida (V,
yoki W) G -joiz konfiguratsiya deyiladi. G -joiz konfiguratsiyalar to‘plamini Q¢ (Q° ) orgali belgilaymiz.
G graf uchun aktivlik to'plami 2:G —R, funksiyadir. A funksiyaning ie{023} uchlardagi A
giymatlari uchning “aktivligi” deyiladi.

Berilgan G va A lar uchun G - HC modelning gamil’taniani ushbu

> Ini, . agar ceQ®,
Hé’ (g) =< xev
+ o0, agar o ¢ Q°.
orgali aniglanadi.

Ta’rif 1. [5] Agar shunday A aktivlik mavjud bo‘Isaki, mos gamil’tanian kamida 2 ta TIGO* ga ega
bo‘lsa, u holda G unimdor graf deyiladi.

Buishda 1, =1 4, =4, =43 = 4 bo’lgan hollarni ko’ramiz va ushbu hollarga mos keluvchi davriy
Gibbs o’lchovlarini o’rganamiz. Ma'lumki [5], to’rt holatli unumdor graflar: tayoq, kalit, umumlashgan
kalitdan iborat. Quyidagi G grafni garaylik:

tayoq:{0,1} {12} {2,3}
o, ey uchun #o = > 1(o,(x)21) o, dagi band uchlar soni deb olamiz.

X eVn

Z:X—>Z2, = (Zo,x’ 11 2y Zs,x) € Rj V dagi vektor funksiyabo‘lsin. N1 =1,2,... va A >0 uchun

n 1 #o,
/u( )(Gn) = Z_/l " ];V[ZO'n(X)'X'

M)

kabi aniglangan QVn to‘plamda »™ ni ehtimollik taqsimotini ko‘raylik.

1™ ehtimollik o‘lchovlari ketma-ketligi muvofiglashgan deyiladi, agar istalgan n>1va o, € Qvn—l uchun
quyidagi tenglik bajarilsa:
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Z /u(n) (O-n—l Vv a)n )1(Gn—l Vv a)n € Q’\/n) = /u(nil) (O-n—l) ! (2)
[CN eQWn
bu yerda
1 agar o,,ve,eQ,

1(O-n—1va)n eQVn) :{

0,agar o,,v®,£Q,.
Bu holda Kolmogorov teoremasiga ko‘ra, (€2,B) da barcha n va o €€, uchun yagona f£ olchovi
n

mavjud.
u{oeQ: ol =0} = u"(0,).

Ta’rif 2. (1) formula va (2) shart yordamida aniglangan z o‘lchov A >0 da Z:Xx eV \{x°} > Z,
funksiyaga mos HC-Gibbs o‘Ichov deyiladi.
G grafning qirralar to‘plami L(G) bo‘lsin. G  grafning qgo'shnilik matritsasini
A= A® =(ay); o125 bilan belgilaymiz, ya’ni
& |4 agar{i, j}e L(G),
% =% Z{O, agar {i, j} ¢ L(G).
bo‘lIsin.
Teorema 1. [6]. (1) formula bilan berilgan ehtimolliklar o‘lchovlari ketma-ketligi £, n=1,2,...
muvofiglik shartini ganoatlantirishi uchun ixtiyoriy X €V da
Qo +ay 2, +a;,Z,, +33Z5,

2, =4

X

yes(x) Qoo T 8nZyy T g2,y +Ag3Z5,
Qo + a2y, + 8,2, + Q325

yes(x) Qoo a0121,y + aozzz,y + a0323,y

2, =A]]

yeS(x) Ay a0121,y + aozzz,y + aoszs,y

Qjo T A2y T2, + 84325,

tengliklar o‘rinli bo‘lishi zarur va yetarli,bu yerda z{, =4z, /z,, ,1=012.
Zo,=1va z,, =2/, >0 , =123 bo’lsin. U holda har bir xeV —>2,=(2,,2,,,2,,
ixtiyoriy funksiyalar uchun Gibbsning HC-o‘Ichoviga quyidagi funksional tenglamalar sistemasining bitta
yechimi mos keladi .
a,+a,z,, +a,z,, +a,z .
Zi’x Z/I H i0 i1%1y i2%2)y 373,y , |:l,2,3
yes(x) oo aOlZl,y + aozzz,y + aoaza,y
Davriy Gibbs o’Ichovlari uchun quyidagi teoremalar o'rinli.
Teorema 2. HC-modeli uchun har ganday chekli indeksli G — Gk normal bo"luvchi uchun barcha G

-davriy Gibbs o’Ichovlari yo translyatsion-invariant yoki Glfz) -davriy Gibbs o’Ichovi bo"ladi.

Teorema 3. k =4 bo’lsin. U holda HC modeli uchun unumdor graf tayoq bo'lganda G -davriy
Gibbs oIchovlari translyatsion-invariant bo"ladi.
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ON Glfz) -PERIODIC p-ADIC GENERALIZED GIBBS MEASURE FOR ISING MODEL WITH
EXTERNAL FIELD ON CAYLEY TREE

Tukhtabaev Akbarkhuja, Mamadjonov Rashid
Namangan state university

In the present paper, we consider Gifz)—periodic p -adic generalized Gibbs measure for Ising model
with external field on the Cayley tree of order two.

[0 is the field of rational number, arbitrary rational number X = O can be represented in the form x = p" n.
m

where r,n € Z, m -positive integer, (p,n) =1 (p,m)=1and p is a fixed prime number. The p -adic norm

of X isgiven by
S e

This norm is non-Archimedean norm i.e. for all X,y €[] , following inequality holds true
|X + y|p < max{|x|p ,|y|p}. The completion of [0 with respect to the p -adic norm defines the p -adic field
[, (see [1]).

Let we consider the following set on the Cayley tree 7*(V,L) (see [2]). Let X, €V be fixed,
W, ={xeV [d(x,x)=n},V, ={xeV[d(x,x)<n},L, ={l=<x,y>elL|x,yeV,}.
And for x eW, , denote S(x)={y W, |d(x,y)=1}. The setis called direct successors of X.
We consider a p -adic Ising model where the spin values take in the set ® = {—l; 1} . We define a configuration
o on V by the function o:xeV — o(x) € ®@. Similarly, one can be define o,and o"on V, and W,

respectively. Q is the set if all configuration on V and denote Q) =®".
The Hamiltonian for p -adic Ising model with external field is defined by

H,(0,)=3 > o(X)a(y)+a). o(X). @

(x.y)ely xeV
Let 4, :(U,V)edx® >4, (u,v)ell be function for each pair of neighboring vertices Xx,y.The

Hamiltonian H, : €, —Tf1  for p -adic A-model is defined by

Hoo)=3 3 Ao(x),a(y)- )
(xy)ely
Let
Ao(¥),0(y) = Io(N)a(y) +ki+1<o<x) +a(y), @3)

then we can see the p -adic Ising model with external field is special case of the p -adic A-model.
Let h:xeV —h el  be function. We define p -adic probability generalized Gibbs measure 4,

on Q, by
,Ll,: = Zn_:L expp {Hn(an)} H hXO'(X) !

XeW,
where Z ~ is corresponding normalizing factor. The compatibility conditions for 4" (c,),n >1 are given by
the equality

Z (o, ,vo") = yﬁ’l(an_l) . (4)
o‘"ef)wn

In this case, by the p -adic analogue of Kolmogorov theorem there exists a unique measure £, on the set
such that p, ({o}, =0, }) = " (0,,) forall n and o, , € Q) .(see [3))

Theorem 1.[4] The measures z4 (o) satisfy the compatibility condition (4), if and only if forany X €V the
following equation holds:
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ho=3 F, .1, (5)

yes(x)
EXp p (ﬂ’x,y (1’ 1)) EXp p (Zh) +€exp p (ﬂ’x,y (1’ _1))
exp p (//lx,y (_1! 1) exp p (2h) +€EXp p (ﬂ'x,y (_11 _1))
2a 2x

From(3)weget 4, LY)=J+—, 4, L-D=4,,(-1)=-3, 4, (-L-)=0-——.
@ weget 4,1 =1+ 4,01 =4, (1)=-3, 4, (-1-D=1-2

where F,(h, )= log,

Denote exp,(2J) =6, exp, % =1, exp,2h=H. Using above we can write (5) the following form
_l’_

k
H :nm(aH +1j . (6)
H+6
Let
e[ Oh+1Y
f(ha,n,k)_n (h+9j (7
To find non translation-invariant Glﬁz) -periodic measures is equivalent to solve the following equation:
f(f)-h_, @®)
f(h)-h
For the sake of simplicity we consider k =2 . From the (8) we get
6*(6n° +1)°h* +(26°n° + (6" +40° ) + 26*)h+ 6°(n° + 6)* =0 9)
The solutions of the equation (9) are
h, = —(20°n° + (6" +46% -)n® + 26°) £ (6 —1)JA(6,77) (10)
2 26%(6n° +1)?

where A(8,77) =-n(46°n° +36°n° +66°7° +46° —1°.
Itis clearly that h,, in [J | existif and only if A(6,7) existsin [J .

Theorem 2. Let p > 3be a prime and N is number of non translation-invariant G* -periodic generalized

Gibbs measures for p-adic Ising model with external field. Then for Cayley tree of order two the following
statement holds true:
2, p=1(mod4
N2 p=1(mod 4) (11)
0, p=3(mod4)
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AYRIM SONLI QATORLARNING YIG’INDISI HAQIDA

Tuxtamirzayev Adxam Yulbarsmirzayevich, Karimov Muzaffar Musoxonovich
Namangan davlat universiteti, “Matematik analiz” kafedrasi katta o qituvchilari
To‘xtamirzayeva Ziyodaxon Adxamjon qizi
Namangan davlat universiteti, Matematika fakulteti talabasi

Ilmiy tadgiqot ishlarini olib borayotgan izlanuvchilar o’zlarining tadqiqotlari davomida ehtimollar
nazariyasi va matematik statistika fani va uning qo’llanilishi bilan ishlashlariga to’g’ri kelishlari mumkin.
Jumladan sanoqli miqdorda qiymat gabul giluvchi diskret tasodifiy miqdorlar bilan ishlashga to’g’ri keladi.
Matematika fani mutaxassisi bo’lmagan izlanuvchilar uchun o’z navbatida matematik kutilma, dispersiya,
o’rtacha kvadratik chetlanish kabi kattaliklarni topish bir oz qiyinchilik tug’diradi. Bunga sabab sifatida kerakli
formulalarning hotirada golmaganligini, ochig manbalarda ganday adabiyotlarga murojaat gilish lozimligini
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aksariyat hollarda bilmaslikni keltirish mumkin. Ushbu maqolada maktab matematika kursi va hosila
yordamida qanday qilib kerakli ma’lumotlarga ega bo’lish mumkin degan savolga javob beramiz.

Umumta’lim maktabining 9-sinf algebra kursidan progressiya, jumladan cheksiz kamayuvchi
geometrik progressiya mavzusi barchamizga ma’lum.

Bizga birinchi hadi 1 ga, mahraji x (bu yerda 0 < x < 1) ga teng bo’lgan cheksiz kamayuvchi
geometrik progressiya berilgan bo’lsin. Cheksiz kamayuvchi geometrik progressiya hadlari yig‘indisi
formulasiga ko’ra

1
— )
tenglikka ega bo’lamiz. Bu tenglikning har ikki tomoni differensiallanuvchi. (1) tenglikning har ikki gismi

o‘zaro teng, va ulardan olingan hosilalar ham albatta o‘zaro teng ekanligidan, hosila olganimizdan so‘ng

1
1+2x+3x2+4x3+---:m (2)

tenglikka kelamiz. (2) tenglikning har ikki tomoni differensiallanuvchi. Bu tenglikning har ikki gismi o‘zaro
teng, va ulardan olingan hosilalar ham albatta o‘zaro teng ekanligidan, tenglikning har ikki tomonidan yana
bir bor hosila olganimizdan so‘ng

1+x+x+x34- =

2
243 2x+4-3x%*+=—= 3
+ x+ x“+ d=x) 3)
tenglikni hosil gilamiz. Endi (2) tenglikning har ikki gismini x ga ko‘paytiramiz. Natijada,
X
x+2x2+3x3+4x4+---=m (4)

tenglikka kelamiz. Bu tenglikning har ikki tomoni ham differensiallanuvchi. (4) tenglikning har ikki gismi
o‘zaro teng, va ulardan olingan hosilalar ham albatta o‘zaro teng ekanligidan, hosila olganimizdan so‘ng
12 4+ 2%x + 3%x% + 4%x3 + - __ttx (5)
(1—-x)3
tenglikni hosil gilamiz. (5) tenglikning har ikki tomoni differensiallanuvchi. Bu tenglikning har ikki qismi
o‘zaro teng, va ulardan olingan hosilalar ham albatta o‘zaro teng ekanligidan, tenglikning har ikki tomonidan
yana bir bor hosila olganimizdan so‘ng

4+ 2x
22'1+32'2X+42'3X2+“'=m (6)

tenglikka kelamiz.
Ko‘rinib turibdiki bu formulalarni keltirib chiqarish unchalik qiyinchilik tug‘dirmaydi. Olingan
natijalarning hizmati esa begiyosdir.
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IQTIDORLI BOLALAR BILAN ISHLASH XUSUSIYATLARI

Tuxtamirzayev Adxam Yulbarsmirzayevich
Namangan davlat universiteti, BTATFO ‘M kafedrasi katta o ‘qituvchisi

Pedagogikada igtidorli bola - bu muayyan faoliyatda yorgin, ravshan, ba‘zan ajoyib yutuqlari (yoki
bunday yutuglar uchun ichki shartlarga egaligi) bilan ajralib turadigan bola. Ular ajoyib xotira, g‘ayrioddiy
diqgat, giziquvchanlik, yangi narsalarni tushunishga intilish va fikrlashning yuqori tezligi bilan
tengdoshlaridan ajralib turadilar.

Maktab amaliyoti shuni ko‘rsatadiki, iqtidorli bolalar mehnatsevarlik va qat’iyatlilik bilan ajralib
turadi. Bola fagat mehnatsevarlik va mustaqillik bilan shaxs sifatida rivojlanadi. Mehnat gilishga
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odatlanmagan va biror bir ishni mustaqil bajarishga intilmagan, eslatish yoki hatto undan ham yomoni,
majburlash ostida o‘quvchi butun ta'lim jarayonida o°‘zini namoyon qilish va rivojlantirish imkoniyatidan
mahrum bo‘ladi. O‘z oldiga magsad qo‘ya oladigan, mehnatsevarlikni rivojlantira oladigan o‘quvchi oldida
barcha imkoniyatlar mavjud bo‘ladi.

Psixologlar tomonidan olib borilgan tadqiqotlar shuni ko‘rsatdiki, iqtidorli bolalar ijodiy faoliyatining
sharti va natijasi kuchli agliy faoliyatga doimiy, tinimsiz moyillikdir. Ammo bu erda bizga, igtidorli
bolalarning xotirasi ularga tushuntirish vaqtida o‘qituvchi aytgan hamma narsani to‘g'ri va mustahkam saqlab
golishidan foydalanib, oson o‘rganishlari, hatto uy vazifalarini ham bajarmasliklari haqida misollar bilan
e'tiroz bildirilishi mumkin. Hech ganday shubha yo‘qki, bu erda yakuniy mezon osonlik bilan olingan besh
baho emas, balki chuqur bilim va ko‘nikmalar va eng muhimi, bunday qobiliyat ta'minlamaydigan mehnatga
ruhiy tayyorgarlik bo‘lishi kerakligidir.

Hamma narsa oson bo‘ladi degan fikrga o‘rganib qolgan bola, matonat, mehnatsevarlik, tirishqoglik
nimaligini bilmay, ertami—kechmi ko‘p va mashaqqatli mehnat talab qiladigan ishni boshdan kechirishga
majbur bo‘ladi va unga asosiy narsa - mehnat qobiliyati yetishmasligi ma'lum bo‘ladi. Shuning uchun
iste’dodlarni rivojlantirish hagida gapirilganda, avvalambor, dangasalikka garshi kurash, mehnat gobiliyatini
shakllantirish, tizimli va mashaqgatli mehnatdan nafratlanishni bartaraf etish hagida gapirish kerak.

Yuksak intellektual koeffitsientning erishilgan yutuglarning yagona mezoni sifatidagi dastlabki garash
bugungi kunda haqli ravishda shubha ostiga olinmoqgda. Insonning ijodiy imkoniyatlari bevosita va to‘g'ridan-
to‘g'ri uning o‘rganish qobiliyatiga bog'liq emas, ular har doim ham aql sinovlarida o‘z aksini topavermaydi.
Ko‘pgina ilmiy tushunchalarda igtidor va uning rivojlanishining shart-sharoitlari bolaning ijodiy qobiliyatlari
bilan bog'liq bo‘lib, ijodkorlik sifatida belgilanadi. Ijodkorlik fikrlashda, muloqotda, muayyan faoliyatda
namoyon bo‘lishi mumkin.

Igtidorning zarur belgilari orasiga bolaning intellektual rivojlanishi tengdoshlarining o‘rtacha
darajasidan yuqori bo‘lishi albatta kiradi, chunki bu daraja ijodiy samaradorlik uchun asos yaratadi. Maxsus
tadgiqotlar agl va ijodkorlikning rivojlanish darajalari bilan bir - biridan farq giluvchi quyidagi 4 bolalar
guruhlarini ajratishga imkonini berdi:

1) yugori intellekt - yuksak ijodkorlik;

2) yuqori intellekt - ijodkorlikning past darajasi;
3) past intellekt - yuqori ijodkorlik;

4) past intellekt - ijodkorlikning past darajasi.

Yugori ijodkorlik yugori darajadagi agl-zakovat bilan uyg‘unlashgandagina, ijtimoiy muhitga yaxshi
moslashish, hissiy muvozanat, mustaqillik, hayotda yuqori va uzog muddatli ijodiy faollik kuzatiladi.

Igtidorli bolalar bilan ishlashda ijodiy fikrlashni rivojlantirishni rag'batlantiruvchi shart-sharoitlarni
yaratish eng muhim magsadlardan biridir. Ko‘plab psixologik tadqiqotlar natijalariga ko‘ra, o‘quvchilarning
jjodkorligining rivojlanishi ijodkorlik uchun qulay sharoitlar yaratilgandagina sodir bo‘ladi: muvaffaqiyat
keltiradigan holatlarini yaratish, ko‘rib chigilayotgan muammolarning to‘liq emasligi (o‘ylagani narsa bo‘lishi,
hagigatga erishish, evristik topilmalarga kelish uchun), tobora yangi va murakkab masalalarning paydo
bo‘lishi, izlanishga bo‘lgan katta ishtiyoq, turli xil fikrlash usullaridan foydalanish, javoblarni tahlil gilish
uchun baholash orgali rag'batlantirish, tushunish muhitini yaratish. Iqtidorli bolalar bilan ishlashda
o‘quvchilarning mustaqilligini amalga oshirish uchun guruhli o‘qitishning zamonaviy ta'lim
texnologiyalaridan, o‘quv jarayonini individuallashtirish, o‘quvchilarga esa, faoliyatini rejalashtirish, tashkil
etish va nazorat qilishda mustaqillikni namoyon etish imkonini berish bilan birgalikda universal o‘quv
harakatlarini rivojlantiruvchi loyihalar metodidan foydalanish magsadga muvofiqdir. Agar bolada mustaqil
tanlash va qaror qabul qilish shakllangan bo’lsa, texnik, ilmiy, badiiy yo‘nalishlarning istalganida ijodkorlikni
namoyon etishi mumkindir.

O‘quv jarayonida o‘quvchining individualligini shakllantirishning eng muhim pedagogik sharti darsda
tanlov holatini yaratishdir. Darsning bu bosqichida o‘quvchilar o‘quv vazifalari variantlaridan biriga ustunlik
berish zaruratiga duch keladilar va o‘zlarining faolliklari, mustaqilligi, individualligi va o‘ziga xosliklarini
namoyon etish uchun harakat giladilar.

Shu bilan birgalikda, iqgtidorli bolalar bilan ishlashda o‘quvchilar bilimining divergent sifatini
rivojlantirish zarur, ya’ni:

- tezkorlik (maksimal miqdordagi g'oyalarni berish, ko‘plab javob berish qobiliyati);

- fikrlashning moslashuvchanligi (yechimning bir variantidan boshqasiga o‘tish va ko‘plab yechimlarni
berish gobiliyati);

- berilgan javobning / natijaning o‘ziga xosligi;

- to‘liglikka intilish;

- g'oyalarni takomillashtirish, bajargan ishiga mukammal ko‘rinish berish qobiliyati.
Iqtidorli bolalar bilan ishlashda o*qituvchi ularning ijtimoiy rivojlanishiga e'tibor berishi kerak, ya'ni:
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- o‘smir psixologiyasi va iqtidorli bolalar psixologiyasini bilish;

- bola o‘zini-o°zi qadrlashini, ijobiy pozitiv Men-konsepsiyasini shakllantirish;

- shaxslararo munosabatlar ko‘nikmalarini shakllantirish (birinchi navbatda, boshqalarning his-
tuyg'ularini tushunish va o‘z xatti-harakatlarini to‘g'ri yo‘lga qo‘yish orqali);

- 0‘zi va bolalar uchun qiziqarli bo‘lishi uchun keng qamrovli qiziqish va ko‘nikmalarga ega bo‘lishga
intilish;

- moslashuvchanlikni namoyon qila olish, o‘z qarashlarini qayta ko‘rib chiqishga tayyor bo‘lish;

- nostandart ishlash istagida bo‘lish;

- kasbiy faoliyatda kelajakda maxsus bilimlarga ega bo‘lishga tayyor turish.
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MATEMATIKA FANIGA IQTIDORI BOR BOLALAR BILAN ISHLASHNING O‘ZIGA
XOS XUSUSIYATLARI.

Tuxtamirzayev Adxam Yulbarsmirzayevich
Namangan davlat universiteti, BTATFO‘M kafedrasi katta o‘qituvchisi
To‘xtamirzayeva Ziyodaxon Adxamjon qizi
Namangan davlat universiteti, Matematika fakulteti talabasi

Har bir jamiyat iqtidorli insonlarga muhtoj va jamiyatning vazifasi bunday insonlarni ko‘ra olish va
ularning qobiliyatlarini rivojlantirishdan iboratdir. Har bir umumta’lim maktabi iqtidorli bolalarni aniglashi
bilan birgalikda ularning o‘z-o‘zini anglashi uchun ijodiy muhit yaratishi, ularni nostandart yechimlarni
topishga, tashabbus ko‘rsatishga, ijodiy fikrlashga o‘rgatishi lozimdir. Maktab o‘quvchilarining matematik
igtidorini, shuningdek, umumiy iqtidorni rivojlantirish muammosi ham avvaldan ma’lum.

O‘qituvchining o°zida oz faniga ishtiyoqi bo‘lmasa, o‘quvchilarda fanga qiziqish uyg‘otib bo‘lmaydi.
Igtidorli bolalar bilan ishlovchi o°qituvchi jjodiy, kasbiy malakali, tajriba va tadqiqot faoliyatiga qodir, o‘quv-
tarbiya jarayonining mohir tashkilotchisi, zukko, bilimdon, zamonaviy ta’lim texnologiyalarini puxta
egallagan bo‘lishi kerak. O‘qituvchi uchun nostandart ishlash istagi, izlanuvchanlik faoliyati, iqtidorli
bolalarning psixologiyasini bilish, hamkorlik qilishga tayyorlik, intellektual rivojlanish istagi, ishonchli
shaxslararo munosabatlarni o‘rnatish qobiliyati, iqtidorli bolaning xato qilish huquqini tan olish, uning har
ganday g‘oyasini hurmat qilish, o‘quvchilar bilan birgalikdagi faoliyatning magsad va vazifalarini muhokama
qilish odatiy bo‘lishi kerak. Igtidorli bolalar bilan ishlashni o‘z ustida ishlashdan, o‘zining kasbiy saviyasini
oshirishdan boshlash kerak. Yugori sinflarda fakultativ kurslarning mazmunini yanada puxta va sifatli ishlab
chiqish, ularni o‘tish metodikasini takomillashtirish zarur.

Iqtidorli bolalarni aniqlagan holda, maktab ularga o‘z qobiliyatlarini rivojlantirish uchun barcha
imkoniyatlarni ishga solishni o‘rgatishi kerak. Bu masalada birinchi yordamchi bo‘lib o‘quvchilarning fanga
qiziqishi hizmat qiladi. Matematikaga bo‘lgan qiziqishni qo‘llab-quvvatlash va o‘quvchilar qobiliyatlarining
tabiiy asoslarini rivojlantirish magsadida ijodiy topshiriglar, gizigarli tajribalar, materiallar va vazifalardan
foydalanish mumkin. Birinchidan, bu o‘quvchilarga dars boshida qizdirish sifatida taklif etiladigan
rivojlantiruvchi topshiriglar tizimi. Bunday masalalarni hal qilish uchun 1 dagigadan ortiq vaqgt talab
qilinmaydi va muammoni hal qilish yo‘li batafsil tushuntirib beriladi. Qiyinchilik yuzaga kelib golsa, yordam
beriladi, vazifalar batafsil muhokama gilinadi. Agar o‘quvchilar bu masalalarni avval o‘z ongida hal gilishga
harakat gilsalar va shundan keyingina yozma yechimga o‘tishsa, bu juda foydali bo‘ladi. Agar o‘quvchi algebra
bilan tanish bo‘lsa, u holda uni birinchi navbatda arifmetik yechimni topishga harakat qilish va shundan
keyingina masalani algebraik usulda yechishga ilhomlantirish foydalidir. Masalalar nafagat foydali, balki
gizigarli ham bo‘lib, o‘quvchilar odatda ularni katta ishtiyoq va qat’iyat bilan hal gilishadi.
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[jodiy, nostandart masalalarni tizimli hal qilish fikrlash mantig‘ini, fikrlashni, fikrlash jarayonining
moslashuvchanligini, zukkolikni, matematik fikrlash ijodkorligini shakllantirish va takomillashtirishga
yordam beradi. Matematik iste'dodni rivojlantirishda nostandart masalalarni yechish juda qo‘l keladi.

Intellektual iqtidorli o‘quvchilarni o‘qitishga kelsak, albatta, yetakchi va ijodiy xarakterga ega bo‘lgan,
yakka va jamoaviy ish shakllariga asoslangan, muammoli, izlanishga yetaklaydigan, evristik, tadgigot ishlari
olib boriladigan, loyihaviy metodlar hizmat qiladi. Ta'limni individuallashtirish g‘oyasini amalga oshiradigan
va o‘quvchilarning ijodiy o‘zini o‘zi namoyon qilishi va 0‘z-o‘zini anglashi uchun imkoniyat beradigan
texnologiyalar eng samarali hisoblanadi.

Iqtidorli bolalarni o‘qitishning selektiv, elektiv va o‘tish davridan iborat uchta asosiy shakli mavjud.
Ta'limni differentsiallashtirishning selektiv shakli igtidorli bolalar uchun maxsus ta'lim muassasalarini
yaratishni o‘z ichiga oladi: umumiy iste’dod darajasi bo‘yicha tanlangan bolalar uchun maxsus maktablar,
iqtidorli bolalar uchun maktablar. Ta'limni differentsiallashtirishning o‘tish shakli turli darajadagi va o‘rganish
xarakteriga ega bo‘lgan sinflarning bir parallelda o‘qitishni nazarda tutadi. Tashkiliy mexanizmning
zamonaviy shakli juda oddiy ko‘rinadi: bir maktabda, bir parallelda sinflardan biri iqtidorli bolalardan iborat
bo‘lsa, boshqa sinflar esa o°‘rta darajadagi rivojlanish darajasiga ega bo‘lgan bolalardan iborat bo‘ladi. Ta'limni
differentsiallashtirishning elektiv shakli igtidorli bolalarni "oddiy" tengdoshlari bilan birgalikda, ularni maxsus
sinfga ajratmasdan va ular uchun maxsus maktab yaratmasdan o‘qitishni o‘z ichiga oladi. Ko‘pincha,
umumta’lim maktablarida matematik fikrlash rivojlanmaganligi sababli yuqori natijalarga erisha olmaydigan
ayrim bolalar bor sinflarda ishlashga to‘g‘ri keladi. Shu sababli, qobiliyat darajasi yuqori bo‘lgan, ma'lum bir
sohada tadgiqotga ishtiyoqli, mustaqil ta’lim olish va mustaqil o‘rganishga moyil bo‘lgan o‘quvchilarni
ganday jalb qilish kerak degan savol tug‘iladi. Ularni hamma bilan teng ravishda darslarga borishga majburlash
har doim ham mantiqqa to‘g‘ri kelavermaydi, chunki bu ularning intellektual salohiyatining pasayishiga olib
kelishi mumkin. Imkoniyatdan kelib chiggan holatda ularga vaqti-vagti bilan mustagil ishlashlari uchun sharoit
yaratib berish kerak. Albatta, bu alohida tuzilgan reja asosida tashkil gilingan bo‘lishini, va ish yakunida
hisobot topshirilishini yo‘lga qo‘yilishini 0z ichiga olishi lozim.

Sinfdan tashqari ishlar igtidorli bolalar bilan ishlashning ajralmas gismi hisoblanadi. 5-6-sinf
o‘quvchilariga alohida e’tibor qaratish lozim. Aynan shu yoshda o°z taqdirini o°zi belgilash va o°zini namoyon
qilish, intellektual qobiliyatlarni ro‘yobga chiqarish, ijodiy qobiliyatlarni namoyon qilish uchun sharoit
yaratish muhim ahamiyatga ega. 7-8 sinf o‘quvchilari uchun fakultativ mashg‘ulotlar yordamida matematikaga
bo‘lgan barqaror qiziqishni rivojlantirishni davom ettirish lozim. O‘quvchilar fan olimpiadasida qatnashishi,
tadqiqot faoliyati bilan shug‘ullanishi, “Kenguru” va shunga o‘xshash musobaqalarda, masofaviy olimpiada
va tanlovlarda ishtirok etishlari uchin sharoit yaratib berilishi va qo‘llab-quvvatlanishi zarur. Maxsus kurslar
o‘quv jarayonini tashkil etish shakllaridan biri sifatida o‘quv mashg‘ulotlari tizimi bo‘lib, uning mazmuni
o‘quvchilarga maktab o‘quv dasturining ayrim bo‘limlarini chuqur o‘rganish yoki ularni gizigtirgan sohalarda
bilim olish imkonini beradi. Shu sabab, 9-11 sinf o‘quvchilari uchun maktab o‘quv dasturi doirasidan
tashqgarida bilim beradigan maxsus kurslarni yo‘lga qo‘yishga katta e’tibor berilishi kerak. Maxsus kursning
o‘ziga xosligi shundaki, uning mazmuni asosini darslarda ko‘rib chigilmagan, lekin bolalar o‘rganishi uchun
qulay va qiziqgarli mavzular tashkil etadi; qo‘shimcha adabiyotlar bilan faol ishlash, muammolarni mustagqil
tushunish, axborot manbai sifatida o‘qituvchining og‘zaki tagdimoti bilan ishlash gobiliyatini talab giladi.

Iqtidorli bolalar bilan ishlashda matematika olimpiadalari muhim o‘rin tutadi. Ular o‘quvchining
kundalik ta'lim jarayonida har doim ham namoyon bo‘lavermaydigan fazilatlarini aniglash va rivojlantirishga
imkon beradi. Maktab materialini juda yaxshi o‘zlashtirgan o‘quvchilar ko‘pgina hollarda olimpiada
masalalarini yechishda o‘zlarini yo‘qotib qo‘yishlari va olimpiadalarda yuqori natijalarga erishmasliklari hech
kimga sir emas. Buning sababi shundaki, olimpiadalarda muvaffaqiyatli ishtirok etish o‘ziga xos fazilatlar va
maxsus qobiliyatlarni talab qiladi, tabiiyki, bu fazilatlar ham rivojlantirilishi lozim. O‘quvchilarni olimpiadada
ishtirok etishga magsadli tayyorgarlik ko rish uchun qo‘shimcha mashg‘ulotlar, fakultativlar, to‘garaklar yoki
go‘shimcha adabiyotlar bo‘yicha mustaqil ta’limda turli xil olimpiada masalalari ko‘rib chiqilishi kerak.
Mashg‘ulotlarda tarixiy materiallar, matematik o‘yinlar, ertak syujetli va amaliy masalalar qo‘llanilishi lozim.
O°z qarorlarini ketma-ketlikda va bir-biriga zid kelmaydigan ravishda tushuntirish, masalalarni yechishda
asoslash, muammolarni hal gilishda oddiy tadgigotlarni amalga oshirish qobiliyatini rivojlantirilishi shart.
Mustaqgil ta'lim faoliyati usullarini go‘llash orqali o‘z-o‘zini rivojlantirish va o0°‘z-0‘zini o‘rganish
qgobiliyatlarini rivojlantirilishi kerak. Igtidorli bolalar bilan sinfdan tashqari ishlarning samaradorligi turli xil
matematik olimpiadalar, musobagalar, turnirlarda aniglanadi.

O‘quvchilar ishtirokining muvaffaqiyati, birinchi navbatda, doimiy ravishda takomillashtirilishi kerak
bo‘lgan o‘gituvchining kasbiy mahoratiga bevosita bog‘ligligi shubhasizdir. Kasbiy o°sishi uchun
o‘qituvchilarning imkoniyatlar hozirgi vaqtda aynigsa kattadir. Nimaning ustida ishlash lozimligini, nimani
yaxshilash kerakligini tushunish va albatta, 0°z-o0‘zini yaxshilashni xohlash muhimdir.
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YCJIOBUSI CYIIECTBOBAHUSA MEPUOJIUYECKUX MEP T'MBBCA JIJIsSI OJJHOM
MO/IEJIA )KECTKOM CEPJIIEBUHbI

Ymupsaxosa K.O., Uopoxumosa I1I.
HamanraHnckuii rocyjapcTBEeHHbIN YHUBEPCUTET

M3BecTHO, 9TO KaXKI0# npeaesbHoi Mepe [ mb0ca comocTaiseTcs oqHa ¢daza GU3nIeCKOW CHCTEMBI.
[TosTomMy B Teopun Mep ['nOOca oiHON U3 BAXKHBIX 3a]1ad SBISETCS CYIECTBOBaHUE (a30BOTO MEPeXoa, T.e.
Korna u3ndecKas CHCTEMa MEHSET CBOS COCTOSIHUE TIPU U3MEHEHUH TEMIIEPATypPhl. DTO MPOUCXOIUT, KOTIa
komuecTBO Mep ['mb6ca mensiercs. [lpu aToM TeMiieparypa, mpu KOTOPOI MEHSETCS COCTOSIHUE (PU3UIECKOM
CHCTEMBI, 0OBIYHO Ha3bIBaeTCsA KpuTHueckoi. (em. [1]-[2]).

Mycrs ¢ = (V,L) ects nepeBo Komu nopsiaka K >2. Paccrosuue d(X,Y), X, y€V Ha gepese
Konu 310 KonmuecTBO pebep Kparyaifiieidl myTH, coequHsIOIEi BepmuHbl X, Y. st (PUKCHPOBAHHOTO

0
X" €V 0603Ha4NM

W, ={xeV |d(x,x°)=n}, v = OWj L={l=(xy)eL|xyeV.}
j=0

Jus XeW, o6osnaumm  S(X)={yeW,,,: d(X,y) =1}. Mmuoxecro S(X) Ha3biBacTcs

MHOKECTBOM IIPSAMBIX IOTOMKOB BEPIIMHBI X .
Paccmorpum HC-mogens Onkalmx coceleil ¢ TpeMs COCTOSHUSMH. B 3ToM Mopenu Kaxmon
BepumHe X CTaBUTCS B cOOTBETCTBUE 00O 13 3Hauenuit o (X) €{0,1,2}. 3nayenns o (X) =1,2 o3nauaror,

uto BepumHa X «3aHsTay», a 3Hauenne o(X) =0 osmauaer, uro BepumHa X «BakaHTHa». KoHdurypamus
o ={o(X), xeV} na nepese Komu 3amaercs kax ¢yuxumst u3 V B @ ={0,1,2}. MuoxecTBO Bcex
xoupuryparmii Ha V' o6o3Hauaercs uepes Q . AHAIOTHYHOM 06PA30M MOXKHO OMPEIETUTE KOH(MUIYPALIUH B
V, (W), n mHoskectBo Beex konpurypauuii B V, (W) oGosnauaercst kak Q, (9 ).

Paccmotpum MuOkecTtBo @ Kkak MHOKecTBO BepiunH Hekotoporo rpada G . Koudurypamus O

HaspiBaercst G -nomycrumoit konduryparueii na aepese Komu (8 V, wmm W), ecnn {o(x), o(y)}—pebpo
rpapa G s mo6oii Gumkaiimueit mapsr cocemeit X, Y u3 V' (u3 Vn ). O6o3naunM MHOXkecTBO G -
OmycTUMBIX KoHurypaumii uepes Q° (Q\(,Bn)

MeuoxectBo akrnHoctd ast rpada G ects dpynxkuns A:G — R, . 3navenne A Qynkumn A B
sepumne | € {0,1,2} nasbiBaercs ee “akTuBHOCTHIO” (cM. [3]).
Jis nauasix G u A onpenenum ramunsronnad G -HC-moznenu kak
A — G
Hg(o)= 2 InA, ), ecmn o eQ”.

xeV

Onpenenenne. [3] I'pad Ha3pIBaeTCS I0IOPOIHBIM, ECITH CYIIECTBYET HAGOp AKTUBHOCTH A TaKoii,
qTOo COOTBCTCTBYIOIHI/Iﬁ raMujibTOHMAaH UMECT HEC MCHEC JIBYX TPAHCIALMOHHO-UHBAPUAHTHBIX MEP FH66C&.
B pabore [3] BbliesieHbI YETHIPE THIIA TUIOA0POAHBIX TpadoB ¢ BepumHamu 0,1, 2. Paccmotpum oquH

mw uux G = orcesn : {0,1}, {0, 2},{1,1},{2,2}.
B s10if paGote Mbl paccmotpuMm ciydaih Ay =1,4 =4, =4 ¥ U3yuuM NEpHOIUYECKHE MEPbI
I'u66ca. Iyers  L(G) — muox)ecTBO peGep rpada G, o6ossaunm uepes A= A° = (8;)i jo01, MaTpHILy
emexaoctn G| Tee.
G _ 1, ecu {i, j}e L(G),
YU, ecu {i, Y e L(G).
WzBectno [4], uto kaxmoir wmepe I[ubbca mns HC-momenu ©a nepeBe Komm  MoxHO
z={z,, X G, }, ynosnerBopstromux
aiO + allzi,y +a122;,y Zr
’ r Y T2
yeS(x) Ay t+ aOlzl,y + aOZZZ,y

’ ’
Qo +8y7,, +857;,

=1 ,
’ !
yes(x) Qoo t aOlzl,y +3y Zz,y

! p—
z, =4

Az, -
rae z/, =—'*, j=1,2.31eck Mbl IIOJIaraeM, 4T0 Z;, =lunz, = Zi"X >0, 1=1, 2

ZO,x
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N3BectHO, 49TO MeXAy MHOkectBoM BepumH V  u rpymmoit G, , sBisOLIeics CBOGOAHBIM
npousBesienreM K+1 LUKIMYEeCKMX Tpymnn BTOPOro MHOPSAAKA, CYHIECTBYET B3aMMHOOJHO3HAYHOE
cootBeTcTBHE (CM. [2]).
TIoHATHSA TpaHCASALMOHHO-UHBAPUAHTHOM, IEPHOIUYECKOM, Gf) -mepuogudeckoii Mep I['mbbca

BBOJIATCST OOBITHOM 00paszoM (cM. Hammpumep, [2]).
B pabore [5] uzyuensl nepuoandeckue Mepsl I n6Oca Ha HEKOTOPHIX HHBAPUAHTHBIX MHOXKECTBax. B
JaHHOW paboTe pacMOTPEHO MHBapHaHTHOEe MHOXKecTBO |, m3 [5].
U3 [5] u3BecTHa crenyrolias Teopema.
k
Teopema 1. [Tycts K>2u 4 =2%(k -1) (k__lj . Torna mis HC-moznenu B ciyyae G = orcezn na
k

I, mpu 0< A <A, cymecTByloT He MeHee Tpex GIEZ) -epuogudecknx mep ['mb0ca, nBE M3 KOTOPHIX
SIBJISIEOTCSL Géz) -TIepuoaudecKuMy (He TPaHCIAIUOHHO-WHBApHAHTHBIMKH) Mepamu [mOOca, r7e Glfz) —
noArpymnna rpynmsl G, , cocTosmasi U3 CJI0B Y€THOH JTUHBI.
Jokazana cienyromias Teopema.
k
Teopema 2. Ilycts K>2n Ao =2(k=1) (k__l . Torna mis HC-monenu B ciyyae G = orcezn na
k

I, mpu A=A, cymecTByeT pOBHO OJHa Géz) -nepuonuveckas mepa 1'mb0ca, KoTopass COBIAAaeT ¢
TPaHCIALMOHHO-UHBApHAHTHOH Mepoit I'm66ca 44y, a mpu 0< A <A, cymecTByloOT POBHO Tpu Géz)—

nepuoandeckue mepsl I'ub0ca 14y, 14, 1, , TOE L4, (L, SABISAIOTCA Glfz) -TIEPHOINYECKUMHU (HE TPAHCISIIUOHHO-

WHBapHaHTHBIMU) Mepamu [ mO06ca.

CIINCOK JINTEPATYPBI
1. 'eopru X.-O. ['mb6coBckue Mephl U (pazoBbie nepexosl. — M.: Mup, 1992,
2. Rozikov U. A. Gibbs measures on Cayley trees. World Scientific. — 2013.
3. Brightwell G., Winkler P. Graph homomorphisms and phase transitions. J.Combin. Theory Ser.B. — 1999.
—77,—P. 221-262.
4. Martin J. B., Rozikov U. A., Suhov Yu. M. A three state hard-core model on a Cayley tree. J. Nonlin. Math.
Phys. — 2005. — 12, Ne 3. — P. 432-448.
5. Khakimov R.M., Umirzakova K.O. Existence and Extremality of periodic Gibbs measures for fertile three-
state Hard-Core models in the case Wand. arXive:2007.14611v2 [math-ph] 2021.

KVADRATIK FAZALI TRIGONOMETRIK INTEGRALLARNING YIG’ILISH MASALASI
HAQIDA

Vohobova G.B.
Termiz Davlat Universiteti 1-kurs Magistranti, bekmaxmat@mail.ru

Bizga P(X,Y,z,a,B)=2aXy+2a,X2 +2a,y2+ X+ B,y + Bz  ko’phad berilgan bo’lsin,bunda

o, B ell, i:1,_3.
Quyidagi trigonometrik integrallarni garaymiz:
I(a.B)= [ ™ dxdydz 1)
0P
1= [|3(e.8) dpda @
DG

Teorema: | integral g > 4 bo’lganda yaginlashadi hamda g <4 bo’lganda uzoglashadi.
Isbot: Teoremani isbotlashda Mokenhaupt usulidan foydalanamiz ([1] hamda [2] ga garang).

Dastlab quyidagi xosmas integralni garaylik.
J = J‘e—(x +y“+z )+P(x,y,z,a,ﬂ)dxdydz

o0
D3

Quyidagi tenglik o’rinli
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J, =(27r)g(det(l —iA))_% exp _w

4
0 o a 1 - -,
bunda A=sla, 0 o B= (ﬂl’ 1821183) | —iA=| -, 1 —ia, |=
a, a 0 —la, —la; 1

Bundan kelib chigadiki det(1 —iA)=1-i’aa,a, —i’aa,a, —ia; —i’al —i’a) =
=1+ +0 +a? +2iaa,a,.
Quyidagi tenglikning bajarilishi ravshan
— q . —
((I—iA)l,B,,B) ((I—IA)lﬂ,ﬂ)q

exp| ———= | =exp| -
P 4 P 4

va ((' —iA)” ﬂiﬂ)q (87)% (cet(1 +A2))§
DL an 4 5= o

Endi quyidagi belgilashni Kiritamiz
= [|3.]'dpda
D6
Lemma. I = J‘|Jm|q dBda integral > 4 bo’lganda yaqinlashadi hamda ¢ < 4 bo’lganda uzoqlashadi.
DG

Lemmaning isboti.
Bu integralni # bo’yicha integrallaymiz hamda quyidagini hosil gilamiz:

- 3)

Iw:c(q)_[ ) : =
() () ()|

Bunda |0(| = 0(12 +a§ + a32. (3) integral ostidagi funksiya a, a,, a3 o’zgaruvchilarga nisbatan simmetrik va

da 3 dada,da,
-2 _[

juft hamda chegaralangan funksiya shuning uchun integralni 0 <o, <a, < a, shart bilan aniglanadigan

sohada qgarashn yetarli.
1-hol: Shuning uchun

0<a, <@, <a, bo’lsin. Hamda |a|>1 deb (3) integralni hisoblaymiz.

o0 o0 00
| - da <c da _da da, [ day
o q-2 — q-2 q-2 q-2 q-2
Ulal 2|4 1 2 1 1 1
- |:|a| +(0{1a2a3) } - (alazaS) et oyt

¥>1 q>1 da yaginlashuvchi.

|u|0) 1 deb faraz gilsak u holda
I, < cjdazgj3
o
Umuman Gelder va Plansharel tengsizliklarini qo’llab ( ning aniq ekanligini ko’ramiz.
Bundan lemmaning isboti kelib chigadi. Yung tengsizligidan teoremaning isboti kelib chigadi.

g—2>2 > 4-yaqginlashuvchi.

ADABIYOTLAR
[1] Makenhaupt, G. 1996, "Bounds in Lebesgue Spaces of Oscillatory Integral Operators Habilitationsschift
zur Erlangung der Lehrbefugnis im Fach Matematik der Gesamthochschule, Siegen.
[2] Safarov A. 2019, On the Lp-bound for trigonometric integrals. Analysis mathematica 45, 153-176 p.

~138~ «EIII MATEMATUKJIAPHUHT ITHT'U TEOPEMAJIAPH — 2022



3-IIYBBA. JTUPPEPEHIIUAJ TEHTJIAMAJIAP BA IUHAMHUK CUCTEMAJIAP

PEHIEHUME 3AJJAYU JUPUXJIE JJIS1 YPABHEHU S JIAIIVIACA B 'MIIEPOKTAHTE HIAPA
METOAOM ®YHKIIMU I'PUHA

Ao66acoBa M.O. HaulV

Paccmotpum  ypaBHeHue Jlamnaca

2 2
AUEZ—2+...+2—S=O 1)
X Xin

B M-—MepHOM eBKIHZOBOM mpoctpaHcTBe R, rae U=U(X) - nckoMas (GyHKIHS NEPEMEHHBIX

Xi=(Xpyees X )

Breaem 0003HAUCHUS:

E=(&rnly)s =X X g Xz X )y K =Lm; 1= {(iy,iy) 1 1<H << <0}, s=1m;
=ixf,p2=zm:§i2, r2=zm:(xi—§i)2, %:i[xi—i—zéj , Qm:{x:ixf<R2}’

ri12-~--xi5:Z(Xj+§j)2+ Z (Xj_fj)z, r(l)=r|x|=o’ e = T,

jel je{l ..... m}\l

Q;:{X:Zx3<R2, X >0,..., X, >O}, st ={x:2xf=R2, X >0,.., X, >O};

i=1 i=1

Xéqn’k)={X: Z Xi2<R2! X1>0)--'1Xk71>0’Xk+1>0""’xn >0}’ k:ﬁ

i=1,i=k
3anaua Jlupuxiae B 2" —oii wacTu mapa. Haiitu rapmMonnueckoe pemenue ypasaenus Jlamnaca
(1) B 2" — oif wactn wapa ()", yIOBIETBOPSIOLIEE YCIOBUIM

u|xk:0 = Tk

o =9(X), xSy, )

CyiecTBOBaHHE pEIICHHUS TOCTABICHHOM 3aauyd JOKaKeM MeToioM QyHkuuu [puHa. Joist
noctpoeHus: GyHKIuM ['prHA B ciaydae oOiiacTeil ¢ AOCTATOYHO MIMPOKOW TPYNIION CHMMETpPUI BechMa
3¢ (deKTUBHBIM OKa3bIBaeTCs MeToj] cumMmeTpuil. Hampumep, B yueOHmKe [1] moapoOHO W3IOXKEH METON
CUMMETpPUH B cllydae Kpyra M TpexMmepHoro mapa. K uuciy takux obnacreit, 1 koTopsix QyHKius [puHa
MOYKET OBITh JIETKO MOCTPOEHA, OTHOCATCS ellle MHOTOMEPHBIH 1ap, Mojyliapie, 4eTBepTh Iapa 1, BOoOIIIe,

— n
27" —as yacTh 1apa, T.e. TUIEPOKTAHT IIapa Qm

M3BecTHO, 4TO rapMOHUYECKOe petenue ypaBHenus Jlamnaca (1) B mape €, y10BIeTBOpstOLIEe

YCIIOBHIO
ul, =p(x), xe$§,,
¢ moMotkto GyHKIMY ['prHa
m-2
1 m-2) 1 R 1
G (x;&)= r - — — |, 3
m ( 5) 4”m/2 ( 2 j[ rm—z (pj P%—Z ] ( )
BBIITMCHIBAETCA B SIBHOM BHjie [2]
I'(m/2 R? - p?
u(&)="2 ) R s,

Teneps uCHonb3ys METO]I CHMMETPHHA 1 cxod U3 Buaa pyHkiuu ['puna (3), HETPYIHO MOCTPOUTH

n
¢ynkuuto ['puna 3agaun Jupuxie B runepokTaHTe mapa Qm :

o 1 2 R) 1)
G( (X é:) 71- (m j{;LKZQ <n r [IOJ 5:01<|<Z:<|<n (P#H)Z }

s
3I[CCI) " fajice, paau KpaTKOCTHU 3alHrCH, Z ( = )2 u Z ( 1

o2
o i 1< <..<ig<n P{B|S

I<ij<.<ig<n i

npu S =0 cuurarorcs paBHBIMU
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1 oz 1
rm2  pa?

n Q" Py
[ycts = < N . Boipexem u3 obmactn 2., 1map mManoro paauyca C LIEHTPOM B TOYKe & H

COOTBCTCTBCHHO.

Q" Q" cn
ocraBuryrocs 4acte 2 o6o3Haumm uepe3 {2 .., a uepes C. . — cdepy Boipesannoro mrapa. Mcmnomns3ys

n3BecTHYIO (opMyny I'puHA U3 Kypca ypaBHEHHH MaTeMaTHYecKoW (DM3WKU W MEepexoas K Mpeaeny Mpu
& — 0, nocrne BHINOIHEHHS HECKOIBKHX MPEOOPA30BAHMUM, TIOTYYUM

1 n n Rmn 1) L

s=0, l<|1< ,,,,, ,0 s=0, 1§i1_<... A
1 m
+ 27Z_m/2 F(Ejj‘ n

s#k ..<lg s#k .<ig<n (4)
S n
Takum 06p330M, J0Ka3aHa CJICayronas

5=0 1<i; <..<ig<n il ,,,,, i

n
Teopema. EqunctBenHoe pemenue 3agaun JAupuxie mist ypaBHeHus (1) B runepokTaHTe Qm ,

YIOBJIETBOPSIOIIEE YCIOBHAM (2), TpencTaBisiercs B Buae (4).

Joxa3aTrenbcTBO. ENMHCTBEHHOCTH PELICHUS CeyeT U3 IPUHIHIA 3KCTPEMyMa AJIs
SIUTMNTUYECKUX ypaBHEeHUI[2]. Y nosnerBopenue ypaBHeHus (1) u yciaoBusM (2) ycTaHaBIUBaeTCs
HETOCPEACTBCHHBIM BBIYMCIICHUEM.

CIIMCOK UCIOJIb30BAHHOM JIMTEPATYPBI
1. Caburos K.b. K Teopun ypaBHenuii cMemannoro tuna. Mocksa: ®usmarnur, 2014. 304 c.
2. Muxmua C.I'. Kypc ypaBHeHuit MaTemarnueckoit pr3uku. MockBa: Hayxka, 1968. 576 c.

OB OJIHOM HEJIOKAJIbHOM 3ATAYUE JIJIS1 YPABHEHMSI JIAIIJIACA

Ao0bacoBa H. b.
Depeanckuii I'ocydapcmesennulii Yuueepcumem

Paccmotpum smmuntudeckoe ypasHenue Jlamnaca
Au=u, +u, =0 )
JUIsL KOTOPOTO HeJIOKaJIbHasl 33/1a4a UCCIIEYyETCsl B IPIMOYTOJIbHUKE

= {(x, y) eR?:0<x<a,0<x< b} , 3mech U = U(X, y) - HEM3BECTHAsT (PYHKITHS
a,b=const.

Henokansnas 3agava. Halitn QyHkmmio
u(xy) eC(ﬁ)mCl(ﬁm{x =0})mC2(Q),

YIOBJIETBOPSIOLIYIO ypaBHEHHIO (1) B 061acTu (2 1 KpaeBbIM YCIOBUSIM

u(x,0)=7(x) (1)
u(x,b)=e(x) 2
u,(0,y)=0 (3)

1 HEJIOKAJIbHOMY YCJIOBHIO
u(0,y)=u(a,y) @

roe T (X), @(X) — 3aJlaHHBIE HETIPEPHIBHBIE (PYHKIIMH.
Ycnosue (4) aBnsieTcsi HEJIOKATFHBIM HHTETPAIHHBIM YCIOBUEM CBSI3bIBAIOIINE 3HAYSHUS UCKOMON

dyHKIMK Ha TpaHKmax X = 0, x=b,
3ametumM, uto B [1] Anst ypaBHEHHS CMEIIAHHOTO TUIIA ITOCTABJIEHA U MCCIIEZIOBaHA KpaeBas 3a/1a4a ¢
HEJIOKaJIbHBIM KPAeBhIM YCIOBHEM BHA (4).
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Teopema. [1ycTts T(X), ¢( X) S C2 [0, a] u T(O) = r(a) TOrJa CyLIECTBYET €IMHCTBEHHOE

pelIeHNe HEOKAIBHOM 3a1auH.
JUTEPATYPA
1. A. A. AGamkuH. HenokampHas 3amada Uid ypaBHEHHSI CMEIIAHHOTO THMA C CHHTYJISIPHBIM
ko3 puLmenToM B 0051aCTH, THIIEPOOTMYECKas YaCTh KOTOPOH — BEpTUKaIbHAs Modymnoioca. BectH.
Cawm. roc. TexH. yH-Ta. Cep. ®usz.-mar. Hayku, 2014, Beimyck 3(36), 7—20.

KASR TARTIBLI XUSUSIY HOSILALI DIFFERENSIAL TENGLAMA UCHUN BIRINCHI
CHEGARAVIY MASALA

Abdubogqiyev Xurshidjon
Farg ona davlat universiteti talabasi

Ushbu ishda biz, uchinchi tartibli xususiy hosilali differensial tenglama uchun to'g ri to rtburchalikli
sohada birinchi chegaraviy masalani qo yishni hamda u uchun asosiy olingan natijalarni keltiramiz.
Quyidagi kasr tartibli xususiy hosilali differensial tenglamani

.Du,, —bu=0, (1)
Q= {(X,t) 0<x<1 O<t <1} sohada garaylik, bu yerda
ma’nosidagi differensial operator [1], & va b 0°zgarmas haqigiy sonlar bo’lib, 0 <a <1, b>0.

c Dg‘t — (& tartibli Gerasimov-Caputo

A masala. Shunday U(X,t) funksiya topilsinki, u quyidagi xossalarga ega bo’lsin:
Du e c(g_z), D, EC(Q); 2) €2 sohada (1) tenglamani ganoatlantirsin; 3) €2 soha chegarasida ushbu
u(0,t)=u(Lt)=0, te[0,T]; @)
u(x,0)=¢(x), xe[0,1] 3)
chegaraviy shartlarni ganoatlantirsin, bu yerda gD(X) — berilgan funksiya, (p(O) = (0(1) =0.
Ko'rsatish giyin emaski, A masalani Fure usuli bilan tadqgiq gilinganda uning xos sonlari
A, = (7zn)2 , ne N vaxos funksiyalari esa X, (X) = \/ESin(ﬂ'nX), ne N korinishida bolib, to'la

ortonormal sistemani tashkil giladi [2].
1-teorema. A masala bittadan ortiq yechimga ega emas.

2-teorema. Agar ¢(X) eC? [0,1], (0(0) = go(l) =0 bo'Isa, u holda A masalaning yechimi

u(xt) =:Z:}/§(ana'1[—Lc;2jsin(ﬁnx)

(zn

ko'rinishda bo"ladi, bu yerda @, — (D(X) funksiyani {x/ESin (ﬂnx)}W sistema boyicha Fure koeffisienti,
n=1

Eaﬁ (Z) - ikki parametrli Mittag-Leffler funksiyasi.

3-teorema. Agar (p( X) funksiya 2-teorema shartlarini ganoatlantirsa, u holda A masalaning yechimi
uchun quyidagi baho o’rinli:

Jlu(x.t)

L,(01) =G ”(/)(X)

L(01)"
bu yerda Co 0°zgarmas hagigiy son.
A masalada (2) shart o’rniga U(O,t):ux(l,t):O, te[O,T]; yoki uX(O,t):u(l,t):O, te[O,T];
shartlari olib ham masalani tadqiq etish mumkin.
FOYDALANILGAN ADABIYOTLAR
1. Kilbas A.A., Srivastava H.M., Trujillo J.J. Theory and applications of factional differential

equations. (North-Holland Mathematics Studies, 204). Amsterdam: Elsevier, 2006. - 523 p.
2. Salohiddinov M. Matematik fizika tenglamalari. — Toshkent. 2002 vyil.
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BIRINCHI TARTIBLI CHIZIQLI YUKLANGAN TENGLAMA UCHUN BOSHLANG’ICH
MASALA

Abobakirova Muborakxon Ismoiljon gizi
Farg’ona davlat universiteti talabasi

Differensial tenglamalar fanida o’ng tomoni no’malum bo’lgan tenglamalar hozirgi kunda juda katta
qiziqish bilan o’rganilmoqda. Shu bilan birgalikda o’ng tomoni noma’lum funksiyaga bog’liq bo’lgan
tenglamalar yanada gizigarli va ahamiyatlidir. Bunday ishlarga misol sifatida [1, 2] ishlarni ko’rsatish mumkin.

Ushbu ishda yuqorida keltirilgan ishlardan farqi berilgan tenglamaning o’ng tomonida noma’lum
funksiyaning hosilasi ishtirok etgan tenglama uchun boshlang’ich masala tatqiq etiladi.

(a,40) intervalda quyidagi
y'+P(X)y=Y'(x), (1)
birinchi tartibli chizigli yuklangan tenglamani qaraylik, bu yerda X, e(a,-l-OO), P(X) -berilgan ma’lum
uzluksiz funksiya.
A-masala. (a, +oo) intervalda (1) tenglamani ganoatlantiradigan va

y(a)=k @)
boshlang’ich shartni bajaradigan y(x) funksiya topilsin, bu yerda k - berilgan hagigiy son.

X JZ'P(t)dt
Teorema. Agar J'e*0 dz#0, P(X,)#0 tengsizlikiar o rinli bo Isa, A-masalaning yechimi
0

z

—Xf P(z)dz | X |P(t Z t)dt —IP(z)dz

-1
_[ )dt x [p(
g dz Jex dz + ke

y(x)=ke
ko'rinishda aniglanadi.
Isbot. Ma’lumki, y'+P(X)y=Q(X), Xxe&(a,+) birinchi tartibli differensial tenglamaning

umumiy yechimi
_jfp(z)dz X JZ'P(t)dt
y(x)=e?* J‘Q(z)ea dz+C (3)

ko'rinishda aniglanadi [3].
(1) tenglamada Q (X) = y'(xo) ekanligini e’tiborga olsak, (1) tenglamaning umumiy yeechimini (3)
yechimdan foydalanib

X

—I‘P(z)dz x T P(t)dt -[P(z)dz
y(X)=y'(x%)e Iea dz+Ce * (4)
a
ko'rinishda yozish mumkin.
(4) yechimni (2) boshlang’ich shartga bo’ysindirib C =K ekanligini topamiz. Buni (4) ga qo’yib (1)
tenglamaning (2) boshlang’ich shartni qanoatlantiradigan yechimni topamiz:

z X

—J'P(z)de J'P(t)dt —J'P(z)dz
y(x)=y'(x)e * Iea dz +ke ® : (5)
a
Endi Y'(X,) ni topamiz. Buning uchun (5) dan Y'(X) hosilani hisoblab va uni X=X, nugtadagi
hususiy giymatini topamiz va teorema shartlarini inobatga olib quyidagi tenglikni hosil gilamiz:
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, -1

X0
_J'p(z)dz X _[P(t)dt
2 j ee dz| . (6)

a

y(%)=ke

(6) ifodani (5) ga qo’yib A-masalaning yechimini hosil gilamiz.
XQ z
[Pz | % [P

y(x)=ke * e

1
)dt X [P(t)dt ~[P(z)az
dz Ie* dz +ke *
a

a

Teorema isbotlandi.

ADABIYOTLAR
1. Vpuno A.K., Tuanabaesa I'.J. bupunun TapTHOIH YM3HKIH IOKIAHTaH O4auii KuddepeHnuan TeHraMa
yuyH Komm macanacu // Ontuman 6omkapys Ba quHamuk cuctemanap - CODS - 2019 Pecniy6nuka uiamuit
KoHppeHuusicu AuamxoH 17-19 oxtsa6ps 2019 i. 105 6.
2. AzuzoB M.C., Hazupkynos XK. FOknaHran HCCHKJIMK TapKaJWII TCHrIIaMacH yayH OHMp derapaBuii Macaia
CUMMUHHHT STOHAJIMIH Xakujaa // 3aMoHaBUMiI MaTeMaTHKaHUHT Ha3apuil acociapy Ba aMajuil MacaiajapH
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REDUCTIONAL METHOD IN PERTURBATION THEORY OF SPECTRAL PROBLEM

Durdona Ahmadjonova
National University of Uzbekistan, Tashkent, Uzbekistan
e-mail: durdona98@yandex.ru

Let El, Ez be Banach spaces E, = E, — H With dense embeddings, H be a Hilbert space and

. B ~A(%))[ @(s) L 0 Ao
(B —A (%’O))TE(_A*(%) }g )J[l/zi(é‘)J:iélﬂg (A: 0 J{g(‘g)}

Be L(El, Ez) be closed linear operator. Let 4y, € R-be n — multiple Fredholmian point of the following
E. Schmidt unperturbed spectral problem, analytically dependent on E. Schmidt spectral parameter 1R,

T
with relevant E. Schmidt eigenelements ((Dio,‘//io)

Bp, = A(ﬂo)‘//io @
By, =A (ﬂo)@o )
Here it is considered the following perturbed E. Schmidt’s spectral problem:
Bop=A(4,¢)y, @)
By =A(4¢)p, (4)
where 1= A— 4 & € R,|&| < p, —small parameter, and A(4, &)y = > A u'ely. itis required to
i+j=0

determine the perturbed eigenvalues with relevant eigenvectors (go(g),z//(g))T in the form of series on
small parameter & degrees. In the direct sum H =H @ H with scalar product

(@) = <[¢1M%J> = () +(ava)

?, ¥,
the stated problem can be rewritten in the following matrix form

g L)
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-z o)

E. Schmidts eigenelements of the adjoint perturbation problem corresponding to the same eigenvalues

are determined analogously B
B -A(4)) e(¢)

DS IR [

_ Z luigj 0 Aij (0(‘9)
Ty Ay 0 Ly (e)
In this article at the usage of the reduction method suggested in the articles [1,2] the investigation of
perturbation of multiple eigenvalues is reduced to the investigation of perturbation of simple ones.
As application of the obtained results the problem about boundary perturbation for the system of two
Sturm-Liouville problem with E. Schmidts spectral parameter is considered.

(6)
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PAJMOAKTHUB EMUPUINII MACAJIACHU

Ypaumos H.O. Tow/ITY manabacu
ApsukynaoB F.I1. Tow/JTY ooyenmu, PhD.

Bab3u snemeHTNap aroMIapuHHMHT siApoiapu aibda-, Oera- Ba ramMma- Hypiap 4YUKapuO, Oomika
ANEMEHTIIap SApoiapura y3-y3uaaH allaHuIIy paiuoakTUB eMUPUIIUII Aevunaau. PaaguoakTuB  eMUPUIIHII
CTaTUCTK XapakKTepra sra. aTOMIIAPHUHT SAPOJapH XamMMacd OupJaHWra eMUpHIMai, OajJKkyd M30TOIMHUHT
OyTyH MaBXyj OynuII JaBpuaa eMUpwiagd. byHaa OMpIMK BakT MYHJa EMUPWIAJAUTAH aTOMJIap COHH Xap
Oup n3oTON y4yH y3rapmac OYnuO, yHUHI eMHUpHIMAarad aToMjiapyd MUKIOPUHUHT OMPOp KMCMHUHH TaIIKHI
STUIIM aHUKJIaHTaH. By kaTTanuk(KMcM) eMUPHITHIN JOUMUiicH aeiinnanm Ba A xapu OuiaH GenruiaHam.

Ilynnait kumm6, dt sakr maBommuma OGN emmpunran atomnap comn ANt ra tenr, 6y epma N
conn [ BakT MoMenTHIa eMupHIMaii KosraH aToMiap cornaup. Hatmkana ymby auddepeHiman TeHriamara
sra OyiIamms:

dN =—ANdt.
Mannuii nmopa emupuamaran aromap conn N BakT yTuiu 6unan KaMaiMIIMHKE Ky pcaTajiy.
V3rapyBunnapHu axpaTraHiaH CyHT,

Ny
N

I/IHTel"paJ'IJ'Ia6, KyfII/I,E[aFI/IHI/I TOIIaMU3:

INN =—A4+1InC &x N=Ce ™,

Arap aTOMJIApHUHT JaCTIA0KH COHU N o (t= O na N = NO ) MabiyM O¥iica, MXTUEpUi y3rapmac
(unrerpamnam goumuiicn) C' HM aHUKJIAII MyMKHH: NO =C pa OounoOapuH,
—At
N =Ny, ".

M30TOI aTOMIAPH MHKIOPHHHHT SPHM EMHPUIHIIH yayH Kepak Oyiran |  BakT Iy H30TOIIAP YUYH SPHM
EMUPWINIL 1aBpHU Aeknnaau. Typnu n30TomIap yuyH sipuM EMUPWINLI JaBpH Typiauda. Macanad paaui yuyH
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60
T =1590 itun, ypaun yuyas T = 4,6 Mmapa. itui, paapoakTus K06aJIBT(C0 ) yuyH T =5,3 #un,
pamuoH yuyHn T = 3,82 cyTka.

T Ba A opacuma oconrnna Tomuum Mymxus 6ynran Gornanum G6op. Baxtauur t =T  momentu

N

yaya N = 70 Ba JIEMaK,

1 In2
Oy epna e = E Ba | = |22 ~ 0,693 cyurpa A = nT ~ 0,693T.

By N vu A opkamu smac, 6anku T opkaiu udopganamira IMKOH Oepaau, 9yHOHYH
(-tIn2)

N=Ne ™ .
Macanan, spum emupunuin gaspu 1 = 1590 itun 6yaran panuii yuayn:
(-tIin2)

N — Noe 1590 — N0e0'00044t.

by dopmynanan atomuuHr, adtaiiimk 200 ¥nnm wumga KaHYa KUCMH EMUPHIIUINAHU aHUKJIAMl MYMKHH;

t =200 necak, 200 itungan keitua N |t=200 = Noe_o’088 =0,915N,, ta arom KomuumHn, sBHY Gy

BaKT JaBoMuja O0op Oyiran aromnapHuar 8, 5%0 eMUpUIHIINHE KypamMus3.
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UMUMIY O’RTA TA’LIM MAKTABI VA AKADEMIK LITSEYLARDA DIFFERENSIAL
TENGLAMALARNI O’RGANISH BO’YICHA BA’ZI BIR MULOHAZALAR

Axlimirzayev Ahmadjon, = Mamadjonova Ma’muraxon
ADU, professor, ADU, katta o’ qituvchi
Aminova Farangiz
FarDU, magistr

Malumki, hozirgi kunda matematik analizning bir gator muhim tushunchalari: funksiya, funksiyaning
limiti va uzluksizligi, sonli ketma-ketlik va uning limiti, funksiyaning hosilasi va differensiali, anigmas va aniq
integral va differensial tenglamalar bo’yicha dastlabki tushunchalar umumiy o’rta ta’lim maktabi va akademik
litseylar matematika kursidan mustaxkam o’rin egalladi. Bularning barchasini matematika kursiga kiritishiga
amaliyotning u yoki bu masalasini yechish turtki bo’lgan. Amaliyotning ko’plab masalalarini yechish
zaruriyatidan kiritilgan differensial teglama tushunchasi o’zining qo’llanish doirasining kengligi bilan alohida
o’ringa ega. Shuning uchun ham bugungi kunda differensial tenglamalar nafaqat maktab va akademik
litseylarda, balki matematika o’qitiladigan barcha tipdagi oliy o’quv yurtlarida o’qitilmoqda.

Matematika, fizika, mexanika, biologiya, kimyo, tibbiyot, texnika va hakozo fanlarida uchraydigan
ko’plab jarayonlar differensial tenglamalar yordamida tavsiflanadi. Biz bu tenglamalarni o’rganish bilan
tegishli jarayonlar hagida ma’lumotlarga ega bo’lamiz. Chunki o’sha differensial tenglamalar o’rganilayotgan
jarayonning matematik modelidan iborat bo’ladi. Differensial tenglamalarni o’rganish natijasida olingan
ma’lumotlar jarayonlarni to’la harakterlashi uchun tuzilgan model mukammal bo’lishi kerak. Bir narsani
kuzatish mumkinki tabiatda uchraydigan turli jarayonlar bir xil diferensial tenglamalar bilan tavsiflanadi.
Aytilgan bu fikrlardan tabiatshunoslikdagi juda ko’p masalalarni yechish differensial tenglamaga olib kelishi
va ular yordamida ko’plab fizik, biologik, mexanik, kimyoviy, texnik va hakozo fanlarning masalalarini
yechish mumkinligi kelib chiqadi. Shuning uchun ham o’quvchi va talabalarni differensial tenglamalar
bo’yicha mukammal bilimlarni egallashlarini taminlashimiz kerak.
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Differensial tenglamalarni o’rganishni differensial va integral hisobning asosiy masalalarini
takrorlashdan boshlash kerak. Malumki, differensial hisobning asosiy masalalari funksiyaning hosilasi,
funksiyaning differensiali, murakkab funksiyalardan hosilalar olish, hosilaning geometrik va fizik ma’nosi,
funksiyaning monotonligini tekshirishga hosilaning tatbiqi, funksiyaning ekstremum giymatlarini aniglash,
differensiallanuvchi funksiyani to’la tekshirish va uning grafigini yasash masalalaridan iborat edi.

Ammo amalda, yuqorida aytganlarimizning teskarisi, ya’ni funksiyaning berilgan hosilalari yoki
differensiallari bo’yicha funksiyaning o’zini topish masalasi ham paydo bo’ladi. Sodda hollarda bu masalaning
yechilishi integral hisobda ko’rib o’tilgan.

Algebradan malumki, noma’lum kattalikni topish uchun masaladagi berilgan kattaliklar bilan noma’lum
kattalik orasidagi munosabatlardan foydalanib tenglama tuzilar edi. Shunga o’xshash, matematik analiz
kursida ham noma’lum funksiyani topish uchun shu funksiya bilan masalada berilgan, uning u yoki bu tartibli
hosilasi yoki differensiali orqali ifodalangan kattaliklarni o’zaro bog’lovchi tenglama tuziladi. Tuzilgan bu
tenglama differensial tenglama deyiladi. Uni yechib, noma’lum funksiya topiladi. Differensial tenglama
0’zining tatbiqi jixatidan matematik analizning eng muhim quroli hisoblanadi, chunki differensial tenglamani
yechib, u yoki bu hodisaning ganday qonun asosida sodir bo’layotganligi aniglanadi. Shuning uchun ham
differensial tenglamalarni o’rganishni unga olib keluvchi quyidagi masalalarni o’rganishdan boshlash
magsadga muvofiqdir:

1. Bozorda t vaqt o’tishi bilan biror maxsulot narxi p(t), unga bo’lgan talab h(t) va taklif S(t)
funksiyalar bo’yicha o’zgarib boradi. Narx funksiyasi, talab va taklif funksiyalari orasidagi bog’lanish topilsin.

Yechish: Bozor gonuniyatlariga asosan At vaqt oralig’ida narxning o’sishi Ap talabni taklifdan
ganchalik darajada kattaligiga va shu vaqt oralig’iga to’g’ri proporsional bo’ladi. Agar proporsionalik
koeffisienti k bo’lsa, bu qonuniyatni matematik ko’rinishda ifodalab, quyidagicha ega bo’lamiz:

Ap = k(h — S)At, i—i =k(h—-2S5), Al;r_floi—zz =k(h-S5), p' =kh-2S5).

Bu tenglik p = p(t) narx funksiyasiga nisbatan eng sodda differensial tenglama bo’lib, undan

quyidagini hosil gilamiz:

p(®) = k j [A(t) — S(®)] dt

2. Massasi m bo’lgan moddiy nuqta to’g’ri chizigli harakat qilmoqda. Uning harakat gonuni topilsin.

Yecish: Har bir momentda M nugtadan koordinata boshigacha masofa x bo’lsin(1-rasm). U holda
nugtaning tezligi x' (x" = %) bo’ladi. X

Moddiy nugta ikki tashgi kuch: ishgalanish kuchi - <
bx',b > 0 va taranglik kuchi —kx,k > 0 ta’sir etadi deylik. M
Nyutonning ikkinchi gonuniga asosan M nugtaning harakati

mx'" = —bx" — kx

gonun bilan sodir bo’ladi. Bu ikkinchi tartibli differensial
tenglamadir. Agar moddiy nuqta dvigatel bilan ta’minlangan 1-
bo’lsa va dvigatelning M nuqtada ta’sir kuchi F bo’lsa, u holda M ning harakat qonuni

mx" = —bx' —kx+F

bo’ladi. Ko’pincha F miqdor |F| < Fy = C (€ —o’zgarmas son) munosabatga bo’ysunadi.

Bu yerda qo’yilgan masalalarning birinchisida noma’lum funksiya va uning birinchi tartibli hosilasini
bog’lovchi tenglamaga, ikkinchisida esa noma’lum funksiya va uning ikkinchi tartibli hosilasini bog’lovchi
tenglamaga ega bo’ldik. Bu masalalardan so’ng differensial tenglamalar bo’yicha asosiy tushunchalarni bayon
gilish mumkin. Ular: differensial tenglamaning ta’rifi, differensial tenglamani yechimi yoki integrali,
differensial tenglamaning umumiy va hususiy yechimi, boshlang’ich shartlar, differensial tenglamaning tartibi
va darajasi va hakozolardir. Bu tenglamalar puxta o’zlashtirilgandan so’ng differensial tenglamalarni tizimli
o’rganishga kirishish mumkin.

Umumiy o’rta ta’lim maktabi, akademik litsey va oliy o’quv yurtlarida differensial tenglamalarni
o’rganishni yuqoridagidek tashkil qilish, birinchidan o’qitishning didaktik tamoyillaridan hisoblangan
nazariyaning amaliyot bilan birligini ta’minlasa, ikkinchidan matematikani o’qitishda fanlararo aloqadorlikni
ta’minlaydi va natijada ta’lim jarayoni samarali bo’ladi.

A 4
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HAYAJIBHO-TPAHUYHASA 3AJAYA JJIAA JUOPEPEHIIMAJIBHOI'O YPABHEHMUS B
YACTHBIX ITPOU3BOJHBIX BBICOKOT'O YHETHOI'O ITOPAJIKA C OIIEPATOPOM
BECCEJISA

AznzoB Mysaddap CynaiimoHoBHY
bazosuviii doxmopanm Depl’y

B Hacrosmeit paboTe, paccMaTpuBas ypaBHEHHE

B! u+(-1) (6% u/ox™ )= f(xt), L)
e By =00t + (2y/t)8/8t -onepatop beccens [1], O<y=const<1/2, f (X,t)—:;az[aHHa;{

HeTpepbIBHAS (QYHKIHSL.

B paGorax [2-10], paccmarpuBas HekoTopble audQepeHInanbHble YpaBHEHHS B YaCTHBIX
NPON3BOJHBIX BBICOKOTO YETHOTO TMOPSIKAa B IPSIMOYTOJIBHUKE, MCCIIETOBAHBI HECKOIBKO HadalbHO-
rpaanuHble 337aud. Ho B 3Tmx paborax, Ha4albHO-TPAaHWYHBIC 33aJadll M3YYCHBI JIUIIb C HECKOJIBKHMH
BapHUaHTaMU JIOKaJIbHBIX TPAHUYHBIX YCIOBHN. boJiee Toro, cymecTByeT orpaHHueHHOE KOJIMYEeCTBO padoT, B
KOTOPBIX PaCCMOTPEHBI HA4aJIbHO-TPAHNYHBIE 331a49H C HEJIOKAIBHBIMUA ITPAaHIYHBIMH YCIOBHSIMH.

CremoBaTenbHO HAYAIBHO-TPAHWYHBIC 3aJadll KaK C JIOKAJbHBIMH, TaK W C HEJIOKAIbHBIMA
TPaHUYHBIMH YCIOBUSAMU JJIsI MU PepeHIIHANBHBIX YPaBHEHHI B YACTHBIX MPOU3BOIHBIX BHICOKOTO YETHOTO

TIOPSA/IKA OCTAIOTCA MAIOU3yYEeHHBIMA. MBI pacCMOTPHM B UeThIpexyronpruke 2 = {(X,t) 0<x<1,0<t< T}

CJIEAYIOIIYIO HA4YaJIbHO-TPAHUYHYIO 33124y C HEJIOKAJIbHBIMHU T'PAHUYHBIMHU YCIIOBHUSIMH Ha OOKOBBIX CTOPOHAX

Q.
3agaua qu- Havimu ¢ynxyuro U (X,t) S C2k 0 ( )ﬁCZk 2 (Q), VOOBIeMBOPAIOUYIO 8 00aaACmU

Q ypaguenuro (1), a na epanuye obracmu £ credyOWUM HAUATLHOIM U PAHUYHBIM YCIOBUAM.
u(x,O) = (pl(X), 0<x<1; |imt”u (xt)=g,(x), 0<x<I;
t—+0

2j+1 2j+1

0 0
21+1u(Ot) p 2J+lu(lt)J—Ok ~-1L,0<t<T,

6
8 2J
20e (pl(X) u @, (X)— 3a0anHble HenpepbisHble QyHKyuu, a P, q € R, npuuem p +q #0.

N3 3amaum qu npu =0 cieayer JoKalbHas 3aj1ada, paccMorpeHHas B [9] u [10]. 3nech

peAnojoXxuM, 4TO pPq #0 u HCCJICAYEM CYILICCTBOBAHUC, CIUHCTBECHHOCTH U yCTOfIIII/IBOCTB PEIICHUA

3aa4u qu
Jlemma 1. ITlycmo @, (X) e C3*1 [0,1], (pi(sk) (X) el, (0 1)
q(ol'(o):p@,,(l), p@i"(o):q@”( ) qgol3kl( ) p@,Skl( ),

eciu 3K —1-nevemnoe uucno u
ag!(0) = pe{(1), Pe(0)=aef(1)...... o™ (0) = g™ (1),

ecau 3K —1 - vemnoe uucno. Tozoa cnpaee()ﬂueo HEepaseHcmeo

Z/ls(pm _J’ [(Di(sk) (X)T dx,

rae @y = I(D, )dX =1
Teopema 1. Ilycme 0<y<1/2, P#Qq u @yuxyuu (pl(X) u (/)Z(X) VOOBNIeMBOPAIOM YCA0BUAM

nemmel 1, a ¢pynkyus f (X,t) yooenemeopsiem smum ycnosusm no apzymenmy X pasnomepro no L. Tozoa

pynryus
xt):fvn(x{ 73, (VA #0873, 4, (VAL +
n=1

2c0s m
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1
7
3 () ()30 (), (V) [ £ a0
onpeoesiem eOUHCMBEeHHOe pelueHue 3a0a4u qu , 20e

a :EL‘/;T"]NZ T(1/2-7) @, bn:L‘/j_“jmyr(llzw)%, fn(t):j:f(x,t)vn(X)dx,

"2
neN, J, (X)—qbyHKL;u;z beccena nepsozo pooa, F(Z) -eamma — Qynxyus Jilnepa, ﬂ«n u 'V, (X), neN-
COOMBEMCMBEHHO COOCMBEHHbIE 3HAYEHUS. U COOCBEHHbLE (DYHKYUU Clledyioujell CHeKMPATbHOU 3a0ayu.
Mv = (—1)k v (x)=av(x), 0<x<l;
pv®(0) = qv?® (1), v (0) = pv®™ (1), j=0,k -1

Teopema 2. [lycms evinonnensvi ce ycnosus meopemwvt 1. Tozoa Ona peweHus 3adauu qu

Cnpaseonuea oyeHKa
”U (X’t)|||_2(o,1) =M, (”¢2 (X)||2|_2(0,1) +||¢1 (X)||i2(o,1) +” f (X’t)”iz((z))’

20e M 0 "HeKomopoe nouoxrcumelbHoe 4ucio.
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REDUCTION FORMULAS FOR HYPERGEOMETRIC FUNCTIONS

'Ergashev T., 2Abdullayeva M.
Toshkent Irrigatsiya va Melioratsiya instituti, 2Namangan davlat universiteti magistranti

A generalized hypergeometric function in one variable is defined by
P

@, . . . a wH(“J)n /n
[k

P q

Pl = (e, BBy 2).
B, - - - By = (ﬂj)n n!

j=1
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Here (/1)v is the Pochhammer symbol defined (for A,v €J ), in terms of the familiar Gamma function I"
by
(2), = r(a+v) [ 1 (v=0;2€1\{0})
o) |A(A+1) . . . (A+n-1) (v=nel;iel).
It is being understood conventionally that (0)0 '=1,and J and I' being the sets of complex
numbers and positive integers, respectively.
It is noted here that whenever hypergeometric function , Fl and the generalized hypergeometric

function Fq reduce to be expressed in terms of Gamma functions , the results are important in view of
applications as well as themselves. Thus the well known classical summation theorems such as those of

Gauss, Gauss second, Kummer and Bailey for the series , F1 , and those of Watson , Dixon, Whipple, and

Saalschuts for the series 5 Fz , and other have played important roles,

Moreover, it is well known that, if the product of two generalized hypergeometric series can be
expressed as a generalized hypergeometric series with argument x, the coefficient of x" in the product
should be expressed in terms of Gamma functions .Following this technique and using above mentioned
classical summation theorems, in a well known, popular and very interesting book [1], Bailey drived a large
number of new as well as known results involving products of generalized hypergeometric series. Here, for
our present investigation, we choose to recall some of those results in [1]

e_xlFl(p;a; X): 1F1(p_05;,0;_x)
1(onr,B), %(a+ﬁ+1); 2

lFl(a;Za;X)lFl(ﬂ§2,B;_X)=2F3 g 1 4
a+§,ﬂ+§, a+p;
a, p_a' X2
e Elein-| o p 1|
121 2 2’
2l L
a; a—-p+1 “ 2+2’ 2 Ol+2,xz
F x|,R —x|=.F 4
p; 2-p; lp,l 3 p 4
212 21 2 2’
o P
-Z41 g+l
2 _ 1_ (04 +| 1,2
+( a ,0)( IO)X F, 2 2 —

p(2-p) i 3 Py L P 4

It is interesting to note her that if we use those results, get, respectively, the following alternative
forms:

1 1
—(a+ﬂ), —(a+ﬂ+1); )
e F(a;2a;X),F(:28:-x) = ,F,| 2 2 X

11 4
a+§,ﬂ+§, a+f;
a, p-a; ,
e R (a; p;x),F (a5 p;—%) = ,F, p £+E-XZ'
P 27y
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a: 1_a. 0.’_£+—, B_a'i_l;xz
eixlFl X R X =,FK 2 2 2 2 X
P 2=p; lp 3 p 4
2'2 20 2 2
p p .
a——+1 —-a+l
(22-p)1=p), c|" 2 7 2 X
p(2=p) 13 p L p. 4
2'2 7 2’
We give following elegant result for a product of three generalized hypergeometric function:
. . . 3c—%,30+%; Ax Y
F| 7 x|,F| 7 ox|,F| 7 &°x|=,F —
° 1{6c; }0 1{6c; }0 1{6(:; } 27 2 1 1_(9)

6¢, 2c, 20+ ,2C+—,4c—=,4¢,4c+=;
3’ 3’ 3 3

where ¢ = exp(zg' j

REFERENCES

1. Srivastava H.M. , Karlsson P.W. Multiple Gaussian hypergeometric functions. Halsted Press: John
Wiley and Sons, New York, Chichester, Brisbane, Toronto. 1985

RECURSION FORMULAS FOR LAURICELLA FUNCTION

'Ergashev T.G., 2Ergasheva I.
TIIAME National Research University, professor, 2Namangan State University

In this work, we obtain the recursion formulas for three-variable Lauricella function defined by

(@), (B (B2)y X% e
FE(3)(ai’b17b2;cl’02’c3;xi’X21X3): Z e mo e % %

My, My, My =0 (Cl)m1 (C2 )mz (C3 )m3 m1! m, ! m3!'

Theorem 1. The following recursion formulas hold true for parameter @, of the Lauricella function FE(3)

(a1+n) blle:F (a,+n,b +1c +1)

1 m=1

+béizn: FE(3)(al+n1’b2 +1c, +1)+ s z FE(S)(a1+n1’b2 +1.¢, +1)’
m=1

2 3 m=l
FE<3>(a1—n)=FE<3)—b1—Xlz F(a,—n,b +1c +1)
1 =0
_bX F¥(a,—n,b, +1,c, +1)- bX3ZF (a,—n,b, +1,¢c, +1).
C, n=o G n=o

Theorem 2. The following recursion formulas hold true for parameter 81 of the Lauricella function

n ol n-— N n +n, H =1 i

3 +n = .

FE( ). (a1 )= nlzz‘,r;, ;( J( n, j( Ny j (Cl)n1 (Cz)n2 (C3)n3
x B (a1+ Ng.b, +n,b, +n, +n;,¢ +n,C, +n,,Cy+n;).

3 n;
3) n N, n- Nz (bl)n1 (b2 )n2+n3 Hi:l(_xi)
(a-n)=>3 Z
n=0n,=0 n;=0 n, N (Cl)n1 (CZ )n2 (C3)n3

xFE (0b1+n1,b2+n2+n3,c1+nl,cz+n2,c3+n3).

Theorem 3. The following recursion formulas hold true for parameter b1 of the Lauricella function FE(3) :

F& (b, +n)= F(3)+a1X12F(3)(a1+1 b +n,c, +1),

1ﬂ11
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F® (b, —n)=F® —%Zn: F® (a,+1,b —n,,c, +1).
n=1

Theorem 4. The following recursion formulas hold true for parameter b1 of the Lauricella function FE(?’) :

FE(S)(bl+n):Zn:(nl](a1; X F) (a, +n,b +ny,c, 1),

m=0 (Cl n

O (b, -n)=3|" (ai)”l— "FO(a,+n,c +n
(o )‘ﬁ[m](cl)m“l) (a4 n,)

Theorem 5. The following recursion formulas hold true for parameter b of the Lauricella function FE(3)

FO (b, +n)=FO + 2% S EO) (3 11b, +n,,c,+1)+

Y (a,+1,b, +n,c,+1),

C, = C na
F9(b,—n)=F% —%z F (a,+1b,—n,.c, +1)—a(1: 53 FO) (2, +1,b, 1, ¢, +1).
2 m=0 3 =1

Theorem 6. The following recursion formulas hold true for parameter b2 of the Lauricella function FE(3) :

. Xy
b+n ZZ[ j( jmlzés)(aﬁNz,b2+Nz,c2+nl,c1+n1,c3+n2),
2

D0 (@), (c.),

Theorem 7. The following recursion formulas hold true for denominator parameter C; of the Lauricella
() .

function F¢

@)

@ @ F7(a,+1b +1,c+2-n,)
e M= R va 3 A
" a,), (), X"
F® (¢ —n)= (n](”l—”iF(” +n,b +n,c +n).
E (1 ) n;) nl (Cl_n)nl(cl)nl E (ai lbl 171 1)

Theorems 1 — 7 are proved by mathematical induction method.

REFERENCES
1. Srivastava H.M. , Karlsson P.W. Multiple Gaussian hypergeometric functions. Halsted Press: John Wiley
and Sons, New York, Chichester, Brishane, Toronto. 1985

Ob OIITUMAJIBHOM TPAHUYHOM YIIPABJIEHUHU ITPOIECCOM
PACIIPEJAEJIEHUSA TEILJIA

I'azueB Kyém AzamaTtoBuy
Cmapwuii npenodasamens, Hamaneanckuii 20cyoapcmeennviii yhugepcumem

AnHoTanusi: B pabore paccmaTpuBaercsi HayalbHO-KpaeBas 3ajada ymOpaBlieHHs paOoTh
PET€HEPAaTUBHOI0 BO3yXOIOAOTPEBATENS U 33/]a4a ONTUMAJIBHOTO YIPABIEHHSI C MUHUMaIbHOM SHEPruei.
[Tomygeno HeoOXoauMoOe YCIOBHE, KOTOPOMY VAOBJIETBOPSIET pEIIEHHE IEpPBOW 3aJadud W HaIeHBbI
HaMMeEHbIIlee 3HAYCHUE SHEPTHU U (DYHKIIWS, peaTi3yIoNias 3TO 3HaYCHHUE.

KuroueBble ci10Ba: TEIIIONPOBOAHOCTh, KpaeBas 3ajaya, paclpOCTpaHEHHs Telsia, ONTUMAIBHOTO
ynpasieHus, psn Oypbe, ynpasisromas (GyHKIHSL.

[Tpu u3ydenun paboThl pereHepatuBHOro Bosayxomnojorpesarens (PBII) ecrectBeHHBIM 00pazom
BO3ZHUKAET clieayromas 3aaayall].
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HauanpHo-KpaeBast 3aaua ynpasieHus. HaliTu ynpaBisionyto KyCOuHO -HENPEPhIBHYIO (DyHKIIUIO
u(t), O<t<T, rme T-mpousBoibHas (UKCHpPOBAHHAs IMOJOXKUTEIbHAs KOHCTaHTA, Takas , 4YTOOBI mpolecc
pacrpocTpaHenus tera mo crepxkio [0,1], 1>0, onrmcbiBaeMoMy ypaBHEHHEM TETLIOMPOBOIHOCTH
Zi=a%Zyx, 0T, T>0, 0<x<l, a0, (1)
nepenen U3 Ha4yaabHOTO MOJIOKEHHUS Z(0,x)=0(x), 0=x<l (2
B KOHEYHOE IOJIOKEHUE Z(Lx)=y(x), 0=x<I.  (3)
ITpu 5TOM OBUTH BBHIMOJIHEHBI U KpaeBbie (rpanudnbie) yemosus: Z(t,0)=U(t), Z(t,1)=0, 0<t<T, T>0.
[Ipex e yeM npucTynuTh K pemenno 3anaun  (1)-(3) , ormetum, uto ecimu @(+), w(*), U()€ Lo, T0 B
01
wiacce pynkuid W2 (Q), tae Q={(t,x): 0<t<T, 0=<x<l} cymectByer enuncTBenHoe pemienue Z=2(t,x), (t,X)

€ Q zamauu (1)-(3). OxHako, ¥Mest B BULY MPUIOKEHHS MONYYCHHBIX PE3YJIbTATOB, MBI CUMTAEM (DYHKIIUH
¢(*) m y() Tmagkumy, a U(-) — KyCOUHO-HETIPEPBIBHOM ; B TO K€ BpeMsl JAIbHEUIITNI aHaIN3 MIOKa3bIBAET, YTO
yrpasieHue U(-), MOXHO CUUTaTh TJIaKuM, Toraa u pemerne Z(t,X) Oyaer riagakum .

2. Pemenue Z(t,X) 3anaun (1)-(3) umem B Bune psiaa Oypoe

Z(tx)=Y Tt sin ”I . @)
n=1
rae Ta(t) ,n=1,2,..., — koapPumentsr Dypre Gpynkmu Z(t,X) , 0 <X < |, npu e€ pasnoxxennu B psix Pypbe 1o
cucreMe (pyHKIHi {IE sin IInx ,0<x<l,n=12,...,}:
|
Tn(t)=|3 f Z(t.x)sin 777 g, (5)
0
HOJTYyIUM
|
. IInx
T 2 (2001 Z(]- -2 [Z,(tx)sin==dx ©)
IIn ’n* |
Ho Z(t,0)=u(t), Z(t,1)=0. IMostomy
|
T = 2 - | Zarsin T o o
IInl I7"n"a® |

Juddepeniupys IeByO 1 MPaByl0 YacTH paBeHCTBa 110 t u3 (5), momydaem
|

a0 -2 j Zi(t,x)-sin 1Inx dx . (8)
dt [
M3 (7) u (8) umeem
dT.(t) (IIna 21Tnd?
A [ | ) = 200 . ©)
dt I I
[Ipou3sBonbHOE pellieHHE 3TOTO YPABHEHUS] UIMEET BUJT
Ina )\’ [ha’
_ t P e
I 211Ina I
Ta(t)=€ [ To(0)+ I—ZI € u(s)ds . (10)
0
C npyroii cTopoHHI,
0(9=2(0= DT, 0)sin T 9= 3, sin 22 (1)
n=1 n=1
rae ¢n , N=1,2,...,— xoahpurnentu Oypoe Gyukimu ¢(X) , 0<X<I, mpu e€ pasznoxenuu B psg Pypbe 1m0
(hyHKIUSIM
|
{Igsin 1Inx sl n=12,...}: <pn=|3 j (p(x)-sin@dx (12)

0
CuuTaercs, uto ¢(0)= ¢(1)=0.
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|

CnepoBarensho ,((11),(12))  Ta(0)= (pn=|E '[ o(X)-sin
0
Takum o6pazom , pemrerneM 3amayu (1)-(3) sBisieTcs ps

1Inx 4o n=12.... .

) [Una]zt t [Hna]zs
_| e ) na
2tx=). €' [or 2’7’:" J e '/ u@)ds] sin ”I”x , (13)
n=1 0
rae ¢n, N=1,2,..., onpenemnsercs B COOTBETCTBUM ¢ popmyioi (12).
Hanee myctb Z(t,X)=y(X), y(0)= y(1)=0 u
|
Y= Y p,sin Xy = IE J. yo-sin 217 dx (14)
n=1 0

CremoBatenibHO, €CNIM CyliecTByeT ymparisiomnas ¢yrkmus U(t) ,0<t<T, mepeBomsrias mporecc,
onmceiBaeMbIii 3amaueit (1)-(3), To ((13),(14))

2
Ina 2
— IIna
(|jT 2Hna2T(,j5
e . +|—zje u@s)ds [=w, n-12,., (@15
0
1.e. ¢pynknus U(t) ,0<t<T ymoBieTBOpsET CleAyIOIIEi CYETHON CHCTEME PaBEHCTB:
T
2
Iein‘u(t)dt =a ,n=12,. (16)
0
2 2
AT
rne A = [@j , a= (yn € —gn) . (17)
17
YMHOXUB 00¢ gacTu B(16) Ha e U TIOJIOKHUB
— AT ( z1 12
b= € we —q@ | (18)
" "' 20tna®
MBI TIOJTyYUM (TIOCTIE HECIOKHBIX TIPEOOpa30BaAHMIA):
T
2
je Au(t)dt=b ,n=12,.. (19)
0

Taxum 00pa3oM ,MbI JIOKa3alld CieayIoNIee:

YrBepaxaenue 1. Eciau cymectByer ynpasisiorias Gyaxmus U(t) ,0<t<T, mepeBomsiast u3yIaeMbIii
nporecc (1)-(3) u3 HavanpHOE TMOJOXKeHHsS (') B KOHEYHOE MOJIoKeHUe Y(+), TO OHA CYIIECTBYET B BHJIE
paBeHcTBoM (19).

HUTUPOBAHHAS IMTEPATYPA

[1] Kupcamor HO. A  MaremaTHdeckoe MOJCIMPOBAHUE TEIJIOBBIX TIPOIECCOB B PErepaTHBHOM
Bo3ayXxomoxorpesarene. Termmosnepreruka,N1, 1999,

[2] Unpua B.A I'paHndnHOe ympaBiieHHMEe TporieccamMu Koiiebanmid Ha aByX koHmax. Jokm. PAH,T.369,
N5,1999.

NAV’E-STOKS TENGLAMASIGA QO YILGAN NOLOKAL MASALA

Hamdamova A.S QarDU magistri
hhaal5853@gmail.com

1998-yilda Bostonlik milliarder Landon Kley (Landon T. Clay) ning mablag‘i hisobida Kembrejda
(Massachusets, AQSH) Kley nomidagi matematika institutiga (Clay mathematics institute) asos solindi va
hozirgi zamon matematikasining bir gator muammolariga mukofotlar belgilandi.2000-yil 24-mayda
institutning ekspertlari yettita muammo tanlashib, ularning har biriga million dollar belgilashdi.Bu ro‘yxat
Milliennium Prize Problems (million yutuqli muammolar) nomini oldi.Bulardan oltinchisi “ Nave-Stoks
tenglamasining yechimi mavjudligi va silligligi” haqidagi muammodir.Bu muammoni yechishda mukofot
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e'lon gilingandan avval va undan keyin ham ko plab mashhur olimlar gizigib kelganlar hamda samarali
natijalarga erishganlar.Bular O.A. Ladijenskaya, R. Temam, A.N. Kolmogorov, J. Leray, E. Hopf, J.L. Lions,
M.L Vishik, V.A. Solonnikov, M. Otelbayev va boshgalar[1]. Oltinchi muammoda Nav’e-Stoks tenglamasiga
goyilgan nolokal masala yechimining mavjudligi va silligligini o’rganish talab etiladi.2014-yilda matematika
jurnalida e’lon gilingan M.Otelbayevning «CyIiiecTBOBaHHE CHIIBLHOTO periieHus ypaBaenuss HaBbe-CTokcay
maqolasida muammosi hal bo'lganligi ma’lum qilindi[2], ammo keyinchalik ishda xatolik topildi. Muammo
ochiq qoldi.

Ushbu ma’ruzada Nav’e-Stoks tenglamasiga qo‘yilgan quyidagi masala yechimi uchun ba’zi aprior
baholar o’rinli ekanligi korsatiladi:

Qc R’ —markazi koordinata boshida va tomoni 27z ga teng bo’lgan kvadrat, Q=(0,T)xQ, T >0
bo’lsin.

2 -
j +Zuk J :VAuj _s_p-l_ fj(tfxl’XZ)f (t,Xl,XZ) EQ, J :112;
X .
]

2 1
divu=2%:0, (t, %, X,) e Q. @

tenglamalar sistemasini hamda
u(t, %, %) =0, (%,%)eQ; @

u(t, x,, X,)

xk=—7r: u(t' Xl’ XZ)

p(t, X, X,) X=—7 p(t, X, %,) =7 k=12 0O=<t<T. (3
ou ou

_t’ ' X x:—;zz_t’ ' X X =7

o (x)= )],

boshlang‘ich va chegaraviy shartlarni ganoatlantiruvchi ut, x) =(U1(t,X),U2(t,X)) vektor funksiya va
p(t, x) skalyar funksiya topilsin.
ADABIYOTLAR

1. O.A.Jlagepkenckas.lllectas npoOiema ToicsueneTus: ypaBHenus: HaBbe-CTOKCa, CylIECTBOBAaHUE U
rimagkocth, YMH, 2003, Tom 58, Beimyck 2 (350), 45 — 78.

2. M.OrenbaeB.CymecTBoBaHle CHIIBHOTO pemieHusi ypaBHeHus Hasre-Crokca. Maremarnueckuit
KypHau, 2013, tom 13, Ne4 (50)

INVOLYUTSIYA XOSSASIGA EGA BO’LGAN IKKINCHI TARTIBLI BIR DIFFERENSIAL
TENGLAMA HAQIDA

Ibaydullaev To’lanboy Andijon davlat universiteti
Usmonova Mabhliyoxon Farg 'ona daviat universiteti

Agar biror f(x) funksiya biror X to’plamda f(f(x)) = x shartni ganoatlantirsa, u holda u mazkur
to’plamda involyutsiya xossasiga ega bo’lgan funksiya (akslantirish) deyiladi. Agar differensial tenglamada
noma’lum funksiya yoki uning hosilalari involyutsiya xossasiga ega bo’lgan funksiyalarga bog’liq bo’lsa, u
holda mazkur tenglama involyutsiya xossasiga ega bo’lgan differensial tenglama deyiladi.

Masalan, f(x) = % funksiya involyutsiya xossasiga ega bo’lgan funksiya bo’ladi. Hagqiqatan,
fF(F(x) = ]%x) = % = x. Shuning uchun ta’rifga ko’ra y" (x) = y' (i) tenglama ham involyutsiya xossasiga
ega bo’lgan differensial tenglama bo’ladi.

Bunday tenglamalar va ularni yechish usullari ilk marta [1-3] adabiyotlarda keltirilgan. Bulardan
tashgari bunday tenglamalarni yechishga bag’ishlangan ishlar yurtimizda G’.Mo’minov ishlarida ham
uchraydi. Ushbu maqola ham aynan yuqorida keltirilgan involyutsiya xossasiga ega bo’lgan ikkinchi tartibli
differensial tenglamaning oshkor yechimini topishga bag’ishlangan.

Ushbu
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Y0 =y'(3) (1)

tenglamaning umumiy yechimi oshkor ko’rinishda quyidagidan iborat bo'ladi:

y(x) = Cﬂ/ﬁ{\% cos (\/;lnx) + sin (\/;ln x)} + C,.

Hagigatan, (1) da % ~x almashtirish gilib,
124 1 !
y'(3) =y )

ni hosil gilamiz. (1) ni yana bir bor differensiallab esa, y"'(x) = y" G) ;—21 ni hosil qilib, keyin (2) dan
foydalanib, y'""(x) = y'(x) - = = yok| x2y" +y' =0 tenglamani topamiz. Bu y’ = z almashtirish bilan
quyidagi Eyler tenglamasiga keladl. x?z" +z=0. Un| x=et, (t =Inx) almashtlrlsh bilan yechamiz:
2(x)=z(e) =2(t) ; 2 (x)=Z'(t) - t, = Z'(t) -~ =520 = (z'® -2 (t)) — . Bundan quyidagi
tenglama hosil bo’ladi: Z"" — Z' + Z = 0. Uning xarakteristik tenglamasining ildizlari k; , = % + i‘/; bo’lib,

. - 2t V3 (V3 Mo s . )
umumiy yechimi Z = ez (Cl cos (7 t) + C, sin (7 t)) bo’ladi. Yana qaytadan eski o’zgaruvchilarga o’tsak,
z=+x (C1 cos (gln x) + C, sin (?ln x)) bo’ladi yoki,

y'(x) =Vx (C1 cos (?ln x) + C, sin (?ln x)) 3)

Buni integrallarni bo’laklab integrallash usuli yordamida yechamiz:

y(x) = f\/E(Cl cos (‘/;lnx) + C, sin (‘/;ln x)) dx + Cs.

Awvval birinchi anigmas integralni hisoblaymiz:
= [+/x cos (?lnx) dx = Efcos (Elnx) dVx3 =
= %(\/_cos( lnx) + = f51n(£lnx) i \/F)dx =
= %(\/Fcos (\/;lnx) + ?f\/}sm (—lnx)) dx = —\/_cos (—lnx)
fsm(—lnx) dVx3 = \/_cos( lnx) +
+%(\/Fsin (‘/;lnx) —\/;fcos (v?—lnx) -—-\/_dx) = —\/_cos (—lnx)
+32—\/§\/ﬁsin (‘/;lnx) ——f\/_cos (—lnx) dx = \/_cos( lnx) +
+%\/ﬁsin (?ln x) — §Il. Bundan I, ni topamiz: I; = [ vx cos (gln x) dx =
= g (cos (gln x) + %sin (%§ln x)) .
Shu kabi I, = [v/x sin (‘/;ln x) dx anigmas integralni hisoblasak,

I, = [v/xsin (? In x) dx = ? (sin (gln x) - \/—gcos (‘/;ln x)) bo’ladi. Bundan

y(x) =il + Gl + G 4)
yechimni topamiz. Biz differensial tenglamani differensiallash yordamida yechganimiz uchun “chet”
yechimlar ham paydo bo’lishi mumkin. Shuning uchun topilgan (4) yechimni berilgan tenlamaga qo’yib

tekshiramiz bunda y'(x) uchun (3) dan foydalansak ham bo’ladi:
y'(x) = (Cl cos (‘/j In x) + C, sin (‘/;ln x)) +

+/x (——3 —Lsin (\g—lnx) TRER ﬁcos (?lnx)) =

= ﬁ <(C1 +/3C;) cos (7 In x) + (—V3¢, + C,) sin (\/;ln x))

(3) da ~~x almashtirish gilsak,

y' G) = % (C1 cos (? In x) — C, sin (gln x)) .Keyiny”"(x) =y’ G) bo’lishi uchun
C1+V3C, _
2 . _ g e e .
_Ec,+c, yoki C; = v/3C, bo’lishini aniqlaymiz. Bundan

2 - G
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y(x) = CZ\/F{\/—lg cos (‘/Z—gln x) + sin (‘/Z—glnx)} + C; kelib chiadi va C, ni C; ga, C; ni esa C, ga almashtirib

go’ysak, (2) yechim hosil bo’ladi.
Bevosita tekshirish orqali topilgan (2) yechumning haqiqatdan ham umumiy yechim bo’lishini
ko’rsatish mumkin:

y'(x) = % (\/§ cos (?ln x) —sin (?ln x)) Y (%) = % (\/§ cos (gln x) — sin (?ln x))

ADABIYOTLAR:
1. bennman P. Kyk K. Iuddepenumansupie pasHocTHeie ypaBHeHUs. M.Mup, 1961.
2. Epumon H.B. Beicmas reomerpus. M.Hayka, 1961

, 1
3. Silberstein R. Solution of the equation f (X) = f(;j . I/ Phil. Mag.7" Series, 30(1940), p.185-186.

ON A SIMPLE EVASION DIFFERENTIAL GAME FOR
INTEGRAL AND GRONWALL CONSTRAINTS.

Ibaydullaev Tolanboy, Juraev Bahodir, Xusanboeva Nodiraxon
Andijon State University

Suppose that in R" a controlled object P called the Pursuer, chases another object E called the
Evader. Denote by X the position of the Pursuer and denote by Y the position of the Evader in R". In the

present work, we consider the pursuit-evasion problems when the objects move in accordance with the
equations

P:&=u, x(0)=x, 1)
Exg=v, y(0)=y, @
respectively, where X, VY,U,V € Rn, n>2, Xy and Y, are initial positions of the objects and it is assumed
that X, # Y,. U and V are control parameters of the objects correspondingly.
On the control parameter U, we impose the constraint

t
2 k

[lus)|” ds < pe ' foralmost t >0, (3)

0

where o and kare positive numbers. Here U is the velocity vector of the Pursuer and the temporal variation

of U must be a measurable function U(-) :[0,20) — R" . We denote by U, the set of all measurable functions

u(-) such that satisfy the integral constraint(briefly, | -constraint) (3).
Similarly, on the control parameter V, we impose the constraint

|v(t)| <o+ k}|V(S)|dS , foralmost t >0, (4)
0

where O and k are positive numbers. Here V is the velocity vector of the Evader and the temporal variation
of V must be a measurable function V() : [0,20) = R". We denote by Vi, the set of all measurable functions
v(-) such that satisfy the Gronwall constraint(briefly, Gr -constraint) (4).

Definition 1. By means of the equation (1) and (2), each pairs (X, U(-)), u()eU, and

(yO, v(-), V() EVGr generates the trajectories of motion
t

t

X(t) =X, +Ju(r)dz,  y(t) =y, +][v(r)dz,
0 0

of the Pursuer and the Evader respectively.

~156~ «EIII MATEMATUKJIAPHUHT ITHT'U TEOPEMAJIAPH — 2022



3-IYBbBA. JUPPEPEHIIUAJ TEHTJIAMAJIAP BA JMHAMUK CUCTEMAJIAP
The goal of the Pursuer P is to capture the Evader E, i.e. achievement of the equality x(t) = y(t) (Pursuit

problem) and the Evader P strives to avoid an encounter (Evasion problem), i.e., to achieve the inequality
x(t) = y(t) forall t > 0, and in the opposite case, to postpone the instant of the encounter as long as possible.

Definition 2. The functions U(-) = (U; (), U, (),...,U () and V() = (v, (-),V,(),...,V, () are called controls

of the Pursuer and the Evader respectively if the conditions (3), (4) are valid for these functions
correspondingly.

Definition 3. We say that a strategy v = v(t) guarantees evasion on [0,+x) if, for any control u() e UI

of the Pursuer, the condition x(t) = y(t) holds for all t €[0,+x), where x(t) and y(t) are the solutions of
the initial value problems

B=u(t), x(0)=x,
g=v(t), y(0) =Yy,

Where t > 0.
Definition 4. For each pair (0,U(")), U(-) €U, , we call the scalar function

o(t) = pe“ —i|u(s,)|2 ds

a residual resource of the Pursuer at the time t.
Lemma. If

|(P(t)| <o+ ki|v(s)| ds

Then |go(t)| < e where o(t) >0, t >0 is a measurable function and O, k are non-negative numbers.
Definition 5. In differential game (1)-(4), we call a strategy of the Evader the function

kt
Theorem. If p < 4a|zo| is satisfied in the evasion differential game (1)-(4), then the strategy (5)

guarantees evasion in the interval [0, +0).

REFERENCES:

1. Azamov A A, Samatov B.T. The TI-Strategy: Analogies and Applications. The Fourth International
Conference Game Theory and Management. St. Petersburg. (2010). VVol.4. pp. 33-47.

2. Samatov B.T. On a pursuit-evasion problem under a linear change of the pursuer resource. Siberian
Adv. Math., 2013. Vol. 23, No. 10. pp. 294-302.

3. Samatov B.T. The pursuit-evasion problem under integral-geometric constraints on pursuer controls.
Autom. Remoute Control, 2013. Vol. 74, No. 7. pp. 1072-1081.

4. Samatov B.T, Jurayev B.l. The II-strategy in differential game with GrG-constraints on controls.
Bulletin of the Institute of Mathematics. 2022, Vol.5, No.1, pp. 6-13.

5. Samatov B.T., Soyibboyev U.B., Akbarov A.Kh. Evasion problem in linear differential game with
Gronwall type constraint. Scientific Bulletin of Namangan State University 1(10), pp.25-33, 2019.

6. Gronwall T. H. Note on the derivatives with respect to a parameter of the solutions of a system of
diff erential equations. Annals of Mathematics Second Series, 20(4), 1919, pp.292-296.

BOSHQARUVLARGA EKSPONENSIAL CHEGARALANISHLAR QO‘YILGAN
DIFFERENSIAL O’YIN MASALASI

S.N.Inomiddinov!, X.Xonpo’latov?, A.N.Inomiddinov®, M.Sh.Pulatova*
!Namangan davlat universiteti o’gituvchisi, 2 Namangan davlat universiteti magistranti,
¥ Namangan davlat universiteti talabasi,  Namangan davlat universiteti talabasi

R™ fazoda garama-qgarshi magsadli P obyekt (quvlovchi) va E obyekt (qochuvchi) berilgan bo‘lsin. P

obyektning fazodagi holatini x orqgali, E obyektning fazodagi holatini y orgali ifodalaymiz. Ularning
harakatlari mos ravishda quyidagi differensial tenglamalar va boshlang‘ich qiymatlar bilan berilgan bo‘lsin:
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P: x =u, x(0) = x,, (D)

E:y=wv, y(0) = yo, )
buyerdax,y,u,v € R*, n > 2 va x,, ¥, nugtalar mos ravishda quvlovchi va gochuvchining t = 0 vaqtdagi
boshlang‘ich vaziyatlari. Bunda x, # y, deb garaymiz. u va v boshqaruv parametrlari bo‘lib, obyektlarning
boshgariluvchi tezliklarini ifodalaydi.

Quvlovchining u boshgaruv parametri t bo‘yicha o‘lchovli funksiya sifatida tanlanadi va
u(*):[0,0) = R™ akslantirishni bajaradi. Bu boshgaruv funksiyasi quyidagi eksponensial chegaralanishni
ganoatlantirishini talab etamiz [2]:

lu(t)| < ae ¥t deyarli barcha ¢t > 0, (3)
buyerdaa >0, k; > 0.

Qochuvchining boshqgaruv parametri v ham t bo‘yicha o‘lchovli funksiya sifatida tanlanadi va
v(+):[0,00) = R"™ akslantirishni bajaradi. Bu boshgaruv funksiyasi quyidagi eksponensial chegaralanishni
ganoatlantirishini talab etamiz:

lv(t)| < Be~*2t deyarli barcha t > 0, (4)
buyerdap > 0, k, > 0.

Quvlovchining (3) chegaralanishni  ganoatlantiruvchi  barcha wu(:) boshgaruv funksiyalar

sinfini U¥ bilan belgilaymiz. Qochuvchining (4) chegaralanishni ganoatlantiruvchi barcha v(-) boshgaruv

funksiyalari sinfini V;Z bilan belgilaymiz.

Shuni ta’kidlash kerakki, (3) va (4) chegaralanishlarda obyektlarning tezligi vaqt o‘tgan sari kamayib
boradi.

Ta’rif 1. Berilgan (xo,u(-)), u(:) € Uéfl juftlikka mos quyidagi (1) tenglamaning yechimi x(t) = x, +
fotu(s)ds quvlovchining harakat trayektoriyasi deyiladi.

Ta’rif 2. Berilgan (y,, v(")), v(-) € V;Z juftlikka mos quyidagi (2) tenglamaning yechimi y(t) = y, +

fotv(s)ds gochuvchining harakat trayektoriyasi deyiladi.

(1)—(4) differensial o‘yinda quvlovchining magsadi qochuvchiga [ > 0 masofada yaqinlashish (I-tutish
masalasi), ya’ni biror 7 > 0 vaqtda |x(t) — y(t)| < [ munosabatga erishish.

Quyidagi belgilashlarni kiritamiz: z(t) = x(t) — y(t), zy = xo — Yo-

Ta’rif 3. (1)(4) differensial o‘yinda quvlovchining yaginlashish strategiyasi yoki IT;-
strategiya deb quyidagi funksiyaga aytamiz:

ae itz 4yl

Wﬂ.gvzo)l’ t= 0, (5)
bu yerda A, zp) = % [(v, zo) + ale ¥t + \/((v, o) + ale~*1t)2 + h2(a2[2e 2kt — Ivlz)],
h? = |zy|? = I2.

Xossa 1. Agar @ > 8 bo‘lsa, u holda A(v,z,) funksiya barcha v, |v| < fe %2t va t > 0 uchun
aniqlangan va nomanfiy bo‘ladi.

Xossa 2. Agar @ > f bo‘lsa, u holda (5) funksiya uchun ushbu |u(v, zy)| = ae %1 tenglik doim
o‘rinli bo‘ladi.

Ta’rif 4. (1)—(4) differensial o‘yinda quvlovchining (5) strategiyasi [0, T,] vaqt oralig‘ida [-tutishni
kafolatlaydi deyiladi, agar ixtiyoriy v(-) € V;Z uchun quyidagilar bajarilsa:
a) shunday t, € [0,T,] vaqt topilsaki, |z(t,)| < [ hosil bo‘lsa;
b) [0,t.] vaqt oralig‘ida u(v(-), zy) € U§1 munosabat 0°rinli bo‘lsa, bu yerda T, kafolatlangan [-tutish vaqti
deyiladi.

Teorema. Agar (1)—(4) differensial o‘yinda a > B, ki # ky, |2zo] < k% - k% + [ shartlar bajarilsa, u

u(,zy) =v— A, zp)

holda (5) strategiya quvlovchi uchun [0, T, ] vaqt oralig‘ida [-tutishni kafolatlaydi.
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Jalilov Olimjon
National University of Uzbekistan named after Mirzo Ulug 'bek

We denote it by C, i.e., C = C U {o0}. Consider an arbitrary polynomial f:C — C. Let f™ denote the n‘"
iterate of £, that is, f composed with itself n times. For each point z, € C, we are interested in the behavior
of the sequence z, f (o), f?(2o), ..., f (%), ..., and in particular, what happens as n goes to infinity.
Theorem 1. For any polynomial, f(z) = a,z" + a,_1z™" 1 + -+ a,z + ay, a,, # 0, there is a real number
r such that if |z| > r, then |f(z)| = 2|z|. Furthermore, the iterates of f are either bounded or tends to
infinity.

Proof. Since a,, # 0 we choose r = n_1|\/az|' Thus, for |z| > r we have

e Sars 2 S bt s 2 = Dialier = 21
Z| =2 —_— = |Z > — = —|a VA = = —|a VA = VA
] ] 2l 7 1an

Now we can make r sufficiently large to ensure that when |z| = r,

1
lan—111z|"" 4 - + |ag|lz] + |ao| < Elanllzln
Thus
If (D] = lanz™ + an_12""1 + -+ agl = layllz]® = (an-1l1z|" + |lan_1 112" + - + |ay|]z] + |aol)

2 |an|lz|" = Zlanllz]" 2 S lay|lz]" 2 2]z|

Now, let us consider the set {f™(z): n € N} of all iterates of f. If |f™(z)| < r forall n € N then clearly the
iterates of f are bounded. Otherwise, if [f™(z)| = r for some m € N then we have

@] = |f (Fr@)| 2 2 @) 2 22| @)| 2 - 2 24 @)

Thus, [f™*(2)| = 2¥|f™(2)| = 2*r, so |f*(z)| - o as k — oo, i.e. the iterates of f tends to infinity.
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OB OJTHOM 3AJIAYE JIJIS1 IPOBHOI'O TAPABOJIMYECKOI'O YPABHEHUSI YETBEPTOI'O
MOPSIIKA C UHBOJIIOIIUEN

Kamgupkyaos B.7K.
Tawkenmckuii 20cy0apcmeenHblil yHusepcumem BocTokoBeeHus, (r. TamkeHr)
Kamuios M. A.
@DepeaHcKuii TOCYTaPCTBEHHBIA YHUBEPCHTET, (2. Pepeara)

1. BBe)le}me U MOCTAHOBKA 3a1a4un.
B obmactu Q={(x,t):—7<x<z,0<t<1}, na ApoGHOro ypaBHeHHUs NMapabOIMUECKOro THUIIa
4eTBEPTOTO MOPS/IKA C HHBOJIOIHEH BUIA
otu(x;t o'u(—x;t
D“u(x;t)+ (4 )—g ( - ):0 (1)
OX OX

paccMOTpHM CIIEIYIOIIYIO 3a1auy:
3apauya D. TpebOyercs Haiiti pyHKIMIO U(X,t) 00s1aaroNIyio ciaeyouMH CBOHCTBAMU:

k
o'u

D7 =5 C(Q), DU € CQ) o < C(Q,k = 0,2;
X

XXXX

2) u(x,t) ynosnetsopsieT ypasHenuto (1) B obnactu € ;
3) dyskmust u(X,t) yIOBIETBOPSET yCIOBHIM

Itirgtl’yu(x,t) —u(x,)=¢p(X), —r<x<r,
u(-z,t)=u(z,t)=u,(-7,t)=u,(71t)=0,0<t <1,
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3nech @(X) 3amaHHas ~ (QyHKOMA, & - 3aJaHHOE  JCHCTBHTENBHOE  YHCIIO,
=35 di Jo7,0 < < y <1-06006menHbIi onepatop Xundepa) [1], a J éx . “MHTETpaJIbHBIN OomepaTop
Pumana-JInyBuiis, KoTopas onpeaessieTcs Io d)opMyne
T dr
Jo.o(t) = I o ) ,v>0.

r(v)q

a,0 a al
Ilpu y =& n y =1 numeem D =RL D0 D Do .. Takum obpazom oneparop D™ sBisercs
HEMPEPHIBHOW HWHTEPIOJSIIUEN MO MapamMeTpy ) HW3BECTHBIX OmepaTopoB auddepeHnupoBanus Pumana-

JnyBmiuis u KamyTo npoOHOrO mopsiaka, KOTOPBIE, KaK HW3BECTHO OMHUCHIBAIOT MPOIIECCHI, CBA3AHHBIC C
nporeccamu auddysnn [1].
0603HaYNM

1 .
A, =———E (-4),i=12
ik 1—1(7/) (Z,}/( |k)

e A, =(1—g)(k—%} Ay =L+ )k keN.

Teopema. [lycts dhyHKITHS {0( X) YIOBJIETBOPSIET YCIOBUSIM

o(X) e C'[-7, 7],0° (X) e L(~7, ), " (27) =0,n=0,2.
Torma peryaspHoe perienue 3agaun D cyrecTByeT u eTMHCTBEHHO.

Jiist perieHus 3a1a4y UCTIOJIb3YeM METOBI CIIEKTPaJIbHON TEOPHH JMHEHHBIX OMEpaTopOB, TCOPHUS
HUHTET'paJIbHBIX ypaBHeHHﬁ Hu pAOOB. HJ’I?I JA0Ka3aTejibCTBa €AWMHCTBEHHOCTU PECHICHUE 3aJa4d HCIIOJIb3yEM
MOJTHOTY CHCTEM COOCTBEHHBIX M MPUCOEAMHEHHBIX (DYHKIHUH COOTBETCTBYIOIIEH CIIEKTPAIbHOW 3a1auu, a
PEIICHUC 3aJa9U TIOCTPOUM B BUIC a0COJIIOTHO CXOO4A1ICTO paaa.

JUTEPATYPA
1. R. Hilfer (ed.), Applications of Fractional Calculus in Physics, World Scientific Publishing
Company, Singapore, New Jersey, London and Hong Kong, 2000.

AMHUTAH KOCOCUMMETPHUK MATPHUIIAT A OT'A, UKKH YJIYAMJIN
CUMILJIEKCIA AHUKJIAHTI'AH JIOTKA-BOJITEPPA AKCJIAHTHPHIILIAPA
TPAEKTOPUSIJIAPUHUHI JUHAMHUKACH

Kapumos /1.
Aitraitmax, X = ()(1, Xz,---, Xm) Typiap 3XTHMOJUTMKIAPUHUHT TaKCHUMOTH OyicuH. TypiapHUHT

¥3apo garummmy Tacoaudui (MaHMUKCHs) OYJICHH Ba TypJIM aBJIOJUIAp YpTaCHIAru Xed KaHAad JaTHIIHII
OyIMacHH, y X0JIIa IOMYJISIUSHUHT aBJIOJIaH KeHUHTH aBJIOJIra YTHIN DXTUMOJIMKIIAPH TAKCUMOTH KyHHAard
(hopmyIa OunaH aHUKJIaHA !

m
1
X|£n+ ) = X|£n) 1+ Zakixi(n) 1 k :1121--'1 m, n :O’l"" )
i=1
X0 = ()(10, X5y Xmo) OONTaHFUY ABJIOANArU SXTHMOJUIMK TaKCUMOTH, Q. = —di,, |ak.| <1 HpCUAT

ko purmentu [1].
. 1 -1
KBagpaTuk cTOXacTHK onepaTop V:S i -3 i HU KypHuO unkamus [1]:
m
(VX)k = Xk = Pu kXIXJ’ k 1 m
i,j=1

_ -1
Oy epma X = ()(1 Xyyeees X ) eS" 1, (\/X)k ~Vxe Sm uykraanar K -au koopnumatacy,

Oy xKo3¢ppunmeHT PJ ¢ KyAHJary I1apTHA KaHOATJIaHTHPAJIN:
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Pij,k = Pji,k >0, zpij,k =1
k=1

1-tabpud.[1] Arap P., =0, ke{i,j} Oynca, y xonma kBamparuk croxactuk V  omeparop st

1,

cuMmIuiekcaa anukanrad Jlorka-BonbsTeppa akclaHTUPUILN JeHUIIau.

+P

Taspudra xypa, uxtuépuii i,K :1,_m yuyn P -

» =1 TeHrnuk Oaxapuaaau.

Aitraitmk VX = ( Xi, Xl2 yerny Xm) o0yncun. Kuputniran 6enrunanuiapaad Gpoiaananno, orepaTopHIHT

YMYMUH KYpUHUIIAHA KyWnaarnda €3u0 oaMus:

X =% | 1+ Y 2% |, k=1m
i=1

m-1 o o
by Myﬂoca6aT S cumiuiekcaa Jlotka-Bosbreppa onepaTOpUHUHT KAHOHUK KYPUHUIIM AEHUIaIN

[1].

2-Tabpu(. Arap Oapua xyQdT TapTHOIM OO MUHOpIApH HOIJMaH (apkiau O0yica, KOCOCUMMETPHK
marpuna A= (aki) YMyMU# X0J1aTaa AeHuiiaim.

Arap KOCOCHMMETPHMK MaTpulla yMyMHii xomataa 6¥yica, y xomaa yara moc V' Jlotka-Bosbreppa
aKCITaHTHPUIIN aki Kod(pUIeHTH OnIaH XaM YMYMHUH XOJIaTIaard orneparop oymamu.

1-reopema. Arap A — kococummeTprk MaTpuIa 6y71ca, y Xom1a
P={xeS™":Ax>0}
TY1UIaM Oy 6yaMarad KaBapuk Kynéxmup [1].
By Teopemanan Kylinaaru HaTHXa KeIHO YUKaIH.

I-natmka. Q ={XxeS™": AX<0} — Tymnam 6y 63IMaran KaBapuK KyTEKIHP.

Arap xy(dT TapTHONIM MHHOpJAp HOJra TeHr Oyica, OM3 allHMraH KOCOCHMMETPHK MaTpullara MoOC
Jlorka—Bonbreppa akcmaHTHpummra sra Oymamu3, Oy 3ca KOCOCHMMMETPHUK MATPHUIIAHUHT Oab3u

KOd(pGUIMEHTIapy HONTa TEHr OYyiraH Xoi Oymamu, SbHH aki =0. Bus xuunx ynuamaarda anHUraH

KOCOCHMMETPHK MaTpuLara Moc kBajapaTtuk Jlorka-Bonbreppa akcinaHTUpHIIN TUHAMUKACHHU YpraHaMus.

ByHpaii cucremalapHUHT WYKW HYKTajJapu TPAaeKTOPHSUIAPUHHUHT JIMHAMHKACUHHM VYpPraHUII aH4a
KUAMHYWINK TYFOUpaad, LIYHHHT YYyH MUKW HyKTajap TPaeKTOpUsUIapH XapakaTuHu Oaradcun Kypuob
YUKW YIyH OM3 KOMIBIOTEPHHUHT aMalliii JacTyplapuaan GonaaIaHuIl MabKyll 1e0 Xuco01aimMus.

Bynnaii cuctemanapia KaHaai ycyJutlapHu KyJiaam MyMKUHIIMTY XaKUJard CaBoJira )kaBo0o OepHIll yuyH
0u3 cucTeMaHUHT (hazany HopTpeTuaaH GpoianaHUIIIMU3 MyMKHH.

ynnait kumuo, “dazanu moprper” Ousra AMHAMUK CHCTEMAaHHUHT XOJaTHHHU KYPHII UMKOHUHE Oepaiy,
SBHU YHUHT €pJaMuja Ou3 OMp Kapalja TYpid XWJI HYKW HyKTajlap TPaeKTOpUsUIapH AMHAMHKACH, Xam/a
JUHAMHUK CcHCcTeMa KOX(QQHULUMEHTIAPUHUHT TYpiad KUMMaTiapuaa io3ara KeJUIIM MYMKHH OynraH
XapakaTJapHHU TYJIMK KaMpaO OJUII HMKOHUATHHHU Oepanu. Ynap yuyH P Ba Q TynnamiapHu TacBupiam Ba
Oy Tyruiammnap €paaMpaa WYKH HYKTajlap TPACKTOPHSUIAPUHUHT aCUMITOTHK XapakaTH OaTaBCHUI €pUTHII
MacaJlaCHHU Kapaiimu3. bomikada aiftranpna, SBOJIONMSHUHI Kaepla OOIITAHUIIM Ba Kaepja Tyrailu
HIapTiapy TOMHUII Macajacy OWIIaH IIyFyJJIaHAMU3.

bynnait cucremanapHu Yypranumpga Ou3 Tpaduap HazapHACHHHHT 0ab3u  TyIIyHYaTapHIaH
doitnananamus [2]. SApHU Oy cuctemanapra Moc apanaii rpadiaapau Kapaimus. [2]
Macamnas:

x1" = x1(1 — axy) X1 0 a O
Vis* > 8% {x =x,(1+ax)) ;X={ X2 |; A=l —a 0 0
x3, = X3 X3 0 0 0
Cucremara Moc apanail rpaQHUHT KYpUHHIIH KyWHaariya;
1
3 2

CumrexcHUHT UKKATA 13 Ba ['23 €H Kuppamapuam Kapaiimms:
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0 a O a

3={a,01—a}:|—a 0 0 ( 0 >:(0;1—aa;0):> —aa <0;ac€(0;1).
0 0 O 1—a

Iemak, 1-Teopema Ba 1-naTmkara acocan Q={a; 1 — aa; 0}; {O<a<1}.

0 a 0 0

I3 ={0,8,1—-pB}: <—a 0 0) ( B )Z(aﬁ; 0;0) = af <0; Be(0;1).
0 0 O 1-p

P={0,5,1—p}; {0<p<1}.

DOONJTATAHUJITAH AIABUETJIAP
1. Ganikhodzhaev R. N. A chart of fixed points and Lyapunov functions for a class of discrete dynamical
systems // Math. Notes. —1994. —V. 56, Ne 5-6. —p. 1125-1131.
2. TamxueBa M.A. JluHaMUYECKHME CBOMCTBA KBaJpaTHYHBIX romeomopdusmos cumiiekca SY/  Ha
COHWCKaHKe yYeHOU cTernenu nqokropa punocodpuu (Ph.D.) mo ¢puznko-maremarnieckum Haykam. 2022.

THE CANONICAL FORM OF A PIECEWISE LINEAR SYSTEM

Kazakova Maftuna
National University of Uzbekistan

Suppose that the sewing line of a piecewise linear system in the plane is the y = 0 axis. In order to
simplify it as much as possible it is natural to use the subgroup of affine substitutions of the affine group
consisting of all linear transformations saving the axisy = 0 (such an issue is discussed in the article [1] for
guadratic systems).

It is easy to calculate that such transformations have the form
x=ax+py+p y=yy (a#0).
Hence the extended space transformations group will be given as
x=ax+py+p
{y =yy 1)
t =46t
Now consider a piecewise linear system in the plane with sewing line y = 0 such that
X=ax+by+p
{y =cx+dy+gq
)

{X=a1x+b1y+p1
y=cax+diy+q

in the half-plane y > 0 and

@)

in the half-plane y < 0.
Theorem 1. Letbc —ad # 0,a + d # 0,c # 0 (the non-critical case). (2) - (3) Then the part
(2) of the system (2)-(3) can be transformed to the form
Xx=y+1
. bc—ad
Y= arap Y
by means of the subgroup (1).
Note a canonical form can be derived in the critical cases as well.

REFERENCE
1. P. Mardeshich, D. Marin, J. Villadelprat. The period of reversible quadratic centers. J. Diff. Equations,
Vol. 224 (2006), pp. 120-171.

UCHINCHI TARTIBLI XUSUSIY HOSILALI DIFFERENSIAL TENGLAMA UCHUN BIRINCHI
CHEGARAVIY MASALA

Komiljonova Muxtasarxon Sobirjon qizi
Farg ona davlat universiteti talabasi

Amaliy masalalarning matematik modelini tuzishda uchinchi tartibli xususiy hosilali differensial
tenglamalardan keng foydalaniladi. Bunga namlikni targalish jarayoni uchinchi tartibli xususiy hosilali
differensial tenglama bilan aniglanishi misol bo’la oladi.
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Ushbu ishda biz, uchinchi tartibli xususiy hosilali differensial tenglama uchun to’gri to rtburchalikli
sohada birinchi chegaraviy masalani qo yishni hamda u uchun asosiy olingan natijalarni keltiramiz.
Quyidagi uchinchi tartibli xususiy hosilali differensial tenglama

u,- bu=0, (1)
tenglamani W= {(x,t):0< x< 1, 0< t< 1} sohada qaraylik, bu yerda b — o‘zgarmas haqiqiy musbat son.
A masala. Shunday U (X,t) funksiya topilsinki, u quyidagi xossalarga ega bo’lsin:
1)uOC (W), Uy OC (W); 2) W sohada (1) tenglamani ganoatlantirsin; 3) W soha chegarasida ushbu
u(0,t)=u(@,t)=0, tO[0, T} )
u(x,0)=j (x), xo[o,1] 3)
chegaraviy shartlarni ganoatlantirsin, bu yerda j (X) — berilgan funksiya, j (0)=j (1)=0.
Ko'rsatish giyin emaski, A masalani Fure usuli tadqgiq gilinganda uning xos sonlari
|, =(pn)’, nON va xos funksiyalari esa X, (x)= ~/2sin(pnx), nON  ko'rinishida bo’lib, to'la

ortonormal sistemani tashkil giladi [1].
1-teorema. A masala bittadan ortiq yechimga ega emas.

2-teorema. Agar j (X)OC?[0,1], j (0)=j ()= 0 bo'Isa, u holda A masalaning yechimi

+T _7bt2
u(x,t)= e 2j ,e®” sin(pnx)
n=1
ko rinishda bo’ladi.
3-teorema. Agar j (X) funksiya 2-teorema shartlarini ganoatlantirsa, u holda A masalaning yechimi

uchun quyidagi baho orinli:
”U (X’tj L,(0.2) J ”—I (X)| L)

A masalada (2) shart o'rniga u(0,t)=u,(Lt)=0, tO[0,T} yoki u, (0,t)=u(Lt)=0, tO[0,T}
shartlari olib ham masalani tadgiq etish mumkin.

FOYDALANILGAN ADABIYOTLAR
1. Salohiddinov M. Matematik fizika tenglamalari. — Toshkent. 2002 vyil.

KPAEBAS 3AIAYA IJIS1 YPABHEHUSI UETBEPTOI'O ITOPSJIKA C IEPEMEHHBIMUA
KOS®OPUIIMEHTAMMU

C.M.Mama:X0HOB
Hnemumym mamemamuxu um. B.A. Pomanosckoco AH PY3.

PaCCMOTpI/IM CJICAYIOIICC YPABHCHUC YCTBCPTOI'O MOPAAKA BUJA
Uxxxx (X’ y)_Uyy (X’ y)+ Ai(X)Uxxx (X’ y)+ AZ (X)Uxx (X’ y)+
+A XU, (% y)+ A (U (% y)+A (U, (% y) =F (xy),

rae A (X), i=L15F (X, y) 3aJlaHHbIE JIOCTATOYHO IIIaJKUue PYHKIIUU. 3aMEHON

U(xy) :exp{—%IA(é)d§+¥y}u(x, y)
3TO ypaBHCHI/ISI MO>KHO HpI/IBeCTI/I K ypaBHeHI/HO
L[U] = U+ (X) Uy, +8, (X)U, +85 (X)u—u,, = F(x,y) (1)
rac
_3A(x) 3A'(x)
2 8

A () _AMAX)
8 2

- 3(x)= ~A(x)+A(x),

a,(x)= A, (x)
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o ()= IR () ATx) 3AT(0) 3A°(x) 3A'(X)
16 4 16 32 256
CAMAK)  AAK) ARAK) KK, o
4 16 4 4 ’

f(xy) :exp[%:[ﬁ(f)dcf—# y} F(xY).

Jlns ypasrenns (1) B o6mactu (2= {(X, y) 0<x<p O0<y< q} U3y4HM CJIEAyIONIYIO 3a/1auy.

3agaua A. Haiitu dynxmumo U(X, y) U3 Kiacca C:'Z(Q)mey’i, (E_Z), YZIOBJIETBOPSIFOIIYIO

Wy
ypasnenmio (1) B o6mactu (2 u ciaeayomuM KpaeBbIM yCIOBUSIM:

u(x,0)=0, u(x,q)=0, 0<x<p,
UX(O, y):WI(y)’ UX(p'y)zwz(y)’um(o’y):l/js(y)' Uw(p,Y)=W4(y), O0<y<q,

e v, (y) ci=14, f (X, y) 3aJjaHHbIe QYHKIMH, IPHYEM BBINOJIHSIIOTCS YCIOBUS COTTIACOBAHMS
Vi (O) =Y, (CI) = ‘//i”(o) :‘//i”(q) =0, =ﬂ1 f (X, O) =f (X1 CI) =0

OrmeTnm, uto B pabore [1] pacemotpen ciyuait & =8, =0, 8, #0, a B padorax [2-4] uccnenosanst

KpaeBble 3aJaudl Uil MOJEIbHBIX YPaBHEHUI YETBEPTOro MOPsIKa CIEKTpajbHbIM MeTomoM. B paborte [5],
Meton Dypbe ucnoiab3dyercs A peuleHHusl KpaeBoH 3ajauM JUid MOJEIbHOIO YpPaBHEHHS IMPOU3BOJIBHOTO
YETHOTO MOpsIKA.

Teopema 1. Ecnu 3amasa A uMeeT peuienue, TO TpHM BBHINOJHEHHH YCJIOBUH — d (X) <0,
2a,(x)+a/(x)—a,(x)>0 omo exnucTBEHHO.

Jokazamenscmeo. TpeanonoxumM, obpaTHoe mycTb 3agada A uMeeT ABa pemeHus U, (x,y) u
U,(xy). Torna dymukuus U (X, y) =U, (X, y)—u2 (X, y) YIOBJIETBOPSIET OAHOPOAHOMY ypaBHeHuto (1) c¢
OJTHOPOJHBIMH KpaeBbIMHU yCIOBUAMU. Jlokaxem, uro U (X, y) =03 Q2.

B o6nactu CIPaBEeINBO TOXIECTBO

uL{u] =§(uuXXX —uu, +a,(x)uu, —%a{(x)u2 Jr%a2 (x)uzj—%(uuy)+

- (00 + a0+ (- A i =0 @

Wurerpupys ToxkaecTso (2) 1o obnactu {2 U yuuThIBasi OHOPOAHBIE KPAEBbIE YCIOBHS, MOTYIUM
_|E_(|lufxdxdy—f.q[ai(x)ufdxdy+ﬁujdxdy+ﬁ(a3 (x)+1a1”(x)—£a; (x)juzdxdy =0.
00 00 00 00 2 2
U3 ycnoBus teopemsr U (X, y) =0, (X, y) eQ. IIpn @, (X) =23, (x)+a1”(x)—a?’ (X) =0, umeem
Uy (X, Y)=0=u(x,y)=c,(y)x+c,(y).

YuuThIBasi OJHOPOJHBIE KPAEBbIE YCIOBUSL, IIOIYYUM

u(0,y)=c,(y)=0, u(p,y)=c(y)p=0 = c/(y)=0, = u(xy)=0.
Teopema 1 nokaszana.
3ameuyanne. OTMETHM, YTO NPU HAPYNICHHH YCJIOBHiI TeopeMsl 1, ogHoponHas 3amaua A s
OTHOPOJHOTO ypaBHEHHE (1) MOXKET UMETh HETPHUBHAIBHBIE PEIICHHUS.
Teopema 2. Eciiv BBEIONHSIOTCS CIAEAYIOLINE YCIOBUS:

_ 2
6f(x,y)E

) 31_e—2,ulp2
1) v (y)eC’[0,q], i=14; 2 5oy ﬂl( )

c(Q); 3 :
() )C<p(2,uf+3,ul(l+e4”1p)+3)
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To pemenue 3afada A cymectsyer. 31ech, g = ’21 uC= I‘TEaX] ﬂai(’) (X)‘, 1=13 j=0, 2} .
q xe|0,p
J0Ka3aTenbCTBO TEOPEMBI IPOBEICHO METOIOM pa3/ielieHHe IepEMEHHBIX. PellleHne BhIIUCaHo yepes3
nmocTpoeHHy pyukuuio ['puHa.
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ynenoM, BectH. Y amyprck. yH-Ta. Marem. Mex. KommbioT. Hayku, 2013, Beimyck 1, 3—10.

2. Awmanos JI., bexueB A.B., OrapoBa XX.A. O6 omHON KpacBo# 3ajaue JJisi YpaBHEHUS YETBEPTOTO
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3. CabwutoB K. b. O0paTHble 3agaun aj1s1 ypaBHEHHs KoJleOaHU Oallky TI0 ONPEeNICHUI0 MTPaBOi YacTh
Y HavYaJbHBIX ycnoBwii // Juddepenunansusie ypasuenus, 2020, Tom 56, Ne6, c. 761 — 774.
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3AJAYA IIPECJIEJOBAHUA MEXIY I'PYIIIIAMM NPECJIEJIOBATEJIEN Y YBET AIOIIIUX
HA MOBEPXHOCTHU IUWJIIMHAPA

Mamaros MLIII.
Hayuonanvuwiil ynueepcumem Yszoexucmana, Yzoexucman, Tawxenm

PaccmarpuBaeTcs cnenmyromas 3ajada  [pecieOBaHMS M yOeTaHWs, MEXIy TIpyHImaMu
npecieaoBaTesel U yOeraoumx Ha HOBEPXHOCTH LMIMHIPA ONUChIBAEMasi CHCTEMaMH YPaBHEHUH

ﬁ:—rsint,%zrcost,%zui,|ui|§pi, i=12,..,m, @
dt dt dt
dx. .. dy: dz. )
—L=—rsint,—Lt =rcost,— =v,|v|<o, j=12..,n. @)
dt dt dt

3mech 0<r=const,u H v YIPaBIAIOLME IaPAMETPBL, U, - YIPABIEHHE | —TOro Mpecie/yIoero HrpoKa,
;- ynpasjenue j — Toro yberarouiero urpoka. Kax BusHo u3 ypaBHeHuH (2), pacCTOSHUS MEXTY TOYKAMHU
(X i YirZ ), J =12,.,Ng HPOLIECCE ABUKEHHUS HE M3MEHSAIOTCS: OHU )KECTKO CKOOPAMHUPOBAHHBIMHU J(PYT
¢ gpyrom[1-2]. Wrpa waummaercs u3 Hawamehoro nonoxkenmsa, X =X (0),y’ =Y. (0),z’ =z/(0),
X(; = X; (O),y? =Y, (0),2(} =2;(0), o, y",z") i(X?,y?,Z?), i=12,...,m;j=12,..,N u cuuTaercss OKOH-

M=z, (M.
Teopema 1. Ilycte B wrpe (1),(2), O=p wu I HEKOTOPOro iy, j, 4 i, j

x (0)=x,(0),y, (0) =Y, (0),z, (0) <z, (0), x (0)=x,(0),y;(0)=Y,(0),(0)>2z,(0) rorma w3 sroro

lo
HAYaJIbHOT'O ITOJIOKCHHA BO3MOXKXHO 3aBCPHICHHUEC IPCCIICAOBAHUA 3d KOHCUYHOC BPEMHI.

YCHHBIM, €CII HEKOTOPOTO iy, j,,t=T >0 Bemonseno ycnosue X, (T)=X; (T),y; (T)=Y, (T). z,

Toxasatenncrpo. [lycts U; = v(t),0<t<T,j=12,..,n, |l)()| <0 npousBOJLHOE yHpaBIECHUE
yOerarouux WrpoKoB, YIPAaBJICHUE MPECIEAYIONUX HUIPOKOB OyIeM CTPOMTH B CIICAYIOUIEM BHUJIE
U =u t)=p, u =u (t)=—p,0<t<T . Torna coorsercrayromee pemenne ypasuernu (1),(2) >tnm
yIpaBJICHHEM UMEET BH

X, () =% (0)+rcost—r,y, (t)=y, (0)+rsint, z, (t) =z, (0)+ pt,

X;, (t)=x, (0)+rcost—r,y, (t) =y, (0)+rsint,z, (t) =z, (0)+v()t,v(t) z%j-u(r)df;
X (t) =% (0)+rcost—r,y, (t) =y, (0)+rsint, z (t) =z, (0) - pt,

X, (t)=x, (0)+rcost—r,y, (t) =y, (0)+rsint,z, (t) =z, (0) + v(t)t,u(t) = %ju(r)dr.
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W3 mocneqHuX paBEeHCTB B YaCTHOCTHU MOJTYUYHM CIIEAYIOIIEe
(%, (1) - (Xi?) -+ (y, (1) yi?) ) =17, z, ()= Zi(()) +pL,
0 2 0V2 _ 2 50,
(x;, =0, =1 +(y;, O —y;) =17z, (1) =75 +o)t,
(%, ()= =) +(y, ()= y))* =r% 7, (t) = 2) - pt,
(x, =0 =) +(y, () -y})* =r%z, (1) =z] +o(b)t.
DTa 03HAYAET, YTO MPECIIeAYIONNe U YOCTAOIIe TOYKU TIOCTOSIHHO HAXOSATCS HA TIOBEPXHOCTH IIMAITHH/IPA.
C gpyroit  cropoms, Bcex 1% t)=x i (v, Y, t)=y i (t); X, (t)=x i (v, Y, t)=y i (t), rak, kax
Xio (0) = on (0), yio (0) =Yy o (0) ; Xll (0) =X i (0), yil (0) = yj1 (0) Tenepp nokaxeM, YTO HEKOTOPOM KOHEYHOMN
TOJIOKUTENBHON |, BBINONHSETCS OJUH U3 PABEHCTB Z M=z i (T) Z; M=z i (T). DeiicrBurensho
z, (t)-z, (t)=2; -z, — pt+o(t)t,
) 0 -
z,(t) -z, () =z, —z;, + pt—v(t)t.
A Z?O — Zi?) — pt+o(t)t wm Zi? - Z?1 + pt+o(t)t obpamaercs B Hyb 32 BpeMs T = max(z?o - zi(; , Zi? - 2?1 ) >0.
3naunt Z; (t)- z, (t) wn Z, (t)-z i (t) o6pamaercs B Hy1b 10 MOMeHTa | . Teopema moKa3aHa.
Teopema 2. Ilycts B urpe (1),(2), o<p u ans mekoroporo iy, jo, % (0)=x, (0),y, (0)=y; (0),
z,(0)<z, (0), Toraa u3 5TOro Ha4AILHOIO MONOKCHHS BO3MOXKHO 3aBEPIICHHUE IIPECICI0BAHMS 33 KOHEUHOE

BpEMSL.
HoxazareanctBo. Ilycts v =0(t),0<t<T, |U()| <0 TPOU3BOIBHOE YIPABIECHHE YOETaIOIIETO

UrpoKa, yNpaBJlIeHHEe MPECIeAYIOIero Urpoka OyaeM cTpouTh B cleayromeM Buae U =u(t) = p,0<t<T.
Torma cooTBeTcTBYyIOIIEE pemeHne ypaBHeHUH (1),(2) 3TUM yIipaBIieHUEM HMEET BU]T
X, (1) =x;, (0)+rcost—r,y, (t) =Yy, (0)+rsint,z (t)=1zi,(0)+ pt,
t
X; () =x; (0)+rcost—r,y, (t)=y; (0)+rsint,z; (t)=z; (0) +o(t)t, 0(t) = %Ju(r)dr.

0

W3 mocneqHUX paBEHCTB B YAaCTHOCTH IOJYYUM CIIEAYIOIIee

(%, (O = (% =1 +(y, O =y.) =177, (1) =7 + pt,

0 2 0y2 _ 2 50,
(X, O-x, - +(y;, -y, ) =r"z, )=z} +odt.
DTa 03HAYAET, YTO MPECIENYIOIIME U yOETarOIIHME TOYKU MOCTOSHHO HAXOIATCS Ha MOBEPXHOCTHU IMIIMHIPA.
C npyroii croponsi, mpu Beex 1, X (t)=X; (1), Y, (t) =Y, (1), Tax, kax X 0)=x i (0), Y, 0)=y i (0). Temneps

MOKaXEM, UYTO HEKOTOPOU KOHEYHOU MOJIOXKUTEIbHON T, Zio (T) =17 i (T) . JleficTBUTEIILHO
_ 50 0 -
z, (0 —-z, (t)=2z; —z, — pt+o(t)t,

|2, -2z, )<z} - 20 ~t(p-0).

0,0 0 50 Z[j) _Zio
A 7, -7 -t(p—0) obpamaercs B myms T =T(z.,z;)=——">0. 3uaunr ‘ZJ. (t)-z (t)‘ u
o o p—0 o o

Z; (t)— 7, (t) o xe obpamaercs B Hynb 10 Momenta T . Teopema noxasana.
Creyromas TeopeMa JJOKa3bIBaeTCsl, aHATIOTMYHO TEOPEMBI 2.

Teopema 3. Ilycte B  wurpe  (1),(2), o<p U Uil HEKOTOPOro ig, Jo
X (0)=x, (0),y, (0)=Yy, (0).z, (0) >z, (0), Torna u3 sroro HauansHOro MONOKEHM BO3MOKHO 3aBEPUICHHE

NpeciIe0BaHMA 32 KOHEYHOE BpeMsI.
JIUTEPATYPA

1.ArpaueB A.A.,CaukoB FHO.JI. -I'eomerpuueckas Teopust ynpasienus // @usmatimt.-Mocksa, 2005.-392¢.

2.CarumoB H.1O., Mamatos M.ILI. O 3agauax npeciieioBaHus U KIIOHEHUSI OT BCTpeud B AudhepeHnanbHIX
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KOMITAKTIATHY YN3NKJIN JUPDPEPEHIVAJ VIIMHIAPJA KOUHII MACAJIACH
XAKHJA

Mamatos M.I., 3ynnyHos A.O.
V36exucmon munnuii ynueepcumemu, Y3oexucmon, Towxenm

n
R" ¢asoma OGurra GOmIKApHIYBUM KOUyBYH OOBEKT - Xo, X; € R" Ba OoIKapuiIyBuu OOIIKa -

n - . -
X, X € R", 1<i<k KYBYBYH 0OBEKTIApAaH HOOpAT KyBUII-KOYMII MACATaCHHU Kapaimuk. X, 0<i<k
HYKTQJIAPHUHT XapakaTu Kyiunarunda coana auddepeHmnnan Tenriamanap Ouinan oepuirad 0yicuH

G+ ax, =Uy, Ketax =u;, [u]<L |luf<11<i<k, (1)
oynna R"— N maosmu ek dasocu, o > 0 3rapmac con, Uy, U; — map Gomkapumysan mapamerpmap; Uy
— KOuyBuHM YinHUMHKHT Gomkapys napamerpu, U; —sca | -KyByBuM yHHHUMHMHT GOLIKAPYB IApaMETPH Ba

Z” = ,\/(Z, ), (z,2,) - ,,2, € R" JIaTd BEKTOPJIAPHUHT CKaJsIp

kymaiitmacu. Mabiaymku, t >0 na xap kanpaii U, = U (t) ,0<1 <K dysxumsmap maxmyn yays (1) ciucrema

ynap t>0 na ynuosnu Gynxuusapaup,

abCOITIOT y3ITyKCH3 SITOHA eynmra ora. (1) TeHrnamManuHr Oepriirad O0ImKapyB Ba OOLUIAHFUY XOJIaTiapra Moc
e4YMMU KyHHuIara KypuHumaa 0yiaam

t
X =X (t)=e""x +'[e‘”‘(t‘r)ui (r)dz, 0<i<k. )
0

Jlubbepeniman  Vitnana omatna yimHummap xap Oump [ BakT MOMeHTIa, UeQueP
napaMeTpIapHHH TAHIaETraHua, yllapra y3Iapy Ba paku6aapuausr { BakTi Ba ha3soBuii X0MaTIapi MabIyM
Oy TymyHwiaay. baw3zan yinHuMIapaaH OMpUHU, MacayaH, P, VHUHUUHY Xap Oup { Bakr mMomenTHIa

E yiiununaunar ury Bakr Mmomentunaru tamnaran U, € Q mapamerp kuiimMartunu Guiumy Tanab KMIMHAIN.
bynnait xonnapna, E VHMHYN TUCKpUMUHATHUSIAHTAH 160 alTUIaau Ba YHUHHHUHT Y3H E YAMHYHUCHU
JMCKPUMUHATIMSUIAHTaH YiinH 1e6 nomnanamu. U, €Q, U € P mapamerpnap moc pasumpa E  Ba P,
VimHumtapHuHr  OomkapyBiapu ne6 aramamu. (1) TeHrmamanm  Ba  OONUIAaHFAY — IIAPTIIAPHU
KaHoATIaHTHpaauran X, = Xo(t), X =X; (t), 1<i<k (2) ¢pynxumsmap E sa P yitumunnapununr

TpaeKTopusIapH 1ed aTataiu.
Huddepennman yinHmarn mMakcaaiap IOTYK OWIaH aHWKJIaHAJAW Ba TYpIW Wymmap OwiaH amanra

oummpuirad X, (t), X; (t), 1<i <K Tpaexropusmapra Gormik 6¥mamm. MacanaH, YiAnH sKapadHI OJIHHIAH

GenrmwiaHrad | BakTraua JaBOM STaju Aeinuk. YitmH skymumparn E Ba Pl ViuHYHIapHUHT (hazoBHUN
Ba3UATU X, (T ), X, (T), 1<i<k 6yncun. Y xonna E yitunumaunr oryru
min p(%(T), % (T))

I<i<k
1
ra TeHr Jeb xucobnanaau, OyHaa P(Xo (), x (T)) - (i(xg (T)+ X (T))ij - X, (T) Ba X (T ) HYKTanap
j=1

opacumaru macopa 6ymu6, Viimm sca E  Vitumummuar wmakcaam EJ.LT ,o(x0 (T). X (T)) COHMHH
MaKCUMAaTAIITHPHII OYJITraH KyBHII >Kapa&HHHU TaCBUPIIANIH. _

ynnait yiiuanap 60pky, yHAA YHWH TaBOMHUIIMTHHUHT Yerapacy axaMHusATJIA dMac Ba YHUHUMIAD
MabJIyM HaTHXara 3pHUINTYHra Kajgap AasoMm stagu. Juddepenunan yitnnnap Hazapusicuaa, P, Yitmmun E
Yitnnum 6wnan | mMacoana yapammimyny TabMUHIOBYM YHHUHYUIAPHUHT OOLIIAHFMY XOIATIApHU TYIIAMUHH
aHUKIAll Ba INyHUHIAeK, E  Yitumum P, yimHuu Ouiman ueknu BakT MoGadHuma | macodana

ydpamMaciurdHi  KagoJjaTioBUd YHMHYWIAPHUHT OONIIAHFUY  XOJATIaph TYIUIAMHUHH  aHUKJIAII
MyaMMOJIAPHHU KYPHII XaM MYMKHH. Y X0JiJla OUpHHYY TYIIAM Y4paiuin KU TYTUII COXACH, MKKUHYUCH

3ca KOUMII coxacu ne0 aramagu. Arap KymIuMya paBHIIIA (XO, Xi), 1<i<K ¢asoeuit mykra Vitun
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3-IIYBBA. JTUPPEPEHIIUAJ TEHTJIAMAJIAP BA JIUHAMHUK CUCTEMAJIAP

nasomuaa 6upon oup N TymamMHu Tapk STMacIMrUHU Tanad KUicak, y Xoijaa Ou3 Gpa3oBuil uerapajaHrad
muddepennnan yituara sra 6ymamms [1], [2].

Ky wmtupokyuid Ba VAMHUYWIAp BasusTHra HucOataH ¢a3oBHi derapajap OwiaaH OepuiraH
muddepeHnan YHUHIAPHUHT TaIKUKOTH, yiiap onataaru nuddepeHnnan yiuHmapra HucoaraH yMyMUHAPOK
Ba MypakkaOpoOK coXa SKaHIUTMHM Kypcatamu. by mmma [ - ymuosmm dazomarm N xommakTma 6urra
KOYYBYM YWHMHYM Ba OWp HEYTa KyBYBYM YHHWHYMIAPAAH HMOOpaT Ky MINTHPOKYMIN KYBUII-KOYHII
MacaJlaCHHHU €UUII Y4YyH SIHTH ycysl 0Oa€H KuivHraH. ByHna YHWHYMIAPHUHT XapakaTliapd COZJa YHU3UKIH
nmuddepeHnran TeHriaManap opkann Tapcudruanany. bapya yiimHuMIap Oup XU AMHAMUK UMKOHHATIApTa
ara Ba IIYHUHT YYyH KyBYBUMJIAp YUYYH STOHA ap3aJLTUK YIapHUHT COHUIAIUP.

Juddepennman yinHIap Ha3apusiCHIATA KUHMH Ba KaM YpraHWiIraH KyBUII-KOYHUIII MyaMMoJiapyuiaH
oupu Oy (azoBuil HeKIIOBIap OMIaH OOFIMK MacalanapHu edumanp. by macama, xycycnii xomnna [1] nmna
yprauwirad. Yoy v kymiad MmyautudaapHUHT TaAKHKOTIapH Ouian 00fiuK 6yauo6, 6us ynapaad [2], [3]
UILIAPHU 3CIaTHO YTaMus.

Avitaiinuk R" dasona wuku nykramapu Oym Oynamaran N kommakr Gepwiaran Ba Gapua >0,
0<i<k yuyn X =X (t) €N 6yncun. By xommaktaa, Gurra kouysun X, Ba k Ta X, 1< <k
KyBYBUMIAPAAH HOOpAT KyBHII—Kouni auddepentman yitnuuan kapaiimuik [1]. Xap 6up 1 Bakr momentuia
Oapua yiuHummapra X (t),OSi <K xomarnap, KyByBummapra sca U, (T ), 0<7<t mavnym ne6 Qapas
Kunamu3. Arap kanpaiaump i, 1<i<k yuyn T Bakr momentuaa X,(T)=x(T) mwapr Oaxapuica, (1) yiun
HUXO0SCHUTa eTraH XucobnaaHaau. bynmaii xonna, yHHHHN yCTMa-yCT TYIIUIT MabHOCUAA AKYHIAHIHN ACHHIa I
[1-3].

KyByBun yitmaumnapaunr coun K =n-—1 rta 6ymmo, X, (0) cintK 1apTAa, YAWHHUHT Tyramn
ycTMa-yCT TYIIWII MabHOCHAA Kapanaétran Oyica, KOuyBUMIa HMcOaTaH copjia OYiraH MO3UTHHOH & —
cTpaTerus TaKinrig KWIMHIY Ba KOUWII YUYH €Tapiad MIapT OJIMHIH.

Taspud. X, KouyBuH YilMHUMHKHT MO3UIMOH § — cTpaterusicu ae6 urynmait { ra Gornmuk yruosun

UO(XO(t),Xl(t),---,Xk(t)),tj STSIM QyHKIusAcura aiTmnanukd, OyHAA UO(XO(T),Xl(T),---,Xk (T)):
UO(XO(tj)’Xl(tj)""’Xk(tj)) 6ynanu, Oy epaa O=t1 <t2 <...<tj <... Ba IlmtJ =400 ,

Teopema. N kommaktna Gurra kouyBun Ba K (K <N) Ta KyByBummapman uGopar (1) KyBumi-

Kouull yinHu Oepunran 0ynmub, X, (0) e intN OyicuH. Y Xonga KodyBUna t >0 Bakrtna KyBYyBUMJIap

OWJIaH y4painMaciuKHU TAbMUAHIOBYH & - CTpaTerus MaBKy/l.

AJIABUETJIAP PYUXATH

1. UBanos P.I1. Ilpoctoe npecnenoBanue - yoeranue Ha komnakre//Jox. AH CCCP. 1980. -T.254. -
Ne6. -C. 1318-1321.

2.Carumor H.}FO. 3agauun mnpecnenoBanus U yOeraHws JJis OJHOTO Kjacca JIMHEHHBIX
muddeperunansHbix urp Muorux u.// Tpyast Tam I'Y. -Tamkent. 1981.- Ne670. -C. 54-64.

3. CarumoB H.}O., Mamaros M.II. O 3agmayax mnpeciegoBaHUs M YKJIOHEHUS OT BCTPEUYH B
T QepeHInaABFHIX UTpax MeXAy Tpynmnamu npecienopareneii u yoeraromux// JTAH Y3CCP.-TamikeHT.
1983. - Ne4. -C.2-5.

O PA3PEIIMMOCTH OJJTHOM KPAEBOM 3AJIAYUE JIJISI YPABHEHUS YETBEPTOI'O
HOPAIKA C MUIAJIINMU YIEHAMU

Mesmkysuesa JInnmoga MyxTop:KOHOBHA
Hamaneanckuii unaceHepHo-cmpoumensHulii UHCIUmym

Kpaesriii 3anaue a1 ypaBHEHHs Y€TBEPTOTO MOPSAKA MAbJIO U3YUYEHO.
1.ITocTaHoOBKA 3aga4M.

B obnactu p — {(X, y) :0<x<p,0<y< CI} paccMOTpUM YpaBHEHUE
Uy — U,y + 34U, +a,u, =0 1)
rre a,a, R

~168~ «EIII MATEMATUKJAPHUHT SSHT'U TEOPEMAJIAPH — 2022»



3-IIYBBA. JANDPOEPEHIUAJI TEHTJIAMAJIAP BA IUHAMUK CUCTEMAJIAP
3amaua A. Haiitn pemenne ypasaenus (1) B obmactu D m3 xmacca u(x, y)eij(D)me’i (5)

YIOBJIETBOPSIIOIIEE CICAYIOLIUM KPAeBbIM YCIOBUAM:

u(0,y)=u(p.y)=u,(0,y)=u,(p.y)=0 0<y<q @
u(x,0)=w,(x), u(x,9)=w,(x), u,(x,0)=w,(x),0<x<p 3)

rae l//i(X)ECS[O, p] ,1=12 Ba l//3( )€C4[0, p] 3aJlaHHbIC (QYHKIIMH, IPUIEM
vi(0)=wi(p)=y/ (0)=v:"(p)=1" (0)=y1" (p)=0, =123, @

Teopema. Ecrn 3amaua A mMeer pernenue, To IIpH BHINOTHEHHH YCIOBHIH &) <0 ono

CAUHCTBCHHO.

JokazarenbeTBo. IlycTs 3anaua A uMeeT [Ba pelieHus Ul(X, y)n u, (X, y).Torz[a byHKIUS
uix,y)=u(x,y)—u,( X MOBJIETBOpsieT ypaBHeHHIO (1) ¥ OZHAPOOHLIM KPaeBHIM YCIIOBHSIM.
1 2 y y y
JlokaxxeM, 4TO U(X, y) =0 D
B o6nactu D cnpasenmuso Tosxaectso
uL[u]=g(uu —uu, )— 9 uu —luz— (uu )—la u® |[+uz —auz=0 (5
- X XXX ay vy 2 y al y 2 2 XX al y

I/IHTerpprﬂ TO)K,Z[GCTBO (5) mo ob6mactu D , nmeem
(o 1 1
”— u-u, —ux-uxx]dxdy—ﬂ@[u-uw—Euj—al(uu )—Ea2 }dxdy+
pq pq
+”ufxdxdy —~ aljfujdxdy =0,
00 00

I[u( P, y)UXXX( P, y) - U(O’ Y)uxxx (0’ Y)de -

q

~[Tu (P ) (P ¥) =0, (0, y)u,, (0,y) y -

0

—j[u(x’q)uw(X’q)_u(X’O)UW(X,O):'dX+

+1£[ (x,0) de+a1_([[u (x,q)—u(x,O)uy(x,O)}

+= aj (X, 0 dx+”uxxdxdy a1”u2dxdy 0.
yT-II/ITBIBaH OIHOPOAHBIC KPACBBIC YCIIOBUA, ITOJIYYHUM
1 p pq pq
EJ‘uj(x,q)dx+Huixdxdy—aiﬂuidxdy=0. (6)
0 00 00

Ecm a; = 0 , otciona cnexyer, uro U, =0:>U(X, y): X- fl(y)-i- fz(y), (X,y)e D .
Honaras 3neck X =0 u yunrsisas U(O, y)= fz(y) =0.
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3-IIVBBA. JUOGOEPEHINAJ TEHTJIAMAJIAP BA JMHAMUK CUCTEMAJIAP
Tonaras X=p. u(p,y)=p-f,(y)=0=p=0=f(y)=0.  Cuenosarexsno,
u(x,y)=0, (x,y)eD.
Eem @ #0 , u,=0=u(x,y)=f(x) .u(x,0)=0 1 f(x)=0.
Cnenosatensao U ( X, y) = (. Teopema nokazaHo .

Hcnone3ys merona dypbe pemenne 3anada A mocTpoeHa B Buae OeCKOHEYHOro paaa. JlokasaHa, 4To

370 psib 1 ero npousBobie Uy, Uy Uy Uy cxomurest aGcamioTHo i paBHOMEPHO.

OB OJIHO3HAYHOM PA3PEIIMMOCTHU UHTETPAJIBHOI'O YPABHEHUSI BUHEPA -
XON®A C SIIPOM CIELIUAJILHOT'O BUJA

Mupcadypos. M, Dpramesa. C.b.
Tepmescxuil 20cy0apcmeenHblil yHusepcumem

Paccmotpum cnenyromiee nHTErpanbHOE ypaBHeHHEe Burepa-Xomda
400

pO) == Of K(y = Dp(@)dt + Rlp] + ), ®
e
3 1
K= sin(en)k@yﬁ sy F0) = Rle— (L +e)eel2,
Bol-a—fes k=i"C jcccq, g=Snl@tPpm) N
2’ 1+c¢’ ’ (1 — cos(a + B)m)’ u(1l+ A?m?)
R,[p]l = Ry [T]e(e_%)y —peryIsipHBINA ONepaTop. 3aMEeTHM, YTO TaK Kak 20=1-

a— B <1 torma umeer Mecto HepaBeHCTBO 6 — 1/2 < 0. VpaHenue (1) sBIsieTCS HHTErpalbHBIM
ypaBHeHueM Bunepa-Xomnda [1-4].

Teopema. /lycmo 015 uucnosvix napamempog ypasnenus (1) evlnontsemcs HepaseHCmeo

k1/2=9sin(6m)|Ink|
<1, 2)
U

moeoa ypasHenue (1) 00Ho3HaUHO pedyyupyemcs K unmezpaivbHomy ypasHenuio @pedzoivma 6mopozo pooa.

Joxa3arenberBo. YpaHeHue (1) ¢ momompio npeoOpasoBanHuss Pypre, momgoOHO H3BECTHOMY
XapaKTepHUIEeCKOMY 0COOOMY MHTErpajJbHOMY YpPaBHEHHIO C siipoM Kommm mpuBOIWTHCS K KpaeBOW 3aade
Pumana u TeM caMbIM peraeTcs B kBajgparypax. Teopembl dpenronbsma s MHTETPaIbHbIX YPABHEHUIN TUIIA
CBEPTKH OyIyT CIIPaBEJIMBHI TOJBKO B OJTHOM CITy4ae, KOTJa WHIEKC 3TUX YpaBHEHUH paBeH HYIIIO.

WNunexcom X ypasuenus (1) Oynet nnaekc Beipaxkenns 1 — K (x) B34TbIM ¢ 00paTHBIM 3HAKOM, T.C.
X = —Ind(1 — K"(x)), 3mech [4,¢.199]

1 too .
K™ (x =—f K()e™dt =
(x) N ®) |
AT o el AT me ¥ ink

~ kP sin(mB) J_,, ket/% + e~t/2 ~ ko sin(0m) .\/E - ch(mx)
My -m?lnx  e™™

= A*(x) — iB*(x),

"~ k1/2+9 sin(6n) ch(mx)
e
. An?ink  cosx . - Aym?ink  sinx
A = k1/2+0 5in(Om) Ch(nx); Bt = tii/z+e sin(@m) ch(mx) ®)
U3 (3) BugHO, 9TO
|A*(x)|} _ MarPlink| 1
|B*(x)|) ~ k1/2+0 sin(0m) ch(mx)’

npuaeM A*(x) = 0(1/ch(wx)),B*(x) = 0(1/ch(mx)) ams mocratouno Gompmmx |x|. Orcroma B cuiy
yciioBus (2) TEOPEMBI CIIEIYET, U4TO
|A*(x)|} - Am? [Ink| k%79 sin(6m) |Ink|
IB*()) ~ k1/2+0 sin |Om| 1
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3-IIYBBA. JTU®DPEPEHIIMAJ TEHTJIAMAJIAP BA JUHAMUK CUCTEMAJIAP
CnenoBaTensHO
Re(1—-K"(x)) > 0. 4
Wunexe X ypauenus (1) T.e. u3BMeHEeHHE apryMeHTa KOMIUIeKCHO3HauHOoU (yakimn 1 — K" (x) Ha
JIEHCTBUTETHHOM OCH, BRIPAXKCHHOE B TIOJHBIX 000pOTaX U B35ATOE ¢ 00paTHBIM 3HaKOM [3,C.28.€.56], ¢ yueTom
HEepaBeHCTBO (4) paBeH

x=_ma1—wv=—;h@u—xwwnm=

IRei—k~0nl T~ YTl
1 0

=5 arctg— —arctg 1] =0,

tak kKak A*(to) =0,B*(+o) = 0. CJ‘IeILOBaTeJ'II)HO ypaBHeHue (1) OJHO3HAYHO peayHHUPYeTCs K
MHTETpaIbHOMY ypaBHeHHI0 Ppearonbma Broporo pona. Teopema mokasaHa.

1
2m
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1. Tlomocmr A.A. OO0 OIHO3HAYHOW pa3pelIMMOCTH 3adadd TpHKOMH I CHEeIUaNbHOW obmacth. //
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CHHTYISIpHBIME KoddduitnenTamu. Tamkenr, “Universitet” 2005- 224 c.

O BTOPOIl KPAEBOM 3AJAUE JIJISI YPABHEHUSA IATOI'O MOPSJIKA C
KPATHBIMU XAPAKTEPUCTUKAMMU

Mup3aeB OTtabek Mup3apaxMaToBu4
mazucmp Kageopvl Mmamemamuyecko2o aHau3a,
Hamaneanckuii 2cocyoapcmeennwiil yrusepcumem

Teopus ypaBHEHM ¢ YaCTHBIMU ITPOU3BOIHBIMU IISITOTO MOPSIIKA BO3HUKIIA CPABHUTEIIBLHO HEABHO. B
COBOKYITHOCTH, W3 BCEX YypaBHEHHH IATOTO TMOPsIKa 0COo00€ MECTO MO CIEIU(PUIESCKOMY XapakTepy
3aHUMArOT, TaK Ha3bIBACMBIC, ypaBHeHI/IH C KpaTHLIMI/I XapaKTepI/ICTI/IKaMI/I. YPaBHeHI/IH IIATOTO nopsu:uca C
KpaTHI)IMI/I XapaKTepI/ICTI/IKaMI/I

5 3 2 2
ou Ju o0u ou
—+ 2+—2+—2:f(t,x,y,z),
ox> otox® oy° oz

BO3HHMKAIOT B MAaTeMaTW4YeCKUX MOJENSAX BOJIHOBBIX IPOLIECCOB B IIa3Me, ClIaOblX YAAapHBIX BOJH B
JUCTIEPTUPYIOLINX TUCCUIIATUBHBIX CpeAax, IMyTeM J00aBiIeHus K oJHOMEpHOMY ypaBHeHHIO Kopresera-ne
®pusa guccunatuBHOro wieHa [1,2].

PaboTsI 110 UCCIIeIOBAaHUIO YPAaBHEHHH MATOTO MOPSIIKA CPaBHUTEIHLHO Mauto [3-11].

B nmanHON paboTe, METOOOM HWHTErPaJOB 3HEPrUM, IOKa3aHa EIMHCTBEHHOCTh PELICHUS BTOPOM
KpaeBoil 3ajauu U1l ypaBHEHUsI [ITOTO TIOPAJKA C KPATHBIMHU XapaKTePUCTUKAMH.

Bo6mactu D ={(X, y) :0<x<l 0<y<1L}, paccmorpum ypaBHeHue
o°u o

o op Um0 @

rae i € R.

3agaua A . Haiitu perynsproe penrenue ypapaenus (1) 8 oonactu D u3 xnacca Cf; ( D) | Ci ; (5) ,

YAOBJICTBOPAOLICEC KPACBBIM YCIIOBUAM

u, (x,0)=0, u,(x1)=0, )
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3-lIYBBA. JTU®PEPEHIIMAJI TEHTJIAMAJIAP BA IJUHAMUWK CUCTEMAJIAP
U(0.Y)=(y). Us(0.)=2(Y). U (0.¥) =0 (y)
U(LY)=0,(¥): U (LY)=05(Y),
rie @, (y)(i = ]TS) — 3aJJaHHBIC JJOCTATOYHO TIIafKHe (PYHKIIUH.

5 2
o’u  o°u
OTMeTHM, 4TO aHaJOTMYHAas 33/1a4a JUlsl ypaBHEHU —— +— = 0 uccnenopana B pabote [7].

aX5 ay2

Teopema. Ecnu 3anaua A uMeer pellieHue, To OHO €IMHCTBEHHO.

®3)

JlokazareabeTBo. IlycTs 3amaua A umeeT 1Ba peleHue U, (X, y) n U, (X, y) , Toraa
u (X, y) =U; (X, y) -Uu, (X, y) YAOBIETBOPsieT ypaBHEHUA (1) M OJHOPOIHBIM KpPAECBBIM YCIOBHSIM.
JokaxeM, ato U (X, y) =08 D.

B obmactu D CIIPpaBCJIMBO TOXKACCTBO

2
U(UXW—UW+,U u):O
niIn

9
OX

0

(uuxxxx)—&(uxuxxx) L g(ufx)—%(uuy)wj + 2% =0. (4)

+_
2 OX
WnaTerpupys Toxmaectso (4) mo obmactu D, nmeem:
(2 lz]dd jjé( )dxd
—[UUXXXX —uu, . +—=u,jaxay — —(uu Xay +
.” 2 . e oy y

+_Uu§dxdy + yzﬂuzdxdy =0.
D D

O ey

[U(l, y)uxxxx (11 y) - U(O, y)uxxxx (O’ y)] dy - J.[ux (11 y)uxxx (11 y) —UX(O, y)uxxx (O, y)]dy +

1 1
+%J.[ufx L y)—-u?(o, y)] dy — I[u(x,l)uy(x,l) —u(x,0)u, (x, O)J dx +”ujdxdy + yzﬂuzdxdy =0.
0 0 D D
YuurriBas OAHOPOAHBIC KPACBBIC YCIIOBHA 3a/la4n A , IOJIYUYUM

%jufx(l, y)dy+”u§dxdy+y2ﬂu2dxdy:0. (5)
0 D D

Ortcrona ciiemtyer, uto ecii g # 0 To U (X, y) =0,
Ecmi 4=0, torma U, (X, y) =0, orcrona U(X, y) = f(x).

v
Torna u3 ypasHenus (1) umeem f ( )(X) =0, orcioma pemenne 5TOro ypaBHEHHs HMeEeT BHJT

f(x)=Cx*+C,x*+C,x* +C,x+C..

Y4uThIBas KpaeBbI€ YCIOBUS, OIYYUM Cl = C2 = C3 = C4 = C5 =0, 10 ects f (x)=0.
Toraa u(x, y) =0. Teopema nokazana.

Pemienne 3agada A IMOCTpOCHA B BUAC

o0

U (xy)= 2 X, ()Y (¥) ©)

n=1
rae

X,(X)=C,, (z,)e ™ +e"(C,, (z,)cos(z,,X) +Cy, (7, )sin(z,5,X)) +
+e"(C,, (7, )cos(7,8x)+Cq, (7,)sin(z,Bx)),
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o =%, o, =c0sd, f, =sinf, a,=c0s30, [, =sin30,

C,, (1=15) - npoussonenrie mocrosunsie, Ne N .

Y, (y) =<2 cos zny
U du

Hoxkazana, uto psj (6) U psabl IPOU3BOJIHBIE ——F M —, CXOIUTCA paBHOMEpHO B D .

x> oy’
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BUZILADIGAN GIPERBOLIK TIPDAGI IKKINCHI TUR TENGLAMA YECHIMINING
XOSSALARI HAQIDA

Mo'minova M.R.
Farg’ona davlat universiteti

Ushbu buziladigan ikkinchi tur
L, (u)=u, +yu, +au, =0, y<0 1)

tenglamani garaylik. (1) tenglamaning ixtiyoriy yechimini Z, (X, y) deb belgilaylik. Ushbu xossalar o’rinli

[1]:
%zau,y):zw(x,y), Za(06y)=(9) = () 2z, 09 @
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(1) tenglamaning xususiy holi bo’Igan quyidagi ikkita
Ly(u)=u,+yu, =0, y<0,
L (u)=u, +yu, +u, =0, y<O0
tenglamalarni garaylik. Ushbu

u’(x,y)= j-fo (x—2ﬁ+ 4\/32)[2(1— z)]_ll2 dz -

0

g (2 a2 [t (1 2) -2
oy -2y 4 20-2)] .
(1) = e (-2 4752 20-2)] * nt6 Fe(1-2)ce+
o (x-25 o) 20-2)] e

funksiyalar mos ravishda L (u) =0va (u) =0 tenglamalarning umumiy yechimlaridir [2], bu yerda

7,(x) € C*[0,1] va v, (), 7 (x),1,(x)eC?*[0,1].
(2) formulalardan bevosita kelib chiquvchi ushbu teoremalarni keltiramiz.

Teorema L. Agar 7,(X)€C*[0,1], v,(x)eC?[0,1] bo’lsa, %UO(X, y) funksiya L (u)=0
tenglamaning yechimi bo’ladi.
Teorema 2. Agar rl(X),vl(X)eC4[O,1] bo’lsa, %UI(X, y) funksiya Lo(u)=0 tenglamaning

yechimi bo’ladi.
ADABIYOTLAR
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Kazanb: U3marenncTBo Kazanckoro yuusepcuteta, 2015. -236 c.

BEPUIITAH COXAJA TEMIIEPATYPAHHU BOLIKAPHIIITA JIOUHP BUP MACAJIA

Onumaconosea M. Y3MY Mazucmpanmu,
Kymaxynos K. TIITY manabacu,
Mycmanoxynoe X. Y3MY ea TITY doyenmu, PhD.

Uccuxuk xapaéanapuau OOLIKapuIlIra J0Mp Macajaiap XaMHIla aMaauéTaa 10a3apo xucoOaanaau.
Bbynra noup unutap 6unan A.I.Bytkosckuii, JX.JInonc, K. Jlypwe, A.W. Eropos, H.}FO.Catumos, 111. Anrmos,
M.Ty¥xTacHHOB Ba OOIIKA KYIMUUIIMK OJIMMJIAp IIYFyJJIaHUIITaH,

M.TyxTacnHOB TOMOHHIAH OEpHITaH TEMIIEpaTypaHu KUCKa BaKT HYMa HOJII'a TYHIMPHII Macanacu
Vypranwnrad. by wunulapga macama YiiMH MabHOcHAa KapanuO, OOIIKapyBra TreOMETPHK Ba HMHTErpal
yerapajlaHUIIap KYHWITaH XOJjjAa TaAKUK STHATAaH. YOy wumma 3ca Oomkapyera l'paHyoiur Tumaaru
yerapajaHuIUIap KyWrirad xoaa ypraamiaay [1].

MabiyMKH, QcR", n>1 4YerapajaHral coxaja MHCCHUKIMK TapKaJWIl Macajacu KyHuaarua
KypuHUIIIa E3umann [2]:

z,(x,t)=Az(x,t)+u(x,t), xeQ, t>0, 1)

z(x,t)‘m =0, t>0, )
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z(x,0)=2"(x), xeQ, (3)
6y epma A -Jlammac omepatopu, Z = Z (X,t) -HOBMaNyM (GYHKIUS, z° () € L2 (Q) — OOLLIaHFUY XOJaT

dynkmusacu, 0C2 sca () coxaHuHr yerapac. U(X,t)—MOC paBHIIJIa MCUTHII EKH COBYTHII KypHIManapy

OomkapyB (GyHKIUsICH XucoOmaHnO, Oapuya OyHmai OomKkapyB (GyHKOHMAIApW KyHHZardn HOpMa OpPKAH
yerapanraHaiu:

a0l < p* + 21 flu(-s) ds, @

Oy epna |u(-t)| = /guf (t),t=>0-

Masbnymku [2-5], Jlamnac onepaTopu y4yH X0C KHAMAaTIap A APHE O0< A, <A, <., A, —> oo, B2
MOC paBuIIa Xo¢ QyHKUus @ (X), XeQ), |_2 (Q)I[a OPTOHOPMAJ CHCTEMa TAIIKUJII 3TAJIH.
(1)-(3) macananuar eunmu Z = Z(X,t) Hu Oypbe MeToaM OWIaH aHWKIalMu3. Arap fk () opKaiu

f() GyskuusauET @) (X), X €€, ra mucbaran Dypse kosduuenTr 6yca, y xonma (1)-(3) MacamaHuur

€YMMH MOC paBHINa Kyhiuaaruua oynamu [2, 3]:

z(xt)= i(zfe‘ﬂkt + j'e‘ﬂk(”)uk (T)J ‘g (x), xeQ,t>0. ()

Macana 1. Uxtuépuit 6epuiran z° (), z° () #0 yuyn mynnaii (X,1) OomKapyB GYHKIUSICUHU
Kypuark, (1)-(3) Macanauuur edumu 6upop { =7 1a Honra aiimaHcuH, TBHN Z(X, T ) =0, xeQ.

Tacauk 1. (1)-(3) Macananusr eunmu Z = Z(X,t)

0
- BN )

BaKT/a HOJIra aiijlaHaan, SEHH Z(X, T ) = 0, XxeQ) Oynanu.
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n

TEBPAHUIIIHU TYXTATHUIIT A JTOUP BUP MACAJIA
Mycmanokynog X. 3731\/\[13/ ea TITY ooyenmu, PhD.

Cagapoe B. Y3MY macucmpu,

Mypmaszaee A. T/TY manabacu
Kyitugarn rumnepOOaMK THMIArd TeHIJIamMa OwiaH &3wiraH MaHOa OOINKapuiIaguraH MacaiaaHu

Kapavimms [1,2]:

Uy (t,X)=Au(t,X) + u(t,X), (t.X)€Qy; (1)
u(0,x)=u’(x), ul_, =u"(x), xe; u(t,x)=0,(t,x)es; 2)
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Oy epma U= U(t,X)—HOMa’bHyM dysxums; T —uxtuépuii Myc6ar y3rapmac; (1)-(2) apanam Macanga yuyH

0
uel,(Q), u’ EW21(Q) , u'e |_Z(Q) . ,U(X,t) 3ca MOC paBUIIa TeOpaHUIIHU OOIIKAPYBYU KypHIIMaiap

OomkapyB ¢yHKImsICH 0YIH0, Kylnuaaru HopMa OpKallid YerapaiaHaiu:

-0l g
6y epaa |u(-,t)] = /iﬂf(t),tzo-

(1) macananunr eunMuan ypbe yCyiu opkanu Kyiuaarinda 3um MyMKuH [1]:

u(t,x) =Z ug cos[4,t +%sin JAd +ﬁiyk (7)-sin\[Z(t —r)dr](pk (x). @

0
Macana. Uxtuépuii Gepuiran u’ EWzl(Q) Ba U1€|_2(Q) Y4YyH WyHgad [ (X,t) OomKapyB

(YHKIMACHHN KypHHTKH, Oupop T~ > O 1a (1) MacalaHUHT €4HMH 7 (T*,. : ,u*) = 0 OyncuH.

0
Tacauk. Xap 6up u’ EWZl(Q) Ba U1 € |_2(Q) Y4yH LIyHAau ,Ll*(X,t) OomKapyB QYHKIIUSCHHH

2 2
Jal+b* +p-o on
2(p-o0)

Ja (1) MacalaHMHI €4MMU HOJITA aillaHa Iy, SbHU 7 (T,. : ﬂ*) =0.

KypHII MyMKUHKH,

T(z,) = 27z|:

AJJABUETJIAP:
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Bectuuk, Tamkent, 2013, Ne2. C.124-128.

YER YUZIDA TABIIY RO‘Y BERADIGAN ZARBLI TO‘LQINLAR VA NOCHIZIQLI
TENGLAMALAR

Muxtorova Sh.N QarDU magistri
muxtorovashohidal998@gmail.com

Zarbli to‘lginlar barchaga tanish,ammo hamma ham buni anglay olmaydi.Ko‘pchilik odamlar zarbli
to‘lqin deganda birinchi navbatda atom portlashini tushunishadi.Zarbli to‘lginlar boshqa holatlarda:chagmoq
chagishida, pistoletdan otishda, tovushdan tez uchar samolyot harakatida ham yuzaga kelishi mumkin
[1].Tabiatda chagmoq chaqishida hosil bo‘ladigan zarbli to‘lqinni tez-tez kuzatib turamiz. [2] kitobda
yozilishicha Yer yuzida har yili o‘n olti million momagqaldiroq, atmosferada esa har sekundda yuzdan ortiq
chagmoq chagqishi ro‘y beradi.Oqim kanalidagi temperatura o‘n ming gradiusga,tok kuchi esa yuz ming
amperga erishishi mumkin. Bunday ogim bir zumda gizdiradi, sigadi va havoni ionlashtiradi.[2] da chagmoqg
chagishi tajribasi yozilgan,unda jarayon laboratoriyada modellashtirilgan.Eksperementda 0.05mkm diametrli
mis o‘tkazgichiga 2000 voltgacha  kuchlanish beradigan  kondensator yordamida  tok berib
portlatilgan.Portlash natijasida o‘tkazgich nurli ionlashtirilgan kanal oqimini hosil qilib parlanib ketgan.
lonlashgan mis bog‘lari kegayib, atrofga zarbli to‘lqin hosil gilgan.U momagqaldirogni eslatadigan tovish
to‘lginiga aylanib, asta-sekin so‘ngan. [2] da muallifining fikriga ko‘ra, bu kanalni momaqaldiroq paytidagi
chagmogni uzun kanal ogimi analogi deb hisoblash mumkin.

Zarbli to‘lgin hosil giladigan ko‘p tarqalgan yana bitta tabiat hodisasi, bu yer qimirlashi (masalan, [3]
qarang). Har yili Yerda bir necha yuz ming yer qimirlashi yuz beradi.Ammo ko‘pchiligi kuchziz bo‘lib, oz
gismigina katostrofik ogibatlarga olib keladi.Hozirgi zamon ifodalanishlarga ko‘ra ( masalan, [4] ga qarang)
Yerning ichki qismi quyidagicha tuzilgan.Yer yadrosi radiusi yer shari radiusini yarmidan ozgina ko‘p ( 3500
km atrofida) va u nikel va temir aralashmasidan tuzilgan.Yadroning radiusi taxminan 1200 km bo‘lgan ichki
kichik gismi gattiq va temperaturasi : 4150°C . Yadroning tashqi gismi aftidan suyuglikdan iborat. Bu xulosa
Yer yadrosidan ko‘ndalang to‘lqin o‘tmaganligiga asoslanib keltirib chigarilgan, chunki ma’lumki, ko‘ndalang
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to‘lqin suyuqlikda so‘nadi. Albatta, qat‘iy aytadigan bo‘lsak, bunday yuqori temperaturadagi va bosimdagi (
3-10" Ila tartibda) moddani suyuqlik deb atash mumkin emas. Har holda yadrodagi modda o‘zini suyuqlik

kabi tutadi.Yerning qolgan deyarli barcha gismi (galinligi) temperaturasi . 3900°C bo‘lgan qattiq

mantiyadan iborat. Nihoyat, tashqi eng yuza yuga gismi gqobiq deb ataladi. Uning qgalinligi 5 — 8 km (okean
ostidagi galinligi) dan 60 — 80 km( Povir va Himolayning eng baland tog* tizmalari ostidagi qalinligi).Katta
bosim ta‘sirida Yer ostida uzoq vaqt davomida mexanik kuchlanish to‘planadi.Masalan, Rixter shkalasi
bo‘yicha 5 ball kuchga ega bo‘lgan yer qimirlashi 1 kt trotilni porlashiga ekvivalent, 7 ball — 1 Mt, 9 ball —
1000 Mt.Bunday katta miqdordagi energiyaning ajralib chiqishi so‘nishida har xil turdagi siysmitik to‘lqinlarni
paydo qiladigan zarbli to‘lginlarni hosil qiladi: ko‘ndalang,gorizantal (uzunasiga va ko‘ndalang) hajmli
to‘lginlar, hamda qobiq bo‘ylab tarqaladigan sirtli to‘lqinlar. Bu to‘lqinlar sirt chayqalishini va yer qobig‘ini
portlashini keltirib chiqarib,o*pirilishlarga va insonlarni o‘limiga olib keladi.

Yer qimirlash o‘chog‘i ( gipomarkazi) 30 km dan 70 km chuqurlikkacha bo‘lishi mumkin. Hozirgi
zamon faniga asosan yer gimirlashlari mantiyaga paydo bo‘ladi ( avvallari yer qobig‘ida paydo bo‘ladi deb
hisoblanardi). Tushunarliki, juda chuqur yer gimirlashi kam miqdordagi vayronaliklarni keltirib chigaradi.
Birog,har bir yer gimirlashi zarbli to‘lginni hosil qilishi hagida gat‘iy aniq ma‘lumot mavjud emas, chunki
ajralib chiggan energiya katta hajmdaga targaladi.

Suv ostida bo‘lgan yer qimirlashi natijasida ulkan to‘lginlar — sunamilar hosil bo‘lib, qirg‘oqlarda
dahshadli vayronaliklarni sodir giladi. Lekin sunamilar zarbli to‘lqinlarga kirmaydi, ular boshqa chizigsiz
to‘lginlarga — dispersiya natijasida muhitlarda sodir bo‘ladigan solitonlarga misol bo‘ladi.

Vulqgon otilishlarida, ya‘ni Yer ostidagi qgisilgan va issiq suyuqliklar va gazlar katta bosim ostida
bo‘lganligi sababli, bir zumda atmosferada chiqib ketadi hamda zarbli to‘lqinni hosil giladi. Masalan, 1883-
yilda yashalmaydigan Krakatau (Indoneziya) orolida vulgon otilishida atmosferaga 4,6 km?® vulgon kullari va
boshqga portlash ma‘sulotlari uloqtirilgan.

Portlash energiyasi taxminan 5000 Mt trotilga ekvivalent bo‘lgan va orolni o‘zi yo‘qolib ketgan.
Portlash vulkan o‘chog‘idan 4800 km uzoqlikda ham eshitilgan, zarbli to‘lqin yer sharini uch marta aylanib
chiggan.

Zarbli to‘lgin meteorit tushushida ya‘ni planetalar orasidagi fazodan toshli yoki temirli jismlarni yer
atmosferasida bosqinchi tushushida sodir bo‘ladi.Ravshanki,meteoritlarning harakat tezligi ikkinchi kosmik
tezlik ( 11,2 km/$S) dan, massasi ham yetarli katta bo‘lib, bir necha o‘n tonnadan ortiq bo‘lishi
mumkin.Meteoritning tovushdan yuqgori tezlikda atmosferada uchib Kirishida arteleriya snaryadi yoki
tovushdan tez uchar samolyot harakatiga o‘xshash ovozli zarba deb ataladigan zarbli to‘lqin hosil bo‘ladi.
Meteorit zich atmosfera gatlamida harakatlanib kirishida tormozlanadi, sirti esa giziydi. Ular yerga qoida
bo‘yicha tovush tezligidan past tezlikda yetib keladi, shu sababli uning zarbli to‘lqini uni hosil gilgan
meteoritdan oldin yerga yetib keladi.Shu sababli to‘qnashishda bu energiya ajralib chiqib, yangi zarbli to‘lqin
hosil giladi, u yerga ham va havoga ham targaladi hamda tushgan joyida krater hosil giladi. Hozirgi kundagi
ma‘lumotlarga ko‘ra [2], Yer yuzida 50 dan ortig diametri bir necha kilometr bo‘lgan kraterlar
bor.Gipotezalarning biriga ko‘ra 1908-yilda Sibir ustida qulagan mashhur Tunguss meteoriti muzli kometa
edi.U yerga yetmasdan bug‘lanib ketdi. Ammo meteoritni atmosferaga kirganda hosil bo‘lgan zarbli to‘lqin
shu hodisaga olib keldiki, u maydoni 2000 km? bo‘lgan o‘rmonga qulab tushdi va uni butunlay yoqib
yubordi.Baholashlarga ko‘ra bunda 25-250 Mt trotil portlashiga ekvivalent energiya ajralib chiggan.

Ma‘lumki,zarbli to‘lginlar paydo bo‘lishi uni hosil qgiladigan nochiqizli differensial tenglamalar
yechimlarining xossalariga bog‘liq.Ma‘ruzada nochiziqli tenglamalarning ushbu xossalari tahlil qilinadi.
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INTEGRO DIFFERENSIAL TENGLAMA UCHUN KOSHI MASALASI

Ogboyev A.B.}2, Abdusattarov O. A.2
v.1.Romanovskiy nomidagi matetematika instituti,
“Namangan davlat universiteti
akmaljon12012@gmail.com

Ushbu integro differensial

X

J.l//" (x=t) "t dt+(1+28)(2+28) [ (x—t)" w ()t 7dt = f (x), xe(0.1) (1)

0
tenglamani garaylik, bu yerda g hagqiqiy son bo’lib f € (—1/ 2,0), f (X) berilgan funksiya.
Koshi masalasi. (1) tenglamani va quyidagi:
w(x)eC[0,1]1 C?(0,1); @)
. 1428 _ : 2B, 1
XILTOX w(x)=0, )!LI‘PX y'(x)=a 3
shartlarni ganoatlantiruvchi w(X) funksiya topilsin.

Teorema. Agar f (X) eC’ [0,1] bo’lsa, u holda {(1)-(3)} masala yagona

,,/(x):x-l-zﬂf(x_t)p(t)duax-w @

yechimga ega bo’ladi, bu yerda F(x)zﬁ:zi( f())ﬁ+ldz V= (1+ﬂ)r(1—ﬂ)r(ﬂ+2)-
Y axty

Isbot. (1) tenglamaning har ikkala tomoniga Do: operatorni ta’sir ettirib
y/”(x)xl+ﬂ+2(1+2ﬂ)(y/() = —j (x—2) e, xe(0,1)

tenglamaga ega bo’lamiz, bu yerda Dg « operator quyidagi ko’rinishda aniqlanadi [1]:

1 ¢ e(t)dt
F(—a) 2 (X —t)m+l ’
Do (x)=<9(x), a=0,

d" o
FDOX ¢(X), a >0.

a <0,

Hosil bo’Igan tenglamaning har ikkala tomoniga x” ni ko’paytirib, quyidagi

(z//(x)xl*zﬂ) X (;jx f(z)(x-2)""dz, xe(0,1) (5)

ikkinchi tartibli chizigli oddiy differensial tenglamaga ega bo’lamiz. f (X) eC? [0,1] bo’lganligi uchun (5)

tenglamaning o’ng tomoni uzliksiz, ya’ni F (X) eC [0,1] . (5) tenglamaning umumiy yechimi
W(X):X_l_ZﬂJ.(X_t)F(t)dt+clx_2’g+C2X_1_2ﬁ (6)

ko’rinishda bo’ladi, bu yerda Cl,CZ ihtiyoriy o’zgarmas sonlar. (6) funksiyani (3) boshlang’ich shartlarga

bo’ysindirib, qo’yilgan masalaning yechimini (4) ko’rinishda topamiz. F(X) EC[O,]-] ekanligidan (4)

funksiya (2) shartni ganoatlantiradi. Masala yechimining yagonaligi masalani yechish usulidan bevosita kelib
chigadi. Teorema isbotlandi.

ADABIYOTLAR
1. HaxymeB A.M. JlpoOHoe ucuncnenue u ero npumenenue. -M.: ®USMATIINUT, 2003. - 272 c.
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3-IIYBBA. JTUPPEPEHIIUAJ TEHTJIAMAJIAP BA IUHAMHUK CUCTEMAJIAP

BUZILADIGAN IKKINCHI TUR GIPERBOLIK TIPDAGI XUSUSIY HOSILALI DIFFERENSIAL
TENGLAMA UCHUN BIR BOSHLANG’ICH MASALA HAQIDA

Ogboyev A.B.12, Rashidxon uulu A.?
'v.1.Romanovskiy nomidagi matetematika instituti,
“Namangan davlat universiteti

akmaljon12012@gmail.com

Buziladigan ikkinchi tur ushbu
u,+yu,- @/2)u,=0, y<o0 (1)

tenglamani OB : X - 24\[— y=0, AB:x+ 2/- y=1va OA:y= 0 xarakteristikalar bilan

chegaralangan D sohada garaylik.

Ta’kidlash joizki, Krikunov Yu.M. [1], hamda Xayrullin R.S. [2,3] tomonidan giperbolik qismi (1)
tenglamadan iborat bo’lgan aralash elliptiko-giperbolik tenglama uchun turli chegaraviy masalalar
o’rganilgan. Giperbolik gismi (1) tenglamadan iborat bo’lgan aralash parabolo-giperbolik tenglama uchun
Trikomi masalasi [4] ishda o’rganilgan.

Masala (Koshi tipidagi masala). D sohada (1) tenglamani va ushbu
— H 2 2 —
u(x,0)=t (x),x0o[0,1} j{l@rn)a/- y(12/9y*)u=n(x), xO00,1) @
boshlang’ich shartlarni qanoatlantiruvchi U(X, Y) OC(B) 3 C?(D) funksiya topilsin, bu yerda t (X)
va N (X) - berilgan funksiyalar.

Teorema. Agar t (X)OC3 [0,1] ea N (X)OC2 [0,1] bo’lsa {(1), (2)} masala yagona yechimga
ega bo’ladi.

ADABIYOTLAR
1. KpuxyHoB I0O.M. BupousmenenHas 3ajaya Tpukomu TUISL YpaBHEHUS

Uy + YU, + (- n+1/2)u, = 0 // Hssectns Bysos. Matemarika. 1979. Ne9(208). —C. 21-28.

2. Xawpymmun P.C. 3amaua Komm s ypaBuenust Diinepa-Ilyaccona-JlapOy. —Kazanb: M3narenbcTBo
Kazanckoro ynuepcurera, 2014. -276 c.

3. Xaitpymun P.C. 3anaua Tpukomu 111 ypaBHEHHUS] BTOPOTO PoJia C CHIILHBIM BBIpOXKAeHHEeM. — KasaHs:
NznarennctBO Kazanckoro yausepcuteta, 2015. -236 c.

4. Ogboyev A.B., Mutalliyev N.N. Parabolo-giperbolik tenglama uchun Trikomi masalasi. Farg‘ona.
Farg‘ona davlat universiteti. “Ilmiy xabarlar-Hayunsiii BecTHuk” jurnali. 2020. Ne5. 6-9 b.

MNEPUOJUYECKUE PEIIEHUSA JU®PEPEHIIMAJIBHBIX YPABHEHUH ITEPBOI'O
HOPAIKA C KYCOYHO-TIOCTOSAHHBIMHU APTYMEHTAMM.

T.A. Radjabov

Camapxano ['ocyoapcmeenuwiil Yuusepcumem
radjabovtirkash@yandex.com

AnHoramus: B nmanHoii pabore paccMarpuBaercs MU QGepeHIMAIbHOS YpaBHEHHE C KYCOYHO-
MOCTOSIHHBIM apryMeHTOM. MBI H3y4aeM CYLIECTBOBAHUE M €IMHCTBEHHOCTb PELIEHUN 3TOrO ypaBHEHMSI.
VYCTaHOBJEGHBI  yCIOBHS  CYIIECTBOBAaHUS OCCKOHEYHOTO UHWCJA PEIICHWH WM IMYyCTOTHI  JJIs
TG PepeHIINATEHOTO YPaBHEHHS ¢ KYCOYHO-TIOCTOSIHHBIMU apryMEHTaMHU U IMOJTydeHa siBHas (opMyIia Jist
9TUX PELICHUH.

KaoueBbie caoBa: muddepeHNnaIbHOE ypaBHEHHE, KYCOYHO-TIOCTOSHHBIC  apTyMEHTHI,
MIEPUOINYECKOE PELIEHUE, KpacBas 3a7a4ya

Ora paborta copepKuT HGOPMYITHPOBKH M JJOKA3aTEILCTBA HAIIUX OCHOBHBIX PE3YJIHTATOB O
MEPUOAUYHOCTH, YCTOHYMBOCTH KoJjeOaHuii. Mbl qaem MeTo]1 HaxoxaeHus N-epuoiuieckux perneHni
TG PepeHIINATEHOTO YPaBHEHHS ¢ KYCOYHO-TIOCTOSIHHBIM apTyMEHTOM

T'(t)+a’T(t) +bT ([t]) +cT ([t +1]) = 0,t > 0. Q)
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C ydacThem
T©) =v,. (2)
Omnpenenum onpeznenenne pemenns ms (1)-(2)
Onpenenenne-1. Qyukyus Hasvieaemcs peuteHuem ypaguenus (1), eciu 6bINOIHAOMCA Cledyiouue YCI108UsL:
(i) T (t) Henpepvigen na R,
(i) T'(t) cywecmeyem u nenpepviéna 6 R,, 3G 603MOJCHbIM UCKIIOUeHUeM 6 moukax [t]e R,, ede
cyuecmeyom 0OHOCMOPOHHUE NPOU3BOOHbBIE,
(iii) T (t) yoosremsopsiem ypasnenuio (1) 6 R, 3a 603MOACHBIM UCKTIOUEHUEM 6 MOUKax [t] € R, .
IIo3BossATHE

E@) = e —%(l—e_azt),
a

D(t) = %(1—e-a2‘).

Teopema-1. Ilycmv a,b,c Oeiicmsumenvuvie uucavl. Ecniu D(1) = —1, mo ypaenenue (1) umeem
eouncmeennoe peuiernue u npeocmasisem ezo va [n,n+1),n = 0,1,2,K mak kax

EQ) ) E"(1)
1+D(1)" 1+ D))"
Teopema-2. (i) Ecau D(1) = -1 u E(1) = 0. Toe0a 3a0aua c navanbHbim 3HAYEHUEM

(1)-(2) umeem 6eckoneuno mHo20 pewenuil. B wacmmom ciyuae sma 3a0aua umeem eOUHCMBEHHOe
00HOnepuoouteckoe u beckoneurno mno2o N-nepuoouueckux pewtenuti, npu N = 2,3, K .

(i) IIycmv D(1) =—1 u E(1) #0. Ecau v, # 0, mo Hauanvhas 3adaya (1)-(2) ne umeem pewenui. Ecau
v, =0, mo nauanvras 3aoaua (1)-(2) umeem moavko mpueualbHoe peuienue.

T()=(E(t—n)—-D(t—n)

v, te[n,n+1).

2 2
a 2,-a
Mpumep. Ilycte aeR, c= 7 ybh=-— a 3 ,v, =1. Hna sroro caywas D(1) = -1,
e —1 e ™ 1
E(1) = 0. ®ynxuuu
2 2
1 e? .2 1—e@t
(1 2 + > le a t)\/1_T1T11(]_), tE[O,l),
R0 _1e eeaz_ 2 i _1 gt
( 2 + 2 eia (til))Tll(l) —z—Vl, t S [1,2)
1-e* e* -1 e® -1

ABJISAIOTCS 2-TIEPHOJIMUECKUMH pellieHus MU 3a1a4u (1)-(2) cooTBeTcTBEHHO, Iiie T, (1) -nro0ble uncna. s
3TOTO CiIy4asi, BHIOWpAast 3TH KOHCTAHTHI, Mbl Ja€M OJJHAa PEIIEHUH U UX rpaduk.
Oyuxims F, (t) npu T,,(1) = 3 u @ =1 nmeer Bux

1-t At
1 L © _3(1-e7)

=) , te[0,1),
FE@a)y=J1-¢ e-1 e -1
2 ( ) 1 _ el—t 1 e 2-t
—+3( + ), te[l,2].
1-e” l-e e-1
30 A A
25 ;’f .I;'
.f.-" \ I.-"'.I
20 B .."';f "-\\ , II-.‘ I:..l'f
I\\'\\I f.-'lll ‘ I."l!
Ly \"-., \ / \
"\‘__ \ \
L : il L ..\.‘\l’lll L 'l
1 2 3 4 5 s

Puc-1: I'papuk F, (t) mus ciryyas.
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HNCHOJBb30OBAHHASA JINTEPATYPA

[1] Mukhiddin 1. Muminov and Tirkash Radjabov, Forced diffusion equation with piecewise continuous time
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equations with piecewise constant arguments. Advances in Difference Equations(2017), 2017:336, DOI
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1, Pages 93-105, DOI: https://doi.org/10.1515/math-2020-0010.

[4] Wang Q, Wen J (2014) Analytical and numerical stability of partial differential equations with piecewise
constant arguments. Numer. Methods Partial Differ. Equ. 30(1): 1-16

V3APO TABCHUPJIA IOTTC MOJIEJIA YUYH JABPHU 2 T'A TEHI IMMUT 'MBEC
YJIUYOBJIAPU

Paxmarynnaes A.M MM®U Towxenm gunuanu,
MaxmynoB K.I' Ham/lV mamemamuxa ¢paxyrememu Mazucmp

VKKMHYY TapTUOIIN SPUM YeKCH3 | ? Kemn napaxti Oepunras. Crius kuiiMatiapu d = 1,2, 3kabyn

KWIYBYH, Xamaa ‘]1 — SIKMH KYIIHU Ba J b~ OyiiiamMa WKKHMHYN KYITHWIAPH ¥3apo TabCcUpIH (Gopman

raMUWJIbTOHUAH KyHuJaru KypuHUIIAA:

H (G) = _‘]1 Z §O'(X)O'(y) - J p Z§U(X)G(y)’ (1)

(x,y)eL >X,y<
‘]11 J 0 € R Jap Moc <X, y> AKMH KYIIHATap Ba - X, y < 6yiinaMa MKKHHYM KYIIHWIAp Y3apo
TabCUPJIApH.
a=exp(J,B). b=exp(J f) 6yncun.
Kyitunaru ~ F :u=(u,U,,U,,U,,U;) eR> = F(u)=(u',u,",u,',u,',U;') € R?  akcnantupuunm
KapaiMmus:
[ 2
u,'= a(bu, +2u, )
u,'= (bu, +u, +u, f
u,'= (U, + (b +1)u, )’ )
u,'= a(u, +bu, +u, ¥
uy'= (uy +u, +bug ),
IMapamarnerux pazanapaa, U = U, sa U, = U; = Ug 6ynanu.
M ={u = (u,,u,,U;,U,,Us) €R? 1U; =U,, U, = Uy = U}
tymnam F axcnamTmpumira Huc6aran naBapuanT 6yamm.

buz F AKCJIIAHTUPHUIITHHUHT M Jaru KSIIBFaJ'IMaC HYKTAJIApUHW TONHII MacCaJlaCUHU KyﬁPI,I[aFI/I
TEHIJIAMAHHU €UMINTa OJIMO KEJIMHTaH Ba aBBaJITU unuiapaa g’pFaHI/IHFaHI

X = f(x):zla((b'lt')l-z);-l-z\J .

By epaa my IToTTc Moaeny yayH TpaHCIISALMOH UHBApUaHT OyiMmaraH naspuii [ m00¢ yirdosnapu
VpraHnuiras, SbHU

fFFe) -x
fO) —x
TEHIJIaMa YpraHuiIraH.
J
T, = 1 1 P OYIICHH.
In(—2+2«/8\E—15J
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Ky#innaru acocuii HaTH>Xa OJTMHTaH:

Teopema 8. Arap T2 Tc gk 1 < TC Ba d € (bJr ,+OO) oyiica, y xoina moaens (1) (M tymiamua)

nmaBpu 2 ra TeHr aumatT [ m06¢ yiraoBnapu MaBxKyz sMac. Arap T< Tc Ba d € (0, b+) (moc paBurIa

a= b+) Oy7ca, y X012 aHUK MKKHTA (MOC paBUIIga OWTTa) AaBpH 2 Ta TEHT JUMUT | mOOC yadoBmapu
MaBxKyJl, sbHM (aza Yruiuiapu comup 6yaanu. (at Ba b napHUHT SKKOJI KYPUHUIIM TeopeMa UCOOTUIA
KEIITHPHWIITaH).

POUJTATAHWITAH AJABUETJIAP

1. Ganikhodjaev N.N., Mukhamedov F.M., Pah C.H. Phase diagram of the three states Potts model with next
nearest neighbour interactions on the Bethe lattice // Phys. Lett. A 373: 2008, pp.33-38.

2. A.Mariz, C.Tsallis, E.L.Albuquerque, Phase diagram of the Ising model on a Vayley tree presence of
competing interactions and magnetic field. J.Stat.Phys. 40:577-592 (1985).

3. Ganikhodjaev N.N., Rahmatullaev A.M. On Paramagnetic Phases of the Potts Model on a Bethe Lattice in
the Presence of Competing Interactions.// Journal of Physics: Conference Series, 435, 2013, p.135-140

YEKJIU PAJITY CJIU Y3APO TABCHUPJIAHYBYU NOTEHIHUAJLIN U3UHT" MOJEJIN
JABPUU I'UBBC YJIYOBJIAPH

PaxmarynnaeB A.M., MM®U Towxenm puruanu,
Pamunos A.A., Haum/lY mamemamuxa ¢axynomemu Macucmp

Kenn papaxtuna J, — SIKMH KYIIHWIAP, ] — OYyiinamMa WKKMHYM KYITHUJIap Ba Jy— Oup sTaxkaaru
UKKHHYH KYITHWIAp paKoOaTIallyB4d y3apo TaLcnan M3uer THnMAarn Monen Kapaimus. By epma crimH
KuiiMaTiiapu @ = {— 1,+1} TymnaMaan ubopar. MoaemHUHT ¢popMall TaMHIBTOHHAHH KyHumari popmyna OmiaH
aHUKJIaHAH:

H(o)=-J, Za(x)a(y) 3, Y o(xo(y)-3; X o(x)o(y), (1)

x y eL >X,y<elL >X,y<elL

Oy epma J,J,,J, € R map Moc paBuiizia IKUH Ba MKKMHYHM KYUIHUAIAP ¥3apo Tabcupiapu. < X,y >,> X,y <

Ba > X,y < 3Ca MOC paBUIIAA SKUH, OYilaMa MKKMHYM Ba OMp ITaXJard MKKUHYU KYITHWIAPHHHT

OeNnruIaHUIINIUP.

By epna (1) Monennu 2-taptubinu spum uekcus Kenn gapaxtuza, 6urra X ydujan HKKATa, KOJTaH
y4JIapuiaH y4TajaH Kuppa YMKyBYH, IMKICU3 YeKCH3 Tpadaa KapaiMus.

Kyitunaru Genrunaii KUpuTaMu3: g = exp(2J N ,3), b =exp 2(J ) ﬁ), c= exp(— 2J, ﬁ).

Kapanaérran mozen yuyH aaBpuii [[M60C ydoBnapu ypraHuias.

Teopema 5. 1) Arap b >1 6yiica, y xonaa moaens (1) ydayn naBpu 2 ra TeHr aaBpuii [ m66¢ ymdosiapu
MaBXy/]l IMac;

2)arap h<l ce (O, C) Ba D>0 (Moc paBumia D = 0) Oy7ca, y X0J/1a aHUK UKKUTa (MOC paBHIIIa

SATOHA) aBpH 2 Ta TeHr aaBpuii [ MOOC yiruoBmapu MaBxKy/I.
By epna
B=2a’b’c +4b°c’a+b*a-a+2b’,
D =B’ —4b’(a’ + 2abc +b’)(a’b* + 2ab’ + b? )
-~ ba(a2 +l)+ \/bG(az +1)+ 4a2b202(1— b“)
8b*c’a

C=

JIUTEPATYPA

[1] Ganikhodjaev N.N., Mukhamedov F.M., Pah C.H. Phase diagram of the three states Potts model with next
nearest neighbour interactions on the Bethe lattice // Phys. Lett. A 373: 2008, pp.33-38.

[2] A.Mariz, C.Tsallis, E.L.Albuquerque, Phase diagram of the Ising model on a Vayley tree presence of
competing interactions and magnetic field. J.Stat.Phys. 40:577-592 (1985).

[3]Rahmatullaev A.M. On paramagnetic phases of the Vannimenus model. // Y3MK, 2012. Nel. c¢.141-149.
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PARALLELOPIPED USTIDA QUVISH VA QOCHISH MASALASI

Rahmonova Husniobodxon Farg’ona daviat universiteti
Tursunova Dildoraxon Andijon davlat universiteti

Avytaylik, ABCDA,B;C;D; parallelopiped qirralari bo’ylab, P = {P;; P,} quvlovchilar guruhi bitta Q
qochuvchini quvlayotgan bo’lsin. Aniqlik uchun AB girra va unga teng girralarning uzunliklarini a bilan, AD
girra va unga teng qgirralarning uzunliklarini b bilan va AA; girra va unga teng girralarning uzunliklarini ¢
bilan belgilaylik hamda a > b > ¢ deb hisoblaylik (1-rasm). P; quvlovchining maksimal tezligini p,, P,
guvlovchining maksimal tezligini esa p, va gochuvchining maksimal tezligini o orgali belgilaylik. Biz shartli
ravishda ikkinchi guvlovchini passiv quvlovchi yoki, yordamchi quvlovchi deb ataymiz va shunga muvofiq
p2 > 0 bo’lishini yetarli deb hisoblaymiz. Agar P; va Q nuqtalarni t vaqgtga bog’liq ravishda xarakatlanuvchi
mos ravishda x; va y nuqtalar desak, hamda P = {P;; P,} guruh o’yinchilarining tezlik parametrlarini u;,
gochuvchining tezlik parametrini v bilan belgilasak, bundan tashqari o’yinchilarni tekis xarakatlanadi deb
faraz qilsak u holda o’yinchilarning xarakat qonunlari quyidagi sistema bilan ifodalanadi:

Pix'=w; Q:y' =v; |ul<p;;lv|<o.
Bulardan tashqari yana boshlang’ich shartlar ham mavjud bo’ladi.

Agar biror chekli T > 0 vaqtda biror i = 1; 2 uchun x;(T) = y(T) tenglik bajarilsa, P = {P;; P,}
quvlovchilar guruhi o’yinda yutdi deyiladi, aksincha ixtiyoriy t > 0 va ixtiyoriy i = 1; 2 uchun x;(t) # y(t)
bo’lsa, u holda 0’yinda qochuvchi yutdi deyiladi. Magsadimiz P; quvlovchining maksimal tezligi p; (biz uni
aktiv quvlovchi deb ataymiz) va gochuvchining maksimal tezligi o lar ganday shartlarni ganoatlantirganda
o’yinni quvlovchilar guruhi yutishini, aksincha bo’lganida esa 0’yinni qochuvchi yutishini aniglashdan iborat.

Albatta, agar biror i uchun p; > ¢ bo’lsa, xattoki birgina quvlovchi bilan ham o’yinda quvish masalasi
oson hal bo’ladi. Shuning uchun biz quvish masalasini qaraganimizda mumkin qadar quvlovchilar guruhining
ustunliklarini minimallashtirishga intilamiz. Shundoq ham quvlovchilar guruhining fazoviy yopiq siniqg chizig
bo’ylab quvlayotganing o’zi- ustunlik (A.Azamov).

a = b = c shartlarni e’tiborga olib, p* = max {2;%;3} (< 1) belgilash kiritamiz.

P, B,

A
D, ! c
C
1 B
a
D b A p1
1-rasm

Teorema. Agar p; = p*a, p, > 0 tengsizliklar o’rinli bo’lsa, u holda o’yinda quvlovchilar guruhi
yutadi, bunda o’yinning tugash vaqti uchun quyidagi baho o’rinli bo’ladi:
1,5
T<a(—+->).
. o =a (P1 + Pz)
Aksincha p; < p*o, p, > 0 tengsizliklar o’rinli bo’lsa, u holda 0’yinda qochuvchi yutadi.

ADABIYOTLAR:

1. A.Azamov. Tetraedr ustida quvish masalasi. Fizika, matematika va informatika ilmiy-uslubiy
jurnali, 2010 yil 4-son, 17-18 betlar.

2. A.Azamov, A.Xolboyev. Kub ustida quvish masalasi. Fizika, matematika va informatika ilmiy-
uslubiy jurnali, 2010 yil 5-son, 26-29 betlar.

3. ALAzamov, A.Xolboyev. Oktaerdr ustida quvish-gochish masalasi. Fizika, matematika va
informatika ilmiy-uslubiy jurnali, 2010 yil 6-son, 22-25 betlar.

4. A.Azamov, A.Xolboyev. lIkosaedr ustida quvish-gochish masalasi. Fizika, matematika va
informatika ilmiy-uslubiy jurnali, 2011 yil 3-son, 33-35 betlar.
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5. A.Azamov, T.Ibaydullaev. A Pursuit-Evasion Differential Game with Slow Pursuers on the Edge
Graph of Simplex. I, Automation and Remote Control, 2021, Vol.82, No. 11, pp. 1996-2005, DOI:
10.1134/S000511792111014X

6. G.lbragimov, A.Holboyev, T.lbaydullaev, BA.Pansera. Pursuit Differential Game with Slow
Pursuers on the 1-Skeletion Graph of the Icosahedron. Mathematics (MDPI), 2022, VVol.10(9). Issue 1435 pp.1-
12. http//doi.org/10.3390/math10091435

DIFFERENSIAL TENGLAMAGA OLIB KELUVCHI TATBIQIY MASALALAR-
MATEMATIKANI O’QITISHNI TATBIQIY YO’NALISHINI KUCHAYTIRISH VOSITASI
SIFATIDA

Rustamova Ziyodaxon ADU, katta o qituvchi
Jamoldinova Adibaxon FarDU, magistr
Ro’ziboyeva Kamolaxon ADU, talaba

Ma’lumki, so’nggi yillarda Respublikamiz ta’lim muassasalarida o’qitiladigan fanlarni, jumladan,
matematika fanini o’qitishni yanada takomillashtirish masalasi kun tartibidagi dolzarb masalalardan biriga
aylandi. Bunga yaqqol misol sifatida Respublikamiz Prezidentining 2019 yil 9 iyuldagi “Matematika ta’limi
va fanlarini yanada rivojlantirishni davlat tomonidan qo’llab-quvvatlash, shuningdek, O’zbekiston
Respublikasi fanlar akademiyasining V.l.Romonovskiy nomidagi matematika instituti faoliyatini tubdan
takomillashtirish to’g’risida”gi PQ-4387 sonli qarorini keltirish mumkin. Ushbu qarorda qo’yilgan masalalarni
amalga oshirishda, ya’ni barcha ta’lim muassasalarida matematikani o’qitishni takomillashtirishda tatbigiy
masalalar muhim ahamiyat kasb etadi.

Pedagogik adabiyotlarda tatbigiy masala tushunchasi turlicha talgin gilinadi. Masalan, G.G.Maslova,
N.L.Tixonov, S.S.Vardanyan, G.M.Voznyak, Nguen Van Chang va boshgalar tatbigiy masalani tabiiy tildan
matematik tilga o’giriladigan masala deb tushunadilar. N.R.G’aybullayev, Ya.A.Korol, G.M.Morozov va
boshqalar, tatbiqiy masalani amaliyotda paydo bo’ladigan masalalar deb tushunadilar. N.A.Tereshin esa
tatbiqiy masalani matematikadan boshga fanlar tomonidan qo’yilgan va matematik usullar bilan yechiladigan
masala deb talgin giladi. Tatbigiy masalalarni yechish usullari bilan Yu.M.Kolyagin, L.M.Fridman, V.V.Firsev
va boshgqalar shug’ullanganlar.

Tatbigiy masalalarga matematikaning deyarli barcha mavzularini o’rganish jarayonida duch kelamiz.
Aynigsa, hosila, integral, karrali integral, sirt integrallari, egri chizigli integrallar va differensial tenglamalar
mavzularini bayon qilishda tatbiqiy masalalarni ko’rish imkoniyatlari katta. Shuning uchun ham ushbu
maqolada biz differensial tenglamalar mavzusini o’rganish jaroyinda tatbiqiy masalalardan qanday foydalanish
mumkinligi hagidagi fikrlarimizni bayon gilamiz.

Tatbigiy masalalarni shartli ravishda ikki turga ajratamiz:

1. Yangi tushunchani kiritishga olib keluvchi masalalar.

2. Kiritilgan yangi tushuncha yordamida yechiladigan masalalar.

Quyida biz differensial tenglamaga olib keluvchi masalalardan namuna keltiramiz:

1. Aholi soni haqidagi demografik masala. Ma’lum bir vaqt birligida mamalakatda tug’ilgan bolalar va
vafot etgan odamlar soni shu mamlakat aholisining soniga proporsional (mos ravishda gandaydir k; va k,
proporsionallik koeffisientlari bilan) ekanligi statistik ma’lumotlar asosida aniqlangan. Shu mamlakat
aholisining sonini t vaqt bo’yicha o’zgarishini ifodalovchi y = y(t) funksiya topilsin.

Yechish. Masalaning shartidan bu mamalakat aholisining At vaqt oralig’idagi o’zgarishi Ay shu vaqt
oralig’ida tug’ilgan va vafot etgan odamlar sonlarining ayirmasiga tengdir. Masala shartiga asosan, At vaqt
oralig’ida tug’ilgan bolalar soni k;yAt, vafot etgan odamlar soni k,yAt bo’ladi. Bularni e’tiborga olsak
quyidagiga ega bo’lamiz:

_ _ Ay Ay o
Ay = k yAt — k,yAt = (kq; — ky)yAt, Vi ky, Altlr_r}OE = Altlr_r)loky, y' = ky.

Shunday qilib, aholi soni 1-tartibli y’ = ky differensial tenglama bilan ifodalanuvchi gonuniyat asosida
o’zgaradi. Bu o’zgaruvchilari ajraladigan differensial tenglamalar. Uni integrallab y = y(t) ni topamiz.

" Ay _ dy _ dy _ — — okt+C _ kt . ,C _ kt
y' = ky, Ax_ky' y—kdt, fy__[kdt' Iny =kt +C, y=e =e " -e" = (ye™.
Bu yerda C, 0’zgarmas son giymati boshlang’ich shartdan topiladi. Agar t, vagtda aholi soni y, bo’lsa,

u holda C, = y,e %t bo’ladi.
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Shuni takidlash kerakki, differensial tenglamalarga olib keladigan masalalar ichida mexanikaga doir
masalalar ko proqdir. Ta’sir etuvchi kuchlar ma’lum bo’lganda moddiy nuqtaning harakat qonunini aniqglash
nugta dinamikasining klassik masalasi hisoblanadi. Bu holda Nyutonning ikkinchi gonuni differensial
tenglamaga olib keladi. Ta’sir etuvchi kuchlarga qarab har xil tipdagi tenglamalar hosil bo’ladi. Shu tipdagi
masalalardan birini ko’rib chiqamiz.

2. Massasi m ga teng bo’lgan moddiy nuqta og’irlik kuchi ta’sirida erkin O
tushmogqda. Havoning garshiligini hisobga olmagan holda nugtaning harakat
gonunini toping. So

Yechish. Sanoq boshi 0 va pastga vertikal yo’nalgan o’qni olamiz.
Moddiy nugtaning vaziyati t vaqtga bog’liq ravishda o’zgaradigan OM = S
koordinata bilan aniglanadi (1-rasm). Nyutonning ikkinchi gonunini — ]
quyidagicha yozamiz: S

F=ma

Bu yerda m —massa, a —nugtaning tezlanishi, F —ta’sir etuvchi kuch.
Masalaning shartiga asosan nuqtaga faqat og’irlik kuchi ta’sir etadi, demak,
F = P = mg, buyerda g —og’irlik kuchi tezlanishi. a tezlanish S yo’ldan vaqt
bo’yicha olingan ikkinchi tartibli hosilaga teng, shuning uchun

m-d—zszmgyokid—zszg
at? dt?

Bu tenglik noma’lum S = S(t) funksiyaning ikkinchi tartibli hosilasi ¥
gatnashgan differensial tenglamadir. Izlanayotgan funksiyani topish uchun
oxirgi tenglikni t bo’yicha ikki marta integrallaymiz: L-rasm

2 -

das gt
E=gt+C,S=T+C1t+C2. v

Bu izlanayotgan harakat qonunidir. Bunda ikkita o’zgarmas son (C;va C,) gatnashmogda. Bu
o’zgarmaslarni topamiz. Boshlang’ich momentda, ya’ni t = 0 bo’lganda nuqtaning tezlgini v,, uning 0 sanoq

2
boshidan masofasini S, deylik. % tezlikni ifodalagani uchun % =gt+C,danC; =vyni S = % +Cit+
C, dan esa C; = S, ni topamiz. Natijada harakat qonuni quyidagicha bo’ladi:

t2
S = gT + vot + 50

Bu yerda biz differensial tenglamaga olib keluvchi ikkita masala bilan tanishdik. Bunday masalalar sinfi
ancha keng. Matematika, fizika, mexanika, biologiya, kimyo, igtisodiyot va boshga fanlarning bir gator
masalalari o’rganilayotgan ob’ektning asosiy xususiyatlarini ifodalovchi gonunlar garalayotgan funksiyani
uning hosilalari bilan bog’lanishini ko’rsatuvchi tenglamalar orqali ifodalanadi. Shuning uchun ham bunday
tenglamalarni o’rganish, aynigsa turli mazmundagi tatbiqiy masalalar yordamida o’rganish matematika kursini
tatbiqiy yo’nalishini kuchaytiradi va pirovard natijada ta’limni samarali bo’lishini taminlaydi.

FOYDALANILGAN ADABIYOTLAR
1. O’zbekiston Respublikasi Prezidentining “Matematika ta’limi va fanlarini yana rivojlantirish davlat
tomonidan  qo’llab-quvvatlash, shuningdek O’zbekiston Respublikasi Fanlar akademiyasining
V.l.Romanovskiy nomidagi matematika instituti faoliyatini tubdan takomillashtirish chora-tadbirlari
to’g’risida”gi farmoni. 2019-yil 9-iyul.
2. N.P.Rasulov, I.l.Safarov, R.T.Muxitdinov. Oliy matematika. T., 2012y.-512b
3. R.S.Guter, A.R.Yanpolskiy. Differensial tenglamalar. T., 1997y-323b

KPAEBAS 3AJAYA JJISA BBIPOXKIAIOIIETI'OCA SJJIMIITHYECKOI'O YPABHEHUSA C
CHUHI'YJIAPHBIM KO®OPULHUEHTOM U CO CIIEKTPAJIBHBIM TIAPAMETPOM

M.X.Py3uneB, ®.9.Kypaes
Hnemumym Mamemamuxu umenu B.H. Pomanosckozo AH PY3
Depeanckuil 20Cy0apcmeeHHbl YHUBepcumem

e-mail: mruziev@mail.ru, jurayevfaxriddin87@gmail.com.

Paccmotpum ypaBHeHuE

YU, +U,, —Z—rr;uy - 2%y"u=0 (1)
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rne M>0, A€R, B Bepruxanshoii nomynonoce D ={(X,y):0<x <1,y >0}. Ilycts O(0,0), B(1,0),

lp ={(xy):x=0,y>0}, 1, ={(x,y):x=1,y>0}.
3apaua D . Haiitu B o6mactu D dymxmmio u(x, y) co croiicteamu:
1) U(X, y) € C(D) M CZ(D) W ynosnerBopser ypasHeHmio (1) B obmacrm D,
D=Dul, UOBUI;
2) limu(x, y) = 0 pasaomepro 10 X [0,1];

y—>+0

3) ymoBIeTBOPSIET KPACBBIM YCIOBHUSIM

u@©,¥)=¢,(y), o<y<ow, U(L,Y)=0,(y), 0<y <o,
u(x,0) =7(x), 0<x<1,

e (01()’) , (02()/) u 7(X) - 3amannsie GpyHKIuU, npudem @ (O) =0, (0) = T(O) = T(l) =0.
JIOKa3aHbl CIEAYIONIIHE TEOPEMBIL.
Teopema 1. Pemrenne 3amaun D enumncrBenno.

rIe

Teopema 2. IlyCTh BBINONHEHBI YCIOBUSL: {0,(y) EC[O,OO), yzq)i(y) eL(0,%), |¢(y)|< %,

M —const, >0, mpu Yo, i=1,2, 7(X)eC’[0,1], 7 (0)=0, r (1)=0, 7 (x)eL,(0,1).

Torma pemenue 3ana4n D CyIIECTBYET.

Crnenyer ormeruTs, 4T0 3aja4a Jupuxme ams ypasuenms U, +U,

y

pabote [1]. HenokanbHas kpacBas 3a/1a4a Jyisl ypaBHESHUS ymuxx +Uy, — bzy’"u =0 wusyuena B [2].

JINTEPATYPA

+—U, = O wuccnenosana B

1. [MumkoBuy E.B. O BecoBbIX KpaeBBIX 3adadax il BbIPOXKJAIOIIETOCS YpaBHEHUS

AITUNITUYECKOTO THIIA B MOymoJioce. JiuroBeckuii Maremarndeckuid coopauk. 1990, Ne 30(1), c. 185-195.

2. Cao6utoB K.b., Cugoperko O.I'. O6 oHO3HAYHON pa3peIMMOCTH HEIOKAIBHOW 3aa9u JUIs
BBIPOJKIAIOIIETOCS AITUITUYCCKOTO YPaBHEHHS CIIEKTPAJIbHBIM METOJOM. TpyJibl MeXI. Hay4d. KOH}. Ya,

I'unem 2003, 1.1,¢. 213-2109.

KPAEBAS 3AJAYA IJISA YPABHEHUA XOJIBMI'PEHA C
CHUHI'YJIIPHBIM KO3®®UIIMEHTOM B HEOTPAHUYEHHOM
OBJIACTH

M.X.Py3ues, I. T.MamMaTMyMHHOB
Hncmumym Mamemamuru umenu B.U.Pomanosckoeo AH PY3
Tepmesckuti 20CyO0apcmeeHHbIl YHUBEPCUmMen
e-mail : mruziev@mail.ru, dilshod310797mdt@qgmail.com.

PaccmoTpum ypaBHeHHE
m Bo, _
y"u, +u, +=u =0 @
y
B mosymiockoctn D 1y > 0. B (1) M, ,BO — HEKOTOpBIE JCHCTBUTEIbHBIC YUCIIA YIOBICTBOPSIOIINE

m
yemosuam M >0, —E<ﬂ0 <1.

3agaua A. TpeOyercs Haiitu B obsactu D dyHKIHIO u (X, y) , YIOBJICTBOPSIIOIIYIO CIIEIYIONTUM
YCIIOBUSIM:

1) U(x,Y) € C(D) NC*(D), npisens U() =0;
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2) dpynxums U (X, y) SABIIACTCA peleHreM ypaBHeHns B D 1 y1oBieTBopseT KpacBbIM yCIOBUAM

Iirrgy%uy(x,y):goi(x), vxel, i=12,
Y+

2,00 im Y40, (x,Y) + "2, ({1, (Iu(x, 0)]+ &, (Qu(x,0) =y (), ¥ < |,
j=L
TIe
I={(x,y):0<x<Ly=0} I, ={(X,y): —o<x<0,y=0} I, ={(X,y) : 1< X <00,y =0},
3,(x),8;(x),;(x), (j =1...,n), a,,(x) eC(1)NC(1), w(x)eC(1)NC*(1),

> a’(x) =0, vxel.

j=1
Dynkumn @, (X) € C(l i ), | = 1, 2, MOTr'yT 00palaThCsi B 0ECKOHEYHOCTh MOPSIIKA HUKE

B _m+2p
! Zﬂ,ﬁ—z(m+2)

ynosnersopsiior nepasenctay | @ (X) [< M | X |_1_G, o,M =const, >0

npu X =0, anpu X =1 orpasuyens! u npu 10cTaTOYHO GOIBIINX | x|

@
3nech Do,i - orieparopsl ApobHoro auddepeHuupoanus nopsaka i O<a i <1 [l] .
Teopema. B o61actu D He MOKeT cyliecTBOBaTh Goliee 0HOro pelienus 3agaun A, ecmu VX € |
BBITIOJTHEHBI YCIOBUS

a,(x) %0, a;%(x’;)so, ®,(x)#0,j=1,..,n

n

af _aw 1., a0
" dx aO(X)a)j(X) - ’ao(l)a)j(l)_

Zn:aj (X)Dgr0; (X) +a,,(x) # 0.

[

OtmetumM, uto 3aada A ans ypasHenus (1) npu ,BO =0 u3ydyena B pabote [2].

JIMTEPATYPA
1. CmupHoB M.M. YpaBHeHus cMerranaoro tumna. Mocksa, Bricirast mxona 1985, 304c.
2. YcaneramBuwi M.A. O0 oxHOI KpaeBoii 3a1aue U1 ypaBHEHH XO0JIbMIPEHa B HEOrpaHUYEHHOM 00J1acTH.
Huddepennnancueie ypasaenus. 1984, T.20, € 1, c.142-147.

VJIK.517.956.6
OB OJIHOM KPAEBOI 3AJJAYE CO CMEILEHUEM JUUIS1 YPABHEHMS I'EJJTIEPCTE/TA B
HEOTPAHUYEHHOW OBJIACTH

M.X.Py3ueB, I.M.Mupcadyposa
HUncmumym Mamemamuru umenu B.M.Pomanosckozo AH PY3
Tepmesckutl 20cy0apcmeenHulil yHugepcumem
e-mail : mruziev@mail.ru, dmirsaburova@mail.ru.

Paccmotpum ypaBHeHuE
; Bo, _ 1
(signy)y™u,, +u,, +7uy =0 (1)

B obnmactu D= D" W D™ U | m1ockocTi KOMILIEKCHOTO IIEPEMEHHOI0 Z = XHy; rae D™ —
NOJYIUIOCKOCTh y > 0, D™ — KoHeuHast 001aCTh MOMYIIIOCKOCTH y < (), OrpaHHYEHHAs! XapaKTePUCTUKAMHU
OC u BC ypasuenus (1), Berxonsaummu u3 Touek 0(0,0), B(1,0), n orpeskom OB mpsimoit y =0, 1-
unTepBan 0 <x <1 mpsmoit y = 0.
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3agayva C. Haiitu ¢pyHnkuumio U(X, y) CO CIIEAYIOIIUMHU CBOMCTBAMHU:
1) u(x,y)e C(lj) M CZ(D+ U D), npuuenm U (OO) =0;
2) U(X, y) ynosierBopsieT ypasaeruio (1) B D\ D™ u kpaeBbIM yCIIOBUSM

yILrpo you, (% y) =@ (x), vxel;, i=12,
a(x) Dy L ul6, ()] +b(X) D u[6,()] = r(x), Vxel,

rae

|, ={(x,y):—0<x<0,y=0} L, ={(x,y):1<x<o0,y=0}, p=m*+25
2(m+2)

(90 (X), 491()() -a(GUKCHI TOUEK MepeceUeH s XapaKTepUCTUK ypaBHEeHUsI (1), BBIXOISIIMX U3 TOUKH
(X, O) el , ¢ xapakrepuctukamu OC u BC cooTBeTCTBEHHO, a(X), b(X), V(X), ®, (X), ®, (X) -
3a7laHHbIC (DYHKIUH, IPU- YeM a(x), b(X), Y (X) eC! (T), a’ (X) +b? (X) #0 VXxe |_,

o, (X) € C(I i ), | :1, 2, MOTYT 00pamaThcs B 0ECKOHEUHOCTh nopsiaka Huwxe 1— 24 npux =0,x=1

COOTBETCTBEHHO, a MPH JOCTATOYHO OONMBIIKX | X | yIOBIETBOPSIOT HEPABEHCTBY
|l (X) KM | X[, o,M =const, >0,
D|

0+ x D)I('1 — OIEepaTopsl JPOOHOTO MHTETPUPOBAHUS TIOPSIIKA — npu [<0 4 JpOGHOro

1 GepeHIUpPOBAHUS TIOPAIKA I npu [>0 [1].
Teopema. Pemenne 3amaun C OyaeT eMUHCTBEHHO MPU BBHITIOITHEHUH YCIOBHIA

(L—x)’a(x)+x"b(x) =0, Vxel,

, .
a(x) =0, (Lj b(x) >0,vVxel.
1-x) a(x)

3ameTnM, uto 3amada C st ypasuenus (1) mpu ﬁo =0 5 o6mactu D ucciemoBana B pabore [2].

JIMTEPATYPA
1. Camko C.I'., Kunbacc A.A., Mapuuer O.W. MHTerpansl u Npou3BOAHBIE JPOOHOTO MOPSIKAa U HEKOTOPbIE
ux npuioxeHus. Munck. 1987. 687 c. 2. Jlenucosa 3.I'. OO0 omHO#N KpaeBoil 3ajadye CO CMEUICHHEM s

ypaBHEHUS (signy) ym U, +Uu, = O B neorpanmuennoii o6nactu. Judd.ypapuenus. 1978, 1.14, 1, c.
170-173.

TO‘RTINCHI TARTIBLI XUSUSIY HOSILALI DIFFERENSIAL TENGLAMA UCHUN
BOSHLANG‘ICH SHARTDA YUQORI TARTIBLI HOSILA QATNASHGAN MASALA UCHUN
TO*G‘RI TO*‘RTBURCHAK SOHADA BIR ARALASH MASALA

Saloxiddinova Umidaxon Mansurjon gizi
Farg‘ona davlat universiteti magistranti

To‘rtinchi tartibli xususiy hosilali differensial tenglamalar uchun to‘g‘ri to‘rtburchakli sohada ko‘plab
tatgiqotlar olib borilgan [1-3]. Lekin [1-3] ishlarda va boshgalarda boshlang‘ich shartlarda yugori tartibli
hosilalardan foydalanilmagan. Ushbu ishda boshlang‘ich shartda yuqori tartibli hosila berilgan masala
yechimining yagonaligi o‘rganilgan.

Q={(xt):0<x<p,0<t<T} sohada

Lu=u, +u,, =0 1)
tenglamani garaylik.
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A-masala. (1) tenglamaning Q sohada  quyidagi  shartlarni  ganoatlantiruvchi
u(x,t) eC(Q)NCit (@) funksiya topilsin:
u (x,0)=p(x) , 0<x<p, @)
u(0,t)=0, u(p,t)=0, u, (0,t)=uy(p,t)=0, o<t<T, 3)
buyerda ke N, (D(X) - berilgan ma’lum uzluksiz funksiya.
Teorema. Agar A-masalaning regulyar yechimi mavjud bo ‘Isa, u yagonadir.
Isbot. Teskarisidan faraz gilaylik. A-masalaning ikkita Ul(X,t) va U, (X,t) yechimlari mavjud bo‘lIsin.
Bu yechimlarning ayirmalari bir jinsli (1) tenglamani va (2)-(3) larga mos bir jinsli boshlang‘ich va chegaraviy
shartlarni ganoatlantiradi. Bu ayirmani U (X,t) bilan belgilaymiz, ya’ni

u(xt)=u, (xt)-u,(xt). (4)
Ma’lumki,
Nz
Xn(x):\/zsin/lnx, A==/ n=12,.. . (5)
p p
funksiya L, (0, p) da to‘la ortonormallangan sistemani tashkil etadi.
Quyidagi
p
d, (1) = Ju(x )X, (x)dx, n=12,... (6)
0
funksiyani garaymiz. (6) ni quyidagi ko‘rinishda yozib olamiz:
p—¢
do, ()= [ u(xt)X,(x)dx, 0<e<p, )

bunda (&, p—¢)#J.
(7) tenglikni, t bo‘yicha bir marta differensiallab,

p—&

di, ()= [ u (x1)X, (x)dx

&

tenglikni hosil gilamiz. (1) tenglamani e’tiborga olib
p—¢
A, (1) == [ Upgoe (X)X, (X)X (8)

(8) ni hosil gilamiz. (8) ni to‘rt marta bo‘laklab integrallab, so‘ng & — O da limitga o‘tamiz.
!gl_r)rg d,.(t)= —m[xn (P—&) U (P—&,1)— X, (&) Uy (g,t):|+

+m[x;(p-g)uxx(p-g,t)-xn'(g)uxx(g,t)}—

_|im[xn”(p_g)ux(p—g,t)—Xn"(g)ux(g,t)}+

>0
p—¢

+lim| X, (p=)u(p—at)=X," ()u(&t) |[-limas [ X, (x)u(xt)dx

(3) ga mos bir jinsli shartlarni hamda X, (X) funksiyaning xossalariga asosan quyidagi natija kelib chigadi:
p
d; (1) ==A41 [u(xt) X, (x)dx, n=1,2....
0
(4) ni e’tiborga olib quyidagi oddiy differensial tenglamaga kelamiz:
d,(t)+2%d,(t)=0, n=12,.. 9)
(2) shartga mos bir jinsli shartdan (6) ga asosan
d¥©0)=0, n=12,.. (10)
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boshlang‘ich shartlarni hosil gilamiz.
Ma’lumki, (9) oddiy differensial tenglamaning umumiy yechimi quyidagi ko‘rinishda aniglanadi:

d, (t)=C,e"".
Bu yechimni (10) shartga bo’ysundirib C,, =0 ga ega bo‘lamiz, ya’ni barcha Vt € [O,T] uchun d (t) =0
. U holda (6) tenglik quyidagi ko‘rinishni oladi:

fu(x,t)xn(x)dx=0, n=0,1,... . (11)

(11) dan esa U(X,t) funksiya (5) to’la sistema bilan ortogonalligi kelib chiqadi. Demak, bundan esa

u(x,t)EO. (4) ga asoslanib esa, ul(x,t) =Uu, (X,t) tenglik kelib chigadi. Bundan A- masalaning yechimi
yagonadir. Teorema isbotlandi.
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LINEAR EVASION DIFFERENTIAL GAME WITH EXPONENTIAL INTEGRAL
CONSTRAINTS

Samatov Bahrom DSc, Namangan state university
Uralova Saboxat Institute of mathematics at the ASRUz
Umaraliyeva Nargiza Namangan state university

Consider two players, a pursuer and an evader, moving in the space Rn, The subscripts P and E will
be reserved for the Pursuer and Evader, respectively. Suppose X and Y are the locations of the pursuer and
the evader respectively.

Let objects P and E with opposite goal be given in the space Rnand their motions based on the
following differential equations and initial conditions:

p: e kx+U, x(0)=x, )
E: B=ky+v, y(0)=y,. 2)
and assume that X, 7 Y,
where X, Y,U,Ve R", n> 2, K is positive nomber Xy. Y, are initial positions of the players P

and E ,Uand Vare the velocity vectors, which serve as parameters of the equation. Here Uand V must be a
measurable function U() Z[O, +OO)—) R" and V() . [0, +OO) —>R", respectively.Control parameters U, V

are selected from the class of measurable functionsU | ,VI satisfying according to integral constraints (3) and
(4) (briefly, I- constraints)respectively:

t 2

!;|u(s)|2 ds s%(ez“ -1), 3)
jt‘|v(s)|2 ds gZ—f(ez“ —1). )
0

where 0,0, | are given positive numbers.
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The measurable functions U () e UI and V() eVI are called admissible controls of the pursuer P

and the evader E respectively. Once the players admissible controls U () and V(-)are chosen, the
corresponding motions X () and y() of the players are defined as

x(t)—e"t(xo +ju(s)eksdsj,

y<t>=e“[yo+ojv<s>e“dsj

The goal of the pursuer P is capture, i.e., achievement of the equality X(t") = y(t") (Pursuit
problem) and the evader E strives to avoid an encounter (Evasion problem), i.e., to achieve the inequality
X(t) * Y(t) forall t >0, and in the opposite case, to postpone the instant of encounter as long as possible
[2].

Lemma If U () €U, and | >0, then the trajectory of pursuer is X(t) S Sﬂ(t) (Xo) for all

’ 1
t>0 where S ( Xy )is ball of the radius ,U(t) = ‘Xo‘(ekt _1)+ e % H(ezn _1) centered at the

point X,
Defenition 1 If O 2 P, in the game (1)-(4),the we call the function (10) is strategy of the evader:
0, if O<t<g,

Vi(t,u (1)) = _ 5
(tu.() —\ﬂu(t—g)‘2+¢9e2't§0, if t>g, ®)
0 if O0<t<e¢ 7
u (t)y=4 " ) U (t)eR", O=c2-pF, & =2,
where U, (t) {u(t—g), if t>e HUE Ty —Por o )
Defenition 2. If for every U () eU,:
a) The solution Z(t) of the Cauchy problem
Bekz+u(t)-v'(tu,(t)), z(0)=z, (6)
isnonzeroforall t =0, i.e. Z(t) =0 forall t = O;
b) Thereholds V™ (t,U, (-)) €V, inthe time interval [0,t] forall t >0
then we called that the strategy (5) is winning for the evader
2
Theorem If 0, <0, , k<l _ from lemma and conditions 0<& S%In 4|Z°—|2k|+1 in the
Po

game (1)-(4), then the evasion is possible and the following estimate for the between the objects holds for all
t=0
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LINEAR PURSUIT DIFFERENTIAL GAME WITH LANGENHOP CONSTRAINTS

Samatov Bahrom DSc, Namangan state university
Uralova Saboxat Institute of mathematics at the ASRUz

Consider two objects, the Pursuer P and the Evader E , moving in the space R" . Supose that X
and Yy are the locations of the pursuer and the evader respectively.

Let the movements of the Pursuer P and the Evader E be described the following differential
equations and initial conditions:

P: Xk x=U, x(0)=x, @ E: ®+ky=v, y0) =y, @
and assume that X, # Y,
where X, Y,U,V & R" n>2, kl is positive nomber Xo,y0 are initial positions of the players P
and E , U and Vare the velocity vectors, which serve as parameters of the equation. Where U and V must be
a measurable function U() . [0, +OO) — R" and V() . [0, +OO) —>R", respectively.Control parameters U

, V are selected from the class of measurable functionsU La ,V|_a satisfying according to integral constraints
(3) and (4) (briefly, La(Langenhop)- constraints)respectively:

U@l <p® =2k, flues)ds, @ o[ <o® -2k, [jus) ds, ()
0 0

where p ,O',k2 are given positive numbers.

Definition For the pairs (xo,u(-)) eU,, and (yo,v(-)) €V, on the time interval [O,t] the solution

t
t -k K
of the equation (1) and (2) that is x(t) =e™ [xo +_|'u(s)eklsds} and y(t)=€" [Xo +IV(5)9 1st} are
0 0
called the trajectories of the Pursuer and the Evader respectively.

The goal of the pursuer P is capture, i.e., achievement of the equality X(t') = Y(t") (Pursuit problem)
and the evader E strives to avoid an encounter (Evasion problem), i.e., to achieve the inequality

X(t) z y(t) forall t > 0, and in the opposite case, to postpone the instant of encounter as long as possible.
We see the following constraints

u®<pe™ @), O]<oe™ (6 where u(-)eUg, v()eVq

We denote by UG (VG)the set of all measurable functions u() (V(-))such that satisfy G-constraint
(5).((6))

t t
!|u(s)|2 ds s‘;—:(l—e*kzt) @) !|v(s)|2 dss(;—:(l—e‘z“zt) 8) where u(-)eU, , v(-)eV,
We denote by U| : (V, )the set of all measurable functions u() (V(-))such that satisfy I(integral)-

constraint (7),((8))
Lemmal Uz cU_, cU, and V; cV, CV, forall t>0

Defenition 3. If ,0 2 O then we call the function
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(6 V) =v—A(tv) & A(tv) =(v.&)+ \/<v &) +oe et (g

Is a HLa -strategy of the pursuer P in the game (1)-(4), where, 0 = ,02 —0'2, 50 =Z, /|Zo|and

by <V, §0> denotes the inner product of vectors V and éo the scalar product in Rn.

* 2 _Iul? —2k,t
Note that ‘u (t’v)‘ - |V| +oe (10)
Defenition 4. If there exists positive root of the equation
JE0+G, (1) -F.(1) =[z,] 1)

2
2 e(kl—kz)s -1
with respect to T, where F, (1) =—2—(e®t _1)(1—e2¢) . G.(t)=6| ———| then the
: =g (Do) G 0=0 S
smallest positive root of the equation (6) is called a guaranteed pursuit time and denote it by t*
Theorem 1. If o>, k, <k,, and there exists he smallest positive root of the equation (6), then II-

strategy (5) guarantees the completion of pursuit in (1)-(4) game on the time interval [O,t*]
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A DIFFERENTIAL GAME OF EVASION UNDER CONSTRAINTS OF GRONWALL TYPE
ON CONTROLS

Samatov B.T.%, Akbarov A.Kh.?,
Namangan State University, Namangan, Uzbekistan; samatov57@inbox.ru
2Andijan State University, Andijan, Uzbekistan; akbarov.adhambek@bk.ru,

In this paper, an evasion differential game with two players, called a pursuer and an evader, is studied
for the case that controls of the players are subject to constraints describing by the Gronwall type integral
inequality.

n
Let in space R , the controlled player P (the Pursuer), follows another controlled player E (the
Evader). Suppose X and Y are the positions of the Pursuer and the Evader respectively. We consider the

differential game when motions of the players are represented by the differential equations with initial values

p: X=u, x(0)=x, 1)
E: %=V, Y(0)=Yp 2)

correspondingly, where X, Y, X, Yo,U,V eRn, n>2; Xy and Yo are initial positions of the players at the

moment t = 0 and assume that Xo # Y.
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In the equation (1), u is the velocity vector of the Pursuer and its temporal variation must be a

measurable function u(-) : [0, +0) — R". On this vector function, we put the constraint of Gronwall type (in
short, Gr-constraint)

it t
|U(t)| <pe  +k, I|U(S)|dS for almost every t > 0 (3)
0

where p, k,, k, are the parametric positive numbers. Denote by U, a set of all the measurable functions
u(-) that satisfy the Gr -constraint (3).
Similar, in the equation (2), V is the velocity vector of the Evader and its temporal variation must be a

measurable function v(-) : [0, +o0) — R". On this vector function, we put the Gr-constraint
—kit t
|V(t)| <ot  + k2I|V(S)|dS for almost every t > 0 (4)
0

where O is the parametric positive number. Denote by VGr a set of all the measurable functions V() that

satisfy the Gr -constraint (4).
Note that in the work [6], the pursuit-evasion problems and “life-line” game in a simple motion

differential game with Gr-constraints under the case k1 =0 in (3), (4) were completely discussed, and in the
present work, we have used the methods and results given in the mentioned work.

By virtue of the equations (1), (2), for the control functions U() EUGr, V() EVGr, each pair
(X, U(*)) and (Yo, V(*)) generates the trajectories

X(t) = X, +}u(s)ds,
0

ym:%+b@%,

of the Pursuer and Evader for every t > 0.
The goal of the Pursuer is to catch the Evader, i.e., to achieve the equality x(t) = y(t) atsome t >0

. As for the Evader strives to avoid an encounter, i.e., to preserve the inequality x(t) = y(t) forall t >0,

and in the opposite case, to put off the instant of encounter as long as possible.
Lemma. (Gronwall’s inequality [4]). If

w(t)| < e sz|w(s)|ds ,
0

then

a t —bit
w(t)| < (bzebz b )
by + b,
where W(t) is a measurable function and 4, bl, b2 are positive numbers.
Definition. In the evasion game (1)-(4), we say the function

v(t) =—u(t)S (5)
O- kzt _k]_t
a strategy of the Evader, where & = zq / |Zo| and u(t) < ” koe  + ke :
1+ K

Theorem. Let p < o be valid. Then the strategy (5) guarantees escape in the interval [0, ).
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DIFFERENTIAL GAME WITH NON-STATIONARY GEOMETRIC CONSTRAINTS IN THE
CASE OF | -CATCH

Samatov Bahrom, Doctor of Science, Namangan State University,
Turgunboeva Mohisanam, Master’s Degree of Namangan State University

Many scientists like that A.S Bannikov, N.N Petrov, M.N. Vinogradova, E.V. Kotlyachkova and others
have dealt with differential games with non-stationary geometric constraints on controls. They have studied
non-stationary differential games which controls of players, that is, one evader and several pursuer, are subject
to the same geometric constraint, and in this case, necessary and sufficient conditions of pursuit-evasion were
obtained.

We have studied the pursuit problem of one pursuer and one evader in the case of | -catch in this work.
Originally, the convergence strategy of a pursuer (briefly, IT, -strategy) is suggested and new solvability

conditions of | -catch are attained.

v
Suppose that the Pursuer with a control  chases the evader with a control v in the space Y . Let x and
Y be expressed their states during the game and let movements of the players by suitably given by virtue of

the second-order differential equations with initial conditions
Beu, x(0)=xy, X0)=x Q)
&V, y(0)=Yo, WO)=y: ()
where X, Y,U,V eSI’n, N>2; x,, Y, are the initial positions of the players for which it is presumed that
|X0 - y0| >1,1>0; x,, y, are their initial velocity vectors correspondingly; the acceleration vectors U, V act
as control parameter of the players respectively, and they depend on the timet > 0.
Here the controls y and v should be measurable functions such that u(-):[0,+oo)—>3’7n and

V() :[0,+00) — ¥" correspondingly.

Denote by UG,| a set of all measurable functions satisfying the non-stationary geometric constraint
(briefly G-constraint)
|u(t)| < a(t) for almost every t>0, (3)
where «(t) is a non-negative integrable function that describes the maximum velocity of the Pursuer for each
t,t>0.
Similarly, denote by VG,| a set of all the measurable functions satisfying the G-constraint
|V(t)| < B(t) for almost every t>0, (4)
where f(t) is a non-negative integrable function that represents the maximum velocity of the Evader for each
t,t>0.

Definition 1. The function U(:) :(ul(-),...,un(-)) and V(-) = (vl(-),...,vn ()) are called controls of
the players accordingly.
By means of the equations (1)-(2), for U() €Ug, and V(-) €Ve, each triplets (Xo,Xl,u(-)) and

(Yo, ¥1,V(")) define the motion trajectories.

X(t) = Xo + Xt +j(t —s)u(s)ds, y(t)=y,+yt +j(t —s)v(s)ds
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of the Pursuer and Evader sensibly.

The main goal of the Pursuer is to near the Evader at the distance | > O (| -catch problem), that is, to
get the inequality

[ () - y ()| <1 )
for some 7> 0.
Let’s introduce the following denotations:  z(t) = x(t) — y(t), Zo = Xo — Yo, &0) = X, — V1.
Then the equations (1), (2) come to the unique Cauchy’s problem in the form

&u-v, 2(00=z, BO)=1,
We consider the differential game (1)-(4) for the case z, =0.
Definition 2. For « > 3, we call the function
a(t)z, +vl
u(t,v):v—/I(t,v)()—0 (6)

a(t)+ At V)l
the convergence strategy or TII,-strategy of the player P in the |-catch problem (1)-(4), where

h’ =|z|* -17, /”t(t,v):%{<v,zo>+a(t)l+\/(<v,zo>+a(t)l)2+h2((a(t))zlz—|v|2)} Theorem. If

in the | -catch problem (1)-(4), a(t) > B(t) is satisfied for all t >0 and T, is the first positive root of the
equation

[t=s)(@®) - Bt)ds =[z| -1,

then T1, -strategy (6) guarantees to the realization of the (5) in the time interval [O,T| ] where
T, is considered as the guaranteed convergence time.
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A SIMPLE PURSUIT DIFFERENTIAL GAME UNDER
EXPONENTIALLY INCREASING GEOMETRIC CONSTRAINTS

'Samatov B., 2Tursunaliev T.
'Namangan State University; DSc, professor,
’Namangan State University; Master’s Degree student

Abstract. In the paper, we consider the pursuit problem in a simple motion differential game where
controls are subject to exponentially increasing geometric constraints. For the purpose of solving the pursuit

problem, a parallel convergence strategy (in short, I -strategy) is formulated for a pursuer, and sufficient
conditions of pursuit are defined.

Suppose that a player X (the pursuer) follows a player Y (the evader) in the finite-dimensional space

V", Let their motions be given by the following equations with initial values
X1 Xe=u, X(O)ZXO (1)

Y BV, y0)=y, ()
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respectively, where X, Y,U,V esj’n, n>2;: x(0) = x,, y(0) =y, are the initial positions of the players for
which it is presume d that X, # Y, ; the velocity vectors U, V act as control parametrs of the players, which are

correspondingly chosen as measurable functions u(~):3“’+ —>§’”, V(-):SV’+ SV depending on the time
t > 0, and they are subject to the constraints

lut)| < %(1—e*kt) +p, foralmostevery t>0, (3)
lv(t)| < % (1-e™)+o, foralmostevery t>0 4

accordingly, where 5, o, o,,0,,k are the given positive numbers. Express by U/ljolp1 (V(,kw1 ) the class of all

the measurable functions fulfilling the constraint (3) (the constraint (4)). The constraints (3), (4) mean that the
maximal velocities of the players increase exponentially during the time.

Definition 1. Owing to the equations (1), (2), for U(:) € Uﬁm and V() eVOlfoJ71 , each pair (Xo,u ())
, (yo,v(-)) yields the trajectories

X(t) =X, +ju(s)ds, yit) =y, +jv(s)ds

of the Pursuer and Evader correspondingly.
The chief target of the player X' is to catch the player Y at some time 8> 0, i.e., to attain the

equality X(@) = y(@) . Whereas the player Y strives to not being caught, i.e., to sustain the inequality
X(t) = y(t) forall t >0 or, if it is impossible, to put back the time 0.

Let us introduce the denotations: z(t) = x(t) — y(t), z, = X, — Y,, a(t) = %(1_@“) + p, and the

parameter p = (po,pl, 0,,07, k). For this parameter, we write the following nonempty sets down:
P={p: py>0, p 20, k>0}, P,={p: py>0,, p >0, k>0},
R={p: oy<p <0, +(o,—p)/k, o,<p, k>0}.
Definition 2. For p e B, U P, (p e R,), We say the function
2 2
u(v,t)=v-2i(v,t)&, l(v,t)=(v,§0)+\/ﬂ(v,§o) +a’t)-M ., ©)

a l_I—strategy of the player X for all t>0 (for all t,t e[O,T]) in the pursuit game (1)—(4), where

&= ZO/|ZO|, T :im[ PL— 0 J and (V,é‘(,) is the scalar product of the vectors V and &, in
k p1_0_1+(po_00)k

V" . Moreover, the function /I(V,t) is generally termed as the resolving function.
Proposition. For any v < B, (0), the equality |u(t,v)| =a(t) holds, where p = %+ao, and B, (0) is

the open ball where its radius is equal to b and its center is at the origin in ¥".
Lemma. If pe R UP, (peP), then the equation

—kt 2
(01 _pl)e :_(pl_al"'(po _Go)k)kt"‘k |Zo|+p1_61
has at least one positive root with respectto t, t >0 (in respectto t, t € [O,T] ), and denote by T the first
positive root. The number T, in Lemma is termed a guaranteed winning time.

Definition 3. It is said that the the strategy (5) is winning if, for any V() EV(,"OJ1 , the solution z(t) of

the Cauchy problem
B=u(v(t), t)-v(t), z(0)=z,
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satisfies the equality z(z) =0 at sometime 7 € [O,TG].

Theorem. Let one of the conditions:
Q) peRUP,;

Py~ 0y (p—o,)e PL—0,
b VA In +
) peP, | 0| k (pl_o_l_l_(po_o_o)k] kZ

be satisfied. Then the strategy (5) will be winning for the Pursuer X on the time interval [O,TG ] , Where T

is the same with in Lemma.
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BOSHQARUVLARI EKSPONENSIAL CHEGARALANISHGA EGA
L-YAQINLASHISH DIFFERENSIAL O‘YINDA QOCHISH MASALASI

1Samatov B., ?Xonpo‘latov X.
'Namangan davlat universiteti, f.-m.f.d., professor,
2Namangan davlat universiteti magistranti

Annotatsiya. Ushbu magolada boshgaruv funksiyalariga eksponensial chegaralanishlar qo‘yilgan holda
I-yaginlashish differensial o‘yin uchun qochish masalasi o‘rganilgan. Bunda gochuvchi obyektga alohida joiz
strategiya taklif gilingan va uning yordamida gochish masalasining yetarli shartlari topilgan.

V" fazoda garama-garshi magsadli P obyekt (quvlovchi) va E obyekt (qochuvchi) berilgan bo‘lsin.
P obyektning fazodagi holatini X orqali, E obyektning fazodagi holatini y orqali ifodalaymiz. Ularning
harakatlari mos ravishda quyidagi differensial tenglamalar va boshlang‘ich qiymatlar bilan berilgan bo‘lsin:

P: X=u, x(0)=x,, 1)

E: ®=v, y0)=y,, 2
bu yerda X, y,U,VEVn, N>2 va X,, Y, nugtalar mos ravishda quvlovchi va gochuvchining t=0

vaqtdagi boshlang‘ich vaziyatlari. Bunda |X0 - y0| >, I >0 deb garaymiz. U va V boshgaruv parametrlari

bo‘lib, obyektlarning boshgariluvchi tezliklarini ifodalaydi.
Quvlovchining U boshqaruv parametri t bo‘yicha oflchovli funksiya sifatida tanlanadi va

u-): [0, + oo) — V" akslantirishni bajaradi. Bu boshqgaruv funksiyasi quyidagi eksponensial chegaralanishni
ganoatlantirishini talab etamiz:
u(t)| < ae™" deyarli barcha t>0, ©)

bu yerda & >0, k #0.
Qochuvchining boshgaruv parametri V ham t bo‘yicha o‘lchovli funksiya sifatida tanlanadi va
v(:): [O,+oo) — V" akslantirishni bajaradi. Bu boshqaruv funksiyasi quyidagi eksponensial chegaralanishni
ganoatlantirishini talab etamiz:
|v(t)|£ﬂe_k2t deyarli barcha t>0, (4)

buyerda >0, k, #0.
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Quvlovchining (3) chegaralanishni  ganoatlantiruvchi  barcha u(-) boshgaruv funksiyalar

sinfini U; bilan belgilaymiz. Qochuvchining (4) chegaralanishni ganoatlantiruvchi barcha v(-)  boshgaruv
funksiyalari sinfini V; bilan belgilaymiz.

Biror (X, U()), u()eU’ va (¥,,V()), V() eV, juftiiklar (1) va (2) tenglamalar yordamida
quvlovchi va gochuvchi uchun mos ravishda ushbu

X(t) = x, + .t[u(s)ds YO =y, + jv(s)ds

harakat trayektoriyalarini hosil giladi.
(1)+(4) differensial o‘yinda qochuvchining maqsadi quvlovchiga | >0 masofada yaginlashmaslik

(gochish masalasi), ya’ni barcha t>0 uchun |x(t)—y(t)|>| munosabatni ta’minlash. Quyidagi

belgilashlarni kiritamiz: z(t) = x(t) — y(t), Zo = %o — Yo.
Ta’rif 2. (1)—(4) differensial o‘yinda qochuvchining strategiyasi deb, ushbu

—k,t
Ve (t)=—pe "4, t20 (®)

boshgaruv funksiyaga aytamiz, bu yerda &, = Z, / | ZO|.
Ta’rif 3. (1)—(4) differensial o‘yinda (5) strategiya | > 0 masofada qochishni kafolat- laydi deyiladi,

agar quvlovehi ixtiyoriy U(}) €U¥ boshqaruv funksiya tanlaganda ham barcha t > 0 giymatlarda |2(t) > |
munosabat bajarilsa.

a
Teorema. Agar (1)~(4) differensial o*yinda |Z| > k——kﬁ +1 va K, #K, shartlar o‘rinli bo‘lsa, u
1 2
holda (5) strategiya t > O vaqt oralig‘ida | > 0 masofada qochishni kafolatlaydi.
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TYPJIN YCYJUIAP BUJIAH EYNJIAIUT'AH JTUOPEPEHIIUAJI TEHTJIAMAJIAPHHU
AHAJIMTUK EYUI YCYJIJIAPH.

Coouros P.A. Hav/lV yxumyeuucu,
Hmomnuazapos K.M. Haw/[V 4-xkypc manabacu

Huddepenuman TeHrnamanapau ogaThii Ba Maple nactypy opKainy aHaJIMTHK YCYJa YUIIHN KYypHO
yukaik. Kyiinnaru MUCOTHY aHaIUTHK yCyIa UIIIaHIIHK:
2

2
Mucoa. X'Y" —2Y =——. muddepeHunan TeHrIaMaHH CUMHT.
X

+1

By TeHrnama Oup KUHCIM Oyimaran Diep TEHIVIAMAaCH JKAHJIUTHHH paBIIaH. X =e' aJIMalliTHPHULI
épnamuia yau y3rapmac koddduuuenTiny un3nkian audepeHnan TeHriaMara KeJlTHpaMus3:

d’y dy 3e”
2y = _
dt>  dt y e +1

1)
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(1) TenrnmamaHu y3rapMaciapHU BapHaLusuiall ycynau Omnan edamu3. (1) TeHrimamara Moc OUp >KUHCIH

yt”_ yt, —2Y =0 renrnamanunr

y=Ce" +C,e" @)
KYPHHUILIATH YMyMHH e4uME (hopMyiacuia y3rapMaciapHu BapralysuiaiMus, sbHU (2) yMyMUid e4UMHU
-t 2t
y=C,(t)e +C,(t)e 3)
Kypunuina udonganad, yau (1) Tearmamara KysasMu3. byHHHT HaTHKacuaa XOCHI OYIIran
_ § 3e”
C/(t)e™ +C)(t)e® =0, —C/(t)e™ +2C} (t)e* = i1

TCHIJIaMaJlap CUCTEMAaCUHU e‘lI/I6,
3t

€ 1
C'(t) == ’ C’ X) =
' i1 W =g
TeHrnaManapra sra 6ynamus. Materpaniab ronamus:

C,(t)=C, —2t—%e2‘ +et +In(l+et), C,(t)=C,+t—In(l+e').

Cl(t) Ba C2 (t) ¢dbyaxmusapanar udonanapuan  (3) dopmynara kyiub, (1) TeHrmamMaHWHT yMyMHI

CUYMMHUHHU OJIaMU3:

y=Ce'+C,e* —2te™ —%et +1+e ' In(l+e')+te” —e* In(l+e")

t v
Oumu X=€, apuu t=INX skanmurunm >pTH6Opra onub, mactnadku (1) TeHr-TaMaHUHT yMyMHii
SUMMUHH XOCHJI KHJIaMH3:

y=x InchX—§+1+llan(1+x), C,=e%, C =e",
+X X

[y MUCOJTHU COHJIM yCYJAa UIUTANIINK:

Maple na nuddepenian TeHrIaMalapHi AaHATUTHK SYMMITAPUHE TOIHII YUYH KyWnaaru Oyipykiap
WILTaTHIAIH:

dsolve(eq,var,options),

bu yerda
eq — nuddepeHnman TeHriama,
var — HoaHHK (yHKIUsIap;
options — mapamerpiap.
Nubdepeniman TenrnamManu kupuruinaa xocunanu diff Oyiipyru uimatunamm.

3 2

> eq = diff (y(x), x, x) _x2 —2y(x) = x-i)f 1
) 2
eq ::x2 [ﬁy(ﬂ] —2y(x) = x3-|)fl

> dsolve(eq, y(x));

3 32
W(x) = _SI 12 1 2In(x)x —2In(x +1)x —x" —2In(x +1) +2x

C2
- +2 X

Kypuunb typubanku Maple nactypu opKaiu e4yuIin aH4a caMapainpok.

AJIABUETJIAP
1. T.I".Oprames “JIuddeperuman TeHrinamanap Ganuaad MUCoUIap Ba Macanaiap euuin’” (Macanamap
eyuIIra Joup METOAUK Kypcarmanap). N- 2012.
2. A.D.Oununmnos. “CoopHuk 3aaa4 1o quddepenuuansapM ypasHerusm” M-2000
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THE CAPTURE PROBLEM IN A DIFFERENTIAL GAME
UNDER CONSTRAINTS WITH EXPONENTIAL FUNCTIONS

1Soyibboev U., 2Shodmonalieva G.
1Namangan State University, PhD student,
’Namangan State University, Master’s Degree student

Abstract. In the paper, we consider the capture problem in a simple motion differential game where
controls are subject to exponential geometric constraints. In order to solve the problem, a parallel approach

strategy (H -strategy) is constructed for a pursuer, and sufficient conditions of capture are found.

We assume that a player X (the pursuer) chases a player Y (the evader) in the finite-dimensional space
V™. Let their movements be described by the following equations with initial values

X: x=u, K0=x, (2)

Y: y=v, Y(O)zyO, 2)
respectively, where X, y,u,vd“’”, n>2; X,, Y, are the initial positions of the players for which it is
presumed that X, # Y,; the velocity vectors y, v act as control parametrs of the players, which are

correspondingly chosen as measurable functions u(~):3“’+ —>3u’”, V(-):Su’+ SV depending on the time
t > 0, and they are subject to the constraints
|u(t)| < pa™ +a" foralmost every t >0, (3)
|V(t)| <da™+a" foralmostevery t >0, 4)
accordingly, where p,6,k >0 and a>0, a=1. We term the constraints (3), (4) as exponential geometric

constraints (in short, GE -constraints). Also, we denote by U and V  the family of all the measurable functions
satisfying (3) and (4) respectively.
Definition 1. The measurable function U() eU (V() eV) is termed an admissible control of the

player X (of the player Y).
If u(-)eU and v(-) €V, then by means of the equations (1), (2), the pairs (XO, u()) , (yo,v(')) define
the trajectories

X(t) =X, +'t[u(s)ds, yit) =y, +jv(s)ds

of the players correspondingly.
The chief target of the player X' is to catch the player Y at some time @ >0, i.e., to attain the equality
X(@) = y(@). Whereas the player Y strives to not being caught, i.e., to sustain the inequality X(t) = y(t)

forall t >0 or, if it is impossible, to put back the time 0.
Lot 2B =X(1)=¥(t) Z,=%-Y,
Definition 2. For p> &, we term the function
Uy (V1) =v=2; (V1) &, Ax(v,t)= <v,§0>+\/<v,§0>2 +(pa™ +a'“)2 N, )

the 11 -strategy of the player X in the capture game (1)—(4), where &, = Z, / |ZO| and <V, §0> is the scalar

product of the vectors v and fo in V. Moreover, the function A, (V,t) is generally termed as the resolving

function.
Definition 3. In the capture game (1)—(4), we say that the strategy (5) is winning for the Pursuer X on

the time interval [0, T ] if, for every V(-) €V there exists an instant 77 €[0,T] at which x(77)=y(7) is

satisfied, where the number T is called a guaranteed winning time.
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Theorem. If one of the conditions
c) O<a<l, p>s;

d) a>1, p>5+k|z|Ina

is valid, then the strategy (5) will be winning for the Pursuer X on the time interval [O,Tg] , Where
p—90

p—-5-k|z|Ina

1
Tg = Eloga
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3AJJAYA Ob ONPEJAEJIEHUH TABJIEHUA BUHEPEI[HEFI 30HE ITPHU IBUKEHNU
OUYUCTHOI'O YCTPOUCTBA BE3 OTBEPCTHUU JJIs1 IEPEITY CKA TIPOAYKTA
IHEPEKAYKMH B IIOTOKE C BBICOKUMU CKOPOCTAMM.

Myranaumon ®. M., HypuaaunoB b. YI'HTY(Poccus)
Tammup3saes 10.Y. Haul YV (V36exucman)

PaccMoTpuM MaTeMaTHYeCKyI0 MOJIENb JBUKEHHUS OYHMCTHOT'O YCTPOWMCTBA MO SKCILTyaTallHOHHOMY
Y4acTKy TPYyOOIPOBOJIA C BRICOKUMU CKOPOCTSAMH TOTOKA.

Martematuyeckas MOJICNIb pa3padaThIBaeTCs C IENIbI0 OICHKU JMHAMUKH CKOPOCTEH OYHCTHOTO
YCTpOICTBA B MOMEHT MPOXOKIACHHS €r0 TI0 TPYOOIPOBOTY, B IPOSKTHOM PEKUME IKCILTyaTaIl|H.

B xadyecTBe OYMCTHOTO YCTPOHCTRA, pacCMaTPHUBaEM BHYTPUTPYOHOE YCTPOHCTBO HA OCHOBE TIOPIIIHS-
pasznenurens tuna [IPB, co cneayromumu pabouyuMu mapamMeTpaMu: Macca OYHUCTHOI'O yCTPOMCTBA 75 K,
nHa 0,872 M, miiomaas NePeKphITUS IOTOKA OYUCTHBIM ycTporcTBoM 0,1307 M2, MaTemMaThdeckast MOIEIb
OYUCTHOTO YCTPOMCTBa pazpabarbiBaeTcsi Aisi HpombicioBoro TpybompoBoga K-10 Y3A 1II-23,
nepeKaunBaroero JapyxdasHyo padouyio cpeay (ra3 U ra3oBblii KOHICHCAT, CO CTEICHBIO OOBOICHHOCTH
10,2%), npoTsKeHHOCTH cocTaBiseT 7216 m, muamerp 426 M.

JlanHas maTemarudeckas MOJIeJb, TIPEJCTaBIIEHA B BUIE TAOIUIBI, B KOTOPOW JaHHBIC TOTYYCHBI
pacyeTHbIM IyTeM, a TakKXKe HCIONb30BaHa (YHKIMS TOa00pa MmapaMmerpa s OINpeAeiCHHs psja
3aBUCHUMOCTEM.

Lenpro pacuera M mocTpoeHHs TpadUIecKHX 3aBHUCHMOCTEH MaTEMaTHYECKON MOJENH, SBISETCS
M3y4YeHHE U OICHKA MapaMeTPOB MPOXOXKIACHHUS OYUCTHOTO YCTPOMCTBA MO TPYyOOIPOBOAY C BBICOKHMHU
ckopocTssMu ToToka. IlomydeHHast pacdeTHass CKOPOCTh OYHMCTHOTO YCTPOMCTBA JacT BO3MOKHOCTH
CIIPOTHO3MPOBATH MEPEMEIIEHHE OYHCTHOTO YCTPOICTBA 110 TPyOOIIPOBOTY, a TAK)KE TPOBECTH aHAIIN3 PUCKOB
HENITATHBIX CUTYaIUH.

OmHUM 13 BaXKHBIX TAPaMETPOB ABMKCHUS OUHCTHOTO YCTPOHCTBA KOTOPOE HEOOXOUMO OTIPEIICIIUTh
SIBJISICTCSI JTAaBJICHUE Ta3a BIEPEIN dTOTO YCTPOHCTBA.

Teopema. OnpeneneHUTD AaBJIeHHE B NepeHeli 30He MPH ABHKEHUH 0YHCTHOT0 yCTPOiicTBa 0e3
OTBEPCTHIi Il MepenycKa MPOAYKTAa NePeKaYKU B MOTOKE C BLICOKMMH CKOPOCTSIMM.

CkopocTb 3ByKa B raze (' = E; ITpuHuMaeM nonyuenue, 4to C = const.

P

2
kM oM 0P =—Co(pV);
A s, @, S,
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P=-CVap-CpV .  P=-CVap-CoN oP=-C,-9p-C:p,-dV;

YMHOKaeM 00e 4acTh ypaBHEHUS Ha P
POP = CV,,ZRT pop — Cp, pZRTV .
PoP=-C-V,-Z-R-T-p-0p—C-p?-Z-R-T-0V;

HNurerpupyem

j POP =—CV, ZRT j pop —CpZZRT j oV
2 2 2 ’
R __cv.z.RT. pE—p
2 2

@opMyIbl )1 pacyeTa

P’+C-V,-Z-R-T-p2. p - P?+C-Z-R-T-p?-(3-V, -2 V)

n 1C(3V 2-7) x 1. C,
Z-R-T Z-R-T

~C-p?Z-R-T-(V2=-V}),

H
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TRANSPORTLAR OQIMI MASALASI

To‘xtayeva E.F QarDU magistri
ez0zal606ezoza@gmail.com

Ko‘p hollarda to‘lqin tarqalishi haqidagi masala uzluksiz tagsimlangan biror moddaning yoki jism
holatining (bir o‘lchovli holda) birlik uzunlikdagi p(x,t) zichligi va vaqt birligidagi q(x,t) sarfni

aniqlashdan iborat bo‘ladi.
Agar 0=0Q ( p) L va ( orasidagi bog‘liglikni ifodalasa, u holda saqlanish qonuni ot C( ,0) p,=0

ko‘rinishda bo‘ladi [1], bu yerda €=Q'(p).
Transport ogimini Laythillom va Uizem [2] hamda Richards [3] tomonidan mustaqil ravishda
o‘rganilganlarga ko‘ra oqim tezligi

Q(p)
V(p)=LL
()= 2
Q
T b
2
%
[
i
o \
ij (4] F

1-rasm.Transport oqimi uchun sarfni zichlikka bog’ligligi.

p = 0da cheklangan maksimal giymatdan boshlab © ning kamayuvchi funktsiyasi bo‘lishi kerak va 0 — 0;
da nolga intilishi kerak, bunda avtomobillar bamperlari bilan bir-biriga tegib turadi.Q(,O) p=0vap=p;

da nolga aylanadi va p,, zichligining gqandaydir oraliq giymatida maksimal (,, giymatiga erishadi.1-rasmda
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ko'rsatilgan gavariq funksiya.Y ol harakati oqimini kuzatuvlari natijalari shuni ko‘rsatadiki, bir qatorli harakat
uchun quyidagi giymatlar xosdir p; ~ 1,609 km ga 225 ta mashina, P, ~ 1,609 km ga 80 ta mashina,

G ~ 1,609 km ga 1500 ta mashina.Magistral yo‘llar uchun birinchi yaqinlashishda bu qiymatlarni
gator yo‘laklar soniga ko‘paytirish mumkin.Qizig‘i shundaki,bu raqgamlarga ko‘ra sarf (|, tezlik 32km/soat ga
etganda maksimal qiymatga erishadi.Qo‘zgalishning tarqalish tezligi C( ,0) :Q'( p) =V ( p)+ o '( p) ga
teng. Chunki V'(p)<0 bo‘lgani uchun bu tezlik mashinalar tezligidan kamrog; to‘lginlar transport oqimi
bo‘ylab orqaga tarqalib, haydovchilarni oldidagi to‘siglar haqida ogohlantiradi.C tezlik (q, ,0) -egri
chizig‘ining giyaligiga teng, shuning uchun to‘Iginlar P < p,,da yo‘lga nisbatan oldinga va 0 > p,, da orqaga
targaladi.Maksimal sarfda 0= 0, va to‘lginlar yo‘lga nisbatan qo‘zg‘almas bo‘ladi, shuning uchun

avtomobillarga nisbatan targalish tezligi ham soatiga pi ~ 32 km ni tashkil giladi.Ogimning 0 = P, nugtasi

m

yaginidagi holatida reaksiya vagtini hisobga olgan holda taxminiy tasvirlash mumkin.Haydovchi (va uning
mashinasi) oldinda o‘zgaruvchan harakat sharoitlariga munosabat bildirish uchun o vaqtni oladi deb faraz
gilsak, xavfsizlik uchun mashinalar bir-biridan V & masofani saglashlari kerak.Agar h-ikkita go‘shni
avtomobilning old bamperlari orasidagi masofa sifatida aniglangan masofa va L -avtomobilning uzunligi
bo‘lsa, biz quyidagi tenglikni hosil gilamiz:

v:u
o
1 1 ‘ : . Ll p L
h== L=— bo‘lgani uchunbizda v (p)==| £ -1|Q(p)==(p.-p
.t (-5 2-1]0to)-5(o -0

Bu tengliklarni fagat Q( p)egri chizig‘ining P; nuqgtadagi giyaligini baholash sifatida ko‘rib chiqish
kerak, 0; ga chizigli bog‘liglikning haqiqiy ko‘rinishi sifatida emas.Oxirgi tenglikdan kelib chiqadiki, bu
nuqtada buzilishlarning targalish tezligi C; = _%. Hagigiy transport ogimi uchun o odatda 0,5-1,5 sekund

oralig‘ida bo‘ladi, garchi boshqa sharoitlarda insonning reaktsiya vaqti ancha kichik bo‘lishi mumkin. L ni 6
mgava & ni bir soniyaga teng deb hisoblasak, ¢; ~ —22.53 km/soat Ni oOlamiz.

Greenberg [4] Nyu-Yorkdagi Linkoln tunneli uchun olingan ma‘lumotlar quyidagi formula bilan
yaxshi ifodalanishini ko‘rsatdi:

Yo,
bu yerda a = 27,67 km/soat, P; = 1,609 km ga 228 ta avtomobil.Bunday bog‘liglik bilan buzilishning nisbiy

Q(p)-apin( 2

tarqalish tezligi V —C barcha giymatlar uchun doimiy dgiymatiga teng zichlik. 9, va 0, giymatlari mos

ravishda 1,609 km ga 83 ta avtomobil va soatiga 1430 ta avtomobil. Ushbu logarifmik formula p — 0 da V
uchun chekli limit bermaydi, lekin juda past zichlik uchun bu nazariyaning haqiqgiyligi shubhali, shuning uchun

bu faktning o°zi muhim emas. V ning chekli va katta hamda V ‘() ning chekli giymatlarida, biz o — 0 da

¢ —V gaega bo‘lamiz va C ni kamayishi bilan V —c zichlik kamayadi.
Ma’lumki, hozirgi kunda avtomobillar yo‘llarida mashinalar tirbandligini o‘rganish juda muhim,
ma’ruzada ushbu masalaning bir sonli tahlili o‘rganiladi.
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3-IIYBBA. JTUPPEPEHIIUAJ TEHTJIAMAJIAP BA IUHAMHUK CUCTEMAJIAP

HHTEI'PAJIBHBIE ITIPEACTABJIEHUA HEKOTOPBIX TMIIEPTEOMETPUYECKUX
®YHKIUI TPEX IEPEMEHHBIX

Typaues P. M.
Hamaneanckuii 2cocyoapcmeennbwiil ynusepcumem

B nacrosimee Bpemsi M3BECTEH CIHCOK, cocTosmui 3 205 rumepreoMeTpruuecKkux QyHKIUNH Tpex
nepeMeHHBIX[1]. B mpuioxeHmsx rumepreoMeTpudeckux (GYHKIHMH O4YeHb BaKHBI WX HWHTETpajbHBIE
npencrasieHus. Crnenys padote XacaHoBa U Pyxanckoro [2] mocTpouM HHTErpajibHbIE TpEACTaBICHUS
HEeKOTOpbIX GyHKUMH u3 crircka CpuBactaBa u KapiccoHa.

PaccmoTpum crienyrorniye runepreoMeTpuieckue QyHKIIHN:

o (@), (3, (3) () (O (B)oy Xy 22

ol m b y2)= 2 ©), oty

. _ - (ai)m (az)n (aS)p(a4)p(bl)m—n (bz)n_p Xm ym Zp
FlC(al’aZ’aS’a4'bl'b2’C’X’ y,Z)_m,nZ,pLo (C)m mﬁaf (2)
R (@ ab b bixy2)= 3 (a), (&), (@), ()., (0), (), LS @

Xm

FolBd bbb 2)= 3 (a), (), (), (), (b)), 7 05 @

rae (l)v — cumBon [Toxrammepa [1,2].
Teopema. ['unepreomerpudeckue GyHKIHH, onpeaeiaeHasie Gpopmymnamu (1)-(4) umerot
HWHTCTPAJIbHBIC ITPEACTABJICHUA:

Flb(alaazia3:a4,bl,b2;C;X, y,z):%

1

Xj‘gal—l(l_é:)d—al—l F, (d,ai,az,ag,ambl’bZ;C;X' yf,z)df,Red >Rea, >0,

ey L)
Flb(al’aZ’afi'aMbl’bZ’CiX!ylz)_F(d)[,(c_d)
Xjé"‘l(l—é)““'l Fu (88,88, b, b,;d; X, y,2)d¢,Rec > Red >0,
A _ F(d a-1 d —a -1
Fio (B 20,80 B b CiX Y0 2) = S jé (1-¢)

xF, (d,a,,8;,8,,b,b,;c;x&,y,2)d&,Red > Rea, >0,
F b.:c — F(C) : d-1 1- c-d-1
lc(al’aZ’aS’aMbl’ 27C’X’ y,Z) F(d)F(c—d)‘[g ( é)
0
xFy (2,,8,,8,,8,,b,b,;¢;XE,y,7)d&,Rec > Red >0,

. _ F( ) a-1 Cal
Flc(auaz,aa,ambpbz,c,x,y,Z)——F(al)F(C 3 I§ (1-¢)
x(1-%E) ™ H, (b,,a,,8,a,,1-b;~(1-x&)y,2)d&,Rec > Rea, >0,
F.(a.a,.85,8,,b,1-b —a,;c;x,y,2) =
T feag ™ o) (-

F(al)F(c a1
—(1-x¢&)y(1+72) z
1-(1-x&)y,z '1—(1—x§)szd§'
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3-IIYBBA. JTUPPEPEHIIUAJ TEHTJIAMAJIAP BA JIUHAMHUK CUCTEMAJIAP

I(c)I(1-b)

(@) (@) [ (c-a) [ (1-b,—a,)
[ [ (1= ) 7 (1om) " (- x) L (- x€) yn ]

xF (a;,8,:1-b,;~(1+(1- &) yn) z)d&dn, Rec > Rea, > 0,Re(1-b;) > Rea, >0,
r'(d)

I'(a)I(d-a,)
If “1(1-£) R, (d,a,,a,,8,,b,b,,byicixE, y,2) &, Red > Rea, >0,

0

Flc(a11a21a31a4,b1,b2;C;X,y,Z):

Fo (a,8,,8,,b,b,,05%,y,2) =

I l+ 2 a1 a2
Fm(ai,az,ag,bl,bz,ba;x,y,z):r(g“)—F?jf1 (1-¢)
1
><|:4p(a1"'a-Z'aG’bl'bwb?,;Xéiy(:l-—f),z)déZ Rea >0,Rea, >0,
Fd da
R (bbb 2) = TS e

xF, (d,a,,a,;,b,,b,,b;;c;x&,y,2)d&, Red > Rea, >0.
JlokazaTenmsCTBO TEOPEMBI HETIOCPEICTBEHHBIM MMPUMEHEHNEM CBOUCTB cuMBoJa [loxrammepa.
CIIMCOK UCIOJIb30BAHHOM JINTEPATYPHI

1. Srivastava H.M., Karlsson P.W. Multiple Gaussian Hypergeometric Series. New York, Chichester,
Brisbane and Toronto: Halsted Press, 1985. 428 p.
2. Xacanos A., Pyxanckuit M. HTeTrpansHbIe IpeACcTaBIeHAs TUTIa Ditepa i

THIIEPreOMETPHUYECKUX PYHKIUI TPpeX MEPEMEHHBIX BTOPOTO MOPsiiKa. BIoJieTeHh HHCTUTYTa
marematuku. 2019, Ne 6. C. 73 — 223.

BOSHQARUVLARGA EKSPONENSIAL CHEGARALANISHLAR QO‘YILGAN HOLDA
| — TUTISH MASALASI

Turg’unboyeva Mohisanam, Tursunaliyev To‘ychivoy, Xonpo‘latov Xushnudbek
Namangan davlat universiteti magistranti

Ushbu magolada boshgaruv funksiyalariga eksponensial chegaralanishlar qo‘yilgan differensial o‘yin
uchun | — tutish masalasi o‘rganilgan. Bunda quvlochi obyektga yaginlashish strategiyasi (gisqacha, IT, -
strategiya) taklif gilingan va uning yordamida | — tutishning yetarli shartlari topilgan.

o
Y fazoda garama-garshi magsadli X obyekt (quvlovchi) va Y obyekt (qochuvchi) berilgan bo‘Isin. X
obyektning fazodagi holatini x orgali, Y obyektning fazodagi holatini Y orgali ifodalaymiz. Ularning

harakatlari mos ravishda quyidagi differensial tenglamalar va boshlang‘ich qiymatlar bilan berilgan bo‘lsin:
Be=u, x(0)=x, Q)
®=u, y(0)=yo 2
buyerda X, y,u,v e Vn, N2> 2; va x,, y, nugtalar mos ravishda quvlovchi va gochuvchining t=0 vaqtdagi

boshlang‘ich vaziyatlari. Bunda |X0 — yo| >1,1 >0 deb garaymiz. U va V' boshqaruv parametrlari bo‘lib,

obyektlarning boshgariluvchi tezliklarini ifodalaydi.
Obyektlarning Uva V boshgaruv parametrlari T bo‘yicha o‘Ichovli funksiyalar sifatida tanlanadi va

u():[0,+00) — V", v(-):[0,+0) — " akslantirishlarni bajaradi. Bu boshgaruv funksiyalari quyidagi
eksponensial chegaralanishlarni ganoatlantirishini talab etamiz [2]:
lu(t)| < ae ™ deyarli bacha t >0, (3)
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3-IIIYBBA. JUDPDEPEHIIUAJI TEHTI'JIAMAJIAP BA IUHAMUK CUCTEMAJIAP
v(t)| < ae ™ deyarli bacha t >0, (4)
buyerda « >0, >0, k=0.
Quvlovchining (3) chegaralanishni  ganoatlantiruvchi  barcha u(-) boshgaruv funksiyalar

k
sinfini U, bilan belgilaymiz. Qochuvchining (4) chegaralanishni ganoatlantiruvchi barcha v(-) boshgaruv

k
funksiyalari sinfini V, bilan belgilaymiz.
Shuni ta’kidlash kerakki, (3) va (4) chegaralanishlarda agar K <0 bo‘lsa, u holda obyektlarning tezligi
vaqt o‘tgan sari ortib boradi, agar K > 0bo‘Isa, u holda obyektlarning tezligi vaqt o‘tgan sari kamayadi.

Ta’rif 1. Berilgan (Xo,u(-)),u(") cUy va (Yo, v()),v() eV, juftliklarga mos quyidagi (1) va (2)
t t

tenglamalarning  yechimlari X(t) = X% + ju(s)ds va y(t)=Y, +Iv(s)ds obyektlarning harakat
0 0

trayektoriyalari deyiladi.
(1)—(4) differensial o‘yinda quvlovchining magsadi qochuvchiga | >0 masofada yaginlashish (I -

- <
tutish masalasi), ya’ni biror 0>0 vaqgtda |x(0) y(0)| < munosabatga erishish.
Quyidagi belgilashlarni kiritamiz: z(t) = x(t) — y(t), zo = Xo — Yo.
Ta’rif 2. (1)-(4) differensial o‘yinda quvlovchining yaginlashish strategiyasi yoki TII,-
strategiya deb quyidagi funksiyaga aytamiz ([3]-[5]):
ae 75+l

K )
e + A(t V)l

u(t,v)=v-A4(t,v)

bu yerda

h? :|zo|2 17 Alt,V) = %{(v zo>+ae7ktl +J(<v, zo>+ae7ktl )2 +h° (azefzktl 2 —|v|2)}

Xossa. Agar o > 8 bo‘lsa, u holda A(t,v) funksiya barcha v,|v|< ﬂefkt va t >0 uchun aniglangan
va nomanfiy bo‘ladi va ushbu tenglik o’rinli |u(t, V)| —ae .

Ta’rif 3. (1)—(4) differensial o‘yinda quvlovchining (5) strategiyasi [0,T| ] vaqt oralig‘ida tutishni

kafolatlaydi deyiladi, agar ixtiyoriy uchun quyidagilar bajarilsa:
¢) shunday vaqt topilsaki, hosil bo‘lsa;
d) vaqt oralig‘ida munosabat o‘rinli bo‘lsa, bu yerda kafolatlangan tutish
vaqti deyiladi.
Teorema. Agar (1)—(4) differensial o‘yinda 1) : 2) , bo‘lsa, u holda

(5) strategiya quvlovchi uchun [0,T,] vaqt oralig‘ida tutishni kafolatlaydi.

FOYDALANILGAN ADABIYOTLAR RO’YXATI:
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PEIIEHUE HECUMMETPUYHOMN KPAEBOM 3AJAYH JIJISI HEOJHOPOJHOI'O
YPABHEHMUS TPETBEI'O ITIOPAJKA, METOJAOM ITIOCTPOEHUSA ®YHKIIUU I'PUHA

P.A.Ymapos
Hamaneanckuil unsxcenepro-cmpoumenbHulid UHCHUMYI.

B obnactu D = {(X, y): O<x<p0<y< q} paccMOTPHUM CIEIYIOIIEee YPaBHEHHS TPETHETO MOPSIKA

BHA
Lu)=U,, U, +AU,+AU, +AU, + AU =g,(x,Y), D
rme A, p,qeR, i=1234., gl(x, )/) 3a/1aHHast, JOCTATOYHO IJaaKas (yHKIIUS.

3amenoii U (X, y)=exp {—% X+ % y} U(X,Y), ypaBrerne (1) MOXKHO IPHBECTH K BHITY

Ugy —Uyy 80U, +3U =g(X,Y), (2)
rae
_2N A _AA P I
&L="r 5 3 + A, g(x,y)—exp{3 X== y}gl(x,y)-

Bagaua A Haiitu ¢ynxiuio U(X, y) u3 knacca C2(D)NCZ (5), Y/IOBJIETBOPSIOLIYIO

ypaBHEHUIO (2) U CIETYIONINM KPACBBIM YCIOBHSIM:

u,(x,0)=0, u(xq)=0, 0<x<p,
U(PY)=y,(¥). U (Py)=pa(y). Ua(0y)=pi(y). O<y<q,

rae Y, (y), i =:|T3, g(x, Y) 3aJ[aHHbIC JTOCTATOYHO TIAAKHE (QYHKIIHH, MPUIEM BBITOJHIIOTCS CIICIYIOIIHE
YCJIOBHS! COTJIACOBAHHSI
v (9)=w(0)=v"(a)=0, g(xq)=0, =123

OtMetuMm, 4To B pabote [1-2] paccmotpena ciyuae & =8, =0.

Teopema 1. Ecin sazaua A umeer pemenue, To npu simoinennu yerosuit & < 0,8, 20 ono
€JIMHCTBEHHO.

3ameuanue. OTMETUM, YTO NPH HAPYIIEHHH yCJIOBHI Teopemsl 1, T.e. & > 0, a, < 0 OJIHOPOJIHAs
3amaua A s oHOpOHOTO ypaBHEeHHeE (2) MOXKET MMeeT HeTpHBHaIbHOE pentenue. Hanpumep, ypaBHenue
2 2
Uy (X, y)+[7[(22Lp+1)] Uy (X, y)—(ﬁ(lz;qzn)) u(x,y)-u, (xy)=0,

C OJTHOPOJHBIMU YCIOBUAMU (3)-(4) MMeeT HEeTPpUBHAIBHOE PEIICHNE

u(x,y)_[1+( 1) sm[ 2 chos( 2 y), nkeZ.

Teopema 2. Eciiy BBINIOJHAETCS CIEAYIOLIEE YCIOBUE!

1w (y)eC’[0,q],i=13;

0? ,
2. M eC [0, q] ;
Oxoy
2
3. 0<C< #,
Kp(4 +1)
37\ *
TO PELLUEHUIO 3a/1a4u A CyIIeCTBYET. 371eCh C = max {|a1|,|a2|}, A= (Z_ﬂJ VK = E(l_exp[_&n .
3 3

[osyueno pernenue 3anaun A B Buze:

~208~ «EIII MATEMATUKJAPHUHT SSHT'U TEOPEMAJIAPH — 2022»
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0 p
u(x,y)= Z/l“gsmimz;;m"jj(;” (x,&) f,(&)dE +
n=1

+gﬂfsin(”(12;;mn](z&(x £ IGH dsdgj
+Z[V/2n Wgnp+%" P*+(Wan — %W)H%ijsin(”(lz;jmnj.
3nech
R, (%,£) =Gy (x.& +§ m n(X)=\/gEg(X,f7)COS[”(12;fmnjdn
G, (X,€) =_rf (m,l)n(s,é)ds, m=23,...,

0
a Gn (X,§ ) ¢ynkuus ['puna B Buze
Gln(x,f),0£x<§,
G, (X&), E<x<p.

Gn(X,§)={

3nech
¢
e”“"X{ZeA”[p 2) cos[ﬁﬂne‘J—Z cos( B
2 2
Gln(x,f)z% —Ze?(px)[e‘"ﬁZeéﬂ cos(—/l 5]} ( 23 (p-x) +€J ,

x ¢ ﬂm
I
+2e (2 Zj[e*""+2e 2 cos(—ﬂ Bsm( 23 ZJ

i)
A=3] %" [1+ Ze%p cos[? 2, pB

CIIUCOK JINTEPATYPBI:
1. Apakov Y.P., Rutkauskas S. On a boundary problem to third order PDE with multiple characteristics
/I Nonlinear Analysis: Modeling and Control. -Vilnius, 2011. - VVol. 16. -Ne 3. - pp. 255-2609.
2. AmakoB lO.II. O pemeHuu KpaeBOW 3amayu [IJsl ypaBHEHHsI TPETHEro MOpsAKa C KPaTHBIMH
XapakTepucTUKaMu // YKpauHCKUi MateMaTtnieckuil xypHai. -Kues. 2012. T.64. Ne 1. C. 1-11.

KPAEBAS 3AJAYA JJISA TAPABOJIMYECKOI'O YPABHEHMUS, BBIPOKIAIOIIETI'OCA HA
I'PAHHUIE OBJACTH

YcmonoB Jlonuép Adaymyroand yriam — macucmp, Pep.I.V.

B mHacrosmeir cratbe B obmactm Q= {(X,t) 0<x<1l 0<t< T} PAacCMOTPHM  CJIEAYIOLIEE
muddepeHInanbHOe ypaBHEHHE
t?u, +bu = x" (1= x)" uy +ax’ (1-x) u, - Ax (1-x)""u,, 1)
rne a,b,a,f,y,0 — 3anaunble neiicteutensHble umcna, npuueMm, 0<a<l, b>0; O0<a<l,
aly<a+l, y+a<2,0<p<1, B<O<B+1, 0+ <2,uzxoroporonpu a=b=a=LF=y=0=0
cienyer ypaBHeHne ®ypbe, ONUCHIBAIOIIEE MPOLIECC PACTIPOCTPAHEHHUS TEIIA B OJJHOPOIHOM CTEPIKEHE.
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Bamaya b. Haiitu ¢ynkouo U (X,t) , O0ImamaroIIyio CIeAyIOIIUMH CcBoicTBamMu: 1) U,
X" (1- x)’B u eC (S_)) tiu, X (1- x)élﬂ [xa (1- x)ﬁ uxl( eC(Q); 2) B oGnactu Q ynoenersopsier

ypasHenuto (1); 3) Ha rpanuie o6aactu {2 BBINOJHAKOTCS KPaeBble YCIOBHS BUIA

u(0,t)=0, Ixim(l—x)ﬁux(x,t)zo, te[0,T]; 2)
u(X,O)zgp(X), Xe[O,l],

rae go( X) — 3a/laHHAas HeTIpepbIBHAs (yHKIHS.

MeTo10M HHTETpajioB SHEPTUH TOKa3aHa CIeAyIoLast

Teopema 1. 3agaua 5 He MOXKET UMETH GOJIEE OHOIO PELIEHUS.

Ipu popmanbHOM TpuMeHeHnH MeToaa Pyphe K MOCTaBICHHOM 3ajaue b BO3HHMKAET Ciieryrolast
CIIEKTpanbHas 3aja4a:

CnexrpanbHas 3agaya ChH. Haiitu Te 3HaueHwst mapameTpa A, TPH KOTOPBIX CYIIECTBYIOT
HETPUBUABHBIC PEIICHUS YPAaBHCHHUS

MVE—[X“ (1—x)ﬂv’(x)}' = X% (1—x)ﬁ7‘5v(x), O0<x<1, (3)
YIOBJICTBOPSIOIINE CICAYIOUUM YCIOBHSIM:
v(x), x* (1—x)ﬂ V'(x)eC[0,1], v(0)=0, Iin}(l— x)ﬂ V'(x)=0. (4)

MeToJ0M HHTErpajioB SHEPIHU JO0KA3aHO, YTO 3ajaya {(3),(4)} MMEET HETPUBHAJIbHBIE PEIICHHS

tonbko ipu A > 0.
Hanee, 3agaua CH 3KBUBAJICHTHO CBE/ICHA K HHTETPaIbHOMY YPAaBHEHHUIO BUIA

v(X) :/Ijl'G(x,s)s“ (1-5)"" v(s)ds, ()
rae G(x,s) - dynkums ['puna 3anadu {(3)(4)},
Jx‘z’“ (1—z)“ﬂ dz, x<s;

G(xs)=1" (6)
_[z‘” (1—2)% dz, s<x.

0
3aTeM, CBeJIEHHEM ATOT'0 HHTETPAIBHOTO yPAaBHEHUS K HHTETPaJIbHOMY YPaBHEHHIO C CHMMETPUYHBIM
SAPOM, [0Ka3aHo, 4to ypaBHenue (5), ciemoBarensHo, 3amaya CB  umeer CYETHOE MHOXECTBO

TOJIOKHUTENBHBIX cOOCTBeHHBIX 3HaueHnit 0 <A <A, <A, <...<A,... C e1MHCTBEHHO! TOYKOH CryIICHHS

Ha OECKOHEYHOCTH; KM COOTBETCTBYIOT COOCTBEHHBIC (YHKIIHH \ (X), v, (X), Vs, (X) peees Vi (X) yeeey

. _ 5
00pa3syomIe CHCTEeMy OPTOHOPMUPOBAHHBIX (YHKIMI B mpoctpanctse L, (0,1) ¢ Becom X7 (l—X)ﬂ
[1,2]. doka3aHa ciemyrolas JJeMMa O Pa3ioKeHUN 3aJ]aHHON PYHKIIUU 10 3TUM COOCTBEHHBIM (DYHKIIUSIM.

Jlemma 1. ITycts Qpynxius h (X) YZOBJIETBOPSIET YCIOBUIM:

h(0)=0, lim(1-x)" h'(x)=0, x“7*(1-x)""*h(x), x* (1-x)"h'(x) eC[0,1];

X2 (1 x) )2 [x"‘ (1-x)’ h'(x)] el (01).

Torz{a, €€ MOXHO PAa3JIOKUTH Ha OTPE3KE [0,1] B a0CONIOTHO U PaBHOMCPHO CXOﬂHHlHﬁCH pdaa 1o

cucTeMe COOCTBEHHBIX (DYHKIIMI {Vk (X)}:):l sagaun Ch': h(X) = i h.v, (X) :
k=1

1
rae h, =_[x"“7 (1-x)""" h(x)v, (x)dx.
0

HOKa3aHBI CJICAYHOIINEC TCOPEMBI.
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Teopema 2. Ilycts QyHKIIH gD(X) YIOBJIETBOPSIIOT CIEIYIOIIUM yCIOBHSM:

(a2 (1_X)(ﬂ—§)/2 g (X), X (l—X)ﬁ g'(X) X (1_X)§—ﬁ |:Xa (1_ X)ﬁ g'(x)] c C[O,l];

x—1

X2 (1—x)ﬂ/2{x7“ (1-x)"" [ x* (2-x)" g'(x)]'} cL,(01); g(0)=0,lim(1-x)’ g'(1)=0,

limx« (1-x)" [x* (1-x)" g'(¥) | =0.

x—0

Torma cymma psiaa
u(x,t)=> g Ty (x),

k=1

ompeseIsieT perenne 3agaun b, rae A, u V, (X) , K € N - coGcTBenHbIE 3HaYeHMs U COOCTBEHHBIE (PYHKIIUH
1

sagaun CH, ¢ :.[x‘H (1-x)" p(x)v (x)dx.
0

Teopema 3. Ilycts pyHKIHSA gD(X) YAOBJIETBOPSIET yCIOBHAM Teopembl 2. Torma mms perieHus

3ajaun b crpaBeUIMBHI ClIEIYIONIHME OLEHKH:

Jlu(x.t) L on <|p(x) . max|u(xt)| <C,[¢'(x)

L., (0.) L. (01)’

rae

||f (x) Lo :Ex“‘y (1- x)ﬂ_g fz(x)dx} , p(X)=x"7 (l—x)ﬂ_g, ||f’(x)

r(x)=x“(1-x), G, =[F(1-a)[(1- ) (2-a~p)] -
JIUTEPATYPA.
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S AR

SODDA YOPIQ GRAFDA BOSHQARUVLARI INTEGRAL VA GEOMETRIK
CHEGARALANISHGA EGA HOLDA TUTISH MASALASI

lUsubjanov I., 2Uzogboyev H., *Mirzaakbarov A.
'Namangan State University, Master’s Degree student,

“Namangan State University, a teacher at NamSU,

*Namangan State University, Master’s Degree student

Annotatsiya. Ushbu magolada R™ fazoda berilgan yopiq graf ustida harakatlanuvchi bitta quvlovchi va
bitta qochuvchi bo’lgan hol uchun quvish masalasi o’rganilgan. Bu yerda quvlovchining boshqaruv
funksiyasiga integral chegaralanish, gochuvchining boshgaruv funksiyasiga esa geometrik chegaralanish
go‘yilgan hol uchun tutish sharti topilgan.

R"™ fazoda ABC uchburchak berilgan bo‘lib, har bir tomoni birlik kesmadan iborat bo‘lsin. Bu
uchburchakni girralaridagi P, va E, nugtalarda P quvlovchi va E qochuvchi berilgan bo‘lsin. P quvlovchining
fazodagi holatini P (t) orgali, E qochuvchining fazodagi holatini E (t) orqali ifodalaymiz.

Ularning harakatlari mos ravishda quyidagi differensial tenglamalar va boshlang‘ich giymatlar bilan
berilgan bo‘lsin:

PO =, P0) =P, (1)

L0 = v, E(0) = E, 2
bu yerda P(t),E(t),u,v € R",n > 2 va Py, E, nugtalar mos ravishda quvlovchi va gochuvchining t = 0
vaqtdagi boshlang‘ich vaziyatlari. Bunda P, # E, deb garaymiz. u va v boshqaruv parametrlari bo‘lib,
obyektlarning boshgariluvchi tezliklarini ifodalaydi.

Ta’rif 1. Berilgan boshlang‘ich P, va E, nuqtalar orasidagi masofa deb, ularni tutashtiruvchi eng gisga
yo‘lga aytamiz va uni |zy| bilan belgilaymiz.

Ta’rif 1 ga ko‘ra, |zy| uchun ushbu tenglik o‘rinli:
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|zo| = min{|BPy| + |BE,|, |APy| + |AC| + |CEyl}.

Quvlovchining u boshgaruv parametri t bo‘yicha o‘lchovli funksiya sifatida tanlanadi va
u(*):[0,0) = R™ akslantirishni bajaradi. Bu boshqgaruv funksiyasi quyidagi integral chegaralanishni
ganoatlantirishini talab gilamiz:

Jy Tu(s)|?ds < a deyarli barcha t > 0, (3)
bu yerda a > 0.

Qochuvchining boshgaruv parametri v ham t bo‘yicha o‘lchovli funksiya sifatida tanlanadi va
v(+):[0,00) - R™ akslantirishni bajaradi. Bu boshqgaruv funksiyasi quyidagi geometrik chegaralanishni
ganoatlantirishini talab gilamiz:

|[v(t)| <1 deyarli barcha t > 0. 4)

Quvlovchining (3) chegaralanishni ganoatlantiruvchi  barcha wu(-) boshgaruv funksiyalar

sinfini U; bilan belgilaymiz. Qochuvchining (4) chegaralanishni ganoatlantiruvchi barcha v(-) boshgaruv

funksiyalari sinfini V bilan belgilaymiz.

Shuni ta’kidlash kerakki, (3) chegaralanish energiya bo‘yicha chegaralanish bo‘lib, a parametr
quvlovchining boshlang‘ich resursini ifodalaydi. (4) chegaralanish esa mexanik chegaralanish hisoblanadi va
gochuvchining eng katta tezligi bir birlik ekanligini ifodalaydi.

(1)+(4) o‘yinda quvlovchining magsadi qochuvchi bilan biror T > 0 vaqtda ustma-ust tushish (tutish
masalasi), ya’ni

P(1) = E(7) ()
tenglikka erishish. Qochuvchining magsadi esa barcha t > 0 vaqt oralig‘ida
P(t) # E(t)
munosabatni ta’minlash yoki imkon gadar tutilish vaqtini cho‘zish.

Ta’rif 2. u(v) funksiyaga quvlovchining strategiyasi deb aytamiz, agar bu funksiya v bo‘yicha o‘lchovli
bo‘lib, uning realizatsiyasi uchun |u(v(t))| € U; munosabat bajarilsa.

Ta’rif 3. Quvlovchining strategiyasini biror [0, T'] vaqt oralig‘ida yutugli deb aytamiz, agar gochuvchi
ixtiyoriy v(-) € V boshgaruv tanlaganda ham biror chekli 6 € [0, T] vaqtda (5) tenglik hosil bo‘lsa.

Ta’rif 4. (1)—(4) o‘yinda quvlovchining strategiyasi deb quyidagi funksiyaga aytamiz:

u(v(®)| = @] + a—z|v(t>||zO|Z\|/ZZc|2—4a|v(t)||zO| t>0. (6)

Xossa. Agar @ = 4|z,| bo‘lsa, u holda |u(v(t))| funksiya barcha t > 0 vaqt oralig‘ida aniglangan.

Teorema. Agar (1)—(4) o‘yinda a > 4|z,| shart bajarilsa, u holda (6) strategiya [0, T*] vaqt oralig‘ida
2|z|?

a=2|zq|+Ja2—4a|z,|
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yutuqli bo‘ladi, bu yerda T* =

SODDA HARAKATLI DIFFERENSIAL OYINNING BIR MASALASI HAQIDA

Xonkeldiyeva O".

Farg’ona davlat universiteti magistranti

Annottsiya. Ushbu ishda bitta qochuvchi va bir nechta quvuvchi ishtirokidagi sodda differensial 0’yin
o’rganiladi. Bunda barcha ishtirokchilarning dinamik imkoniyatlari bir xil. a(t) = 1 bo’lgan xoldagi masala
[1], [4] tadgiqot ishlarida tadqiq etilgan. Ushbu ishda a(t) Lebeg ma’nosida integrallanuvchi funksiya bo’lgan
hol o’rganilgan.

~212~ «EIII MATEMATUKJAPHUHT SSHT'U TEOPEMAJIAPH — 2022»



3-MIYBBA. JTU®PEPEHIIMAJI TEHTJIAMAJIAP BA JUHAMUWK CUCTEMAJIAP
Kalit so’zlar: differensial 0’yin, bo’lakli-dasturli strategiyasi, kontrstrategiya, chegaralanish.
R¥ (k = 2) fazodan + 1 ishtirokchili differentsialli 0’yinni qaraylik: Py, ..., P, —ta’qib giluvchilar va
E — qochuvchi. Har bir P; tagib giluvchining harakatlanish gonuni

() = a®u(t), %) =x°  wEQ 1
tenglama bilan ifodalanadi. Qochuvchining harakatlanish gonuni
y(@®) =a@®v(), y({t)=0  veEQ (2)

tenglama bilan ifodalanadi, bu yerda z? =x?—y° & M; (i =1,..,n), My,..,M,, — berilgan gavarig
kompaktlar, a(t) — t oq’ning ixtiyoriy kompakt gismida Lebeg ma’nosida integrallanuvchi funksiya, Q —
chegarasi sillig bo’1gan qatiiy qavariq kompakt, 0 € Q.

Faraz qilaylik T > t, — ixtiyoriy son va o — [t,, T] kesmani biror ty =17 < 77 < .. < Ty < Tgyq =
T usulda bo’lish bo’lsin.

1-Ta’rif. t € [1;,7;,4) intervalda aniglangan y(t) funksiya olinganda

(A PN CHEICN) (3)

nuqgtaga t € [, 7,4,) intervalda aniglangan v,(t), v,(t) € Q, o’lovli funksiyani mos qo’yuvchi b}, | =
0,1,...,s, akslantirishlar oilasi E gochuvchining [t,, T] dagi o bo’lishga mos V bo’lakli-dasturli strategiyasi
deyiladi.

2-Ta’rif. (3) nuqgtaga va v;(t), v;(t) € Q, boshqaruvga t € [t;, 7;4,) intervalda aniglangan
uli(t),uf(t) € Q, o’Ichovli funksiyani mos qo’yuvchi c!, I =0,1,...,s, akslantirishlar oilasi P; ta’qib
giluvchining [t,, T] dagi o bo’lishga mos U; bo’lakli-dasturli kontrstrategiyasi deyiladi.

z% = (&9, ...,x3,y°) bo’Isin. Bu o’yinni G = G (n, z°) orqali belgilaymiz.

3-Ta’rif. Agar ixtiyoriy T > t, uchun [t,, T] kesmani shunday o bo’lish va E gochuvchining V
strategiyasi mavjud bo’lsaki, P; o’yinchilarning ixtiyoriy tracktoriyalari uchun

xl(t)—y(t) $Mi' t e [to,T], i = 1, o, n,

munosabat o’rinli bo’lsa, u xolda G 0’yinda qochib ketish mumkin deymiz, bu yerda y(t) — E qochuvchining
ushbu jarayondagi traektoriyasi.

4-Ta’rif. Agar shunday T > t, vaqt mometi topilsaki, [t,, T] intervalni ixtiyoriy o bo’lish va E
gochuvchining ixtiyoriy y(t) trektoriyasi uchun P; ta’qib giluvchilarning ¢ bo’lishga mos U; bo’lakli-dasturli
kontrstrategiyalari mavjud bo’lib

X (7) = y(T) € My,

munosabatni ganoatlantiruvchi t € [t,, T] vagt momenti va m € {1, 2, ..., n} nomer mavjud bo’lsa, u holda, u
xolda G o’yinda tutib olish mumkin deyiladi, bu yerda x,,(t) — B, ta’qib giluvchining ushbu jarayondagi
traektoriyasi.

(1) va (2) sistemalar o’rniga

() = a®(w ) —v(®),  z(t) =2z =x —y°. (4)
sistemani garaymiz. 4; funksiyalarni quyidagicha kiritib olamiz:
Ai(v,m;) = max{A| v —A(z) —m;) € Q}
A;(v) = max 4;(v,m;), i=1,..,n
miEM;

Q to’plam — qat’iy qavariq silliq chegarali kompaktligidan A;(v) funksiyalar Q to’plamda uzluksiz ([4]
adabiyotga garang) va
0N _ s
6(z°) = rglelg igﬂﬁ(nli(v)

munosabatdan aniglanuvchi §(z%) mavjud.

1-Faraz. Shunday C; > 0 mavjudki, barcha t > t, larda a(t) > C; tengsizlik bajariladi.

1-Teorema. 1-faraz o’rinli bo’lIsin.

1) agar §(z°) > 0 bo’lsa u holda G o’yinda tutib olish mumkin;

2) agar §(z°) = 0 bo’lsa, u holda G o’yinda qochib ketish mumkin.

Isbot. Teoremaning 1) gismini isbotlaymiz. [4] tadqiqot ishiga ko’ra A; (v, m;) funksiyalar aniglanish
soxasida uzluksiz, M;(v) = {m;| A;(v,m;) = A;(v)} akslantirish uzluksiz va bir giymatlidir.

P; ta’qib qiluvchining U; kontrstrategiyasini quyidagicha quraylik:

uj = () — 4 (v () (Zio - Mi(vl(t)))r t € [ty T141),

n

bu yerda o = {to =T,< T < .. <Tgpq =T(2% = 3%
1
ixtiyoriy strategiyasi. Yuqoridagilarni xisobga olib (4) tenglamaning yechimini yozaylik:
t

}, V' esa bu bo’lishga mos E qgochuvchining

z;i(t) = zl-0 — fa(s)/li(v(s)) (zl-o — Mi(v(s))) ds =

to
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t t
=z (1 - fa(s)/ll-(v(s))ds> + ja(s)Ml-(v(s))/li(v(S))ds_

to to
5(z®) miqdorni aniglanishiga ko’ra

L:rrlunn (1 — fa(s)/li(v(s))ds> =1- lglnnn f a(s)/li(v(s))ds <

to to

<1 —%fa(s)zl:li(v(s)) ds<1 —%5(20)@ — to).
fo i=

" dan ortmaydigan T (z°) momentda

Bunga ko’ra t; +

C15(Z°)
t
1—- f a(s)2;(v(s))ds
to
miqgdorlardan kamida bittasi nolga aylanadi. U xolda

T(2°)
z(T(z%) = j a(s)M;(v(s))2;(v(s))ds € M;.

to
Ixtiyoriy p € R¥ vector ustida (z;(T(z°)),p) skalyar ko’paytma C(M;,p) tayanch funksiya giymatidan
ortmaydi, u xolda

(%)
(z(T(=%),p) = f a(s)2;(v(s))(M;(v(s)),p)ds < C(M;, p).

to
Shunday qilib, ta’qib giluvchilardan kamida bittasi T (z®) momentda gochuvchini tutib oladi.

Faraz qgilaylik z, pozitsiya uchun teoremaning ikkinchi sharti bajarilsin. U xolda shunday v, € Q
vector mavjudki barcha i =1,...,n larda A;(vy) = 0 tenglik bajariladi. Qochuvchining strategiyasini
quyidagicha quramiz: o = {t,, +o0}, v(t) = v.

Aytaylik bunday boshgaruvda G o’yinda tutib olish mumkin bo’lsin. U xolda shunday T > t, moment,
taqib giluvchilarning Uy, ..., U,, kontrstrategiyalari mavjudki, biror i € {1, ...,n} uchun z;(T) € M; munosabat

bajariladi. U xolda
t

7@ =70+ [ als)au(®) - vo)ds =

to
t t
=2z — v, fa(s)ds+zi° + fa(s)ui(s)ds.
to to
Quyidagi funksiyani garaylik:
L a®ue)ds

Uu;

fti) a(s)ds
u;(s) € Q ekanligidan ;(T) € Q kelib chigadi. U xolda

t
7T = 20 + @ (1)~ vo) [ alsdds € M,
to
munosabatga ko’ra shunday m; € M; nugta mavjudki quyidagi tenglik bajariladi
t

2(T) = 20 + @,(T) — vy) f a(s)ds = m;
yoki °

ml‘—Zl-O

8,(T) — vy = A
HT) ~ o ft:a(s)ds

~214~ «EIII MATEMATUKJIAPHUHT ITHT'U TEOPEMAJIAPH — 2022



3-MIYBBA. JTU®PEPEHIIMAJI TEHTJIAMAJIAP BA JUHAMUWK CUCTEMAJIAP
1 0
——(z;, —m;) =4;(T) € Q
f;a(s)ds( l )=
munosabatni olamiz. i;(T) — v, ayirma nol bo’la olmaydi, aks xolda z;(T) = z € M ziddiyatni ko’ramiz.
A;(vp) ni aniglanishiga ko’ra
Ai(vo) = max 4;(vo,m;) = max max{A| vo — A(z —m;) € Q}

Vo —

Yuqoridagi ikki munosabatdan va teorema shartidan foydalanib

1
0= /11'(1]0) = >0

T2
fto a(s)ds C1

ziddiyatni xosil gilamiz. Demak yugorida G = G(n, z°) o’yinda tutib olish mumkin bo’lsin deb gilingan faraz
to’g’ri bo’lishi mumkin emas. Teorema isbotlandi.
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DIFFERENTIAL GAME WITH NONLINEAR RESTRICTIONS ON CONTROLS

Horilov Makhmud Abdumalikovich
Namangan State University

Let's assume that a controlled object P (the Pursuer) pursues another object E (the Evader) in P".
Express by X and Y the states of the objects P and E respectively. Consider the pursuit problem when the
objects move with respect to the equations

¥=u, x(0)=x, 1)

$=v, y(0) =y, v
correspondingly, where X, Y,U,V € P "n>2; X, and Y, are the initial states of the objects and it is presumed
that X, # Yy; U and V are the velocity controls which function as parameters of the equations (1), (2) and they

should be measurable functions U(") :[0,+00) — P " and V() :[0,400) > P " respectively.
We put the constraint

2
t
IO |u(s)|* ds < %(1— e )+ pZ for almost every t >0 (3)

on the control function of the Pursuer and a class of such control functions is denoted by U , where pq, p,,

k are positive parametric numbers.
In a similar way, we put the constraint

2
¢ o _
L |v(s)|® ds Si(l—e Y+ 0% foralmost every t>0 (4)

on the control function of the Evader and a class of such control functions is denoted by V' , where 0y, &,

k are positive parametric numbers.

Note that the constraints (3), (4) can be regarded as the general form of integral, linear and mixed
constraints. Problems with linear and mixed constraints are more complicated than problems with integral and
geometric constraints.

Definition 1. 1 The functions U(-) = (U,(),.-,U,()) and V()= V() V, () that fulfil the
conditions (3), (4) are called admissible control functions of the Pursuer and Evader respectively.
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Definition 2. 2For the pair (X;,U(")), u() eU, the solution of the equation (1)

t
X(t) = x, +Lu(s)ds is called a trajectory of the Pursuer on time interval [0, ).

t
Definition3 3. For the pair (Yy,V(-)), v() eV the solution of the equation (2) Y(t) =Y, +IOV(S)dS

is called a trajectory of the Evader on time interval [0, ).
The goal of the Pursuer is to capture the Evader, i.e. to reach the equality x(t) = y(t) (pursuit game).

Meanwhile, the Evader struggles not to encounter the Pursuer (evasion game), i.e., to keep the relation
x(t) = y(t) for all t >0, and in the opposite case, to delay the time of encounter as long as possible. This is

the preliminary formulation of the pursuit-evasion problems in the considered game.

2
Lemma 1.4 If u(-) eU , then X(t) € Sv(t)(XO) forall t>0, where y(t) = (%ergjt .

We will give a definition of the I1 -strategy for the Pursuer.
Definition 4.5 In the pursuit game (1)--(4), the function

U(E V) = V= A V)E), AL V) = ty + (Vs &)+ (hp +(V, &) + 88725, (®)
is termed the Il-strategy of the Pursuer, where fy =0,/2|Z,|, & =pi-oz, & =p12—(712,

fo = ZO/ | Z, | Z,=X,—Y,,and (V,§O> means the inner product of the vectors V and fo inP".
In (5), the function A(t,v) is usually termed the resolving function.
Proposition 1. 6If p, > &, thenin (5), for any veV , the function A(t,v) is defined, nonnegative
and besides that, the equality
0,
lu(t,v) =] v +—°|/1(t,v)+51e‘2kt,t20 (6)
0
is satisfied.

Lemma 2.7 Let p, > &, and Py 2 0y be valid. Then the equation

JOO) +P() - JD(t) =|7, | (7)
Kkt )2
has at least one positive root in respect to t,t>0, where g(t) = t(:i (1—6‘2“)+0§j' F(1) =t +51[1_|f ] '

Definition 5. 8The smallest positive root of (7) is termed a guaranteed capture time and it is denoted
by T .

Theorem 1.9 Let Lemma 2 be satisfied. Then the 11 -strategy (5) guarantees realization of capture
in the pursuit game (1)-(4) on the time interval [0, T].
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KOEFFITSIENTI TENGLAMA TARTIBIGA BOG’LIQ DIFFERENSIAL TENGLAMA UCHUN
BIR CHEGARAVIY MASALA HAQIDA

Yusubjonova G.
Quyidagi kasr tartibli differensial tenglamani tatbig etamiz:
= Dor ¥+ 2 o DGy (%) + uy(x) = £(x) (1)

Bu yerda A, € R, f(x)- berilgan funksiya va
atl 1 ¢ . )
chmy(x)=§j_v (e dt, 0<o=<l1 (2)
0

Singulyar yadroga ega bo'lmagan « tartibli integro-differensial operator. Bu operator quyidagi xossaga

ega: Doy y(x) = o Doy (cr Doxy(x)).n € (3).

Shuni ta’kidlash kerakki, agar ¢ =n €/ bo’lsa, u holda (2)operator oddiy differensial operator bilan

() d"
ustma-ust tushadi,ya’ni: Doy y(x) = y (x) = dx:]'; (4)
- asl 1 F o et
(3) va(4) ni hisobga olsak, .rDgy ¥(x) =:J y'(t)e ™ dr (5)
—Ho

Ni olamiz. Dastlab,(2) va(5) formulalardan foydalanib, (1) tenglamani quyidagiga yozib olamiz.

2 (3) - A@)7 (x)+ B@)=() = £(x) ©)

Buyerda z(x)= y(x}el‘“x , Aler) = 2—{?4— A+ pu(l—e), Bla)= i[i —A]
l-o l-o l-«

f@ == 0+ ).

(6) tenglamaning koeffitsientlari ko'rsatilgan (1) tenglamaning « tartibiga bog'liq ekanligini ko'rish giyin

emas.

Endi (1) tenglamani x €[0,1] kesmada tatbiq etaylik.

Masala. (1) tenglamaning [0,1] kesmadagi y(0)=0,y(1)=0 shartni ganocatlantiruvchi yechimi topilsin.

Bu masala yuqgoridagi xisob-kitoblarga asosan (6) tenglamaning z(0)=z(1)=0 (7) shartlarni
ganoatlantiruvchi yechimni topishga ekvivalent bo’ladi. Bu funksiyani Grin funksiyasi usuli bilan tatbiq

etamiz.Buning uchun (6) tenglamaning xarakteristik tenglamasidagi
[(e) = A*(a) —4B(ex)
Ifodaning giymatiga bog’lig bo’ladi.

Dastlab [{e) = 0bo'lgan holni garaylik,
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[(e) =0 — A () —4B(a) =0 bundan kelib chigadiki,

Demak, u koeffitsient (9) shartni ganoatlantiradi. (8) bilan aniglangan [/ () ifoda O ga teng bo'ladi. Bu

holda (&) va (7) masalaning Grin funksiyasi

Aok
Gont) ={.,
eﬂi_L(H)t(x—l}.tﬂxﬂ.

x(t-1),02x=2,

ko'rinishga ega bo’ladi.Keyingi o'rinlarda [ @ > 0va | @ < 0 holatlar gqarab chiqiladi. Barcha holatlar garab

chiqilgeh,{6(,(7) masalaning yechimi Gilbert teoremasiga ko'ra,
1 A
2= f(O)G(x,0)dt
]

formula bilan aniglanadi.Bu yerdaG(x,t) barcha holatlarga mos ravishda aniglanadi. Undan keyin esa

[*4
——xz{x)
y(x)=e @ almashtirishga ko'ra esa (1) tenglamaning y(0) = y(1) = 0 shartlarini ganoatlantiruvchi

yechimi topiladi.
FOYDALANILGAN ADABIYOTLAR:

1. M.Caputo,M.Fabrizio. A new definition of fractional derivative without singular kernel.
Progr.Frac.Differ.Appl. Ne1,2015,pp1-13

2. M.Mirzayeva. on an integral-differential equation with the Caputo-Fabrizio operator and its
application in solving boundary-value problem for partial differential equation. Bulletin of the
Inst. Of Math. Vol.4, Ne1,2021,pp1-10.

~218~ «EIII MATEMATUKJAPHUHT SSHT'U TEOPEMAJIAPH — 2022»



4-MMYBBA. DXTHMOJLUIAP HA3BAPUSICH BA MATEMATHUK CTATUCTHUKA

PANJARADAGI IKKI ZARRACHALI SISTEMA ENERGIYASINING BIR EHTIMOL
BILAN QABUL QILADIGAN QIYMATLARI

1Janikul Abdullayev, ?Farhod O‘rolov
'F.-m.f.d, Sharof Rashidov nomidagi Samargand davlat universiteti
’Magistrant. Sharof Rashidov nomidagi Samarqgand davlat universiteti

Mikroobyektning qandaydir fizik miqdorini o‘lchash uchun mikroobyektni asbob bilan o‘zaro ta’sir
qilishga majbur etish kerak. Bu o°zaro ta’sir natijasida asbobning makroskopik holati o‘zgaradi, yani o‘lchash
akti yuz beradi. Odatda mikroobyekt asbob bilan o‘zaro ta’sir qilganda ko‘chkisimon jarayonni (masalan,
Vilson kamerasida bug® kondensatsiyasini) chaqiradi, bu esa asbobning makroholatining o°zgarishiga olib
keladi.

Umumiy holda o‘lchash natijasini oldindan aniq aytib berish mumkin emas ekan (hatto o‘lchash
o‘tkaziladigan sharoitlar hagida barcha mumkin bo‘lgan ma’lumotlar to‘planganda ham). O‘lchash natijasi
tasodifiy miqdor bo‘lib, kvant mexanikasida bunday miqdorlarning tagsimot qonunlari o‘rganiladi.
Qiymatlarini tajribada aniglash mumkin bo‘lgan fizik miqdorlar kuzatiluvchan miqdorlar deyiladi. O‘lchash
natijalari hagigiy sonlar deb hisoblanadi.

Quyida bayon gilingan kvant mexanikasi asosiy postulatlarining sistemasi I.fon Neyman tomonidan
taklif etilgan [1].

1-postulat. Kvant mexanikasidagi sistemaning holatlari 2 kompleks separabel Hilbert fazosining
(birlik) vektorlari bilan ifodalanadi. Bunda ikkita vektor ayni bitta holatni fagat va fagat nolmas kompleks
ko'paytuvchiga farqg gilgandagina ifodalaydi.

Har bir kuzatiluvchan migdorga Q da chiziqli o°z-o‘ziga qo'shma operatorni bir giymatli mos go'yish
mumkin. Kuzatiluvchan a miqdorga mos o°z-0‘ziga qo'shma operatorni A orqgali belgilaymiz.

Energiya har qanday kvantomexanik sistemada muhim fizik miqdor bo‘lib hisoblanadi. Bu
kuzatiluvchan migdorga mos operatorni H orgali belgilaymiz. Quyidagi postulat H energiya operatori sistema
evolyutsiyasining gonunini aniglashini takidlaydi.

3-postulat. Biror t = 0 vagqt momentida sistemaning holati v, vektor bilan tasvirlansin. U holda
ixtiyoriy t vaqt momentida sistemaning holati ¥ (t) = U, vektor bilan tasvirlanadi, bu yerda U; evolutsiya
operatori deb ataluvchi unitar operator. Agar ¥ (t) vektor-funksiya H operatorning D (H) aniglanish sohasiga
aqalli t = 0 tushsa, u differensiallanuvchi bo ‘ladi va

L d(t)
lhT = Hl/)(t) (1)
munosabat o‘rinli, bu yerda h — Plank doimiysi.

(1) munosabat kvant mexanikasining asosiy tenglamasi bo‘lib, u Shryodinger tenglamasi deyiladi.

Vaqt o‘tishi bilan o‘zgarmaydigan holatlar statsionar (barqaror) holatlar deyiladi. Energiya statsionar
holatda ayni bitta giymat, energiya operatorining xos giymatini bir ehtimol bilan gabul giladi. Statsionar
holatlarni (H energiya operatorining xos vektorlarini) ifodalovchi

HY = (2)
tenglama Shryodingerning statsionar tenglamasi deyiladi va biror A € C uchun (2) tenglama nolmas yechimga
ega bo‘lsa, ¥ yechimga statsionar yechim deyiladi. Boshgacha aytganda i holatda energiya 1 ehtimol bilan A
giymatni gabul giladi.

Bu pastulatdan quyidagi natijani olamiz.

1-tasdiqg. Kuzatiluvchan a migdor ¥ holatda ma’lum A giymatni 1 ehtimol bilan gabul gilishi uchun ¢
holat A operatorning A xos giymatiga mos xos vekori bo‘lishi zarur va yetarli.

Bu ishda bir o‘lchamli panjarada harakatlanayotgan ikki zarrachali sistema energiyasining statsionar
holatlari o‘rganiladi. Panjaradagi ikki zarrachali sistemaga mos energiya operatori £, (Z?) Hilbert fazosida

A=H,-V,
0°‘z-0°‘ziga qo‘shma chegaralangan operator sifatida aniqlanadi. A operatorning koordinat tasviridan impuls
tasviriga Fur‘ye almashtirishi orqali o‘tiladi. Ikki zarrachali sistemaga mos energiya operatori H va L, (T?)
fazolar quyidagicha to‘g‘ri integralga yoyiladi [2-6],

H =f ® H(k)dk, L,(T?) :f ® L,(T)dk
T T

Har bir tayinlangan k € T da H(k) = Hy(k) —V operator L,(T) Hilbert fazosida quyidagicha
aniglanadi (H (k) lar Shryodinger operatorlari deyiladi):

(Ho(k)f)(p) = 2(1 — coskcos2p)f(p)
Zarrachalar o‘zaro ta’sirini ifodalovchi operator V' esa:
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1

VN@) =57 | [+ 2mcostp = ).

Bu yerda u, va u, lar musbat sonlar.
Teorema. Ixtiyoriy uo va py lar uchun Shryodinger operatori H(0) ikkita

4uf
M=2—- [4+p2 va lh=———
PTITRT TR CRENE

_92
4(/‘1—2)2 paydo bo‘ladi va bu qiymatlarga

xos giymatlarga ega. Agar p; = 2 bo‘lsa uchinchi xos giymat A3 = R
1- M1

mos holat funksiyalari quyidagicha bo‘ladi:
osp sinp

fi(p) = 2e(0) Iy f2(p) = 2e() = 7y f2(p) = 26(0) — 1
Natija. f1, f>, f5 holatlarda energiya o‘zining 44, 4,, A5 giymatlarini 1 ehtimollik bilan gabul giladi.
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IIYACCOHOBCKHE ITPEJEJIBHBIE TEOPEMbI B CXEMAX PASMEIIEHUA YETHOT'O
YNCJA YACTHUI B KAXKAYIO AYEUKY

®.A. AOAYIIYKYpPOB
f.abdushukurov@ytit.uz
Cmapwuii npenodasamens kageopvi UH@popmayuoHHbIX mexHoI02ull
Texnuueckuti uncmumym Edocy 6 2opode Tawkenme
Hncmumym mamemamuxu umenu B. M. Pomanoeckoeo Axademuu nayx Pecnyonuxu Y3bexucman

Paccmorpum pesysbratel u3 (F.A. Abdushukurov [1] u F.A. Abdushukurov, A.N. Chuprunov [2]).
Iyctb n, N nenoe uncino. OIHOPOIHBIM pa3MEIIEHHEM N Pa3IMYMMBIX YacTHUIl 10 N pasIn4uMbIM SUeHKam

HAa3BIBAETCS CIyYaHBIE BEJIUYHUHBI 71,15, ..., ]y C COBMECTHBIM PACIIpE/Ie]IEHHEM
n

! 12 n! 1
P{ni = ky, oy = ky} = m<ﬁ) '

rae kq,ky, ..., ky — HeoTpuuarenbHbIC IEJbIe 4YHCIa Takue, 4T0 ki + k, + -+ + ky = n. Paccmorpum
CITydaifHble BEIMYHHEI 11,73, ..., )y, C COBMECTHBIM pacrpeieIeHUeM, ONpeiessieMbIM 1O (hopMylie
P{ny = 2ky, ...,ny = 2ky} == P{ny = 2ky, ..., Ny = 2ky |
|n; npuHKUMaeT YeTHOe 3HaveHue, 1 < i < N} (D)
rae kq, ks, ..., ky — HeOTpHUIIaTENBLHBIC TIENIbIe YUCIIa Takue, uto ki + ko + -+ + ky = n.
3ameTtuM, uro cxema (1) sSBisieTcss cxeMol pa3MemeHnss 2N pa3IuIuMbIX JacTUIl 10 N pa3IuIHbIM
sSYeWKaM TpPH YCIIOBHHM, 4YTO: KaXkJas sYeiKa COACPKUT dYeTHoe uucio dactil. Ilycts &,&,, ..., ¢y
He3aBHCHUMbIE OMHAKOBO paclpeieieHHbIe CIydaiHble BeTnuuHbl. O003HaunM
pr =P{& =k}, k=012,..

CrnyuaitHble BETUYHHEI 1)1, 1]3, ..., ]y 0OIIEH cxeMol pa3MenieHust n yacTuil o N s4eiikaM, €Clii COBMECTHOE
pacripenielieHie UMEET BH/T

N

Z $i = n}

i=1
rae kq, ks, ..., ky — HeoTpUIaTeNbHBIE TIENbIC YHCIa Takue, 9To kq + ky + -+ ky = n.

P{ny =kq, .,y = ky} = =P{f1 =kq, ...y = ky
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Teopema 1. [Tycts 0 < a < o0, Cxema (1) siBsercst oOmieit cxemoii pa3MerieHust 2n yactun no N syeiikam B

KOTOPOM
2k

=— k=01,2,...
(2k)!'ch(a)’ S

P{; = 2k}
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TEXHOJIOT UK KAPAEHHUHT XOJATHHU AHUKJIOBYM HA3OPAT KAPTAJIAPHH
TAKKOCJIAII XAKHJIA

A.C.AxmenoB - ¢p.m.¢h.H, Mamemamuxra xaghedpacu doyenmu, ALY
K.C.Abaa3oBa — Mamemamuxa kagedpacu kamma yxumysuucu,. AIY.

MyaMMoOHMHT naia0 6y aumm: MaxcynoT unurab YnKapuir OnnaH OOFIIHK jkapaéH OOIIKapUIIaural
éku OolKapuaIMaiauran OYIMIIM MyMKHH. bolkapuiaguras xapaHHUHT Y31 XaM UKKH XWI: a) YHKa&Tran
MaxcyJoTiiap Tyya Tajmabra jxaBoO Oepaiau; 0) MabiIyM MHKIOPAA SPOKCH3 MaxXxCyJOTJIap MaBxKYyI.
Bomkapunmaiiauran xapaéH UKKH XWI: B) MaxcyloTiap Tanabra xaBoO Oepaau, JEKHH kapaéHra MyXuMm
Oy7nTaH TabCUp KyWIApH TabCUP KUJIaIH, Iy cababiu skapaéH n3gaH YHKUO IPOKCU3 MaxCyJIoTiIap OupaaHura
KYTaiiub KeTUIIN MyMKHH; T') )KapaéH M3uIaH YUKUO KeTHO, IPOKCU3 MaxCyJI0Taap COHU Kymaiub kerrad [1].

Arap xapa¢HHU SXIIIIAII Yopallapy KypuiaMaca SHTponus Tyaiiiu r) xonarra kapad keTunaan. XX
acpaa 0y MyaMMOHM €YMIIHWHI UKKHM XWMJI KOHLEMIMICH MaBXyX Oyiran: 1) MyXaHAWCIHMK KOHLEMIHSICU-
MaxcynoT cudarnHu KyHuM (Spec) acocunma Hazopat kwiumr; 2) IllyxapT xoHmemuscu- HazopaT Kaprta
(HK)nap ycynu €pmammaa a)-r) XonamIapHU SXIIMJIAIl Ba SHTPHONHSHU OJIUHHU ONHII. XO3UPrH KyHIa
Ha3opaT Kaprajuap ycyau Kyutanwiaau Ba 1ISO cranpapriapu Masxkyn [2].

HKapau KypHIIHHHT XaM UKKH XWUJ1 yCylId MaBxy: 1) cudart Ounan GOFIMK CTaTUCTUKAHUHT COHJIU
XapaKTepUCTKaJapy acoCHia; 2) CTaTUCTUKAHWHT TaKCUMOTH EKHM JIMMUT TaKCHUMOTH Eplamujia WIIOHYWIN
WHTEpBaJUIap yCcyluaaH QoiianaHull.

By rtesucma O6u3 umkkuH4uM ycynmaH ¢oiganann® tyswiraH HKnapuu Oupunum ycyn €pmamuna
TONMWIITaHNIApH OHMJIaH TAKKOCIIAII MacalacHHu Kapaimus [3].

Acconmanusi KWJICcak- 3JISKTP TOKH HIUIA0 YUKW (JMMHT TeopeMa HMCOOTJIaHaAM) Ba YHIAH
Gdoligananmiran xoJa My3JaTKUd, TEJIEBU30p Ba X.K.Jiap maigo OYnaum (IMMHT TeopeMa acocHIa MabliyM
¢byHKuMsiHM Oa)kapyBuM Ha3opaT KapTajap Kypwinu). DHAM, MacajaH, KalCH MY3JIaTKUYHU OJIUII Y4YyH
yIIapHU TakKocnasnmus (Oup Heda Xuin OuTTa QyHKIUSHA OaXkapyBUd HA30paT KapTajap TaKKOCIAHSIIITH ).

Meton Ba HaTtmxkajgap: Aiitaiinuk X OMpop MaxCyJIOTHHHT TEXHHUK XapaKTepuUCTHKacu OYmuo,
X~N(ug; 03) 6¥ncun. X nan t = 1,2, ..., k 6upnux BakTIapaa X= (%1, %3, ..., X,) TaHTaHMaJAp OMKO YHUHT
3UWIMK (QYHKUMSCHHUHT (OPMACHHM HOMUHANTa HUcOaTaH TEKHMpHO OOpHIL TaHJIaHMa acCUMMETPHUS Ba
sKcIece Kod(puIMeHIapy OuiIan aMaira omupuiaad. [4]mxa 6us 0y MyaMMOHH “AcCHMMETpHs-OKCIece”
kymanok HK épaamuna amanra ommpHIinHy iynra Kyirad sauk. bynna HK KypHUIDHUHT UKKUHYM YCYJIUAH
¢dotigananranmu3. By HKnapauar kyBBarT ¢yHKIMsulapu (kapa€Hra apajamuil 3XTUMOJNH) EpaaMuia
MaxcyJoT uiald yukapuil OmiaH OOFIHK apacH a)-T) XonamiapaaH Kaiicn Oupuaa SKaHIMTHHNA aHUKJIAIl
MyMKHMH Gynaau. Bymjait wumiapan GupuHUM ycyn épiaMuia TOMIWIraH “Ypra KuiiMaTiap Ba CTaHIapT
orumiap” HomutH Kytanok HK Ba ynmapHuHr KyBBaT QyHKIMsUIApH EpaaMuia Xam OakapHin MyMKaH [3].

Ymby axOopotaa crannapt oruuuiap Ba skcuecc HKnapunuHr KyBBaT (QyHKUMSUITApUHN TaKKOCIAIT
MacajlaciHU KapaiMus.

[4]na kentupunranaek sxciecc HK KyBBar GpyHKIMsACH KyHuIaruya du:

n—1 [ o
Gy(ct_n) =1-Ch {02 yu4 n — 1}, Oy epza 0, — t MOMEHT/IATY N Xa)KMJIM TaHIIaHMa YPTaya KBaJpaTHK
tn 0.01

OFUILM, [l4-YpTaua 4-TapTHOIM MOMEHT, Y ¢1-TaHJIaHMa 3KCLECCHHUHI JHMHUT TaKCUMOTHHHMHI KBaHTHWJIH.
Vpraua kBaaparuk orumr HKcuauHT KyBBaT QyHKIMSICH Kyinaarinya suu [3]:
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2
Gs(e)) =1—Ch Xm_g%/m - 1], Oy epaa Xz_1099-X> m—1 030K japakanmu X?TaKCHMOTHHHHT
t

Otm

KBAHTHIH, & = —%, Opm — M X@KMIM TAHTAHMAHUHT { MOMEHTIArH YpTaua KBaApaTHK OFWIIH, Gp —
0
KapaéH CTATUCTHMK HA30paT/a OYIraHiard ypraua KBaJpaTHK OFHIL,
1 X y=z -u
Ch(x/v) = F(V)fo uz ezdu,6yeprav=m— 1.
2

VY xonma Kylnaaru MyHoca0aT YpHHIN Oy maam;
Tacauk Xapa€n cratuctuk Hazoparga OyncuH. Y xonza m < 10 yuyH myHznai ng MaBxyIKu n =
ng Jary aespiu O6apua t napaa KyiHugard TEHICU3IUK YPUHIIH OYnaau:

Gy(Gt,n) < Gs(&p).
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YCTOHYHMBOCTH TEXHOJIOTMYecKoro mporecca.” Jlokmansl Akagemun Hayk PecriyOnuku Y30ekucran 2019-
3:16-19

MARKOV ZANJIRI TASHKIL ETUVCHI TASODIFIY JARAYONLAR HAQIDA

Azimov J.B., Suvonqulova D.
Toshkent davlat transport universiteti,
O ’zbekiston Milliy universiteti 1-bosgich magistri.
azimovjb@mail.ru, suvongqulovadurdonal@gmail.com

Ma’lumki, tasodifiy jarayonlar nazariyasida Markov zanjirini tashkil etuvchi jarayonlar muhim o’rin
tutadi.

Faraz gilaylik biror tajriba chekli yoki sanoglita {El, E,.E,. } natijalardan iborat bo’lsin. Aytaylik
ushbu tajriba cheksiz ko’p marta takrorlanishi mumkin bo‘lsin va n-tajriba natijasi ragamini X, bilan
belgilaylik. Umuman olganda, Ey. ning ehtimoli oldingi (n—1) ta tajriba natijasida ganday hodisalar ro’y
berganiga bog’liqdir, Agar EXn ning ehtimoli (n —1) -tajriba natijasigagina bog’liq bo’lib, avvalgi (n—2) ta

tajribada ganday natijalar ro’y berganiga bog’liq bo’lmasa, bunday tajribalar ketma-ketligi Markov zanjiri
tashkil etadi deyiladi.

Endi faraz gilaylik {Xn }::o butun giymatlar gabul giluvchi tasodifiy migdorlar ketma-ketligi
bo’lsin. Agar N -tajriba natijasi Ej bo’lsa, u holda Xn = j deb hisoblymiz.

1-ta’rif. Agar {X N }n= , ketma-ketlik uchun
P(X,=0/Xg=ke, Xy =K,y X, =Ky Xy =1)=P(X, = j/ X, =i)= p; (n)
shart bajarilsa, u holda bu ketma-ketlik Markov zanjiri tashkil etadi deyiladi.
Demak Markov zanjirini p, = P(X,=]), Z p, =1 boshlangich tagsimotga ega va holatlar to’plami
j=0

{ E. E, E;, } dan iborat sistema deb garash mumkin bo’ladi.

2-ta’rif. Agar ixtiyoriy N'€ N uchun p;(n)=p; tenlik o’rinli bo’lsa, ya’ni o’tish ehtimolliklari
Markov zanjiri bir jinsli deyiladi.

Markov zanjiriga misol tarigasida Galton-Vatson tarmoglanuvchi jarayonini keltirish mumkin. Aytaylik
{f (n, j) y N, j > l} bog‘ligsiz, bir xil tagsimlangan va manfiy bo‘lmagan butun giymatlarni gabul giluvchi
tasodifiy migdorlar ketma-ketligi bo‘Isin.
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3-ta’rif . Galton-Vatson tarmoglanuvchi jarayoni deb quyidagi

Hn1
Ho=1, = &nj), N=1
j=1

rekurrent munosabat bilan aniglanuvchi tasodifiy jarayonga aytiladi.
Ma’lumki, Galton-Vatson jarayonining holatlar to’plami {0,1,2,...} - manfiy bo’lmagan butun sonlar

to’plamidan iborat, shuning uchun ham Galton-Vatson jarayoni sanogli holatli bir jinsli Markov zanjiri bo’ladi.
Ma'lumki, Galton-Vatson jarayonini

FOO=%px,  p=Plu=j} j=01..]xs1

hosil gilish funksiyasi orgali aniglash mumkin.
Endi maxsus tipdagi immigratsiyaga ega tarmoqlanuvchi tasodifiy jarayonlarga to’xtalib o’tamiz.

Agar biror butun M soni uchun 4, =K, 0<Kk<m bo'lsa, u holda shu N - momentda jarayonga a,
ehtimollik bilan ] sondagi zarralar kelib go'shiladi, go'shilgan zarralar sonininig evolyutsiyasi keyinchalik
F(X) hosil qilish funksiyali odatdagi Galton-Vatson jarayoni gonuniga bo'ysunadi. Shunday qilib
immigratsiya M+1 ta hosil giluvchi funksiya bilan beriladi

Mx):iaiji, |x|<1, k=0,1,2,...,m.

Bunday jarayonning n vaqgtdagi zarralar soni Zn bo’lsin. Aniglik uchun Z0 =0 deb gabul gilamiz. Ushbu
jarayon holatga bog’liq immigratsiyali tarmoglanuvchi jarayon deb yuritiladi.
Teorema. Holatga bog’liq immigratsiyali tarmogqlanuvchi {Zn,HZO} jarayon, holatlari soni

sanoqli va o’tish ehtimolliklari
P, 1=m+l,
pi':PZm-:jZn:i: j *j -

] { 1 | } lgaikpjik’ OS'Sm

bo’lgan bir jinsli Markov zanjirini tashkil etadi, bu yerda *-kompozitsiya belgisi.

ADABIYOTLAR
1. Sh.Q.Formanov. Ehtimolliklar nazariyasi. Darslik. Toshkent, “Universitet”, 2014.
2.Foster G. A limit theorem for a branching processes with state-dependent immigration. Ann.Math.Stat. 42,
5(1971), 1773-1776.
3.®opmanos [II.K., Asumos XK.b. O npeneiapHbIX TOBeICHUSIX BeTBIUXCs mporieccoB Docrepa-IIsiikca
(cmyyaii 6eckoHeYHOH qucniepcun). Y30. MaTeM. KypH., 1998. Ned, 59-63.

WHBAPUAHTHBIE BEPOATHOCTHBIE MEPBI CUCTEMBI CJTYYAHHBIX
UTEPAIHUMOHHBIX ®YHKIIMHU

BermaroB A.C., O01aeBa ML.A.
Hayuonanvuwiti ynusepcumem Yzoexucmana umenu Mupszo Yayeoexa, Tawkenm.
moblayeva@mail.ru

[Tyctp K — KOMIakTHOE TOMOJIOTHYECKOe MPOCTPAHCTBO CO CBOMMH OOPENeBCKUMH MHO)KECTBAMHU.

Mpbl Ha3bIBaeM KOHEYHOE MHOXKECTBO. F = { flh fN} HenpepbiBHbIX (QyHknui  f i K—->K,j=1..,N

nosmopsaowuxca @ynkyuonanvnas cucmema (IIOC). Ecimum Bce orobpaxenus i SIBJISTFOTCS

FOMCOMOp(bI/BMaMI/I, KaK MbI, BOO6H1€ roBoOps, 6YJICM IIPUHATL 34€Ch, TO MBI TAaKXE€ pacCMaTpuBacM
-1 f—l

1 e I }1/13 oOpatHbie QyHKITUH.

accoruuposanuyio (IIOC) F = { f

Ms1 06CyIUM pa3IuYHbIE TOYKW 3PEHUS HA CIy4aiHbIe U JeTepMUHUPOBAHHBIE UTepartu (pyHKITHI
u3 (IIOC) u BCITIOMHUTH HEKOTOPBIE CTAaHIAPTHBIE 0003HAYCHHUS 1 (DAKTHI.

Jlana (l,),., croxacTmyeckas MNOCIENOBATENBHOCTE CO 3HAYEHHSAMH B {l,..., N}, ms XeK

OIpEACIIAOUICE
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Zr ::(f o...ofh)(x) Zl =X

Mpl MOXeM paccMaTpuBaTh 0e3 orpaHHUuYeHHs OOIIHOCTH HEONPEAEIeHHYIO OOIIyI0 00JacTh CIydailHBIX

In

N o
BemmanH |, 37ec z= {1, N} , CHaO>KeHHBIN BEpOSITHOCTRIO Mepa P ompenenena Ha ee OOperneBCKUX

| .
MMOJAMHOKECTBAX, TAC "  OMNpeaesseTcs KaK |n (a)) = @, AN KaxKAblid

w=(w,,,..)eX nnxl

[Mozke MBI TaKkKe PacCMOTPMM OTOOP&KEHHE CABUTaC X —> X  OmpeaeiseMoe  (PopMyon
o(w,,,..)=(a,0,..)

Taxum 00pa3oM, I TOOBIX @ = (a)l, Wy, ) ex

w=(w,,,..)eXL n n=0 moboro X€ K Mu onpenensenm Z(w)=2,(X o)
e

Z,(x@)=(f, 0.0 f )X Z,(X,w) =X (1)

Hocnenosarensrocte  (Z, (X, @), Ha3bIBAETCA ~ TPAEKTOPHEH, COOTBETCTBYIONIEH —pEANM3AIME O
HaumHas ¢ . O6buHO Takke X € K

ciyuaisoro mpouecca  (Z,),. »

paccMOTpeTh UTepari B 00PaTHOM TOPSIKE U OMPEIEIUTh
Zn(X, @)= (f, 0.0, f,)(X), Zo(X ®)=X 2
(U )nes

omnpeenseMoii BekTopoM BeposiTHocTH P = (P, ..., Py ). Orcrona crenyer, uto Z) = Z (X,-) , onpeaeseHHbIH

IlycTs H.U.p. TIepeMeHHble. Torma BepoATHOCTHass Mmepa P sBusercs mepoil bepnymnu,

X
B (1), u Zn=2Zn(X,") omnpeneneHubie B (2), MMEIOT OAWHAKOBBIE paCIpeaeieHre s J000ro

¢ukcuposannoronN >1, u (Z: )0 SIBISIETCS (OTHOPOHOM 1O BpEeMEHH) Letbio MapkoBa

n>0

¢ onepaTopoM neperoca T, onpe/ieleHHbIM ISl OrpaHHYeHHbIX n3MepuMbIX Gynkimii N K —Ru
N
Th(x):= D p;h(f;(x)) ©)
j=1

Ecin p He BbIpOXIeHO, T. €. ecinu P > 0 must kaxgoro j=1,...,N, To MbI Ha3pIBaeM mapa (F.p) [NeC

Z y
BCPOATHOCTAMMU. HGHL MapKOBa( n)nZO MoJIy4acTCsl HE3aBUCUMBIMHU CIYUYAUHBIMHU UTCpALUAMHU, I'IC Ha

f. N
Ka/IOM Iare urepanuy GyHkuun ! paBHBI BEIOHpaetcs ¢ BeposTHOCTEIO ) TIDC { f i } | MMHIMaJIeH
J:

BIIEPE], €CIH [yIs1 06010 oTKphiToro Muokectsa O < K u mo6oro X 3 K cymecrsyror nexkoropeieN >0 u
HEKOTOphIE @ € X TaKue, 4To

Z (x,0) €O
Hpyrumu crnoBamu, s npsaMoil MuHumanbHoi [IDOC MoxHO mepelTH u3 000 TOYKH, CKOJIb YTOJHO
OJIM3KOM K JTF000# TOUKe Y, MPUMEHSS HEKOTOpbhle KoHKaTeHaruu QyHkuuid B [IDC.
Jlemma. ITycte (F, p) — II®C ¢ BeposaTHOCTAIMH TOMEOMOPPU3MOB Ha st KOTOpBIH BIEPE] MUHUMAJIEH.
Torna mro6as vHBapuanTHas BeposTHocTHas Mepa ais (F, p)  OyauTs s-mHBapuaHTHA
nist moboro S € L(F,d) .

JUTEPATYPA
1. A.B.Katok and B.Hasselblatt: Introduction to the Modern Theory of Dynamical Systems, Cambridge
University Press, 1995. 3-bob, 11-bo ’lim.
2. Katrin Gelfert, Orjan Stenflo, Random iterations of homeomorphisms on the circle, Modern Stoch. Theory
Appl. 4(2017), no. 3, 253-271.
3. Hicham Zmarrou, Ale Jan Homburg. Dynamics and bifurcations of random circle diffeomorphism. Discrete
& Continuous Dynamical Systems - B, 2008, 10 (2&3, September) : 719-731.
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1Bozorov Suxrob Baxodirovich GuIDU o ‘gituvchisi
+998972478912; suxrobbek 8912@mail.ru
2Alpomishov Ibrohim Ubaydulla o‘g‘li GulDU talabasi
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|.Tekislikda X va Y to‘g‘ri chiziglar o‘zaro kesishmaydi. X to‘g‘ri chiziqda nta Y to‘g‘ri chiziqda m ta nuqgta
belgilangan. Belgilangan nuqtalar bir-biri bilan tutashtirilganda quyidagi shakllar hosil bo‘ladi:

X uoX% %

Y V1 V2 Vs Yo

N, _.=C.-C:=n-m

2. Vektorlar soni ——— N, =2-C;-C; =2-n-m

o

3. Uchburchaklar soni ~~ . N, =n-C2+m-C?

1. Kesmalar soni

4. To‘rtburchaklar soni N, =C?.C’
I1. Aylanada n ta nuqta berilgan bo‘lsa, u holda bu nuqtalarni tutashtirib quyidagi shakllarni hosil qilsa bo‘ladi.

n(n-1
1. Vatarlar soni ———— N,_  =C =¥, n=2 neN

2.Vektorlar soni ——— N, =2C?=n(n-1), N=2 neN

-

3.Uchburchaklar soni ~~ ~ N, =C?, n=3 neN

4.To‘rburchaklar soni N, = C:, n>4, neN

|
5.Ko‘pburchaklar soni O3 N, = C: = L; n>k>5 nkeN
k!(n—k)!
I11. Tekislikda n ta nugta berilgan bo‘lsa, u holda bu nugqtalarni tutashtirib quyidagi shakllarni hosil qilsa
bo‘ladi:
1. Tekislikda n ta nuqta shunday joylashganki, ulardan xech qaysi uchtasi bitta to‘g‘ri chiziqda yotmaydi.
Shu nugqtalarning turli juftliklaridan jami bo‘lib nechta kesma hosil gilsa bo‘ladi?
N ZCZZM n>2 neN
o——e n 2 1 1
2. Tekislikda n ta nuqta shunday joylashganki, ulardan xech qaysi uchtasi bitta to‘g‘ri chiziqda yotmaydi.
Shu nugtalarning turli juftliklaridan jami bo‘lib nechta vatar hosil qilsa bo‘ladi?

N, =2C=n(n-1), n>2,neN
3.Tekislikda ixtiyoriy uchtasi bitta to‘g‘ri chiziqda yotmaydigan n ta nuqta berilgan. Uchlari berilgan
nuqtalarda bo‘lgan jami nechta uchburchak hosil gilsa bo‘ladi?
s n  (n=3)t(n-2)-(n-1)-n n(n-1)(n-2)

N =S = gina)i ™ 31(n—3)! 6

«EIII MATEMATHUKJAPHUHT SSTHI' TEOPEMAJIAPH — 2022 ~225~


mailto:suxrobbek_8912@mail.ru
mailto:alpomishovibrohim@gmail.com
mailto:mirzayevaxurshida@gmail.com

4-MMYBBA. DXTHMOJLUIAP HA3BAPUSICH BA MATEMATHK CTATUCTHUKA

4.Tekislikda ixtiyoriy uchtasi bitta to‘g‘ri chiziqgda yotmaydigan n ta nuqgta berilgan. Uchlari berilgan
nuqtalarda bo‘lgan jami nechta to ‘rthurchak hosil qilsa bo‘ladi?

N = C* o n! ~n-(n=-1)-(n-2)-(n-3)-(n-4)! n-(n-1)-(n-2)-(n-3)

ST 41 (n-4)! 41 (n—4)! 24
5.Tekislikda ixtiyoriy uchtasi bitta to‘g‘ri chiziqda yotmaydigan n ta nuqta berilgan. Uchlari berilgan
nugqtalarda bo‘lgan jami nechta ko ‘pburchak hosil qilsa bo‘ladi?

,h>4, neN

|
Nk:C::L; n>k>5; nkeN
k!(n—k)!

V. Hech gaysi uchta dioganal bir nugtada kesishmaydigan ko‘pburchaklarning diagonallari nechta nugtada
kesishishini topish.

Z)C::C:ZS : [ 3)C::C;:=15

n!
N,=Cl=———:n>4; neN
4!(n - 4)!

FOYDANILGAN ADABIYOTLAR
1. A.A.Abdushukurov. Ehtimollar nazariyasi va matematik statistika. “Universitet”, 2010
2. A.U.Abduhamidov va b. Algebra va matematik analiz asoslari, 1l gism. Akademik litseylar uchun
darslik. “O’qituvchi”, 2008
3. M.A.Mirzaahmedov va b. Algebra va analiz asoslari, geometriya Il gism. 11-sinf. “Zamin nashr” MCHJ,
2018
4. M.Mirzaahmidov va b. Matematika. 6-sinf. O‘qituvchi”. 2017.
5. Sh.Alimov va b. Algebra. 7-sinf. O‘qituvchi”. 2017.
6. Sh.Alimov va b. Algebra. 8-sinf. O‘qituvchi”. 2019.
7. Sh.Alimov va b. Algebra. 9-sinf. O‘qituvchi”. 2019.
8. Matemtika. DTM - 2019-2020-2021-2022.

ASYMPTOTIC PROPERTIES OF ESTIMATORS OF SURVIVAL FUNCTION
Bozorov Sukhrob Bakhodirovich

Guliston State University, Gulistan, Uzbekistan
Email: suxrobbek 8912@mail.ru

In order to investigate the asymptotic properties of estimators

1-Fn (1) = [(1-Fn (t/2))dQn (2), 1=1,23, teD”, (1)
n
where Qn(z):%ZI (Z;<z), zeD, is the empirical estimator of d.f. Q(z) we need the following
i1
conditions.
Conditions I:

(I.1) The kernel function ris bounded and Lipschitz condition of order 1 with respect to the Euclidean
distance on [J.

(1.2) Iﬂ'(Z)dZ :1,_[27r(z)dz ZO,J.ZZ‘ﬂ'(Z)|dZ <oo,

(I.3) The bandwidth sequence {a,,n >1}satisfies: a, —0and logn —0as n— o
an
oF (t/z) and oG, (t/2)

(I.4) The partial derivatives exist and are continuous in t for each z.

(I.5) The functions ¢(z), F(t/z)and G, (t/z) have bounded continuous first and second partial derivatives
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with respect to z.
(1.6) For any closed interval [a,b] <", there exists a constants p, (&) > 0such that
P(&>plZ=2)26(¢), Vze[ab], with q(z)>&and & > Oarbitrary small.
Note that in view of (1) the conditions (I.4) and (1.5) for d.f. G, (t/z) are hold too.
Moreover, from (1.6) we also have a chain of inequalities

1-K(p)=P(min(X;,Xy)> p)=P(& > p) jq P(&>p/Z=2)dz2e I P(&>p/Z=2)dz>0.
{z:0(z)=¢}
Theorem 1. Under Conditions [ statistics {F,n (t), I=1, 2,3} are a uniformly strongly consistent estimators
fordf.F(t)on [0,7]: sup|R, (t)-F(t) —> 0 as
Ost<r nN—=
Moreover we also prove weak convergence of normed processes

{V,n (t)=n (R, (t)-F(t)), te[0,z]. =12, 3} similar to Gaussian process.

In order to formulate these results we introduce Condition II.
Condition II:

2 ¢ u/Z)
(IL1) E|(1-F(t/2)) j <0, ¥t e[0,T].
2 (1-F(y/2)) (1-G,(u/2))

logn
1 an \/H

Theorem 2. Under conditions I and Il the processes converges weakly on Skorokhod space D[O, r] to the

(IL.2) a2vn -0

—0,n— o0,

same mean zero Gaussian process {V (t),t > O}, with covariance function for 0<s<t<rz:

Con(V (5).V (1) = E{(1-F (1 2) 1= (s12))

D gz ents k(02|60

2 (1-F(u/2))' (1-G,(t/Z))  PotPr
Theorem 3. Under conditions of theorem 2, for all t<[0,z], we have

4 E[(l_ F(t/2)) -log? (1-K (t/2)) ] < 02 (t) < 0”2 ).

Po + Pu
We have introduced three new estimators (1) for the averaged unconditional d.f.

- [F(t/2)0Q(2) 2)

in partially informative competing risks model in survival analysis. These estimators generalize the unconditional
exponential hazard type estimator of Altschuler-Breslow, PL-estimator of Kaplan-Meier and relative-risk power
type estimator of Abdushukurov. We have showed that all three statistics are strongly consistent estimators for

the F(t) and they converged to same mean zero Gaussian process with asymptotic variance o (t) which is

less than the asymptotic variance of Jensen — Wiedman’s CIM-estimator F,”" (t) not taking into account the

partially informativeness of considered competing risks model. It is also worthy to note that the new estimators
are good competitors to the other known estimators. Our estimators are useful tools in deriving some functionals
of interest in survival analysis. For instance, the conditional residual lifetime distribution defined via averaged
unconditional d.f. (2) as

F(t+s)—(t) P(t<X;<t+sZ;=2)dQ(z) (F(t+s/z)-F(t/z)
F = = = d . 3
O="Fg 1T pxtzog) = Fm % 3
One of main characteristics of d.f. (3) is its mean, i.e. mean conditional residual life function
u()=(1-F (1)) [ (2-F(s))ds, t>0, (4)

t
We can estimate functional x(t) by plugging in estimators (1) instead of F (t) in (4). But from section 3 we

know that (Theorem 1) estimators (1) have consistent properties in some interval [0,7]. Therefore, we can
consider the following truncated version of (4):
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()= (1-F (1)) [(1-F(s))ds, 0<t<z. (5)
t
Now we can estimate (5) by statistics

y;a):@—Fma»4j@—ﬁn@»d&0<t<a|=Lza
t
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'Bozorov Suxrob Baxodirovich GulDU o ‘gituvchisi
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I. A dan B ga olib boruvchi eng qisqa yo‘llar sonini topish.
Agar to‘g‘ri to‘rtburchakning o‘lchamlari Xx Yy bo‘lsa, u X-Y takvadratchalarga ajratilgan bo‘lsa, u holda A
dan B ga olib boruvchi eng gisqa yo‘llar soni quyidagicha bo‘ladi:

NA_)B — Cn—l — Cm—l

m+n-2 m+n-2

EI;,\:. B

mta

AHE

nta
Yechilishi: N, =y+1=m ta— Gorizontal parallel chiziglari soni

N, = X+1=n ta- Vertikal parallel chiziglar soni
N :Cnfl — Cm71 — Cnfl :Cm{L

A—B m-1+n-1 m-1+n-1 m+n-2 m+n-2
1. To‘g‘ri to‘rtburchaklar sonini topish.
Agar to‘g ri to‘rtburchakning o‘lchamlari Xx Yy bo‘lsa, u X-VY ta kvadratchalarga ajratilgan bo‘lsa, u holda

jami to‘g‘ri to‘rtburchaklar soni quyidagiga teng bo‘ladi:

|
|
|
|

11
;;i Sfmta

“44:«—?*—*
nta
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4-ITYBBA. DXTUMOJLJIAP HA3BAPUSICH BA MATEMATHUK CTATUCTHUKA
Yechilishi: N, =y+1=m ta— Gorizontal parallel chiziglari soni

N, = X+1=n ta- Vertikal parallel chiziglar soni

» ~» N(n=1) m(m-1) , .
N, =C;-C. = > > — To‘g‘ri to‘rtburchaklar soni
I11. Uchburchaklar sonini topish .
Agar ABC uchburchakda A uchidan BC tomon ichiga m ta, B uchidan AC tomon ichiga n ta kesmalar

chiqarilgan bo‘lsa, jami hosil bo‘lgan uchburchaklar sonini topish.

(m+1)(n+1)

1. Agar m=n bo‘lsa, u holda jami uchburchaklar soni N, = (m +n+ 2) ta bo‘ladi.

2. Agar m=n bo‘lsa, u holda jami uchburchaklar soni N, = (n +1)3 ta bo‘ladi.

N =w(m+n+2):—(n+1)(n+1)(n+n+2):
A 2 5
_ (n+1)(n+1)(2n+2) _ (n+1)(n+1)2(n+1) :(n+1)3.
2 2

3. Agar A nugtadan n ta nur chigqan bo‘lib, bu nurlarni kesib o‘tuvchi m ta to‘g‘ri chiziq o‘tkazilgan bo‘lsa,
u holda jami nechta turli uchburchak hosil bo‘ladi:

N,=CL.CZ=m-
A

/N
2 /[I\N
m/ [ 1\ N\

/1 2 |3 \4 \n

n(n-1)
2
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PIRSONNING MUVOFIQLIK ALOMATIGA ASOSLANGAN NAZORAT KARTA HAQIDA

Dadamirzayeva O . AndDU tayanch doktaranti

Sifat belgisi bo’yicha nazorat kartalar (NK) qurishda sifat belgini ifodolovchi X tasodifiy migdorning
ganday qonunga bo’ysunishini bilish amaliy nuqtai nazardan muhim hisoblanadi.Buning uchun ishlab
chigarishdan to’plangan ma’lumotlar (tanlanmalar) asosida X ning tagsimoti hagidagi gipotezani tekshiriladi.

Ushbu axborotda biz K.Pirsonning muvofiglik alomatiga asoslangan holdaX ning tagsimoti Normal
qonuniga bo’ysunishini tekshiruvchi NKni qurishni va uni amalda ishlatish hagida fikr yuritamiz.

Ma’lumki, K.Pirsonning muvofiqlik alomati emperik (kuzatilgan) chastotalar bilan nazariy chastotalarni
taggoslash uchun ishlatiladi.BundaX ning tayin F,(x) tagsimotga ega bo’lishi hagidagi bosh gipoteza
tekshiriladi:

Hy: F(x) = Fy(x); Hy: F(x) # Fy(x).

Amaliyotda NK usuli bilan bu gipotezalarni tekshirish qo’yilgan.Buni ko’p afzalliklari borligi haqida
masalan [ 1 ] da bayon gilingan.

Bu usulga asosan nazorat gilinuvchi migdor va uni chegaralovchi harakteristikalar Kiritiladi.
Ma’lumotlarni Normal qonuniga bo’ysunishini tekshirish nazorat qilinuvchi miqdorning qiymatlarini
belgilangan chegarada yotishini aniglashga keltiriladi.

Aytaylik t = 1,2, ..., v momentdagi tanlanmalar asosida emperik va nazariy chastotalar aniglangan
bo’lsin:
T T

Nyg: MNqe N2t - Myt Z Z /
-, ’ 1 Nt = Ny =n
Nyt Mie Nae o Ny Ly L,
- - - - - - - l=0 l=0
Ular asosida quyidagi migdorni aniglaymiz:
,
M = nizt
t= ) =
= M

Masalani mohiyatiga ko’ra I1; uchun yuqori nazorat chegarani aniqlashimiz kerak bo’ladi. Bu chegarani
biz UCLp deb belgilaymiz va uni aniqlovchi quyidagi teorema o’rinli.
Teorema.a = 0,01 vaH, gipoteza o’rinli bo’lsin. U holda
UCLp = x?,,(0,01;,r=3) +n
formula o’rinli.
Natija. Agart = 1,2, ...,vdall; < UCLp bo’lsa, uholda shu momentlarda H, gipoteza o’rinli bo’ladi
Natijaga asoslanib qurilgan NK lar ishlab chiqgarishni izidan chigargan muhim sabablarini aniglashda

va joriy nazorat uchun alternative alomatlar uchun quriladigan NK larning chegaralarini to’g’ri aniqlashda
ishlatiladi.
Ma’ruzada teoremaga asoslanib quriladigan NK ga misol keltiriladi.

ADABIYOTLAR
1. C.N.Cononnn. Meton KOHTpoOJbHBIX KapT. YOV, E. 2014.
2. C.A.AxmenosXKapaéunapuu cratuctuk 6omkapum Auag Y, A.2005.

MPEJEJBLHASI TEOPEMA /111 BETBSIIIETOCSI TTIPOIIECCA C AMMHUIPALIUA
(1-CXEMA)

Aramos K. Haul'yV

Brenewm cremqyromue 0603HaYCHUS

F(s)=D>Fs* . YR =1,i=12

k>0 k>0
F, -BEpOSTHOCTb HENOCPEACTBEHHOTO NMPEBPAILECHHUS OJHON YaCTUIBl B K YaCTHIL i- TOTO THIIA & IPOLECC

UMMHATPAIAN 3a0aETCsI MPOU3BOISIICH (PYHKIHEH ITIIOTHOCTEH

g:(s)=>_9,s* . > g, =0

k=0 k>0
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BEPOSATHOCTH HMMHUTPALMK K 9acTHIl i- Toro tumna 3a Bpemsi t — 0 pasno gli(t +0(t) npu k>0 u
1+ gt +0(~t) mpu xk=0.
B 3THX yCIOBUSIX CIIPABEUIMBO CIIETYIOIIAS

TEOPEMA. Ilycts mnpomecc HMMUTPAIIMU  HENPEPBHIBHBIMH ~ BPEMEHHBIM, a TMpolece
Pa3MHOXEHUS C TUCKPETHBIM BPEMEHUM U

Eemn F'(s)=>_R'S* m'=F'(0)=1 F'@)=hb

k>0
= [tdG (1) t?(1-G,(t)) >0, t—ow i=12
0

TorIa
7O =LOC" 5 (t> )
smeck O =2ub™ | L(t) - Mennenno mensmuxcs Gy,

HokazaTeabcTBOo 113 BhIIIEC yKa3aHHBIX YCIOBUIX

7= 4] (—E—+5,00)x+ [ 5,
01+Eix 0 1+Fix

3pech & (X) =((1-2,(1,0)) - L

+&,(0)dx

)=0(1) X —> 00,
1+ 5 x X
b

1

t
utak, Iny,(t) = —Mln(t) + I(ai( +&,(X)) — & (X))dx + A
b 0 1+ 5y b
b
Z KV, Ink < 0o Gyaer BpeMeHHO M3MEHSIOMIHM.
k1

1

+&(X))—¢& (X)dx <o
1+b—ix

5(8)=V,1-8)-ViD)+ A4S D k’*p Ink <o, Tsi(

k>1

L({t)—>C>0
Teopema nokazana.

HaHHaH TEOpEMaA MCIOJI3YETCA I TaAKUX MMPOLCCCOB KaTOPLIX MMEPUOJ )KU3HU COOTBETCTYET HaCTHUIL
COBIIAAACT C MEPHUOJAOM 3aHATOCTH.

JIUTEPATYPA
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3. bagan6oes U.C. Mampa66oeB A. B.kH: «BeposTHOCTHBIE paciipeielieHUs] 1 MaTeMaTHIecKast
cratuctuka» Tamkent, JJAH, 1986r. ctp. 60-80.

ESTIMATION OF CUMULATIVE HAZARD FUNCTION IN COX REGRESSION MODEL
UNDER RANDOM CENSORING FROM BOTH SIDES

S. A. Erisbaev
Nukus State Pedagogical Institute named after Ajiniyaz. E-mail: sabitbekn@mail.ru

In the analysis of survival data one of widely applied models is the proportional hazards model of Cox
(1972, 1975). According to this model, the relationship between a lifetime Z and the covariate V is modeled
via cumulative hazard function A(x/v) of Z given covariate V =V as
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4-MMYBBA. DXTHMOJLUIAP HA3BAPUSICH BA MATEMATHK CTATUCTHUKA

A(x/v)=A(x0)exp((B7,Vv)), xe R =[0,), (1)
where the unspecified baseline cumulative hazard function A(x/0) =A,(X) is assumed to be continuous,
A(x/v):lhi[?P(ng+h/22x,V:v) (2)

and V =(V,,...,V,) is the vector of covariate, B=(A,,...,3,) is the vector of regression parameters. In this
model of Cox the primary goal consist in estimation of cumulative hazard function from independent
observations {(Zi Vi ) =1 n} of vector (Z Vv ) . At present time there is an enormous literature on researches

of the above mentioned problem of estimation when a random variables Z, are either observed completely, or

subject to random censoring from the right (see, [3-6]). We consider this problem when random variable Z is
exposed to random censoring at the left and on the right by random variables L and Y correspondingly. In
view of presence of censoring from the left the problem is reduced to estimation of truncated cumulative hazard
function from the left at some point 7 > 0. Consider Cox’s model under random censoring from both sides
(see, [1,2]). Let us denote joint distribution functions

(V) =P <v)=P(V, <v,,...V, <V, ), v=(V,,...v, ) € RP,
H(x/v)=P(Z <x/V =V), K(x/v)=P(L<x/V =v),G(x/v)=P(Y <x/V =v), xeR .

It is easy to see that according to (1) and (2): H (x/v)= 1—exp{—exp((ﬁr,v))/\0 (x)}

We consider the conditions, which assumed to hold:

(C1) Joint distribution of (Z, LY ,V) is such that components of (Z, LV ) are conditionally independent for
given V ;

(C2) Joint distribution of (Z,L,Y,V ) is such that for numbers 7 and T, 7<T, A,(T) <o and

inf | P(L<x<min(Z,Y)/V =v)dz(v)>0; ©)

T<X<T
According to (C1) the condition (3) one can represent as
inf | K(x/v)(1-G(x=/Vv))(1-H (x=/v))dz(v)>0.

T<X<T
RP

(C3) The observation is available for the (¢,L, x5, 2,0 3V), where {zmax(L,min(Z,Y)),
x=1(min(Z,Y)<L), z,=1(L<Y <Z)and z,=1(L<Z<Y).
Let S = {(gj, Lj,;(lj,;(zj,;(sj,vj ) j=1.., n} is observed vectors of independent sample. It is easy to

establish the equality
E(x/v) =P(&; <x/V; =V)=T,(x/v) + T,(x/ V) +T,(x/ V), ()

where conditional subdistributions: T,(x/V) = I (1-(@-Gu—-/v))A-Hu/v)))dK(u/v),

[0.x]

T,(x/v) = j K(u/v)A—Hu/v))dG(u/v), T,(x/v) = j K (u,v)(1-G(u/v))dH (u/v).
[0.x] [0.x]
Then according to (4) the distribution function of random variable ¢ is

3
E(x)=P({; <x)= I E(x/v)dz(v) =2Tm(x), T,(x)= J.Tm(X/V)dﬂ'(V).
RP m=1 RP
Let us introduce corresponding empirical estimators for E(x), T, (X), m=1,2,3 and = (t) [1]:

En(x)z%jz:l (&< x):ZTmn(x), xeR, ﬂn(t):%izlll (Vi <t,,...V, <t,), teR®,

18 =
T == 1(& <X 2 =1), Mm=1,2,3; xeR.
n5a
For simplify of calculations we consider a case of one-dimensional covariates (p =1). Let
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w®(u; B) = Ivs ~exp(/5’v)P(Lj <u<min(Z;,Y,)/1V, =v)d7z(v), $s=0,12.
R

It is easy to check up that by definition of T,(x/Vv)and by (1)
T,(x/v)=exp(pv)- I P(L; <u<min(Z;,Y;)/V; =v)dA,(u). (5)
[0.x]
Integrating equality (5) on z(v), and then having resolved the received integrated equation with respect to
A, (X), we have following expression for A_, = A,(X)—A,(7-):
dT,(u)
A,(X)=A,(%8)= | >
’ ’ [{;l.x] w® (u; B)
Let us enter the following, intermediate estimator for (6), depending on £
dT, (u)
AVX)=AV(x:B)= | -2
70 ( ) 70 ( ﬂ) [T_’[(] Wr(]o) (U,,B)

Here W% (u; ) an estimator for w'® (u; ) , defined as s =0 from the formula:

(6)
(7)

W (u; B) =%Zv? -exp(B-v)I (L; <usmin(Z;,Y;)), s=0,12.
j=1

Let us enter the likelihood function of sample S™ :
X3j

L) =TT~ SpU) ’ ®)
FL D exp(Bv))I (L << <min(Z),Y,))

=1

where T :Sup{X:E(X) <1}. We estimate parameter £ by solving the following log-likelihood function
equation:
n @ (-
v (g -85 5 [vi —M}mxu):o, ©
dﬂ i=1 [0.T] Wn (U’IB)

where N, (u) =1 (Lj <Z < min(Yi,u)) is the counting process. Let S, is a solution of equation (9). Then

the corresponding estimate for A_;(X): A(zrz))(X)ZA%)(X;ﬂn),XZT. Spent in two stages: at first we
construct the intermediate estimator Af(‘)) (x; B) by formula (7) for conditional cumulative hazard function
A_,(X) atfixed B, and then solving equation (8) we find the maximum likelihood estimator (MLE) S, and
by substitution MLE S, instead of S we obtain the final estimator AS%)(x;ﬂn) for cumulative hazard
function. In Theorem 1 we state the uniform consistency of AD(x;3). Let us denote

L£,00 =A% (% 8) = Ao (% B).

Theorem 1. In conditions (C1) - (C3) at n —>o0:  sup | £, (x)|——0.

r<x<min(T ,&ny)
In following theorem we declare the consistency property of estimator £, of parameter £ .
Theorem 2. Assume the conditions (C1) — (C3) hold, distribution function is absolutely continuous and
sup E[V exp(tV)]2 <K <o, (10)

teB(&y:5)

where B(g,; B) is the interval of length 2&, with the center at a point 3 (true value). Then equation (8) has

a solution {,Bn,n21} and P(Iim,Bn :,B):l.
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@ (- @ (- 2
Define information function J(f)= I {W (u,ﬂ)_[w (U,ﬂ)J }de(u), and its intermediate

[0.7] wOu; 8) \wu; )
| we (u; B) [wﬁ” ;) j
] _ _ dT,, (u).
estimator n(ﬂ) [oJ;]!W|r(10) (u; B) Wr(10) (u; B) W

(C4) Functions {W‘k)(u;t), k=0,1, 2} are uniform continuous functions on U € [0,T] and t € B(&,; ),

and also are bounded on [O,T]x B(ey: B) -
Theorem 3. Assume the conditions (C1)-(C4) and (10) are satisfied. Then at n — oo

(B, - B)—>N(0(3(A) ")

REFERENCES
1. Abdushukurov A. A. (2011). Nonparametric estimation based on incomplete observation. International
Enciclopedia of Statistical Sciences. Berlin. Springer. (Part. 14) p. 962-964. DOI:10.1007/978-3-642-04898-
2 413
2. Abdushukurov A. A. (2015). Estimation of survival function in Cox regression model under random
censoring from both sides. Commun. Statist. Theory & Methods. 44: p. 533-553.
DOI:10.1080/03610926.2012.746981
3. Bednarski T. (1993). Robust estimation in Cox’s regression model. Scandinavian Journal of Statistics. 20(3).
p. 213-225.
4. Breakers R., Veraverbeke N. (2005). Cox’s regression model under partially informative censoring.
Commun. Statist. Theory & Methods. 34(8). p. 1793-1811. DOI:10.1081/sta-200066346
5. Pons O. (2000). Nonparametric estimation in a varying-coefficient Cox model. Math. Math Statist. 9(4).: p.
376-398.
6. Tsiatis A. A. (1981). A larga sample study of a Cox’s regression model. Ann. Statist. 9(1). p. 93-106. DOI:
10.1214/a0s/1176345335

A BAUM-KATZ THEOREM FOR RANDOM VARIABLES UNDER EXPONENTIAL
MOMENT CONDITIONS.

M.K. Holmurodov (NamDU dotsenti), I. Abdugahharov (NamDU magistri)

7 d
Consider 2% (dz 2}—the positive d-dimensional lattice points with partial ordering < S
e i
let { Xik € Jt-%- H be i.i.d. random variables with mean 0, and set Sn = Zk n \k ne Zq +. Define

B .
d(x) = card{n € Z2,|n| = [x]} and M (x) => d(k). We have M (x):O(x(Iog+ x) ) ) and

d(x)=0(x") as x —> o forany & >0, where forx>0.
For x > 0 we set log+ x = max{1, log x}.
Theorem 1. Let & > 1, and suppose that {Xx, k € Zﬂ} are i.i.d. random variables with E(X) = 0 and partial

sums S, = Z en X, xne Z? . The following are equivalent:
Eexp{(log] X *"}X|* ™" (log" | X *** <oo;

a-1
Zexp{(log|n|) }%P(I S, [>/n| &)< for all &>1;

a-1
S exp{(log|n)}- 22 T P(max(s, bin o) <o for all >

a-1
Zexp{(loglnl) 38090 pcinls, 11k &)< for all &>1.

2(/ -1) i<k

This result generallzes results of work [5].( y=10=2).
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Theorem 2. Let 0 < @ < 1, and suppose that {Xx, k e Zf_} are i.i.d. random variables with E(X) = 0 and
partial sums S, = Z ven X NE Zf +. The following are equivalent:

Eexp{) X )/ }X[“ (log" [ X )~ < oo
> exp{In['}n[*? P(S, Pnf &) <o for all &>1

Y exp{In|“}[n[“? P(max|S, ]n| &) <o for all &>1;

n
Zexp{j“}- j“?P(sup|S, /|k[[> &) <o for all &>1.
n i<kl
REMARK 3.1 The equivalence with respect to the moment assumptions should be interpreted as in our earlier
results. This result generalizes results of work [5].( ¥ =1).
Once again, we refer to the original source Gut and Stadtmiiller (2011c¢) for
proofs and further details.
The proofs of the theorems amount to rather straightforward generalizations of those in [2, 3] and are omitted,

except for the following extension of Lemma 2.1.
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MPEJEJBHBIE TEOPEMBI JIJ11 CYMM CJIYYAWHBIX BEJIMYUH C MHOTOMEPHBIMH
HNHIAEKCAMHU

M.K.Xoamypoaos (Ooyenm), ®.Coiitunos (macucmpaum)
Hamaneanckuii 2cocyoapcmeennwiil ynusepcumem

HYCTB Z+d d —MCEPpHOC apH(bMeTH‘IeCKOQ MIPOCTPAaHCTBO, IJICMCHTBI KOTOPOI'O UMCHOT ITOJIOXKUTCIBHBIC
OCJIbIC KOOPAWHATHI. Onpe;[eJmM B Z+d YaCTUYHYIO [0 KOOPAWHATHYIO YIOPAAOYCHHOCTD, TO €CTh k<n

@k <n,i=1...d gm0 =(n..Ny) Mycrs |[M|=n,N,..N, -& M —> 00 o3nauaer

n >oo,i=12..,d.
B nanHOI 3aMeTKe NOJIy4€HBb! CIIEAYIOIIUE PE3YIbTaThI.
Teopema 1. [Tycts X 1 {X (m),ne Zf } HE3aBUCHMBIE CITyJaiHble BEJIMUMHBI C HOpMAJILHON QyHKIMEH

pacripenenenus, takue, uto EX () =0 EX?*(N)=1wu Sy = Z von X (K), a Taroxe
o’(n)=VarX -1 i X[£4/]n |}, 371€Ch I{O} - HHIUKATOP COOBITHS.
Ecm EX @ exp(X)(log* | X |)***™* < o0, Toraa

Va3 PR
Z:exp(rl)alog D sup|PE)y — oy (X = oo
ol JIn 7
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e |Og+ X= maX(O, |Og X) _
D70 TeopeMa 0000IIAET Pe3yIbTaThl paboT [2 - 3] -(a=1.=0).

L\ I, d . o
Teopema 2. [Tycts X 1 {X (k),kez, } HE3aBHCHMBIE U OJJUHAKOBO PACIpe/IeNEHHbIE CITy4aliHbIe
BEJIMYMHBL, U

S(M) =2Z,_X(A),MeZ.

Torma paBHOCHIIBHBI CIIEAYIOIINE YTBEPIKICHUS:

xp(n)log” m
) Ze ( )a 99 Moo P(%)sx)—@(x)@o
n

Zexp(n)log "

a

k<n

n

- —0’.) <

n

n

2(2-a)

B) E|X| exp(X)(Iog*|X|ﬂ+d)<oo.

Jist cnyvast (@ =1.4 = 0) 310T pe3ysbTaT NoayueH B [2]
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AHOLI KUTILAYOTGAN UMR DAVOMIYLIGI UCHUN REGRESSION MODEL

Jo’rayev Sh. F.
Mirzo Ulug bek nomidagi O zbekiston Milliy Universiteti
shohruxjuraev10@gmail.com

Hayot davomiyligi hayot darajasi va sifatining eng muhim xususiyatlaridan biridir.Bu ko’rsatkich
sog’ligni saglash tizimining samaradorligi,aholining xulg-atvori,pisixologik faravonligi,ekalogik turmish
sharoiti va hokozolardan tortib,turli xil omillarni kompleks ravishda aks ettiradi. Hayot davomiyligini o’rganish
igtisodiy va ijtimoiy jarayonlarni boshgarish va tartibga solishda muhim ahamyatga ega.Hayot davomiyligini
oshirish,mamlakat jami aholisining ko’payishiga va shuning uchun igtisodiyotning rivojlanishiga yordam
beradi.Noyob mintagaviy xususiyatlarni aniglash ijtimoiy,igtisodiy,tibbiy va demografik muammolarni sifatli hal
etishda yordam beradi.

Tadgigotimizning magsadi aholi kutilayotgan umr davomiyligini korelatsion tahlil gilish, matematik model
tuzish va model asosida bashorat gilishdan iborat.

Tadgigot uchun 135 ta davlat va aholi kutilayotgan umr davomiyligiga ta’sir eltuvchi omillar sifatida
aholining kutilayotgan ta’lim olish yillari,aholi jon boshiga to’g’ri keladigan yalpi milliy daromad,100000 ta tirik
tug’ilgan chaqalogqa homiladorlik bilan bog’liq sababga ko’ra onalar o’limlari soni, 1000 ta tanlangan ayoldan 15-
19 yosh oralig’ida ona bo’lganlar soni,parlamentda ishlaydiganlar orasida ayollar egalik giladigan o’rinlar soni,25
va undan yuqori yoshdagilar orasida eng kamida maktabdan keying ta’limda tahsil olganlar ulishi va davlatning
aholi ta’lim olishi uchun ajratgan sarmoyasi tanlab olindi.

Bu tanlangan sitatistik ma’lumotlar 2020 yilning Inson Taraqqiyoti Hisoboti (Human Development
Index) statistikasidan tanlab olindi.

Aholi kutilayotgan umr davomiyligining analitik ifodasini topishga asoslangan taxmin gilish usulidan
foydalanildi.Taxmin qilishning rivojlanishi o’rganilayotgan qiymatning boshlang’ich kuzatilgan ma’lumotlar
asosida unga ta’sir qiluvchi omillarga bo’g’ligligini ifodalovchi ekstrapolyatsiya(oldindan yig’ilgan
ma’lumotlarga asoslangan taxmin qilish jarayoni) funksiyasi turini y = f (x) aniglashdan iborat va bu ishda biz
chizigli funksiyadan foyadalanamiz

y = bo + biXo+h2X1+DsXox.............. PnXn-1.
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Ma’lumotlar tahlili Minitab va MS Exel dasturlari yordamida amalga oshirildi.Minitab dasturi orgali
aholi kutilayotgan umr davomiyligi va unga ta’sir qiluchi omillar orasida korelatsion tahlil o’tkazganimizda
quydagi hulosa keldik.

Aholi kutilayotgan umr davomiyligi va aholining kutilayotgan ta’lim olish yillari(r=0.816),yalpi milliy
daromad(r=0.753) va 25 yoshdan yuqori eng kamida maktabdan keyingi ta’limda tahsil olganlar
ulishi(r=0.739) orasida kuchli musbat korelatsion bog’lanish bor.Aholi kutilayotgan umr davomiyligi va
100000 ta tirik tug’ilgan chagalogqa homiladorlik bilan bog’liq sababga ko’ra onalar o’limlari soni(r=-0.852), 1000
ta tanlangan ayoldan 15-19 yosh oralig’ida ona bo’lganlar soni(r=-0.815) orasida kuchli manfiy korelatsion
bog’liglik bor ekan.Aholi kutilayotgan umr davomiyligi va parlamentda ishlaydiganlar orasida ayollar egalik
qgiladigan o’rinlar soni(r=0.256) va davlatning aholi ta’lim olishi uchun ajratgan sarmoyasi(r=0.223) orasida kuchli
bo’lmagan musbat korelatsion bog’lanish bor.Ya’ni musbat korelatsiyalangan omillar migdori oshib borishi bilan
aholi kutilayotgan umr davomiyligi ham oshadi,manfiy korelatsiyalangan omillar oshib borishi bilan esa,aholi
kutilayotgan umr davomiyligi kamayib boradi.

Endi biz aholi kutilayotgan umr davomiyligiga ta’sir qiluvchi omillar orasidagi o’zaro korelatsion
bog’liglikni ko’rib chigamiz.Aholining kutilayotgan ta’lim olish yillari va aholi jon boshiga to’g’ri keladigan yalpi
milliy daromad(r=0.737) va 25 va undan yuqori yoshdagilar orasida eng kamida maktabdan keying ta’limda tahsil
olganlar ulishi(r=0.763) orasida kuchli musbat korelatsion va 100000 ta tirik tug’ilgan chagaloqga homiladorlik bilan
bog’liq sababga ko’ra onalar o’limlari soni(r=-0.711), 1000 ta tanlangan ayoldan 15-19 yosh oralig’ida ona
bo’lganlar soni(r=-0.727) orasida esa kuchli manfiy korelatsion bog’lanish bor. 100000 ta tirik tug’ilgan chaqaloqqa
homiladorlik bilan bog’liq sababga ko’ra onalar o’limlari soni bilan 1000 ta tanlangan ayoldan 15-19 yosh oralig’ida
ona bo’lganlar soni(r=0.755) orasida kuchli musbat korelatsion bog’liglik bor.Aholi kutilayotgan umr davomiyligi
uchun regression model quramiz va quydagi chizigli tenglamaga ega bo’lamiz.

Y =69,7 + 0,549 X; + 0,000100 Xz - 0,0165 X5 - 0,0314 X4 + 0,0118 X

-0,0231 X6 - 0,197 X7

Bu tenglamamizda X1,X2 Xs..... X, lar mos ravishda Aholi kutilayotgan umr davomiyligiga ta’sir qiluchi
omillar va bu regression modelimizni tahlil giganimizda Xs,Xs va X7 (parlamentda ishlaydiganlar orasida ayollar
egalik giladigan o’rinlar soni, 25 va undan yuqori yoshdagilar orasida eng kamida maktabdan keying ta’limda tahsil
olganlar ulishi va davlatning aholi ta’lim olishi uchun ajratgan sarmoyasi) ta’sir qiluchi omillarimiz testdan
o’tolmadi.

Shuning uchun aholi kutilayotgan umr davomiyligiga ta’sir qiluchi qolgan X1,X2 X3 va X4 (aholining kutilayotgan
ta’lim olish yillari,aholi jon boshiga to’g’ri keladigan yalpi milliy daromad,100000 ta tirik tug’ilgan chagaloqqga
homiladorlik bilan bog’liq sababga ko’ra onalar o’limlari soni, 1000 ta tanlangan ayoldan 15-19 yosh oralig’ida ona
bo’lganlar soni) omillar uchun regression tenglama quramiz va quydagi tenglamaga ega bo’lamiz.

Y =68,9 + 0,441 X; + 0,000097 Xz - 0,0158 X3 - 0,0285 X4

Bashorat gilish uchun Xi,X2 X3 va X4 ta’sir qiluvchi omillarga taxminiy qiymat beramiz va Aholi
kutilayotgan umr davomiyligini, ishonch va bashorat intervallariga ega bo’lamiz.X1=13.6yil, X>=20800 dolar,
X3=156ta va Xs=48ta bo’lganda Aholi kutilayotgan umr davomiyligi 73.19 yoshni,ishonch intervallari (72.74,
73.65)yosh oralig’ida va bashorat intervallari (27.72, 118.67) yosh oralig’ida bo’lar ekan.

ADABIYOTLAR
1. G.M.Raimova.Ekonometrika:Korelatsion va Regression modellar ma’ruzalar matni Toshkent 2020
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PROPORSIONAL INTENSIVLIK MODELI BAHOSI

D. R. Mansurov
Navoiy davlat pedagogika instituti

KIRISH

Medik-biologik tadgigotlarda bemorning yashovchanligini tekshirishda, injenerlik tajribalarida texnik
qurilmaning ishonchliligi o‘rganilayotganda tekshirilayotgan obyekt hagidagi ma’lumotlar o‘ng tomondan
senzurlanishi mumkin. Bunga misol qilib biror klinikada davolanayotgan bemorning ma’lum sabablarga ko‘ra
(doimiy yashash manzili o‘zgarganligi, boshqa klinikaga o‘tganligi v.h.) klinikadan ketib qolishini keltirish
mumkin. Bu holatda bemorning klinikaga kelgan vaqtidan boshlab, toki klinikani tark etganigacha bo‘lgan
ma’lumotlar bor. Ammo ketganidan keyingi ma’lumotlar mavjud emas. Klinikada faqatgina bemorning chiqib
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ketgan vagt momentigina bor xolos. Shu va shu kabi misollar 0‘ng tomondan senzurlanishli ma’lumotlarga
misol bo‘la oladi.
Faraz gilaylik X — o‘rganilayotgan obyektning umr davomiyligi bo‘lib, u o‘ng tomondan gandaydir
Y tasodifiy migdor bilan senzurlangan bo‘lsin. Bu X va Y tasodifiy miqdorlar o‘zaro bog‘ligsiz bo‘lib,
ularning tagsimot fuksiyalari mos ravishda uzluksiz F va G bo‘lsin.
SENZURLANGAN TANLANMALARNING INFORMATIV MODELI

Faraz gilaylik {(Xk,Yk), k 21} ketma-ketlik (X, Y) juftlikning bog‘liq bo‘lmagan amaldagi
giymati va
s ={(0,8).i=1..n}
—kuzatilgan tanlanma bo‘lsin. Bu yerda [, = min{Xi,Yi}, 5 =1(X, SYi), va | (A)— A hodisaning
indikatori. Shuni ta’kidlash kerakki, $'" tanlanmada X, tasodifiy migdorni kuzatilishlar soni &, +...+ 9, ga

teng bo‘ladi. Bu yerdagi asosiy statistik masala S™ tanlanma yordamida F tagsimot funksiyani baholash.
Buning uchun [J; =min(X,,Y;) ning tagsimot funksiyasini H yordamida belgilab olamiz. U holda
minimumning tagsimotiga ko‘ra:

H(t)=1-(1-F(t))(1-G(t)), tel™. (1)
(1) ga qo‘shimcha sifatida F va G tagsimot funksiyalar uchun gandaydir musbat @ parametr topilib, barcha
tel" lar uchun quyidagi funksional bog‘lanish o‘rinli bo‘lsin:

1-G(t)=(1-F (1)) @)

Bu modeldagi € parametr o‘ng tomondan senzurlanish darajasini aniglaydi. (1) va (2) formulalardan o‘rniga
qo‘yish usuli yordamida F uchun qo‘yidagi ifodaga ega bo‘lamiz:

F(t)=1-[1-H(1)]", ted?, @3)
bu yerda p :ﬁ. (3) ifodadagi (H (1), p) juftlikni S™ tanlanma yordamida olingan bahosini (3) ga
qo‘yib, F uchun

FO(t)=1-[1-H, (1)]", teD?, 4)

1 1
Bahoni [1] hosil gilamiz. Buyerda p, ==>"6, va H, (t)==>1(0, <t), tel]*. Ushbu baho bog’ligsiz
[ ) n=

ravishda [1] va [3] adabiyotlarda o’rganilgan bo’lib, [4] da uni ACL (Abdushukurov-Cheng-Lin) bahosi deb
atalishi tavsiya gilingan.

Endi python programmalash tili yordamida (3) bahoning modelini yaratib uning chizmasini (Rasm 1) chizib
ko‘ramiz.

T T T
0 1 2 3 4

Rasm 1. ACL bahosi.(n=1000, senzurlanish o ‘rtacha 30%)

~238~ «EIII MATEMATUKJIAPHUHT ITHT'U TEOPEMAJIAPH — 2022



4-MMYBBA. DXTHMOJLUIAP HA3BAPUSICH BA MATEMATHUK CTATUCTHUKA

Yugqoridagi chizmadan (Rasm 1) bahoning bosh to‘plamning tagsimot funksiyasiga qay darajada
yaqinlashganini ko‘rishimiz mumkin. Bu bahoning o0‘ng tomondan tasodifiy senzurlanishda keng
qo‘llaniladigan Kaplan-Meyer (Kaplan-Meier) bahosidan bir qator afzalliklari turli adabiyotlarda ko‘rsatib
o‘tilgan.
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NPEJEJBHASI TEOPEMA 1151 BETBSIIIETOCSI ITPOIIECCA BEJIJIMAHA- XAPPUCA C
UMMMIPALIMEA CXEMA-II

Mampa66oeB A. doyenm (Haml'V)
Hopmup3saeBa 3. macucmpanm (Haml'V)

IIycte 3aman BeTBsmuiica npouecc bemnmvana-Xappuca ¢ AByMsl TUIIaMu 4dactul. B sToil Mmonmenu
MMEIOTCSI YaCTHIIBI THIA 1, U T,.

Kaxnas u3 vactun tuna 1;, 1 =1,2 , umeer ciydaliHyto NpOIOIDKUTENBHOCTD JKU3HH 7' ¢ DyHKIHMEH

pacrpeneneHus P{TI < t}: G' (t) B xoHn1ie cBoeil )U3HU YacTULA [IPEBPAIAECTCS B HEKOTOPOE KOJINYECTBO

yacTUl TMna |, U T, HyJIeBOro Bo3pacra.
i -
Yepes P'(a) o6osmaunm BepostHOCTH mpeBpamienus sactun thna Tp,i =12, B COBOKyIHOCTS

YaCTHLl, COCTOSILINE U3 (; YACTHUI| THIA TJ-, 1=12, e a = (al,az).

s=(s,s,), s*=s"-s,", 0s“ =0s,0s,",  |n|=n,+n,

S-y= _Zzl:siyi, [X[9 = x(x—1)..(x—k +1)

Ecmu §; < yi(si < yi), T0(S<Y),ecmu i =P,P+1,...,m To 6ynem mucats i =P +m.

BBC,I[CM nponmonsmme (1)yHKL[I/II/I pacnpeacacHus 4aCTULl HEIMOCPCACTBEHHBIX TIOTOMKOB YaCTHUI]

tuma T, f Z P ”’, i=12.

ITycTb BEKTOD Z; (t) (le (t), Ziz(t)) O3HAYAET, YTO B MOMEHT { CymlecTByIOT Z; 4acTuu THma I,

j =12 B npeanonoKeHuy, YT0 B HayadbHBIA MOMeEHT { —O O,E[Ha yactuua tuma T1,,1 =12,
Beenem npoussonsmue GyHkuun F Z P “.1=12. U3BectHO [1], 4TO Fi(t,S)
YIOBIIETBOPSIOT CIEAYIOLIEH CHCTEME HHTerpanLHHx ypaBHEHHIA:
Fit,s)=s( jf (t—u,s))dG'(u)i=12,
1)
t
F(t,s)= +IF t—u,s)f°(F(t—u,s))dG’(u).
0

i 0
Iycts dj; =ZfT=aj <o, | =12, tre %:aj <o, j=12.
i i
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D= Hdiju - MaTpHUIla MaTeMAaTUYECKUX OKUJIaHUM, IEPPOHOB KopeHb MaTpull D p =1. B atom

ClIy4ae BETBALIMICA MpoLecC ¢ UMMUTpaleld Ha3bIBaeTCs KPUTUUECKUM.
IIycts

Fi(t’s):S+(1_S)1+ai Ll(éj’ 0<¢ <],

rae Ly (t) - MEJJICHHO MEHSIoIIasICsl PyHKIUS;

A(s)=[e™dy(t)

U,(t)=P{r >tz,(-1)=0, z,(0)>0}

I
ﬂfl — BCPOATHOCTH UMMUI'pAllN k qaCTHII.

Jlnst cxema 2
Teopema. B ycioBusix Teopema 2 [4]

7(t) = Cla L+ Cle" (L +o(D),

20e C, Hexomoposi KOHCMAaHmMa

C,=" >0 i=12
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no

UMMUTPALUSIIN BEJJIMAH-XAPPUC TAPMOKJIAHUII )KAPAEHUHU SIIA I
JABPU

Mampa66oeB Axmananu Ham/lV mamemamux anaius xagedpacu ooyenmu,
YmmaranueB Ymuakon Ukpomaxon yrau Han/lV 2-kypc masucmpanmu.

Vi(s) = Y0 VES®  6Guan mMmuTpanys JUCKPET BAaKTAA Pyil GepyBuM TapMOKIAHUIIKAPAEHHHE XOCHIT
KutyBun QyHKIusACHEY Genrmnaiivus, | = 1,2,3, ..., m Vi(s) = Y0 VES* — 6unan y3nykcus BakTia
UMMHUTpAIMs pyit OepyBUMTAPMOKIIAHUIIT )KapaEHUHHU XOCHI KHIYBYM (QYHKIMACUHU Oenruiaimus (At —

0 BakTna k— Ta 3appayany kenu6 Ky sxTuMosuru VAt + o(At), arap k > 0 Ba 1 — viAt +
o(At),arapk = 0, ¥, 5o Vi = 0).

Xap Oup ummHrpanusuianyBum 3appada "0"€mra sra 0ynmm6 keinHuanuk benxnman-Xappucau [1,137-
180 6.] TapMoK/IaHuII Kapaéuu cxemacu Oyitnua G; (t)— "éur'" TakcMMOT KOHYHTa 3ra Ba OEBOCHTA aBJIOIAPHH
k=0 Pi s*.

Bynnan keitnn 6apua xomtapaa G;(+0)=0 neb xucobnaiimus.

w; (t) - mmmurparmsicns oxauit bemmman-Xappuc xapaéuumard "0 énum OurTa 3appadanu t - BaKTAaru
Kynainiapy coum,ul, 6unan y;(t) - kapaéHu N-HYM ABIOJMAATH 3appayaiapd COHHHH OelrHmaiMums.
Kapaéunu Kyingaru Moaeiapu Kypuo yramus:

a) UMmurpanus nryHaai BakT MOMEHTHIA Py Oepa MKy, SbHU Y KaHIAHIUp MaHXkapa XOCHIT KUjla Iu;
Oy Xonja TakCUMOT (QPYHKIMSHH YCHII HYKTACH WMMHIPAIMs] MOMEHTH OWIaH yCTMa-yCT TYIIAJIH, JeKUH
XaMMacH OuIaH mapt sMac. Macanas: Y CHIHIHT TAKCMMOTHHI MAKCHMaJl KaJaMH MMMHIPALKs MOMEHTIAPH
opacuaaru MUHUMal Macogaiad KaTTa OyIuIIn MyMKHH.
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By xonna ymymuinukau Oy3marad XoJa IMMHUTpaus OyTYH COHJIM BaKT MOMEHTHIA pyi Oepanu ned
(hapa3 KWJIUIIT MyMKWH, ITYHUHT YYYH 3appadaHu €M OyTyH KUAMAaTIapHU KaOy KUIamw;
bu3z kentupamuran teopemManap OKOPHIATH HATHXKANAPHH YMYyMIIAIITUPAIH, SIbHE KYTaWwIl xapaHu
Bennmvan-Xappuc 6yaran xon yuys [4] naru A.M.3y0koB nemmacura Moc Jiemma 1 HU UCOOT yuyH OyTyHIait
Oomkaya Wynm TyTumra TYFpU Kenaau, OyHOaH TallKapd OJHMHIaH HaTwkaigap sHru, A.M.3y0OkoB
TacAWKJIapuaan dca OyTyHiai dhapk kumaam."
bus rokopnaa alTraHUMU3ZEK a) CXeMaHu Kypuo yramu3. SI5HU IMMUTpaus AUCKPET BaKTaa pyi
Oepaau, YCHIIl 3ca Y3ITyKCHU3 TAKCHMIIAHTaH.
r—racoanduil MUKIOPHU YpraHUIAa skapaéHu, Tacoaquduil MUKIOpHHU OOLIIaHFUY AaBpU OWIaH YHH
OMpHHYN MapTa HOJNra TYIIWII MOMEHTHHU XHCOONamia ailpiM KUHUHYMIHKIAD TYFUIaH, OYHM €UuIl YIyH
KYIIMMYa W3TaHunDiap onud Oopuin kepak Oynmagu. LllyHuHT yuyH a) Ba 0) cxemajapHHU ajoxuja Kapall
Makcajra MyBOQHUKIHUP.
MomeHT/1a OONUTAHFUY UMMHTPAIVSITH JKapa&HHU SIIAll JaBpH I' y3yHJIMKKa 3ra Jed araiiMu3, arapia
3appauanap couu Z;(T-0)=0, Z;(t)>0 6apua T_t<T+T BaZ; (t+T)=0 6¥nca.
Z;(t)— xapalHHH TPaCKTOPHSCH YHI/IAH Y3IIyKcu3 1e0 (hapas KHIaiiK.
®dapa3 Kunanamk
A=VED<00, vi=v,(0), 1, =vf(L)<eo, 1, (0)=vi<0 (1)
Vi(t)=pP;{r>1 @
arap a) cxema Kapana€rraH Oyica
u(s) = XZo Vi(t)st
arap IMMHTpalysl y3IyKCH3 BaKTIu Oyica, y xomaa

u(s) = f, et uy(tydt 3)
Jlemma 1. Arap a) cxema kapanaérrad Oyica, y Xoiaa
w9 = 2 @
Oy epna.
A(S) R @k S = Bao (i) = yik + D)SK, 45(5) =740
¥ =Piz; (k) = 0/, (0) = 0} = [T523 Vi(P; (¢, 0)), ©)
([Tk=¢e= 1 arap k = 0 6ynca),
O;(t9) =Xi20 P{ui () = ¥/, Q=13 S°. ©)

FOxopuaaruaapHu Xucoodra oral XoJiia Ti1a SXTUMOJUTHK (hOpMyJTachIaH KyHHIarHHN XOCHIT KHTaMHU3:
PLzi(t) = /7, (0) > 0} = 3522, P(z(0) = g, (00>01P{z,(t) = 0/,(0) = n}=
w _Uh _ Vi(0(,0))-vé
=T T OF(L0) vi() =yi() LIS o
Wkknaun ToMoH1a
P{z:(t) = 9/5,0) = 0}=27_, Au; (K)y;(t — k) ®)
(7) Ba (8) Hu st-ra xynaiiTupu6 t 6yiinua iinrcak, y xonua
o Vi(t+l (O 4
t= o%vvoy() E=ye2 1 Auy(8)sE X2 oy (D)t
A(S) Ba U(S) 1 aHUK1a0, OXHUPTH HoaaIaH KYI/II/II[aFI/IHI/I XOCWJI KWJIaMH3:
o Yi(t+1) i(t 1- AL
ol OV 1_1/‘;07() t_u(s)(l A( ))+ (5)
€KUM Xy IIyH1ai

Z vi(t + 1) Vl(t) — u,(5)(1 — 4;(5))

By ndona sca (4) ra 3KBI/IBaJ'IeHT 6ynaz[1/1
Teopema: ®apaz m; = F;' (1) Ba (1) wapr Gaxapwirad 6yiacun. Arap m;<I, ,u=f0°° td G;P(t)<wo
6ymnca, y xomma y; (t) | y; t— co,6ymann.
AJTABUETJIAP
1. CeBoctnsiHoB b.A. BerBsamuecs nponeccu. M, Hayka, 1971.
2. bagan6oes U.C., Mampa66oes A. Ileproau xu3Hu BeTBsIerocs mnpoiecca bemnmvana-Xappuca ¢

ummurpanuein. — B ¢0.: BeposTHOCTHHE pacnipeenieHnst 1 MateMaTtuieckas ctatuctuka. TamkeHnt: Dan,

1986, c. 60-82.
3. Athreya K.B., Ney P. Branching processes. Berlin et al, shringer, 1972,XI1. 287pp.
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4-IITY'BBA. IXTUMOJIUIAP HABAPUSACHU BA MATEMATHUK CTATUCTHUKA
4. 3yokoB A.M. Ilepuoan ’XKU3HU BETBAIIETOCS IIPOIecca ¢ UMMHUTpanuei, - Teop.BeposITH. u ee
npumen., 1972, 1. VIII, el, ¢. 179-188.

TAPMOKJIAHUII JKAPAEHHJIA SITOHA 3APPATA AMJTAHAJIUTAH EKH XAJIOK
BYJIAIMTAH ) KAPAEH

. Maxmynosa, IIl.Maxcynosa
Ham/lY masnu doxmoparnmu

Annomayua: YOy Makoiiaja TapMOKJIAHHUII kapa€HUa STOHA 3appara ailaHaJuraH K XaloK

OYnanuras xapa€HHU TaIKUK dTHIN Macajialapyu EPUTHIITaH.
Kanum cyznap: TapMmokianuil xxapaéuu, ['ansTon BaTcoH kapaéHu, SXTUMOJUIUK, XOCHUI KUITYBUU

(hyHKIMS, MATEMATHK KyTHJIMA, JUCIICPIIHS

Arap lll N HU
Hni

My = 1+ I+t Y o

KYpHUHHUIIIA E3UIT MyMKHH O¥1ca, ['anpToH BaTcoH TapMOKIaHHII )kapaéHUHN TAIIKIIT KHITAAW JeHIIaan,

Oy epna ,Ull nap Oornukcus Ba A OuimaH Oup XWJI TAKCUMIIAHTaH. Hy = 1

Kytinnaru GenrunanuiapHi KUPUTAMU3:
2
f, (x)=Mx" A=Mup, T°=Dpy pP'(K)=P(u, =k/u,>0).
(1) nan
f, (0 = MX* = 1, (f,, (x)) = f, . (£,(x)) 0
oymany.

= A".

by epna fn (X) H N HYU XOCWI KWIyBYH QYHKUMSICH. (2) peKKypeHT GopmynanaH M/Lln ;
A" (A" 1)
=AY
Arap 1) A<1 6ynca N —> 0 ra P(,un :0)—>1
2) A=1 6ynca N —> 90 ra P(y, =0)—>1
3) A>1 6¥ncan— 90 ra P(u, =) —>1

ra sra 6ymamus.

Hemak, A=1; A<l na Hi ra ;un > O IapT Kyiusica makcaara MyBo(GUKIUp.

Arap A<l Ba A>1 6ynca 4, HUHT TaKCUMOT QPYHIIMACHHH aHWK KYPUHUIIHHA E3U0 OYIMaiw, mry

Tydaiiiu Oy XoJu1ap Y4yH OJUIMIA CXeMalapHU KYpHUIIaIu.
dapas Kunaiauk OUTTa 3appava y3umaH KeWnH OUTTa 3appavara aillaHCHH EKH aBJIO KOJMPMACHH.

3 S
bupunum cxema: fl (S) :Z+Z :

31,3 S, 3 3 S
R AU VERNE
3 4 4 4 42 42 4 42 43 43 ’

1

-5

fn(S)—§' 4= —in >

4 4.1 4 4" 4

4
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4-MMYBBA. DXTHMOJLUIAP HA3BAPUSICH BA MATEMATHUK CTATUCTHUKA

1 1
f' (s)=—; f'Q)=—=A<1
n ( ) 4n n () 4n
8 1
VKKUHYHM cXeMa: f, (S):§+§S;
8 1.8 S, 8 8 1
f,S)=—+=(=+=)==+—=+=S;
(=556 95" g Ty
8 1.8 8 1 8 8 8 1
f,(S)=—+=(=+=+=S)=—+—=+—=+=S
O =gtglgrga =gt tety
8(,_1
8 8 8 1 9 9" 1 1 1
n(s):_+_2 n —nS— —nS: ~n _ns
9 9 (9) 9 1 1 9 9" 9
1 1
f' (S)==—; f/(l)=—
L) )
2
VMyMJIaIlran cxema: fml(S):m 21+i23,, me N
m m
m -1 1 m*-1 1 m -1 m -1 1
e (8) = e O e S = >
m’-1 m*-1 1 m°-1 1 m’-1 m’-1 m*-1
frg(8) = ——F+——+—Z (—F+—=55)=— 3 5
m m m m m m m m
m’-1 m*-1 m -1 1 m® -1 1 1 1
fon(S) =—= o + ot T +m2”S: o (1+m2+m+ '+m2”’2
1 1
m? -1~ 2 1 1 1 ..
= m 1 +m2nS:l— 2n+m2nS’
1-—
m
1
M/’ln:mZn’
Kylinnaru teopemanap ypuHiu.
1-teopema (JIokanm Teopemacn);
a) 1- cxema yuyH P(,un :O):1—4in
1.
P(,un :1):4—n YPHHITH.
1
b) 2-cxema yuyn P(,un = 0) =1—9—n
1.
P(‘un zl) :9_“ YpUHIH
1
C) 3-cxema yuyH P(,un = O) =1-—-
m

1 .
P (,un = 1) =1- o YpUHIH.
Teopema ncbotu fn (S) XOCCACHJIaH KEIUO YMKAIU.

2-Teopema: (Jlokan mumut Teopema).
1-3 - cxemanap yuyH
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4-MMYBBA. DXTHMOJLUIAP HA3BAPUSICH BA MATEMATHK CTATUCTHUKA

lim P (u, =0)=1 3
lim P(z, =0)=0 (4)

YPUHIIN.
2-TeopeMaHt UcOOTH 1-TeopeManan kenud unkaau. Jemak sxapact «1» 3XTUMOJUIMK OWIaH Tyraiau.

Masbaymku (1) 1a N —> 00 Gyaranma P*(k) — P, 6ymamu.

n
3-Teopema: Yuuana cxeMa yuyH P*(k)— P, =0 6ynanu.

n
Wcbotu. buzra Mabrymku.

Py (k)=P(u, =K u, >0)——>P;

2-romonnan P, (k) HU XOCHJI KWITYBYH (DYHKITUSCH.

1 1 1 1
1- + S-1+ S
£ (s) f.(s)-f.(0) = m» m> m* _m" "~ _ ¢
1-1,(0) 1-1+ -
m-" m-"

bynnan Ba 1-Teopemanan 3-teopeManu ncOOTH KeIuO YUKAIH.
AJJABUETJIAP PYUXATH:

1. K.B.Athreya, P.Ney. “Branching processess” Berlin.et.al. springer. 1972, xi, 287 pp.
2. CC Heyde, E.Seneta, “Analogues of classical limit theorems for the supper critical Galton-Watson
process with immigration”. Math. Biosci. 1971, 11, Ne 3-4.

KUCHSIZ BOG’LANGAN KUZATUVLAR BO’YICHA BUTSTREPTNING KESISHMAYDIGAN
BLOKLAR USULIDA DISPERSIYANI BAXOLASH XAQIDA

Miraxmedova Lobar
O zbekiston Milliy universiteti, Toshkent, O ’zbekistan
e-mail; mirahmedovergash@gmail.com

Agar{X,,} n>1ketma-ketlik statsionar bo’lsa va ba’zi kuchsiz bog’liglik shartlarini qanoatlantirsa bu
ketma-ketlik uchun markaziy limit teorema o’rinli bo’ladi.
P
=2 - MX) S N(0;0?) (1)
Bu yerda
0% =Dx; + 232, cov( Xy, Xz Xip1) (2)
Amalda ¢ noma’lum va uni statistic baholash lozim bo’ladi. [2]

Biz o2 ni kesishmaydigan bloklar butstept usulida baholashni ko’rib chigamiz. Bu usulda berilgan

X1, X, ..X, tanlanmani xar birini uzunligi | ga teng bo’lgan k ta bloklarga bo’linadi ya’'ni  k = [E] va

l
Bi = {Xi—l "'Xil} i= 1,k
B; ... By, bloklardan tasodifan va bog’ligsiz ravishda k marta tanlab ularni ketma-ket qo’yib ya’ni tanlanma
tanlanma xosil gilamiz. Bu tanlanmani X7, X5, ... Xj; ko’rinishida belgilaymiz

[1] monografiyada bu usulda tuzilgan o’rta giymatning butstrep almashtirish
kp

_ 1
Xr=—)> xr
n kp L

i=1
Asosli ekanligini ishotlang. Biz bu baho yordamida o2 ni baholaymiz va fikserlangan n larda I ni optimal
tanlash masalasini ko’ramiz. Ma’ruzada olingan natijalar keltiriladi

FOYDALANILGAN ADABIYOTLAR:

[1] .S.N.Lahiri. resampling Methods for Dependent Data. Springer Series in Statistics, 2003
[2] .H. Dehling, R.Fried, O.Sh.Sharipov, D.Vogel , M.Wornowizki.Estimation of variance of partial sums of
dependent processes. Statistics and Probabiliti Letter 83 (2013)
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4-IIYBBA. DXTUMOJLIIAP HA3BAPUSICU BA MATEMATHUK CTATUCTHUKA
HPEJEJBbHAS TEOPEMA JIJISI MOJIEJIH ITIPOCTPAHCTBEHHOM ABTOPETPECCUH

T.C.Mup3aes, J3.T.Ymapos, I'.b.Pacyn1oBa, M.IIl. MaxmynyaiaeBa
Hamaneanckuil 2ocyoapcmeenusili yHugepcumem

B nmamHOW = pabore  paccMaTpuBaeTcs — cienyromias — MOJETb  aBTOPETPEeCCHH  Ha

. 2
LEIOYNCIICHHOU PEHIETKE INIOCKOCTH Z

Xklz{a(xkﬂ—%xm4)+gkh eciu k,l>1, (1)
"0, 8 OCMANbHLIX CTYYASIX

rae {gk’I 5(k, |) c Z2,k’| 21} HE3aBHCUMBIC CITy4aliHbIC BETUYMHBI (H.C.B) C E(gKI ) =0, E(gil ) =1.

OTH MOAENIM Hayald WHTEHCHBHO MCCJIEJOBAaThCS CPABHUTENBHO HENABHO M €IIE HE BOLLIM B
MOHOTpadUUecKyto 1 yueOHyo uTeparypy. HekoTopslit 0030p pe3ynbTaToB Mbl AauM cieays padore [1].

AHanu3 HpPOCTPAHCTBEHHBIX MOAEJIECH MHPEICTaBIsA€T HMHTEPEC BO MHOTHX OOJIACTSX, TAKUX Kak
reorpadus, TeoIoTrs, OMOIIOTHUS U CENBCKOE X03IUCTBO. J{MCKYCCHIO TI0 3TOMY TIOBOAY CM. B padore [2]. Otun
aBTOPHI paccMaTpUBAIIK cIy4ai, TaKk Ha3bIBaeMOl, oqHOCTOpoHHEH Mozenu AR(p), umeromieii popmy

P P2
Xe1=2 2 & i Xii-jté  %o=0
i=0 j=0
B pabore [1] paccmaTpuBaeTcsi OCOOBIN cCilydail »dSTOW MOAENH, a WMEHHO, KOorja

PL= P2 =1, Op1=09=0a, 0= O, u nmomyuensl cmenuduUecKHe — Pe3yIBTATEL 00

ACHMIITOTHYECKOM IOBEJCHUU OLEHKH (Y B HEYCTOWYMBOM ciy4dae. B mureparype O4YeHb HEMHOTrO
Pe3yIBTATOB 3TOTO THIIA IS IPOCTPAHCTBEHHBIX Mojienieil. C o0IIel TOUKH 3peHusl, xKelaTeJIbHO UMETh JeJ0

C MOJEIISIMH, TJIe X k | ABISETCS TMHEHHON KOMOMHALMEN BCEX COCENEH Mo pemeTku. B acTHoCcTH, OBLIO

6bI HHTEPECHO PaccMOTpeTh 06001eH e Moaenu [1], korma X k1] ¥ X k |1 MMEIOT pasinyHbIe Beca O U

. Ho naxe B nanHOi Mofienu ¢ & = 3 BO3HHMKAIOT CIOKHBIE MATEMATUIECKUE MPOOIEMBI C J10CTATOUHO
HECTaHJIAPTHRIMH pe3yibTataMu (cM. [1], Teopema 1).

B ycroiiunBoM (acCMMNTOTHYECKH CTAllMOHAPHOM) ciydae, Korja |a | <1l =u | p | <1,

ACHMIITOTHYECKasT HOPMaILHOCTh HEKOTOPHIX omeHok FOma-Yomkepa (Otm ns ﬁm n) napameTpa (Ol; ,3 ),

OCHOBAaHHBIX Ha HAOJIFOJEHUAX {Xk (:1<k<m and 1<I< n} , ObLIa 70Ka3aHa B psije pabor (cm.,

HanpuMmep, [2]). A IMEHHO, OBLIIO TTOKa3aHO, YTO

M(%::::ZJ—DW(O, Sy )

mpu M, N —> 00, m/ N —const >0 ¢ nexoropoit Marpumeii KoBapuarmii Y | . p

B HeycToitunBoM ciyuae, korna & = IB =1 paccmaTtpuBanuch olieHku ['aycca-HbproToHa (an,n ; :Bn,n) 5

ObUIa JJOoKa3aHa UX aCHMITTOTHYECKass HOpMaiabHOCTH (cM. [3]):

”3/2@2'::Zj—>'° N, T ).

rac z — HCKOTOpad KOBapuallMOHHag MaTpula.

B meycroitunBoM ciydae, korna & =1, a | ,3 | <1, onenka TakKke aCHMITOTHYECKH HOpMaibHa (cM. [3]).

PaccmaTprBaemMblii  MPOCTPAHCTBEHHBIH  aBTOPETPECCHOHHBIM  IMPOLIECC {Xk,l kilez +}

OMpEACIACTCA CICAYIOINUM O6p a30M

{a(xk_u + Xk,|—1)+gk,|’ eciu k,lZl, (1)

X =
kil
0, 6 OCMAJIHbLX CIIYYAsX.
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DTa MOJENb YCTOWYNBA (ACUMITOTUYECKH CTAIIMOHAPHA), €CITH |0£ | < 1/ 2 v HeycTOHUMBA, €CITH |0( | = 1/ 2.

ITycte g mpoctorsl M =N. Ouenky OyIeM CTPOMTH OCHOBBIBAsACH Ha HAOIIOIECHUSAX,
PaCIONOKEHHBIX BAOJIb AMAroHAMH KBagpata R, = {Xk 11 k<n,1<I< n}. B coorsercTBuu ¢ (1)

5TH HaOJIIOEHNS yIOBJIETBOPSIOT CIIEAYIOIEMY PEKYPPEHTHOMY COOTHOIIEHHIO
X, = a(Xyx + X)) + &k ecmu k=1, @)
kk ™10, 6 OCMANLHBIX CAVYASX.

Cymmupys (2) o k ot 1 10 n, Hoay4uM ypaBHEHUE OICHUBAHHUS
n n n
> Xyk = aZ(xk—l,k + Xk,k—l) + 2 &k
k=1 k=1 k=1

PaznenuB 06e 4acTH MOTY4EeHHOTO YpaBHEHHS Ha KOAQQHUUUEHT Npu (X, TOIyYUM

. Z
ay,—a=—1 @)
’ Y
n,n
n n . Xn N
rae Zn,n = kZ: Ex ko Yn,n = kZ:(Xk—l,k + xk,k—l)’ Opp = Y— — mpenjiaracMas OleHKa mapameTpa
=1 =1 n,n

n
a, a Xn,n - kZ: Xk,k'
=1

[ MOCTpOEHHOM OIIEHKH UMEET MECTO CIIEIyIolee YTBEPKICHHE.

Teopema. Ecmu {(C,‘i j L j 2> l} — HE3aBHCHMBIE OJMHAKOBO paclpeAcicHHbIE CIy4alHbIE
2
BeTHUMHEL ¢ E (8”- ) =0mu E(gi,j ) =l, TO 1pH 1 —> 0O B KPUTHYECKOM CITydae (05 = i1/2)

20 n¥* (a:,n - a) = isignoz,
2
2 16

rie g° =
157

HOPMAJIBHOC pacClIpCacIiCHUC.

(7+8«/2), a 51 nu 52 — HC3aBUCHMBIC CHy‘IaﬁHBIC BCJIMYMHBI, UMCHOIIIHUEC CTAHAAPTHOC

JUTEPATYPA
1. Baran. S., Pap. G., Martien C.A. Van Zuijlen. Asymptotic inference for an unstable spatial AR model
/] Statistics, 2004. -V.38(6). -Pp. 465-482.
2. Basu. S., Reinsel. G. C. Properties of the spatial unilateral first-order ARMA model // Adv. Appl.
Probab, 1993. -V. 25. -Pp. 631-648.
3. Bhattacharyya B.B., Khalil T.M., Richardson G.D. Gauss-Newton estimation of parameters for a
spatial autoregression model // Statist. Probab. Lett, 1996. -Ne28. -Pp. 173-179.

BUPUHYU TAPTUEJIM BUP VJIYOBJHU Ol ABTOPETPECCHSI MOJEJIM YUYH
JUMMT TEOPEMAJIAP. KPUTUKKA SIKUH BYJITAH XO.JI (a =a(n)— 1) .

T.C.Mup3aes, J.T.Ymapos, I'.b.PacynoBa
Hamanean oasnam ynusepcumemu

YOy OupuHYIHM TapTHOIHN aBTOPETPECCHS MOJIETHHN Kapasiaau

Xi=aX  +&, t=12,.. 6))
By epna &, &5, ... — 0ok 6yamaran Oup Xuil TaKCUMJIaHTaH Tacoanduii Mukaopsap (0.6.0.X.1.1.M.)

OynuO, ynap yuyH Eé‘l =0, Eé‘lz =1, XO — OonmIaHFUY XO0Jar.
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4-ITYBBA. DXTUMOJLJIAP HA3BAPUSICH BA MATEMATHUK CTATUCTHUKA
IOxopumaru (1) xapaéu ‘0( ‘ <1, 6ynca Typryn neitumanmy,

a | =1 6ynca xputuk neiintanu Ba
|0£ | > 1 6ynranna noprnam Tunura Mancy6 aeitnnany.

Kputuk xomma &n 0axoHMHT Mypakkald CTpyKTypacu {Ei} MUKJIOpJIap HOpPMal TaKCUMOTIa 3ra

OynraH Xoyga XaM JIMMUT TAKCUMOTHH aHUKJIAITHN KUAHHIIAIITAPA]TH.

MabrymMKu \/ﬁ (&n - ) map & € (—1, 1), Oyranma HOpMai JUMHAT TakcuMoTra ara 6ymanu ([1],
[2] ra xapaiimus). |0! | > 1 6ynranna sca TMMHT TAKCUMOT MypakKa® XHCOGIAHAIH Ba YH/AH TAIIKAPH |Ot| >1
oynranma {6‘ i } T.M. JJADHUHT TAKCUMOTHTA OOFJIHMK OYIu0 Koau.

Kputnk xom yayn (0! = 1) [2] amabuérma AR(1l) mMomenb ydyH OJIMHTaH OAXOHUHI JTHMHUT

2 o o
TaKCUMOTHHH OHp XM Ba HOpMaj N (0, o )TaKCI/IMOTFa sra OynraH &, XaToJuK OwnaH Kyhumarmda

udomanaran

1
2

by epna W(t) — CTaHZApT BUHEP NPOLECC, —> CHUMBOJI KyUCH3 SKHHJIALIUIIHYA U(oaamanu.

n(a, -1)=(w @) -1) jwz(t)dt, @)

[ynu Tapkuiam J03UMKH O (n) —1, N—> o0 xomza 6upop 6Gup HATHKA KEATHPUIMATAH.

Bymapuu xucobra omud & (n) —1, N —> 00 xomma (1) (k = 1) HOCTaHJApT 0aXOHU KYpHUO YUKaAMU3.

baxonun Kypulll Ba YHUHT JIUMHUT X0JIaTH

Baxonam tenrnamacunu (1) mynocabatna t 6yiinua 1 nas Toxu N rava itwFrHEIM oML Wynu Ouiian
Kylujaaruda Ty3amu3

n n n
DX =ay, Xy +2.6
t=1 t=1 t=1

KUCKapTUPUIITAH XOJIa

Y. =aY, ,+E,. 3)
(3) Tenrnamanu En , HU XucoOra oJiMaraH xoJjijia e4u0 Kylujaaru 0axoHU XOCHIT KAJIaMK3
Y,
nl—
Yn—l
Ounu (3) AaH YETIAHWIITHU TOTIAMH3
* E,
Cnp—a= . 4)
n-1

Iyan anukam MyMKUHKH, (1) maH Kyldngarura sra 6yimamu3

1
Xia :;(Xt _5t)

Ba HaATIKaIa

Yoi==(Y,—E,) )
Teopema 1. Arap &,&»,...— 0.6.0.X.T.T.M. E(E,‘l) =0, E(&‘lz) =1 xamma XO =0

C
6yica, y xomaa N —» 00 6ynranma o =1——, ‘C‘ < 00 X0 Yy4yH
n
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4-MMYBBA. DXTHMOJLUIAP HA3BAPUSICH BA MATEMATHK CTATUCTHUKA

P(nac(a,fll—a)<x):> “1_5"2 T du 1.1 X+

_—+—arctg ——, Oymamu
7? _£ou2+25cu+1 2 7 h-s?

Oy epna O's = %[2|C| -3+ 4(—3_|CI —e_2|C|:|, O :—(e_|°| + |C| —1).

2|C| CZO'C

Teopema 2. Arap &,&9,...—0.6.6.x.T.T.M. 6y1HO, E (6‘1) =0, E (6‘12) =1 xamma

XO =0, 6ynca, y xonna Ol(n)=1—£, Vn—>%9, ¥n :O(n) XOJI yIyH

n
\/§7n

g

(a;,l—a):i,

2

N —> 00 6ynranga Kyitngarn myHocabaT ypuHau Oynanu

1
Oy epna (51, 52 ) — ¥pTa KuiiMaTH HOJTa TEHT OYJraH Ba \/E KOBapHallMOH MaTpuLara ara
1

1
1
J2
Oynran HOpMai Tacoauduii BEKTOp
Teopema 3. Arap &,&5,...— 06.6.0.x.T.T.m. E (6‘1) =0, E (812) =1 xamma XO =0,

C n
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AKSIYA VA UNING DAROMADLILIGINI BAHOLASH

Muhamedov A. Q., Abdulloyeva Sh. I.
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e-muhamedov1955@gmail.com
O’zMU magistranti; Toshkent, O ’zbekiston,
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Asosiy moliyaviy vositalardan biri daromadi fiksirlangan gimmatli qog’ozlarning keng tarqalgan turi
aksiyalardir. Aksiya narxi va daromadliligini aniqlashga e’tibor qaratamiz.

Aksiya — aksionerlik (hissadorlik) jamiyatining mol-mulkida va oladigan foydasida aksiya egasining
hissasi borligini tasdiglovchi yuridik hujjat. Aksiyalarda aksiya egalarining kompaniya ishidagi ulushi,
dividend to‘losh usullari va boshqa shartlar ko‘rsatilgan bo‘ladi. Aksiyalar ikki turda bo‘ladi: imtiyozli va
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oddiy. Imtiyozli aksiya egalari daromaddan doimiy fiksirlangan daromad -dividend olish huquqiga ega bo‘lib,
bu dividend to‘lovlari oddiy aksiyalar bo‘yicha dividendlar tagsimlanmasdan oldin to‘lanadi. Imtiyozli
aksiyalar uning egalariga aksiyonerlik yig‘ilishlarida hech ganday ovoz va, o‘z navbatida, aksiyonerlik
jamiyatlarini boshgarish huqugini bermaydi. Imtiyozli aksiyalar obligatsiyalarga o‘xshash bo‘lib, undan fargi
muddati chegaralanmaganligidir, ya’ni muddatsiz qimmatli qog‘ozdir. Imtiyozli aksiya egasi, odatda, foyda
oladi, uning foydasi kompaniya foydasi o‘sishi 102 bilan oshmaydi, lekin kompaniya bankrot bo‘lganda, uning
yo‘qotishi kamroq bo‘ladi, ya’ni aksiyalar nominal qiymatlarda so‘ndiriladi. Imtiyozli aksiyalar qoidasiga
ko’ra, aksionerlik jamiyati nizom jamg‘armasining 10 foizidan ortiq chiqarilishi mumkin emas. Ular turli
ko‘rinishlarda chigarilishi mumkin: chigarib oluvchi aksiyalar, komulyativ aksiyalar, retrektiv aksiyalar,
konversiyalanuvchi aksiyalar, suzuvchi yoki o‘zgaruvchan kursli aksiyalar. Chiqarilgan aksiyalarning asosiy
massasi oddiy aksiyalar bo‘lib, oddiy aksiya egalari kompaniya foydasidan oddiy foiz oladi, lekin aksiyonerlik
yig‘ilishlarida ulushli ovozga, aksiyonerlik jamiyatlarini boshqarish huquqiga egadirlar. Aksiyonerlik jamiyati
imtiyozli aksiyalar bo‘yicha dividend to‘lovlarini ajratgandan so‘ng qolgan foydani oddiy aksiyalar bo‘yicha
tagsimlaydi, foyda oshsa dividendlar oshadi, kamaysa kamayadi. Agar kompaniya bankrot bo‘lsa, ular hech
narsaga ega bo‘lmaydilar. Bu daromadning biroz galtis formasidir.
Imtiyozli aksiyaning narxi va daromadliligi

Imtiyozli aksiya bo’yicha daromad amalda doimiy muddatsiz (postnumerando) rentadir. Agar aksiya

yil boshida sotib olingan va u bo’yicha kafolatlangan dividend miqdori ,,D%, joriy daromad normasi ,,i* bo’lIsa,

u holda uning narxi shu momentdagi muddatsiz rentaning joriy giymatiga teng bo’ladi: P=D/i . Agar
aksiyaning sotib olish narxi (P) ma’lum bo’lsa, bu formuladan aksiyaning yillik daromadliligi ,,i* ni
quyidagicha topish (baholash) mumkin: | = D/ P.

Agar imtiyozli aksiya sotib olinganda navbatdagi dividend to’lovigacha golgan muddat € bo’lsa, u
holda uning giymati quyidagi formula orgali aniglanadi:

P(6) :TD.(1+i)” ;ig'[1+i'(1_9)]:TD+ D(l-0)=P+A(d) (1)
U holda imtiyozli aksiyaning yillik daromadliligi quyidagicha topiladi:
D 1

= b A@G) PID-(1-0) @

Oddiy aksiyalarning giymati (narxi) va daromadliligi

Investor nuqtai nazaridan oddiy aksiya bo’yicha daromad dividendlarning cheksiz tushumlar oqimidan
iborat. Shuning uchun aksiyaning narxi cheksiz o’zgaruvchan rentaning hozirga (joriy) qiymatiga teng bo’ladi:

N K
P—;Dk-v | -

Oddiy aksiyalar bo’yicha dividendlar kamayishi, oshishi va o’zgarmas bo’lishi mumkin. Dividendlarni
kamayishi investor manfa’tiga to’g’ri kelmaydi, shuning uchu u tahlil uchun qiziq emas.

1) Dividend miqdori yillar davomida o’zgarmas (o’sish tempi (darajasi) nol) Dl = D2 =..=D

bo’lganda aksiya narxi P = D/ 1 joriy yillik foiz stavkasi (yillik daromadiiligi) 1 = D/ P bo’ladi.
Masalan, 0’sish tempi nol, dividend miqdori 500 so’m, daromadlilik darajasi 10% bo’lgan aksiyaning narxini
toping?

D=500; g=1; i=0.1; P=?

Hisoblaymiz: P =D/i=500/0.1=5000s0"m.

2) Dividend miqdorining yillik o’sishi doimiy tempda (darajada) bo’lganda aksiya narxi quyidagicha:
2 k
D, =D, -(1+C|); D, =D, -(1+CI) ... D =Dy -(1+CI) ;:

Akaiya narxining bevosita matematik hisoblash formulasi quyidagicha:
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1+ D
P:DO°.—q=. = 4)
I-q 1—0Q
Joriy villik foiz stavkasi (yillik daromadliligi) esa:
i:q+D0'(l+q)=Q+& o)

P P

bu erda k- yil nomeri, g — yillik o’sish tempi. Bu modelni ,,Gordon modeli* deyiladi.
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Moliyaviy mablag‘ning yetishmasligi yoki ko‘paytirish muammosini ssuda, kredit, garz olish yoki
berish bilan bir qatorda qimmatli qog‘ozlarni chiqarish va sotish yoki sotib olish orqali ham hal qilish mumkin.

Qimmatli qog‘ozlar deganda korxona va tashkilotlarning (mulk shaklidan gat’iy nazar) mol-mulkida
va shu mol-mulkdan olinadigan daromadda gimmatli qog‘ozlar egasining hissasi borligini tasdiglovchi, undan
kelib chigadigan huquglarni boshga shaxslarga berish imkoniyatini nazarda tutuvchi yuridik hujjat tushuniladi.
Qimmatli qog‘ozlar — blanklar, sertifikatlar shaklida yoki schyotlardagi yozuv shaklida bo‘lishi va hisob-kitob
qilishda, kreditlar bo‘yicha garov sifatida foydalanilishi mumkin. Qimmatli qog‘ozlar chiqarish emissiya,
ularni chigaruvchilar — emitentlar deyiladi. Asosiy moliyaviy vositalar, ularga aksiyalar, obligatsiyalar,
veksellar, xazina majburiyatlari, bank sertifikatlari misol bo‘ladi.

Quyida biz asosiy moliyaviy vositalardan biri va daromadi fiksirlangan qimmatli qog’ozlarning keng
targalgan, muhim turi hisoblangan obligatsiya hagida tushunchalar keltiramiz. Obligatsiya narxi va
daromadliligini aniqlashga e’tibor qaratamiz.

Obligatsiya - garz bo‘yicha majburiyat bo‘lib, emitent obligatsiya egasiga kelajakda, ma’lum
fiksirlangan vaqtda aniq qiymatni va fiksirlangan yoki o‘zgaruvchan (suzuvchan) stavka bo‘yicha belgilangan
foizlarni to‘lab borishni kafolatlaydi. Obligatsiya uzoq muddatli investitsiyalarning muhim ob’yektidir. Bu
gimmatli qog‘ozlarni chiqarishda biroz qaltislik (risk) bor, shuning uchun yirik va ishonchli, barqgaror
kompaniyalar kichikroq foiz to‘lashadi, kichik kompaniyalarni esa bankrot bo‘lish ehtimoli kattaroq.
Obligatsiyaning o‘ziga xos xarakterli tomoni sharti bo‘yicha u o‘rnatilgan muddatda va narxda sotib olinishi
kerak.

Obligatsiya narxi deganda u bo‘yicha barcha to‘lovlarni hozirgi qiymati tushuniladi. Bu to‘lovlar foiz
to‘lovlari va so‘ndirish giymatidir. Odatda, obligatsiyaning bozor narxini o‘rnatish uchun baholash momentida
foiz to‘lovlarining hozirgi qiymati aniqlanadi va bu narx foiz yoki bozor stavkasi deyilib, u so‘ndirish
muddatigacha o‘zgarmaydi. Kelgusidagi to‘lovlar aynan shu stavka bo‘yicha diskontlanadi. Kuponli (qismli,
foizlar gismlar bo‘yicha to‘lanadigan) obligatsiyaning hozirgi qiymati nominal qiymati va kupon muddatlari
oxirida to‘lanadigan kupon oqimlarining hozirgi qiymatlari yig‘indisiga teng bo‘ladi.

Obligatsiya kursi —bu obligatsiyaning nominal va o’ziga qarab bozor narxlari har-xil bo’lishi
mumkin. Bu miqdorlar orqali ularni bir biri bilan bevosita solishtirib bo’lmaydi. Ularni baholash uchun
obligatsiya kursi ko’rsatkichi ishlatiladi. Bu ko’rsatkich obligatsiya narxi P ni nominal narx N ga nisbati kabi
foizda aniglanadi:

K=+ 1000
N
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Masalan, obligatsiyaning nominal qiymati 100000 so’m bo’lsa va u 90000 so’mga sotilsa, u holda obligatsiya
kursi 90000/100000*100% = 90% bo’ladi.
Endi muddati ,,n“ bo’lgan, yiliga kuponlar bo’yicha to’lov to‘lanadigan obligatsiyaning chiqarilish (emissiya)
momentidagi kursini baholaymiz. Faraz qilaylik “c” — kupon stavkasi bo’lsin. Kuponlar bo’yicha barcha
tushumlar ogimining joriy giymati:

PCZC-N— 2)

=

buerda V = —1+ i - diskont ko’paytuvchisi, i —joriy foiz stavkasi.

Nominal giymatning joriy giymati esa:
Ph=v'"-N @
U holda oblegatsiyaning boshlang’ich kursi:
K P P+P . 1-v" 1—y"

— == =v"+cC- =1+ (c—i)-
100 N N i =D *)

Yugqorida aytganimizdek (4) formula obligatsiyaning boshlang’ich kursini aniqlaydi. Lekin gimmatli
qog’ozlar bozorida obligatsiya vaqtning ixtiyoriy momentida sotilishi yoki sotib olinishi mumkin. Shuning
uchun u nafaqat emissiya momentida baholanmay so’ndirilguncha vaqtning har ganday momentida
baholanishi mumkin. Bunday hollarda yuqoridagi hisoblash formulalaridagi ,,n*“ baholash momentidan
so’ndirilish vaqtigacha bo’lgan muddat deb olinadi. Bunda so’ndirilish muddatigacha bo’lgan vaqtning

ixtiyoriy ,,t( o<t N ) oralig’ida obligatsiyaning kursi (4) formuladan kelib chiggan holda
quyidagicha hisoblanadi:
Obligatsiya kursining bevosita matematik hisoblash formulasi quyidagicha:

K(t) - t)_ 1 1 1
Tog =1 e/i-D--v)=c; i) @iy ©

Obligatsiya kursi (5) formuladan ko’rinib turibdiki, vaqtga nisbatan o’zgarib boradi. Agar obligatsiya
diskont bilan (i>c) sotib olingan bo’lsa, u holda obligatsiya kursi so’ndirish muddatiga yaginlashgan

(,t“ kamaygan) sari 1—v! kamayib boradi, c/i-1<0 bo’lgani uchun obligatsiya kursi (diskontni
jamg’arilishi hisobiga) oshib boradi. Shu kabi mulohazalardan obligatsiya premiya bilan sotib olingan holda
obligatsiya kursi so’ndirish muddatiga yaqinlashgan sari (premiyani to’lash hisobiga) kamayib borishi kelib
chiqadi. Aynigsa obligatsiya kursi so’ndirishgacha bo’lgan oxirgi kupon davri uchun quyidagicha sodda
formula bilan baholanadi:

P@):N-a+c)vﬂ-5gl

100 = (1—|— C)-VT (6)

Agar (5) formulada obligatsiyaning so’ndirilish muddatigacha bo’lgan vaqt oralig’i butun son

bo’lmaganda, ya'ni T =T +& | T -butunson, O < & <1 , @ - baholash momenti T dan
navbatdagi kupon to’lovigacha bo’lgan vaqt oralig’i, obligatsiyaning joriy kursi quyidagicha aniqlanadi:

Kﬁ+m:|qﬂ+Cv9m
100 100
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HAYOT SUG‘URTA BO’YICHA REZERVLARNI SHAKLLANTIRISH METODIKASI
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Hayot sug‘urtasida zahiralar uning har bir turi bo‘yicha sug‘urta badallarining bir qismini o‘tkazish bilan
shakllantiriladi. Sug‘urta badallarining qiymati ta’rif stavkalari asosida aniqlanadi. Hayot sug‘urtasida ta’rif
stavkalari har bir tur bo‘yicha o‘ziga hos hisoblangani uchun zahiralarni shakllantirishda ham u o‘z aksini
topadi. Shuning uchun zahiralar matematik zahiralar deyiladi. Sug‘urta zahirasining miqdori oldinda turgan
to‘lovlarni to‘liq qoplash uchun yetarli bo‘lishi zarur. Sug‘urta zahiralari sug‘urta kompaniyasi moliyaviy
barqarorligi va majburiyatlarining bahosidir. Shuning uchun sug‘urta zahirasini to’g’ri hisoblash va
shakllantirish sug‘urta kompaniya faoliyatida muhim ro’l o’ynaydi. Ikkinchi tomondan, hayot sug‘urtasi uzoq
muddatli sug‘urta bo‘lgani uchun, zahira jamg‘armalari investitsiya qilish uchun zarur mablag* hisoblanadi.
Shu sababli hayot sug‘urtasi mamlakat iqtisodiyotida muhim rol o‘ynaydi. Ushbu tezisda hayot sug‘urtasi
turlari bo’yicha zahiralarni shakllantirish usullari o’rganilib, amaliy masalalarni hal gilishda ganday
go’llanilishi ko’rsatilgan.

Hayot sug‘urtasida zahiralarni shakllantirishdan maqgsad sug‘urtachining sug‘urtalanuvchilar oldidagi
majburiyatlarini o‘z vaqtida va to‘liq bajarishni ta’minlashdan iborat. Zahiralarni shakllantirish shartnoma
shartlari asosida amalga oshiriladi.

Hayot sug‘urtasi zahiralari quyidagi zahiralar tarkibini o‘z ichiga oladi:

1) matematik zahiralar (badallar zahirasi);

2) sug‘urta majburiyatlari xizmatlari zahirasi;

3) e’lon qilingan, lekin bartaraf etilmagan sug‘urta hodisalari bo‘yicha to‘lovlar zahiralari;
4) sug‘urta hodisalari ro‘y bergan, lekin e’lon qgilinmagan to‘lovlar zahiralari;

5) qo‘shimcha to‘lovlar zahiralari (sug‘urta bonuslari);

6) tenglashtiriladigan zahiralar.

Ta’rif stavkalarini va zahiralarni hisoblashda yillik foiz stavkasi 5% dan oshmasligi kerak.

Hayot sug‘urtasi bo‘yicha har xil shartlarda sug‘urtalanuvchi tomonidan
to‘lanadigan badallarning matematik zahiralarini hisoblash tartibini ko‘rib chigamiz.
Hayot sug‘urtasida bir yo‘la to‘lanadigan badallarning matematik zahirasi.

x yoshdagi shaxsning n yilgacha yashash sug‘urtasida zahira. Aytaylik sug‘urtalanuvchi
shartnoma tuzgan vaqtda bir yo‘la badal to‘ladi, shartnoma tuzilgan vaqtdan bu yog‘iga t yil o‘tdi. U holda
zahira giymati t — chi yil oxiriga kelib sug‘urtachining qolgan muddat uchun majburiyati minus
sug‘urtalanuvchi tomonidan qolgan muddatga to‘g‘ri keladigan sug‘urta badalining joriy giymatiga teng
bo‘ladi, ya’ni go‘yoki, shartnoma yangidan x-+t yoshdagi sug‘urtalanuvchi uchun n-t qolgan yilga tuzilgani
kabi 5-bobdagi (9) formula orgali hisoblanadi. Matematik zahira V harfi bilan, t-chi yil oxirida bir yo‘la

1
to‘lanadigan badaldan zahira Vin kabi belgilanadi. Shunday qilib:
A = B ,=—T"=V

x:+tnit! n-t Tt D
O‘lim hodisasi uchun sug‘urtada zahirani hisoblash.
Bu sug‘urta turi uchun ham matematik zahirani hisoblash formulasi yashash sug‘urtasi uchun
hisoblangani kabi, zahira x+t yoshdagi sug‘urtalanuvchining n-t yoshgacha o‘lim hodisasi sug‘urtasida bir
yo‘la to‘lagan netto-badaliga teng bo‘ladi. Ma’lumki, n yilga hayot sug‘urtasining aktuar stavkasi:

A( — Mx — Mx+n
n DX
Bundan matematik zahiraning hisoblash formulasi:
M,.,.—M,,
%Vx “n-t A<+t = %

X+t .
Hayot sug‘urtasida davriy to‘lanadigan badallarning matematik zahirasi.

Yashash sug‘urtasi. Matematik zahira sug‘urtalovchi va sug‘urtalanuvchilarning joriy majburiyatlari
ayirmasiga teng bo‘lgani uchun ularning o‘zaro joriy majburiyatlari giymatlarini topish kerak bo‘ladi.

Sug‘urtachining qolgan davr uchun joriy majburiyati n-t Ex+t, ya’ni x+t yoshli shaxs n-t muddatga bir yo‘la
to‘lanadigan netto-badal qiymatiga teng bo‘ladi. Sug‘urtalanuvchilarning qolgan n-t davrdagi majburiyati
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yil
yillik to‘lov giymati n E, ni kechiktirilgan mos postnumerando yoki prenumerando koeffitsienti n-td

yil
ko‘paytiriladi. Sunday qilib, sug‘urtalanuvchilarning joriy majburiyati n B xn B ga teng bo‘ladi. Demak,
matematik zahirani hisoblash formulasi mos ravishda quyidagicha bo‘lishi kelib chiqadi:

x+t ga

Dx+n . Mx+l — Mx+t+l V = E + EM. g3
D N _N tYxn Tn-t Tx+t 'n Tx  n-t U+t
X+t X+1 X+n+1
Kommutatsion funksiyalar orgali postnumerando badallar uchun
V= Dx+n . Mx+1 — Mx+t+1 vV = Dx+n . Mx — VPt
*"p . N, —N X" p ., N, —N
X+t x+1 xndl prenumerando badallar uchun X+t X xn

KUCHSIZ BOG’LANGAN KUZATUVLAR BO’YICHA BUTSTREPNING KESISHADIGAN
BLOKLAR USULIDA DISPERSIYANI BAHOLASH

Nashvandov Xumoyun
O zbekiston Milliy universiteti
xumoyunnashvandov@gmail.com

Faraz qilaylik , {X,,n = 1} statsionar tasodifiy migdorlar ketma-ketligi berilgan bo’lsin. Bu ketma-
ketlik kuchsiz bo’g’liglik shartlarini qanoatlantirganda ([1] ni ko’ring), uning uchun markaziy limit teorema
o’rinli bo’ladi, ya’ni quyidagi sust yaqinlashish o’rinli bo’ladi,

! i X; = N(0,0%)

R L= ,0

vn i=1 l
buyerda N(0,02) matematik kutilmasi nol va dispersiyasi o2 bo’lgan Gauss tasodifiy miqdori.
Amalda o2 ning giymati noma’lum bo’lgani uchun uni statistik baholash kerak bo’ladi ([2] ni ko’ring).
Biz o2 ni butstrepning kesishadigan bloklar usulida baholaymiz. Buning uchun X, , X5, ...X,, tanlanmani
bloklarga ajratamiz
Bi = {XL JXi+1' "'JXi+p} y i = 1,7’1 —p +1
Bu bloklarni tasodifan va bo’g’ligsiz ravishda (qaytarib qo’yish usulida) k marta tanlaymiz va ketma - ket
go’yamiz. Hosil bo’lgan tanlanmani quyidagicha yozamiz.

X1, X3, s Xip
Bu tanlanma bo’yicha 62 dispersiya baholash muammosi o’rganilgan. Ma’ruzada olingan natijalar

muhokama gilinadi.
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IQTISODIY YO’NALISHLARGA EHTIMOLLAR NAZARIYASI VA MATEMATIK
STATISTIKANI “AMALIY-KASBIY YO’NALTIRILGANLIK” KONSEPSIYASI ASOSIDA
O’QITISHNING AHAMIYATI

Nishonov Tulanmirza
Andijon davlat universiteti

Matematika ta’limi uzviy va izchil muayyan amaliy tajriba, mashqglardan boshlanadi hamda abstrakt
tushunchalarga tomon boriladi. Kasbiy tajriba esa amaliyotda shakllanadi. Shu ma’noda ehtimollar nazariyasi
va matematik statistikani o’rganishda “o’qitishning amaliy-kasbiy yo’naltirilganligi” alohida ahamiyatga ega
[1].

O’qitishning amaliy-kasbiy yo’naltirilganligi - kasbiy kompetensiyani shakllantirishga mo’ljallangan
amaliy mashg’ulotlarni 0’z ichiga olgan ta’lim faoliyati turi, ta’lim mazmuni, shakli va vositalari. Buning
natijasida kasbiy muammolarni dinamik ravishda hal gilishga tayyor mutaxassisning har tomonlama
rivojlangan shaxsi shakllanadi [2].
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Bo’lajak iqtisodchi mutaxassislarni kasbiy tayyorlashda ehtimollar nazariyasi va matematik statistikani
“o’qitishning amaliy-kasbiy yo’naltirilganligi” amaliy-kasbiy masalalar bilan bevosita va bilvosita
bog’liglikligini ko’rish mumkin.

Amaliy-kasbiy masalalar katta hajmdagi o’quv materialini o’rganishga emas, balki kiritilayotgan
ehtimoliy-statistik atama va faktlarni tushunish chuqurligiga, nazariy o’rganilgan bilimlarni kasbiy faoliyatda
tatbiq eta olish salohiyatini shakllantirishga xizmat gilishi zarur.

Biz igtisodchilar uchun ehtimollar nazariyasi va matematik statistikaga oid masalalarni berilish usuliga
garab quyidagi uch tipga ajratdik [2].

1. Sof matematik masalalar. Qat’iy algoritm asosida matematik formula va tushunchalardan
foydalanib yechish mumkin bo’lgan sof matematik mazmundagi masalalar.

Bunday masalalarni yechish usullari tayyor bo’lib, amalda kasbga yo’naltirilmagan deyishimiz mumkin.

2. Amaliy-kashiy masalalar. Kasbiy faoliyatga oid matematik masalalar.

Amaliy-kasbiy masalalar uchun yechish usuli shakllangan va uni yechish uchun kerakli giymatlarni
tagqoslash ozgina aqgliy kuch talab etadi xolos. Ushbu masalani yechish natijasida kasbiy kompetentsiya
tegishli hisoblash formulalarini ishlatish orqali muayyan darajada rivojlanadi, ya’ni avtomatizm shakllanadi.

3. Muammoli amaliy-kasbiy masalalar. Masala matematik tilda bayon gilinmaydi, balki
muammo shaklida keltiriladi. Bunda talab gilingan vazifani hal etish zarur, bu biror amaliy faoliyat orqali
amalga oshiriladi va natijada masalaning matematik formasi shakllantiriladi.

Muammoli amaliy-kasbiy masalalarda bir gator savollarga javob topish talab gilanadi. Dastlabki
ma’lumotlarni qanday to’plash kerakligi, ularni gayta ishlashda nimalarni tahlil gilish, ganday matematik
formulalardan foydalanish kerak va hokazo? Shubhasiz, bunday masalalar kasbiy kompetentsiyani
shakllantirish nugtai nazaridan eng foydalidir, undan muammoli vaziyatni anglash va hal etish boshlanadi.

Hodsalar va ular orasidagi munosabatlarga doir muammoli amaliy-kasbiy masalalarga namunalar
keltiramiz.

Muammao. Har bir talaba biror hodisalar turkumini shakllantirsin va u hodisalar kombinatsiyalarining
mazmunini aniglasin.

Namunaviy masala. “Avicenna’s Lab” MChJ “Laktovita” mahsulotlarini 3 xil usulda reklama qiladi:
televideniye orgali, reklama bannerlari orgali va internet saytlari orgali. Firma mahsulotini sotib olishga kelgan
mijozlardan birortasi tavakkaliga tanlanganda uning reklamani televideniye orqgali ko’rganligi hodisasini A
bilan, reklama bannerlai orqali ko’rganligi hodisasini B bilan va reklamani internet saytlari orqali ko’rganligi
hodisasini C bilan belgilaylik. Quyidagi hodisalarni izohlab bering:

a) AB; b) AB + C; c) AB; d) BC.

Uning yechimi:

a) AB — tavakkaliga tanlangan mijoz mahsulot reklamasini televizorda va reklama bannerlarida
ko’rganligi;

b) AB + C — tavakkaliga tanlangan mijoz mahsulot reklamasini televizorda va reklama bannerlarida
yoki internet saytlarida ko’rganligi;

¢) AB — tavakkaliga tanlangan mijoz mahsulot reklamasini televizorda ko rmasdan reklama bannerlarida
ko’rganligi;

d) BC — tavakkaliga tanlangan mijoz mahsulot reklamasini reklama bannerlari va internet saytlarida
ko’rmaganligi hodisasidir.

Muammo. Har bir talaba biror hodisalar turkumini shakllantirsin va u hodisalarning o’zaro
munosabatlari aniglasin.

Namunaviy masala. “Ishonch” do’konlar tarmog’iga tashrif buyurgan mijozlardan tavakkaliga bittasi
tanlanganda uning televizor sotib olish uchun kelgan bo’lishi hodisasini A bilan, changyutgich sotib olish
uchun kelgan bo’lishi hodisasini B bilan, “Artel” rusumli televizor sotib olish uchun kelgan bo’lishi hodisasini
C bilan, “Artel” rusumli changyutgich sotib olish uchun kelgan bo’lishi hodisasini D bilan va “Artel” firmasi
mahsulotini sotib olish uchun kelgan bo’lishi hodisasini E bilan belgilaylik. Ushbu hodisalar o’rtasidagi
munosabatlarni aniglang.

Uning yechimi:

Ushbu hodisalar barchasi juft-jufti bilan birgalikda. Masalan, mijoz “Samsung” televizori va “Artel”
changyutgichi olgani kelgan bo’lishi mumkin, bunda A va D hodisalar bir vaqtda kuzatiladi, yoki mijoz
changyutgich va “Artel” kir yuvish mashinasi olgani kelgan bo’lishi mumkin, bunda B va E hodisalar bir
vagtda kuzatiladi.

Ushbu hodisalarning barchasi birgalikda. Chunki mijoz bir vaqtning o’zida “Artel” televizori, “Artel”
changyutgicha va “Artel” kir yuvish mashinasi olgani kelgan bo’lishi ham mumkin. Yana shuni qo’shimcha
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gilish mumkinki, tasodifiy tanlangan mijoz uchun fagatgina 4, B, C, D yoki E hodisalargina kuzatiladi deyish
noto’g’ri bo’ladi.

C hodisa A hodisani ergashtiradi. Chunki, mijoz “Artel” rusumli televizor sotib olish uchun kelgan
bo’lishi uning televizor sotib olish uchun kelgani hodisasini anglatadi.

C hodisa E hodisani ergashtiradi. Chunki, mijoz “Artel” rusumli changyutgich sotib olish uchun kelgan
bo’lishi uning changyutgich sotib olish uchun kelgani hodisasini anglatadi.

D hodisa B hodisani ergashtiradi. Chunki, mijoz “Artel” rusumli televizor sotib olish uchun kelgan
bo’lishi uning “Artel” mahsulotini sotib olish uchun kelgani hodisasini anglatadi.

D hodisa E hodisani ergashtiradi. Chunki, mijoz “Artel” rusumli changyutgich sotib olish uchun kelgan
bo’lishi uning “Artel” mahsulotini sotib olish uchun kelgani hodisasini anglatadi.

Yugorida keltirilgan metodik tavsiyalar amaliy kasbiy-masalalarni yechish jarayonining barcha
bosgichlarida: masala mohiyatini tushunish va zaruriy amaliy harakatlarni olib borish, rejalashtirish, masalani
yechish va tekshirishda qo’llanilishi magsadga muvofig.
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MARKOV ZANJIRLARI XOSSALARINI GRAFLAR NAZARIYASI YORDAMIDA
TEKSHIRISH

'Q.0stonov, >M.Abdusobirova
!Dotsent. Sharof Rashidov nomidagi Samargand davlat universiteti
2Magistrant.  Sharof Rashidov nomidagi Samargand davlat universiteti

Awvvalo Markov zanjirlarining asosiy tushunchalarini keltiramiz. Fizik sistemada sodir bo‘ladigan
jarayon, istalgan vaqgtda, sistemaning kelajakdagi har ganday holatining ehtimoli fagat sistemaning hozirgi
paytdagi holatiga bog‘liq bo‘lsa va sistema qanday paydo bo‘lganiga bog‘liq bo‘lmasa bunday holat Markov
zanjiri deb ataladi. Markov zanjiri - bu sinovlar ketma-ketligi bo‘lib, ularning har birida to‘liq guruhdagi k
birgalikda bo‘lmagan hodisalaridan faqat bittasi A; ro‘y beradi. Bunda A; hodisasining (s—1) sinovda sodir
bo‘lishi sharti bilan, s - chi sinovda A; hodisasi sodir bo‘lishining shartli ehtimolligi pj(s) oldingi sinovlar
natijalariga bog‘liq emas. Masalan, bog‘liq bo‘Imagan tajribalar Markov zanjirining xususiy holi hisoblanadi.
Hodisalar sistema holatlari, tajribalar esa tizim holatining o‘zgarishlari deb ataladi. Holatlarning
o‘zgarishlarining tabiatiga ko‘ra, Markov zanjirlarini ikki guruhga bo‘lish mumkin.Diskret vaqtli Markov
zanjiri vaqtning ma’lum tayin momentlarida holatlari o‘zgarib turadigan zanjirga aytiladi. Uzluksiz vaqtli
Markov zanjiri har ganday tasodifiy vaqtda holati o‘zgarishi mumkin bo‘lgan zanjir hisoblanadi.

Aytaylik, holatlar soni cheklangan va k ga teng bo‘lsin. U holda shartli o‘tish ehtimollaridan tuzilgan
matritsa quyidagi ko‘rinishda bo‘ladi:

Fu P - P
B = P P - Pun
Pu Pra - Puw

Ushbu matritsa sistemaning o‘tish matritsasi deb ataladi. Chunki har bir satrda to‘liq guruhni tashkil etuvchi
hodisalar ehtimollari mavjud, u holda ravshanki, matritsaning har bir satri elementlarining yig‘indisi birga
teng. Tizimning o‘tish matrissasi asosida sistema holatlari grafi deb ataladigan tushunchanikiritishimiz
mumkin, u yana holatlarning belgilangan grafi (ob’ektlari juft-juft bog‘lanishlariga ega ixtiyoriy tabiatli real
sistemaning matematik abstraksiyasi, matematik ob’ekt sifatida ikkita to‘plam jamlanmasidan ob’ektlarning
o‘zlarining to‘plami, ular uchlar to‘plami deyiladi va ularning juft-juft bog‘lanishlari to‘plami, qirralar
to‘plamidan iborat) deb ham ataladi. Bu zanjirni ko‘rgazmali tasvirlash uchun qulay. Grafni qurish tartibini
misol yordamida ko‘rib chigamiz.

Grafda sistemaning bir holatdan boshqa holatga o‘tish ehtimoli ko‘rsatilmaydi. Muayyan sistemalarni
ko‘rib chiqishda avvalo holat grafini qurish, so‘ngra sistemaning bir holatdan bir xil holatga o‘tish ehtimolini
aniqlash (matritsa satr elementlarining yig‘indisi birga teng bo‘lishi talabi asosida) va keyin sistemaning
o‘tishlar matritsasini tuzish qulaydir. pij(n) — n ta sinov natijasida sistemaning i- holatdan j- holatga o‘tish
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ehtimoli, r - esa i va j holatlar orasidagi qandaydir oraliq holat bo‘lsin. Bir holatdan ikkinchi holatga o‘tish
ehtimoli pij(1) = ps. Keyin p;(n) ehtimolni Markov tengligi deb ataladigan formula yordamida topish mumkin:

k
Bi(n) = Z B (m) P;(n —m)
r=1

Bu yerda m - sistema i holatdan r holatiga o‘tgandagi qadamlar (tajribalar) soni. Aslida, Markovning tengligi
to‘la ehtimollik uchun biroz o‘zgartirilgan formuladan boshqa narsa emas. O‘tish ehtimollarini bilish (ya’ni,
o‘tish matritsasi Ry ni bilib) ikki gadamda Pj(2), ni holatidan holatga o‘tish ehtimolini topish mumkin, ya’ni
R, matritsasini, uni bilgan holda - Rs matritsasini topish va hokazo. Yuqorida olingan formulani to‘g‘ridan-
to‘g‘ri qo‘llash juda qulay emas, shuning uchun matritsalarni hisoblash texnikasidan foydalanish mumkin
(axir, bu formula ikkita matritsani ko‘paytirish formulasidan boshqa narsa emas). Keyin, umuman olganda, biz
yozishimiz mumkin: P, = Py

Orgraflar(orgraf —bu qirralariga yo‘nalish berilgan orientirlangan yoki yo‘nalishli graf) ko‘p hayotiy
vaziyatlarda paydo bo‘ladi. Bunday vaziyatlarning ko‘p qismini qamrab olishga urinmasdan, biz ulardan birini
ko‘rib chigish bilan cheklanamiz.

Barcha komponentlari manfiy bo‘lmagan va yig‘indisi birga teng bo‘lgan vektor-satrni ehtimollik
vektori deb ataymiz. U holda o‘tish matritsasi kvadrat matritsa sifatida aniqlanadi, unda har bir satr ehtimollik
vektori hisoblanadi. Endi biz Markov zanjirini (yoki oddiy zanjirni) (P, x) juftlik sifatida aniglashimiz
mumkin, bu yerda R - nxn - o‘tish matritsasi va x- (1 x n) - vektor-satr. Agar biz R dagi har bir p;; elementni
E; holatdan E; holatga o“tish ehtimoli sifatida va x ni esa ehtimollarning boshlang‘ich vektori sifatida garasak,
biz diskret statsionar Markov zanjirining klassik tushunchasiga kelamiz. E; holat odatda zanjir holati deb
ataladi. Ularni tasniflashning turli usullarini tavsiflaymiz.

Bizni quyidagilar gizigtiradi: ma’lum bir holatdan ikkinchisiga o‘tish mumkinmi va agar shunday
bo‘lsa, gancha minimal vaqt ichida. Masalan, echki masalasida Es dan E1 ga uch dagigada borish mumkin va
umuman E; dan E4 ga borib bo‘lmaydi. Shuning uchun bizni asosan p;; ehtimolliklarning o‘zi emas, balki
ularning musbat yoki musbat emasligi qizigtiradi. U holda bu ma’lumotlarning barchasini orgraf shaklida
tasvirlash mumkin, ularning uchlari holatlarga mos keladi va yoylar bir dagigada bir holatdan ikkinchisiga
o‘tish mumkinligini ko‘rsatadi. Aniqroq qilib aytadigan bo‘lsak, agar har bir E; holat 0‘nga mos v; uch bilan
ifodalangan bo‘lsa, u holda p; # 0 o‘rinli bo‘lgan o°sha va fagat o‘sha uchlar uchun v; dan v; gacha yoy
o‘tkazish orqali biz kerakli orgrafni olamiz. Bundan tashqari, agar matritsaning har bir nolga teng bo‘lmagan
elementini birga almashtirsak, bu orgrafni uning qo‘shnilik matritsasi yordamida anigqlash mumkin. Bu orgrafni
berilgan Markov zanjirining bog‘langan orgrafi deb ataymiz.

Misol. Agar Markov zanjiri 1-rasmda ko‘rsatilgan o‘tish matritsasiga ega bo‘lsa,

0 1/4 1/2 8] 0O 1/4)
(4] 1 0 0 () 0
1/2 1/3 0O 1/12 0 1/12
O ] 0 O 1 0
(8] O () O 0 1
0 O O 1 O o

1-rasm

u holda bu zanjirning bog‘langan orgrafi 2-rasmda ko ‘rsatilgandek bo‘ladi .

.

2-rasm
Endi ma’lum bo‘ldiki, Markov zanjirida E; holatdan E; holatga o‘tish mumkin, agar bog‘langan orgrafda v;
dan v; gacha orzanjir(takrorlanuvchi yoylari bo‘Imagan yo‘nalishli yo‘l yoki girra) mavjud bo‘lsa va u yerga
borish mumkin bo‘lgan eng qisqa vaqt bunda orzanjirlarning eng qisqasining uzunligiga teng bo‘ladi. Har
ganday holatdan boshqasiga o‘tish mumkin bo‘lgan Markov zanjiri keltirilmaydigan deyiladi. Ko‘rinib
turibdiki, Markov zanjiri keltirilmaydigan bo‘ladi, agar uning bog‘langan orgrafi kuchli bog‘langan bo‘Isa.

FOYDALANILGAN ADABIYOTLAR:
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ASORATSIZ FINIT OQIMLARNING UMUMIY FORMASI

R.Polvanov, F.Sharipov
Namangan davlat universiteti

Har ganday asoratsiz finit ogimlarni ko‘rib o‘tamiz, bunda A(t) funksiya chegaralangan, birog
hohlagancha uzulishga ega bo‘lishi mumkin. Ma’lumki, A(t) funksiyaning uzulish nugtalari — berilgan
ogimning singulyar nugtalaridir.

Endi S oqim quyidagi xossalarga ega bo‘Isa, uni singulyar deb atashni kelishib olamiz:

1) S ogimning hodisalari qandaydir oldindan aniglangan vaqt momentlaridagina sodir bo‘lishi
mumekin.
2) Har xil bosqichlarga to‘g‘ri keladigan hodisalarning soni o‘zaro bog‘ligmas tasodifiy miqdorlar

bo‘ladi.
3) g (k=0, i>1) migdor t, pog‘onada K - ta hodisa mos kelishining ehtimolini bildirsin, u
holda ixtiyoriy t >0 da
> > kg < +oo.

O<ti<t k=0

Ravshanki, singulyar ogim t; va ql((i) (iZl, kzo) sonlarning berilishi bilan bir giymatli

aniglanadi. Shu sababli bunday ogimning strukturasi juda aniqdir: t; va qf) sonlarning tanlanishi
t 20, qV>0va Y g =1 =12 ..)
k=0

talablarga javob beradi.

Bizga ixtiyoriy k - asoratsiz finit oqimi berilgan bo‘lsin. t,, t,, ... lar orqali bu ogimning ixtiyoriy
tartibda nomerlangan singulyar nugtalarini belgilaymiz. k ogimni ikkita R va S ogimlarning
superpozitsiyasi sifatida garaymiz. Agar k ogimning ayrim hodisalari t,, t,, ..., momentlarning birida ro‘y

bersa, bu hodisani S ogimga tegishli deb, aks holda bu hodisa R ogimga tegishli deb hisoblaymiz. S va R
oqimlar asoratsiz va o‘zaro bog‘ligmasligini ko‘rsatish qiyin emas.

t, lardan fargli t nugta, t; larning aniglanishiga ko‘ra K ogim uchun regulyar bo‘ladi va demak,
R c k uchun ham regulyar bo‘ladi. Shunday qilib, R ogim singulyar nugtalarga ega emas va demak, u
regulyardir.

S ogimga kelsak, uning singulyarligi aniglanishidanoq ravshandir; t, (i 21) sonlar uning
pog‘onalari bo‘lib xizmat giladi. Yana qo‘shimcha, qE) xarakteristik ehtimollar, mos ravishda, quyidagi sonlar
Pk(ti):r!mvk(ti—h, t,+h) (k>0, i>1)

bilan ustma-ust tushadi.
¢ (i 21) ogim yuqoridagi kabi aniglansin va vf(i)(a, ,8) ehtimollik (a, ,B) oraligda k; - ogimning
K - ta hodisasi ro‘y berish ehtimoli bo‘Isin. U holda K ogim uchun, ravshanki, i >1, k > 0 larda

K
Vvt —h  t+h)= qu)VS-)l (t-h  t+h)
=0

ifodaga ega bo‘lamiz.
t. lar k; oqimning regulyar nugtalari bo‘lgani uchun, h —+0 da

: 1 =k
(|) 1 1
vt —h, t+h)—>
k—l( i i ) {01 I < k
Shuning uchun (1) munosabat h — +0 da limitda quyidagini beradi.
R(t)= limv,(t —h, t,+h)=q (i1, k=0),

shuni isbotlash kerak edi.
Ushbu natijalarni xulosalab quyidagi jumlaga kelamiz:
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Teorema. Har qanday asoratsiz finit oqim shunday tipdagi ikkita o‘zaro bog‘ligmas oqimlarning
superpozitsiyasi sifatida garalishi mumkin, ulardan biri-regulyar, ikkinchisi esa — singulyar; singulyar
ogimning t; darajalari bo‘lib berilgan oqimning singulyar nuqtalari xizmat qiladi, q|(<i) - Xarakteristik ehtimol
bo‘lib berilgan ogimning mos P, (t;) (i>1, k >0) sonlari bo‘ladi.
Bevosita tekshirish mumkinki, tasdiqning aksi ham o‘rinli, ya’ni bayon etilgan tipdagi har qanday
ogimlarning superpozitsiyasi qandaydir asoratsiz finit oqim bo‘ladi.
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RISKLI SUG‘URTALARDA SUG‘URTA ZAXIRALARI VA ULARNING TURLARI

Qo‘chqorova Ziyodaxon Farzodjon qizi
Mirzo Ulug ‘bek nomidagi O ‘zbekiston Milliy Universiteti
“Aktuar va moliyaviy matematika’yo ‘nalishi magistri

Sug‘urta tashkilotlarining faoliyat yuritish amaliyoti shuni ko‘rsatadiki, ularning har birida sug‘urta
zaxiralari mavjud. Sug‘urta zaxiralarining mavjudligi sug‘urtalovchiga xos bo‘lgan asosiy xususiyat
hisoblanadi. Har ganday iqtisodiy faoliyat foyda olishga garatilganidek, tijorat banklari faoliyatida ko‘zlangan
natija — bu birinchi navbatda foyda olishdir. U esa albatta risk bilan bog‘lig bo‘ladi. Risk tadbirkorlik
faoliyatining eng asosiy elementlaridan biri hisoblanib, u keng ma’noga ega bo‘lgan ko*p girrali tushunchadir.
Shuning uchun bank faoliyatining samaradorligiga erishish, uning moliyaviy barqarorligini ta’minlash uchun
igtisodiyotdagi mavjud risklar. ulaming bank faoliyatiga ta’sir qilish tomonlarini chuqur o‘rganib chigish
zZarur.

Ma’lumki, risk so‘zi barcha lug‘atlarda “zarar ehtimoli" ma’nosida ta’riflanadi[1]. Xavf-xatar amalga
oshirilgan bitim, kelishuv yoki bozoming boshqa tranzaksivasi natijasida qat’iy ishonmaslikni bildiradi. Bu
tabiiy albatta, chunki tijoratda u yoki bu xo‘jalik operatsivalar xususiyatlaridan kclib chiqadigan pul
yo‘qotishlar xavfi doim mavjud bo‘lgan va boladi. Risk-sug‘urta munosabatlari paydo bo‘lishining asosiy
shartidir. Risk bo‘lmas ekan, sug‘urtaning bolishi mumkin emas. Riskning hajmi, miqdori ehtimollar
nazariyasi va matematik statistika usullari yordamida aniglanadi.

Avvalo, sug‘urta zaxiralari deganda, sug‘urta qildiruvchi tomonidan so‘m yoki xorijiy valyutada
to‘langan sug‘urta mukofotlari hisobiga sug‘urtalovchi tomonidan shakllantiriladigan hamda
sug‘urtalovchining balansida aktiv yoki majburiyat ko‘rinishida hisobga olinadigan, sug‘urta to‘lovlari
bo‘yicha moliyaviy majburiyatlarni bajarish, zararlarni bartaraf etish bo‘yicha xarajatlar va ogohlantirish
chora-tadbirlarini moliyalashtirish uchun zarur bo‘lgan mablag‘lar tushuniladi[2]. Igtisodiy ma’noda sug‘urta
zaxiralari — bu sug‘urtachining mablag‘i emas, balki sug‘urta jamg‘armasini shakllantirishda ishtirok etuvchi
sug‘urtalanuvchilarning mablag‘idir. Sug‘urta zaxiralari yoki sug‘urta jamg‘armasi Moliya vazirligi
tomonidan chigarilgan buyruq asosida shakllantiriladi va fagat sug‘urta to‘lovlarini amalga oshirish uchun
mo‘ljallanadi. Sug‘urta zaxirasining miqdori oldinda turgan to‘lovlarni to‘liq qoplash uchun yetarli bo‘lishi
zarur. Sug‘urta zaxirasi hisob kuniga mos majburiyatlarning bahosidir. Sug‘urta zaxiralari har bir shartnoma
bo‘yicha alohida hisoblanadi yoki muayyan hollarda davlat sug‘urta nazorat organi tomonidan uni statistik
usullarini qo‘llagan holda baholashga yo‘l qo‘yiladi.

Sug‘urta tashkilotlari riskli sug‘urta bo‘yicha quyidagi zaxiralarni shakllantiradilar:

e ishlab topilmagan badallar zaxirasi (ITB);

e ¢’lon qgilingan, lekin bartaraf etilmagan zararlar zaxirasi (EQBEZ);
e r0‘y bergan, lekin e’lon gilinmagan zararlar zaxirasi (RBEQZ);

e Dbargarorlashtiruvchi zaxiralar (BZ);

e ogohlantirish tadbirlari zaxiralari (OTZ) va boshqalar[3].

Ishlab topilmagan badalning joriy sanadan shartnoma muddati tugash davrigacha mos golgan gismi.
Badalning o‘tgan davriga mos qismi ishlab topilgan badal hisoblanadi. Sug‘urta shartnomalari turlaridan,
gonunga ko‘ra, 19 ta hisobga olish guruhlari ajratilgan, ishlab topilmagan zaxiralar ushbu guruhlar bo‘yicha
shakllantiriladi. Ular quyidagilardan iborat:

1-hisob guruhi. Baxtsiz hodisa va kasalliklardan sug‘urta.
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2-hisob guruh. Ixtiyoriy tibbiy sug‘urta.

3-hisob guruhi. Yo‘lovchilar (turistlar, ekskursantlar) sug‘urtasi.

4-hisob guruhi. Chet el safariga chiquvchi fugarolar sug‘urtasi.

5-hisob guruhi. Yer ustida yuruvchi transport vositalari sug‘urtasi.

6-hisob guruhi. Havo transport vositalari sug‘urtasi.

7-hisob guruhi. Suvda yuruvchi transport vositalari sug‘urtasi.

8-hisob guruhi. Yuk sug‘urtasi.

9-hisob guruhi. Omborxonadagi tovarlar sug‘urtasi.

10-hisob guruhi. Qishloq ho‘jaligi ekinlari sugurtasi.

11-hisob guruhi. 5-10 va 12 hisob guruhlariga kirmagan mulk sug‘urtasi

12-hisob guruhi. Tadbirkorlik risklari sug‘urtasi.

13-hisob guruhi. Avtotransport vositalari egalarining fuqarolik javobgarligi sug‘urtasi.

14-hisob guruhi. Tashuvchining fuqarolik javobgarligi sug‘urtasi.

15-hisob guruhi. 13-hisob guruhiga kirmagan yuqori xavfli manbaalar egalarining fugarolik

javobgarligi sug‘urtasi.

16-hisob guruhi. Professional javobgarlik sugurtasi.

17-hisob guruhi. Majburuiyatni bajarmaslik javobgarligi sug‘urtasi.

18-hisob guruhi. 13-17- hisob guruhlariga kirmagan javobgarlik sug‘urtasi.

19-hisob guruhi. Qayta sug‘urtaga olingan shartnomalar (hammasi emas, bu hisob guruhi uchun izohi

bor).

Ishlab topilmagan zaxiralarning umumiy qiymati barcha guruhlar bo‘yicha ishlab topilmagan zaxiralar
yig‘indisidan iborat bo‘ladi. Ishlab topilmagan zaxirani hisoblashda brutto-badaldan agent to‘lovi va amaldagi
gonunda nazarda tutilgan hisobdan chiqarishlar ayrib tashlanadi. Natijada qolgan badalga bazaviy sug‘urta
badali deyiladi. Agar shartnoma qayta sug‘urtaga berilgan bo‘lsa, unga tegishli badal ham ayirib tashlanadi.

Ishlab topilmagan badallar zaxirasini hisoblash usullariga to‘xtaladigan bo‘lsak, ishlab topilmagan
badallar zaxirasini hisoblashda quyidagi usullardan foydalaniladi:

e “pro rate temporis” usuli (bu usuldan 1-18 hisob guruhlarida foydalanish mumkin);
e “1/24” usuli (bu usuldan 3, 4, 8, va 9 hisob guruhlarida foydalanish mumkin);
e “1/8” usuli (bu usuldan 3, 4, 8, va 9 hisob guruhlarida foydalanish mumkin).

ITB ni hisoblashning “pro rate temporis” usuli

“Pro rate temporis” usuli bo‘yicha i-chi shartnomada ishlab topilmagan badal ( ITB;) giymati quyidagi
formula orqali hisoblanadi:

ITB, = BSB, - 1 : iy

bu yerda BSB, - i-chi shartnoma bo‘yicha bazaviy sug‘urta badali;
n; - shartnomani amal gilish muddati, kunlarda;

M, - shartnomani tuzilgan vaqtidan hisob kunigacha bo‘lgan muddati, kunlarda. Umumiy

ITB = Z ITB, bo‘ladi. “pro rate temporis” usuli ancha aniq usul hisoblanadi.

ITB ni hisoblashning “1/8” usuli.
ITB ni “1/8” usuli bilan hisoblashda bitta hisob guruhiga tegishli shartnomalar muddat davri
(choraklarda) bir xil bo‘lgan bir xil chorakdan boshlanadigan shartnomalar bo‘yicha qism guruhlarga ajratiladi.

Har bir guruh bo‘yicha ITB, = BSB; -k kabi hisoblanadi, bu yerda k koeffitsient bo‘lib, u har bir qism guruh

shartnomasi tugallanmagan muddatini (yarim choraklar hisobida) butun muddatga (yarim choraklar hisobida
1 yilda 8 ta yarim chorak bor) nisbati kabi aniglanadi. Bu usulda 1 muddat yarim chorak hisoblanadi, 1 yilda
8 ta muddat bo‘ladi, shuning uchun 1/8 usul deyiladi. Umumiy hisob guruhi uchun qism guruh ko‘rsatkichlari
qo‘shiladi.

E’lon qilingan, lekin bartaraf etilmagan zararlar zaxirasini hisoblash.

E’lon qilingan, lekin bartaraf etilmagan zararlar (EQBEZ), bu hisobot sanasiga sug‘urtachining
sug‘urta to‘lovlari bo‘yicha hali bajarmagan yoki to‘liq bajarmagan majburiyatlarining bahosidir. Buni ichida
sug‘urta hodisasi ro‘y berganda uni aniqlash, bartaraf etish bilan bog‘liq harajatlar ham kiradi. EQBEZ har bir
hisob guruhi bo‘yicha hisoblanadi, umumiysi esa bu hisob guruhlari zararlarining yig‘indisidan iboran bo‘ladi.
EQBEZ ga sug‘urta hodisasi haqida sug‘urtachiga e’lon qilingan shartnoma bo‘yicha sug‘urta to‘lovlari va
muddatidan oldin tugatilgan shartnomalar bo‘yicha qaytariladigan sug‘urta badallari ham kiradi. Bu zaxira
turida sug‘urtachining zararlarni bartaraf qilishi uchun uning qiymatiga 3% qo‘shib hisoblanadi.
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Ro‘y bergan, lekin e’lon gilinmagan zararlar zaxirasi.

Sug‘urta hodisasi ro‘y bergan, lekin e’lon gilinmagan zararlar (RBEQZ), bu hisobot sanasiga sug‘urta
hodisasi ro‘y bergan, lekin e’lon qgilinmagan shartnomalarning sug‘urta to‘lovlarining bahosidir. Buni ichida
joriy va avvalgi hisob yilida sug‘urta hodisasi ro‘y bergan, lekin e’lon gilinmagan shartnomalar bo‘yicha
zararlar ham kiradi.

Barqgaror (bargarorlashtiruvchi) zaxira (BZ) — bu sug‘urtachining ixtiyoriga bog‘liq bo‘lmagan
holda, sug‘urta operatsiyalarining natijasi manfiy bo‘lib chigshini, zararlarni oshib ketishini himoyalashning
bahosi hisoblanadi.

Bu zaxira giymati quyidagicha hisoblanadi:

B7 — ST + EBQEZ + RBQEZ
ITSB ’
buyerda ST — hisobot yilida ro‘y bergan va u bo‘yicha amalga oshirilgan sug‘urta to‘lovlar

giymati;

EQBEZ — ¢’lon qilingan, lekin bartaraf etilmagan zararlar zaxirasi;

RBEQZ — ro‘y bergan, lekin e’lon qilinmagan zararlar;

ITSB — hisobot davri uchun ishlab topilgan sug‘urta badallari.

Sug‘urta kompaniyasining moliyaviy barqarorligini baholash haqgida to‘xtaladigan bo‘lsak, umumiy
holda, kompaniyaning iqtisodiy barqarorligi bir nechta ko‘rsatkichlar, masalan, kompaniyaning shaxsiy
mablag‘i, to‘lov qobiliyati, likvidlik kabi ko‘rsatkichlar orqali baholanadi. Sug‘urta kompaniyasining sug‘urta
operatsiyalari bo‘yicha moliyaviy barqgarorligi deganda sug‘urta badallari hisobidan shakllantirilgan sug‘urta
jamg‘arma fondidagi mablag® bo‘yicha daromadning harajatlardan kam bo‘lmasligi tushuniladi. Agar aksi
bo‘lsa, u holda jamg‘arma fondidagi mablag‘ning tahchilligi kuzatiladi. Sug‘urta kompaniyasining sug‘urta
operatsiyalari bo‘yicha moliyaviy bargarorligini baholash uchun jamg‘arma fondidagi mablag‘ning tahchillik
ehtimolligining darajasi sifatida quyidagicha aniqlanadigan F.V.Konshin (K) koeffitsienti qo‘llaniladi:

K = /i,
n-T

bu yerda T- sug‘urta portfeli bo‘yicha o‘rtacha ta’rif stavkasi, n — sug‘urtalangan obyektlar soni. K
koeffitsient gancha kichik bo‘lsa, kompaniyaning moliyaviy barqarorligi shuncha yaxshi bo‘ladi.
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QAVARIQ QOPLAMA UCHLARI JARAYONINING KUCHLI QORISHMALILIK XOSSASI
HAQIDA

Raxmatova D.K
O ’zbekiston Milliy Universiteti

So’ngi yillarda gavariq gqoplama funksionallarini asimptotik tahlil gilish va ularning limit tagsimotini
tadqiq qilish masalasi dunyoning juda ko’p olimlarini qiziqtirib kelmogda (Masalan, P.Groeneboom[1],
I.Hueter [2], T.Hsing [3],J.Pardon [4] va boshgalar) Bu soxadagi eng katta kashfiyotlardan biri P.Groeneboom
[1] ga tegishli bo’lib u gqavariq chegaralangan sohada tekis tagsimlangan binomial nuqtaviy jarayonni Puasson
jarayoni bilan appraksimatsiyaladi , so’ngra qavariq qoplama uchlari jarayonining kuchli qorishmali xossaga
ega ekanligidan foydalanib, tanlanma gavariq goplamasining asosiy funksionallaridan biri uchun limit
teoremalarni isbotladi. Limit teoremani  P.Groeneboom [1] tomonidan isbotlash usuli A.J.Cabo[5],
P.Groeneboom [1] va T.Hsing [3] ishlarida gavariq ko’pburchakda tekis tagsimlangan tanlanmadan yaralgan
gavarig qoplama yuzasi uchun limit teoremasini isbotlashga ham tadbiq qilindi. Shuningdek, I.Hueter [2] ham
bu usuldan foydalanib o’zining tekislikdagi normal tagsimlangan nuqtalardan yaralgan qavariq qoplamalar
funksionallari uchun limit teoremasini isbotladi.

Ushbu tezisda biz [1-3,5,6] ishlardagi usullardan foydalanib , parabola ichida Puasson nugtaviy
jarayonidan yaralgan gavarig goplama uchlari jarayonining kuchli gorishmalik xossasini tadqiq gilamiz.
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Rn={(x,y):%s y}-

deb belgilab, quyidagi 0’lchovni kiritamiz

L2y
A (A) =1 2z,fb,L(b, )R &y 2b, v xb2 dxdy, agar Ac R ;
2 n

0, agar Az R,

Faraz qilaylik, IT (-) — A, () intinsiv 0’Ilchovli , bir jinsli bo’Imagan Puasson nuqtaviy jarayoni va
(Xl,Yl);(XZ,YZ);...; (Xk,Yk);... R, da toraytirilgan T1, (*) bir jinsli bo’lmagan Puasson nuqtaviy

jarayoni realizatsiyasi bo’lIsin.
Har bir @ € R uchun uchlari jarayoni W, (8) = (X, (a),Y,(2)), deb IT,(-) bir jinsli bo’Imagan

Puasson nuqtaviy jarayoni realizatsiyasi ichidagi Ym —aXm ga minimal giymat beruvchi (Xm,Ym)
nuqtaga aytiladi.
Ta’rifga ko’ra, Wn (a) sakrab o’zgaruvchi nostatsionar Markov jarayoni bo’ladi  (Qarang.
I.M.Hamdamov [6]).
Wn (a) sakrab o’zgaruvchi nostatsionar jarayondan yaralgan o — algebra
I =0{W,(c):c<0}, 3" =c{W,(c):c>a}
Ko’rinishda belgilasak quyidagi teorema o’rinli bo’ladi.

oc~za+

Teorema. Ixtiyoriy A e 32 va Be 3" uchun
IP(AnB)—P(A)P(B)|<7,(a),
o’rinli bo’ladi. Bu yerda

1
21 V3
£ (8) <, exp _%Labn] B(ml;%j .

7\ 8

" 2-6-1
ac * -
Xususan agar a > E) n, a,=4/2b,logn, &, =(logn) 225, 0< & <1 bo'lsa, uholda

n

)
r (a)<cexp {—cz (logn)"s }
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HPEJEJBHAS TEOPEMA JIUIA BETBAIIETI'OCS NPOLUHECCA BEJJIMAHA- XAPPUCA C
HUMMUIPAIIMEN CXEMA-I

PaxmonoB A nouent (HamHTH), W6parumoBa H maructpant (Haml'V)

IIycts 3aman BeTBsAwmiics npouecc bemnmvana-Xappuca ¢ nByMms Tunamu dactul. B atoit moaenn
MMEIOTCS YaCTHIIBI THIA 1, 1 T,.

Kaknas w3 yactun tina T, i =12, UMEET CIIyYalHyIO MPOJOJDKUTEIBHOCTD HKU3HU ' ¢ (dyHKIHEH
pacnupeneneHus P{ri < t}: Gi(t). B xonI1e cBoel *KU3HM YacTUIla MPEBPAIIAeTCd B HEKOTOPOE KOJIHMYECTBO
yacTul Tuna I, u T, HyJIeBOro BO3pacra.

Yepes P'(a) 0003HAYUM BEPOSTHOCTH IMPEBPAIICHUS YaCTHIl THIIA Ti,i =12, B COBOKYIIHOCTb

4aCTHL, COCTOSILIME U3 (f; YACTHL THII TJ., 1=12, rne a = (al,az).

s=(s,s,),  s“=s"-s,", 0s” =0s,0s,",  |n|=n,+n,

sy=Ysv, B-xbet ek

Ecmu §; < yi(si < yi), T0(S<Y),ecmu i =P,P+1,..,m To 6ynem mucats i =P+m.
BBCILGM HpOI/I3BOI[$IHII/IC (GYHKIMH paclpeecHus YacTUI] HEOCPEICTBCHHBIX TOTOMKOB YaCTHII

mma T, f'(s)=>" P'(a)s*, i=12.
ITycThb BEKTOP Z. ( ) (z;(t). z,,(t)) o3mauaer, uro B MoMeHT t cymiecTByiOT Z;; WacTHI[ THIIA T, j=12
B IPEAIIONOKEHHH, 4TO B HadanbHblii MomeHT t =0 oxna wactuua tuma T,,i=1.2.
Beenem mpowssonsmme dynxuun  F'(t,s)= Za P{Zi(t)z a}s“,i =1,2. U3BecTHO [1], uro F'(t,s)

YIOBIETBOPSIOT CIENYIOLIEH ccTEME HHTerpaJILHLIx YpaBHEHUI:

Fi(t,s) =51 J'f —u,8))dG'(u)i =12,
1)

t

Fo(t,s)=(1— I (t—u,s)f°(F(t —u,s))dG’(u)

0

IIycte of' riae of’
YOIb 4, = —=a; <o, j=12, 1€ —=a; <o, j=12.

0s; 0s;
D =||dij || - MaTpHlla MaTeMaTHYECKUX OKHIaHWH, MEPPOHOB KOpeHb Martpuisl D:p=1. B stoM

ClIydac BeTBHHIHﬁCH mpounecc ¢ HMMHI‘paHHeﬁ Ha3bIBACTCA KPUTUYCCKUM.

Iycts F! (t, 5) =S+ (1_ 5)1*0‘i L, (11} 0<e <1, rme L, (t) - MEJUIEHHO MEHSIONIasACs QyHKINS;
)

s)=[edy(t) u U,(t)= Pl >1Z,(-1)=0, Z,(0)> 0}
A —BepostHocTs uMmurpaiuu K gactui. Jlns cxema 1
Teopema. B ycinoBusix Teopema 1 [4]
7i(t)=Cle" 1+ o),
—nigig' (a;) r '( )
2oe Cl=e @ c2=TNAIRG) Pl g o1
a,
BUBJINOTPA®UYECKHUN CIIUCOK

1 CeBactrsiHOB b.A. Berssmuecs mpomeccel. M., «Haykay, 1971.
2. ®demnep B. Beenenue B Teoputo BeposiTHOCTEH U e€ mpuioxkenus. T-1,2.M.: Mup, 1967,528 ¢.,738 c.
3 bananbaes U.C., Mampa66oes A. Ilepruons! xu3HM BeTBsiierocs mpoiecca bemvana-Xappuca c
UMMHTpanyel. / BeposiTHocTHBIE pactipesienieHnst 1 MateMarnieckas cratuctika T.: «®@AH», 1986, 60-82 c.
4, Mampa66oeB A., M6parumos 1. [lpenensnas Teopema ais BeTBauierocs npouecca bennmana-Xappu-
ca ¢ ummHurpanueit. // Marepuaisl. V — Mexnynapoanoit @epranckoii konpepeHumu «lIpenenbHbie TeopeMsbl
TEOPUHU BEPOSTHOCTEH U UX NPUIOKEHHsI», (I. Deprana, 10 -12 mas 2005 r.) Tamkent 2005. ¢. 130-131.
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JBYXTHUITHBIN BETBSIIIUIICS IMTPOLECC C AMMMIPALIMEN (2-CXEMA)

PaxmanoB A. (HamHTH), TynakoB C. (HamlV)

PaccMoTpum cnemyrorie Mo Ien BETBALINXCS TIPOIIECCOB C IMMHUTPAITHEH.
[pornecc UMMUTpaIK IPOUCXOIUT B IIEIOYHCIICHHBIE MOMEHTBI BPEMEHU C IPOU3BOAIICH (DYHKITUCH

X e
G'(s)=).Gs", i=12
k>0
(G, -BepOsSITHOCTH TOTrO, YTO MMMHUIPUPOBAIO K YACTHL[ | -TOFO THIA), @ HPOLECC PasMHOXKEHHSI
ABJISICTCSl BETBALIMMCS TIPOLIECCOM C HETIPEPBIBHBIM BPEMEHEM C MPOU3BOSIICH (DyHKINEH IOTHOCTEH
[ ik
fi(s)=> f/s",
k>0
(BeposTHOCTb NpeBpaIleHHs] OJHON uYacTHIBl |-Toro Tuma B K wactum 3a Bpems t — O pasna
fit+o(t) xorma K#1,u 1+ f/t+o0(t) ,xorna K =1, npuuem Z f.=0).
k>0
Bynem roBoputh, YTO HadaJbHBIA MEPUOJ KU3HU BETBAILIETOCA IMpolecca, HauMHarouerocss ¢ N
qacTun € HMMHFpaHHﬁ, HUMECT MJINHY 7 , €CJIM YUCJIO YaCTHI

7'(0)=n, 7'(t)>0 mmecext, 0<t<z, a 75'(r)=0

7 () =P{n'(©)=0/7'(0)=0}
Teopema. [lycmv F,'1)>1F(0)>0 u g,(0)<0 mozoa npu n—> oo

Q) =Ra/n " W (Nm) +0()).  0<R <z

400
20e 7i -4 W(Inn)= J e~ WAlin dt
In ﬁl —o0
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3. 3aMOHaBHI MaTeMaTHKaHUHT Ha3apuil acociapy Ba aMajuii Macananapu. PecryOnrka niaMuii-aManuii
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(cxema 1) Matepuanst VIl depranckoit koHpepennun «lIpenenbHbie TEOPEMBI TEOPUH BEPOSITHOCTEH U HX
npunoxxenus» (Pepranckuii kommokBuyMm) llocBamennoit mamsatu akanemuka C. X. CupaxunuHosa (T.
Hamanran, 11-12 mas 2015 r) C. 30-31

O PACIIPEJIEJIEHVMHY BPEMEHHU )KWU3HHU JYBJIUPOBAHHOI'O YCTPOMUCTBA P
BBICTPOM BOCCTAHOBJIEHUA

Pa33oxkos 3. O.
Mazucmpanm, Hasoutickuii 2ocy0apcmeeHublil nedazo2uieckKutl UHCmumym
Elyosrazzogov2016@gmail.com

PaccMoTpuM 1yOIHMpOBaHHYIO CHUCTEMY C BOCCTAHOBJICHHEM B HEHArpykeHHOM pexume (cMm.[1]).
Mycrs &,&,, ... ,&, ..— TOCien0BaTeNIbHbIE JJIMTEIBHOCTH BPEMEHHM 0€30TKa3HOH paboThl OCHOBHOIO

3JIEMEHTA, U 7,,7],, ... ,7],, -..— HOCIEIOBATEIbHbIE JUIMTENBHOCTH BOCCTAHOBIECHHUH OTKA3aBIIETr0 SIIEMEHTA.
Hpennonoxkum, uro {&} W {5} TOCIENOBATENBHOCTH HE3ABUCHMBIX, OJMHAKOBO PACIPE/IETIECHHBIX
CITy4alHBIX BEJIMYMH COOTBETCTBEHHO C (PYHKIIMSIMU pacupeneneHus F (x) 1 G(x).

Ilycte P = P{ka <77k} U T, — JJIUTEJIbHOCTh BPEMEHU JI0 IEPBOTO OTKA3a CHUCTEMBI. Herpynno
NPOBEPHTH, UTO 7, =& + &+ ... +&, e P{v=m}=p(1- p)m_z, m=23 ...

b. B. I'nexeno [1] ycranosmn 4ro npeobdpasosanus Jlammaca-CrunTbeca CayqailHOi BETHIMHEL T,

AMEET BU
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o,(5) =M = 1 (5) LE90)

rae
f(s)=Me™ u g(s)zTe‘SXG(x)dF(x)

B [2] npu 6s1cTpom BocctanoBnenny, T.¢. ipu P —> 0 mnpu M & =a < nokazauo, uro

IimP{MTP <X}:E(X):{0, x<0,

—X
ps0 T, 1-e™, x>0.

rie Mz, = (l+pp)a_ IMycts Teneps G(x) =G, (x). Torna sicuo, uro p = p(n). Iycts

()= Xx[l— F(x)]

j[l—F(z)]dz.

0
Hamu nokasana cieayroras Teopema.

Teopema. ITycts npu N — 0, p(n)—>0 u !}ima(x):O.(l)

Torza cymecTByeT HOPMUPYIOLIast TOCTOsIHHA B, Takast, uto mpu N - B — o0 u

lim P{;—p<x}:E(x).

n—w
n

-1
Jlerko Bunets, uto ecnu M & <0 To B 3TOM Citydae MoxkHO mosarate B = ( M Tp) (em.[3]).

3aMeTHM 4TO, CyIIECTBYET ciydaittas BennunHa & ¢ M & = oo, mpu satom BeimonaeHo (1).
JINTEPATYPA
1. I'menenko b.B. O menarpyxxennom nyomupoBananu.// 3. AHCCCP, Texn. kubepaeruka, 1994,
N4, 3-12.
2. CosioBbeB A. JI. ACHMIITOTHYECKHE PACIIPEICIICHUS BPEMEHH JKU3HU JTyOJUPOBAHHOTO 3JIeMEHTA.//
U3B. AH CCCP, Texn. kubepreruka, 1994, N5, 118-121.

3. JIxamupsaeB A. A. O0oGmenne teopmbel A. A. XHHYMHA 00 OTHOCHUTENBHON yCTOWYMBOCTH.//
Hayunsie Tpynet Taml'V, 1972, Beim. 402, U3a-Bo "®an".

PROPORSIONAL INTENSIVLIKLAR MODELIDAGI APPROKSIMATSIYA

Sayfulloyeva Gulnoz Sayfulloyevna
Navoiy davlat pedagogika instituti tayanch (PhD) doktoranti

Faraz qilaylik, tagsimot funksiyasi H(X) = P(Z < X), xe[J' dan iborat Z tasodifiy miqdor
berilgan bolsin. A®,..., A fiksrlangan butun son K >1 uchun, juft-jufti bilan birgalikda bo‘lmagan
hodisalar bo‘lib, ular orqali tuzilgan subtagsimotlar esa H (x;i) = P(Z <X, A“’), i :{1,...,k} =J bo‘lsin. Biz

ieJ desak,

H(x) va H(xi), ied funksiyalar uzluksiz deb hisoblaymiz. Agar p"'=pP(A)
0<p” <1 ieJ deb hisoblaymiz. Sodda proporsional intensivliklar modelida (z,A(i)) ga mos kelgan
1—F(x;i) chidamlilik funksiyasining H (x) tagsimot funksiyasi orgali
1—F(x;i)=(1—H(x))pm, icd, xeR ©)

tenglik orqali ifodalanadi. Ushbu (1) model dastlab [1] da kiritilgan edi. U holda H(x;i), i=1,...k
subtagsimotlar va H (X) t.f. uchun modifikatsiya gilingan quyidagi Kats empirik baholarini garaymiz:

Hn(x;i)zl—(l—H;(x;i))I(H:(x;i)<1), (xi)ellxd,

H, (x)=1-(1=H;(x))1 (H;(x)<1), xel.

)
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Buyerda H™(x) va H"(x;i), i =1k lar empirik Kats baholari:
14n
. =1 (Zm < X), agar 1 ehtimollik bilan v, >1 bo'lsa,
Ho(x)=<n&
0, aks holda,
1n) )
) =Y 1(Z,<x80 =1),  agar 1 ehtimollik bilan v, >1 bo'lsa,
Ho(xi)=<n&

0, aks holda.
Bu yerdan f)r(j) =lim Hn (X; i) = |—~|n (+oo;i), i=1,...,k. (1)ifodalanish asosida o‘rniga qo‘yish usuli orqali

n—o

(F, (%1).... F, (%, k)) vektor — bahoni tuzib olamiz, bu yerda

Ifn(x;i):l—(l—l:ln(x))ﬁ”(l),ieJ, xeR. )

Quyidagi vektor protsesslarni kiritamiz:
Dn(t)z(D nl)(tl),Dnz)(tz),...,Dnk)(tk)) ©)
(0= (V9 (1) V2 (), V9 (1), (4)

bu yerda {1\’ (x)= \/ﬁ(lfn (xi)-F (x;i)) va

o0 (WO (x)
Vo (x)= (1_ Y (X))P {%()(()) +w ()log (1— H (X))},

hamda W, (oo):IiTmWn(i)(x). Bu yerdagi W.* (x) va W,."(+w) ketma-ketliklar Gauss protsesslari

ketma-ketligi bolib, ularning o‘rta giymatlari nol va kovariatsiya funksiyasi
EW (x)W" (+00) = min { p"'H (x) ,1} =pH(x), 0<p"<1 xel (5)

ga teng. Demak, vV (x) =0, ieJ va x,y<T uchun

n
(i) p(J)

BV (VL (y) = pp0 (1-H (1)) (1 H (1)) x

| H(min(x.y)) ~+log(1-H () (1= H (y)}, i jed.
(1— H (min(x, y)))

Proporsional intensivliklar modelida kiritilgan (2) baholarni approksimatsiya xossalarini tadgiq
gilamiz. Quyida keltiriladigan teoremada (3) empirik Kats protsesslari, (6) kovariatsiya funksiyasi bilan
aniglangan (4) Gauss protsesslari ketma-ketligi bilan approksimatsiya gilinadi.

Teorema. Faraz gilaylik, {1 ,n>1} o'suvchi sonlar ketma-ketligi shunday tanlansinki, u r>2 da

(6)

T, <T, =inf{x:H(x)=1} <o (7)
12
) M\ _ . B rlogn 8
min{P(A")-H (T,.i)} 21 H(Tn)22( o ] (8)
tengsizliklarni hamda

">16e2(p") e 9)

logn
shartlarni ganoatlantirsin. U holda {Q, A, P} ehtimollik fazosida quyidagi approksimatsiya o ‘#inli bo ‘ladi:
p( sup_ [ (), (1) >r(n)J£an"B, (10)

te(—w;Tn](k)

bu yerda r(n) = C*bfn’]/2 logn, C"'=C" ( p(l),_,,, p(k)) va Q — absolyut o ‘zgarmas son.

ADABIYOTLAR
1. Abdushukurov A.A. Statistics of incomplete data. Tashkent. University Press, 2009, 269 p.
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2. Abdushukurov A.A. Sayfulloyeva G.S. Empirical Kac processes under general random censorship
model.//ITMM2021. 20" International Conference named after A.F.Terpugov Information Technologies
and Mathematical Modelling, Russia, Tomsk, 2021.

KUCHSIZ BOG’LANGAN KUZATUVLAR BO’YICHA BUTSTREPNING SIRKULYAR
BLOKLAR USULIDA DISPERSIYANI BAHOLASH

Solijonova Mavluda
O zbekiston Milliy universiteti

Ushbu tezisda kuchsiz bog’langan kuzatuvlar bo’yicha butstrepning sirkulyar bloklar usulida
dispersiyani baholash ko’riladi.

Faraz qilaylik , {X,,n = 1} statsionar tasodifiy migdorlar ketma-ketligi berilgan bo’lsin. Bu ketma-
ketlik kuchsiz bo’g’liglik shartlarini qanoatlantirganda ([1] ni ko’ring), uning uchun markaziy limit teorema
o’rinli bo’ladi, ya’ni quyidagi sust yaqinlashish o’rinli bo’ladi,

! Zn: X; = N(0,02)

— = , O

Vn i=1 l
buyerda N(0,02) matematik kutilmasi nol va dispersiyasi o2 bo’lgan Gauss tasodifiy miqdori.
Amalda o2 ning qiymati noma’lum bo’Igani uchun uni statistik baholash kerak bo’ladi
([2] ni ko’ring).
Biz o2 ni butstrepning kesishadigan bloklar usulida baholaymiz. Buning uchun X, , X5, ...X,, tanlanmani
bloklarga ajratamiz : L

Bi = {Xl 'Xi+1J '"'Xi+p} , i = 1,71

Buyerda i>n bo’lganda X; = X;_, deb olinadi.
Sirkulyar bloklar usuli Politis va Romanolar ([3] ni ko’ring) tomonidan kiritilgan .
Biz bu usulda a2 dispersiyani aniq tanlanmalar bo’yicha hisobladik. Bunda p ni optimal tanlash
muammosini tahlil qildik. Ma’ruzada olingan natijalar keltiriladi.

FOYDALANILGAN ADABIYOTLAR
1.S.N.Lahiri. Resampling Methods for Dependent Data. Springer Series in Statistics , 2003
2.H.Dehling , R.Fried , O.Sh.Sharipov , D.Vogel , M.Wornowizki. Estimation of variance of partial sums of
dependent processes. Statistics and Probability Letters 83 (2013)
3. Politis, D. N. and Romano, J. P. (1992b), A circular block resampling procedure for stationary data, in R.
Lepage and L. Billard, eds, 'Exploring the Limits of Bootstrap', Wiley, New York, pp. 263-270.

UZLUKSIZ VAQTLI VA MIGRATSIYALI TARMOQLANUVCHI TASODIFIY JARAYON
O‘TISH EHTIMOLLIKLARI UCHUN LIMIT TEOREMA

Toshmuradov A.
O zbekiston Milliy universiteti 1-bosgich magistri.

Har bir zarrasi uzluksiz vaqtli Markov tarmoglanuvchi jarayoni sxemasiga muvofiq rivojlanadigan
populyatsiyani garaymiz, shu bilan birga vaqtning har bir t >0 momentida populyatsiyaga (z, t+Af) oraliqda

Oy +akAt+o(At) ehtimollik bilan k, k=0,1,2,...ta zarracha kelib qo‘shiladi yoki populyatsiyadan

qrAt+O(At) ehtimollik bilan t momentda mavjud bo‘lgan zarrachalardan r, r=1,...m tasi emigratsiya
bo‘ladi, bu yerda m - ixtiyoriy o‘zgarmas natural son

2{:ak.+:E:cL ::0' ao < 0’ é%o ::l; é%k ::0, k #0.

k=0 r=1
Zarrachalar bir-biridan, populyatsiyaning sonidan, kelib chigishidan va migratsiya jarayonidan
bog‘ligsiz ravishda ko‘payadi deb faraz gilamiz. Bunday jarayonning t vaqtidagi zarralar sonini Z, bilan
belgilaymiz.

Faraz qgilaylik  £Y(At), & (At), Vt>0, i=12,.. bogligsiz, butun giymat qabul giluvchi
tasodifiy miqdorlar va & (At) har ganday t uchun bir xil tagsimlangan tasodifiy migdor bo‘Isin.
P(& (A =k)=0, +aAt+o(At), k=012,..
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P( & (AL) :—r): gAt+0(At), r=12,.,m
va 0‘z navbatida, é(t) (At), 1=12,... barcha t uchun bir xil tagsimlangan bo‘Isin.
Demak, P(£“(At)=k)=05, +pAt+0(At), &,=1 &, =0, k=1 vahosil gilish funksiyasi

f(At,s) = Es’0 gy f (s)At+o(At), f(s)= i“ P, s, i“ p,=0
k=0 k=0

deb olishimiz mumkin. Kiritilgan gﬁ“) (At) tasodifiy migdorni t momentdagi i-zarraning At vagqt ichidagi
avlodlari soni deb garash mumkin. U holda bitta zarraning u vagt mobaynidagi goldirgan zarralar soninig hosil
gilish funksiyasini f (u,s) = Es® “ orqali belgilash mumkin.

Kelgusida biz f'(1-)=0, ya'ni f'(At,1-)=1, p,=f(0)>0, f(s)=(1-s)’L(L-s),
buyerda L(1—s) funksiya 1—S—0 da sekin o‘zgaruvchi funksiya,

4, >0, A=) ka, —» rq =0, D k’a, <o
k=0 =1 k=0
deb faraz gilamiz.
Aytaylik {Zt, t €[0, oo)} Markov zanjirining holatlar to‘plami N, p,(t) jarayonnig t vagtda r

holatdan j holatga o‘tish ehtimolligi bo‘lsin, I, j € N, t €[0,0).
t
N(u
Quyidagi funksiyani Kkirilamiz: M(t)zj.ﬁdu, bu yerda N(t) funksiya t-—>oco da sekin
u

0
o‘zgaruvchi funksiya va N(t) L(t_lN (t)) -1 t—ooo.

Quyidagi teorema o‘rinli.
Teorema. Agar M (t) - o, t — o0, u holda t — oo da

A
p‘”(t)DM(t)’ reN,

bu yerda A, musbat o‘zgarmas son.

ADABIYOTLAR
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KO*P O‘LCHOVLI STATISTIK USULLAR YORDAMIDA BOZOR TAHLILI VA
SEGMENTATSIYASI

Xasanboyeva Sh.B.
O zbekiston Milliy Universiteti, Toshkent, O ‘zbekiston
email:hasanboyeva98@gmail.com

Ko‘p o‘lchovli statistik tahlil usullari bu cheklangan miqdordagi kuzatuvchilar asosida ko‘p o‘lchovli
ijtimoiy-iqtisodiy hodisalar va jarayolarning o°zaro bog’ligligini, ularning qonuniyatlarini tizimli taxlil qilish
imkoniyatini beradigan kuchli apparatdir. Ko‘p o‘lchovli usullar bir o‘lchovli usullardan farq qiladi, birinchi
navbatda ular ishlatilganda, e’tibor hodisalar tasniflarining o‘rtacha va sochilish ko‘rsatkichlaridan o‘zgaradi
va ushbu hodisalar o‘tasida munosabatlar darajasiga (korrelatsiya yoki kovariatsiya) e’tibor beradi. Bunday
usullardan foydalanish ma’lumotlar turlari bo‘yicha (uzluksiz, rang, nominal, migdoriy) izchillik shartlariga
rioya qilishni talab etadi. Cheklangan sondagi ma’lumotlarga ega bo‘lgan holda, ushbu usullar tadqiqotchi ega
bo‘lgan omillarning bir vaqtning o°zoda ta’sirini hisobga olishga imkon beradi.

Zamonaviy sharoitda korxonalarning samarali ishlashi mavjud resurslardan foydalanishni
ratsionallashtirish va iste’molchilarni sifat ehtiyojlarini qondirish uchun bozorda sodir bo‘layotgan jarayonlar
va hodisalarni chuqur tahlil gilishni talab giladi. Bozor segmentatsiyasi-bu bozordagi iste’molchilarni va
potensial iste’molchilarni turli guruhlarga (yoki segmentlarga) ajratish jarayoni bo‘lib, ular doirasi
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iste’molchilar ma’lum oxshash talablarga ega. Marketing asosiy yonalishlaridan biri bu bozor segmentatsiyasi
bo‘lib, u kompaniya o‘z biznesining ma’lum bir yo‘nlishi bo‘yicha mablag’larini samarali sarflash imkonini
beradi. Ko‘p o‘lchovli statistik usullar nafagat miqdoriy ma’lumotlar bilan , balki sotish hajmi darajasi,
reklama faoliyati darajasi,narxlar darajasi, sifat va boshqalar kabi kategorik, intervalli va tartibli ma’lumotlar
bilan ishlashga imkon beradi. Bu sabab xayot ushbu turdagi tadqiqotlarga e’htiyojni belgilaydi.

Klaster tahlili-bu klassifikatsion taxlil uslubidir. Uning asosiy vazifasi bu ko‘plab tadqiq qiliniyatgan
ob’yektlar va belgilarni ma’lum ma’nodagi bir guruhga yoki klasterga bo‘lib tashlashdir. Ko‘p o‘Ichovli
ijtimoiy-iqtisodiy hodisalar va jarayolarni ma’lum ma’nodagi bir guruhga yoki klasterga bo‘lib tashlash,
ularning oxshashligiga asoslanadi. Bu oxshashlik tushunchasi va oxshashlikni o‘lchash tartibi unchalik oson
emas. Aslida oxshashlik tushunchasi shunday asos bo‘ladigan epistimalagik muamolar bilan uzviy bog’liq.
O‘xshashlikni miqdoriy baxolash metrika tushunchasidan kelib chiqadi. O‘xshahslikka bunday yondashuvda
hodisalar koordinatalar sistemasidagi nuqtalar bilan ifodalanadi va nuqgtalar orasida kuzatilgan oxshashlik va
farglar ular orasidagi metrik masofalarga tog’ri keladi. O‘xshashlikni metrik baxolash uchun 4 ta shart
bajarilishi kerak:

1) Simmetriya ikki ob’yekt x va y orasidagi masofani shartli ravishda belgilaydi d(x,y)=d(y,x)>0

2) Uchburchaklar tengsizligi uchta ob’yeklar orasidagi masofani shartli belgilaydi d(x,y)<d(x,z)+d(z,y),

X<Z<y

3) Nomutanosib ob’ektlar orasidagi tafovud agar d(x,y)#0 bo‘lsa, x#y

4) d(x,x')=0, bu yerda x va x' lar oxshash jismlardir.

Metrikaning yaqqol axamiyatliligiga qaramay , u ob’yektlarni o‘xshashligini ifodalovchi birgina vosita
emas. O‘xshashlikni bir necha turlari mavjud bo‘lib, koeffitsent va o‘Ichovlarining ko‘pchiligi klassifikatsiya
qilinganda sanoqli yondashuvlargina metrik bo‘la oladi. Shunday qilib, o‘xshashlik o‘lchovlarini tanlash
klassifikatsiyaning nazariy, amaliy va falsafiy mazmunini ifodalovchi tadgigotlar rejasining ajralmas gismi
bo‘lishi kerak.

Ikki ob’yekt orasigagi o‘xshashlikni baxolashda ular aynan o‘xshash bo‘ladi agar ularni ta’riflovchi
kattaliklar bir xil qiymat qabul qilsa, ya’ni ular orasidagi masofa nolga teng bo‘ladi.Masafa o‘lchamlari odatda
yuqoridan chegaralanmaydi va o‘lchamlar shkalasi tanlo‘vchiga bog’liq bo‘ladi. Eng mashxur masofalardan
biri bu Evklid masofasi bo‘lib u quyidagicha ifodalanadi:

dij =1’i(xik _Xjk)2

Bu yerda, dij - 1 va j ob’yektlar orasidagi masofa, X, - i ob’yekt uchun k o‘zgaruvchining qiymati. Kvadrad
ildizdan foydalanmaslik uchun ko‘pincha masofani kvadradga oshirilgan holatda foydalaniladi va masofa d, i

2 kabi belgilanadi. Shuning uchun bu ifoda “kvadrd Evklid masofasi” deb ham ataladi.
Evklid masofasi kabi mashxur masofalardan yana biri Manxetten(city-block) masofasi hisoblanadi, u
quyidagicha ifodalanadi:

p
d; ZZ| Xie =X |-
P

Boshga metrikalarni ham aniglash mumkin. Lekin ularning ko‘pchiligi masofaning metrik funksiyalari maxsus
sinfining xususiy formulasi hisoblanadi, xuddi quyidagi formula bilan ifodalanadigan Minkovskiy metrikasi
kabi

dij = (id Xie = Xjk D)

Minkovskiy metriksi bo‘Imagan masofalar ham mavjud , ulardan eng muhumi-Maxalanobis D? masofasi, bu
masofa umumlashgan masofa nomini olgan. Bu metrika

dij = (Xi _Xj)'z _l(xi - Xj) dij = (Xi _Xj)'z _l(xi - Xj)
ifoda bilan aniglanadi. Bu yerda Z -umumiy gruppa ichidagi dispersion-kavariatsiya matritsasidir, X; va

Xjlar esa i va j ob’yektlar uchun o‘zgaruvchilar giymatlarining vektorlaridir.

Evklid va Minkovskiy metrikalaridan farqli o‘laroq bu mekrika dispersiya- kavaryatsiya asoslari
yordamida o‘zgaruvchilar korreksiyasi bilan bog’liq. O‘zgaruvchilar orasidagi korrelyatsiya nolga teng
bo‘lganda Maxalanobis masofasi Evklid masofasiga ekvivalent bo‘ladi.

Yugqorida aytib o‘tilgan Evklid va boshqa metrikalarning muhimligiga qaramasdan ular jiddiy
kamchiliklarga ega. Ularda eng muhumlari shundan iboratki, o‘xshashlikning baxosi ma’lumotlarning
siljishidagi farqqa kuchli bog’liqdir. Bir vaqtning o‘zida absalut qiymatlar va standart og’ishlar katta bo‘lgan
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o‘zgaruvchilar, kichik absalut o‘lchamdagi va standart og’ishlarga ega o‘zgaruvchilarga ta’sir otkazishi
mumekin.

ADABIYOTLAR
1. A.M.Xorurckoro, C.b.Koponesa, @akTopHBIN, TUCKPUMHUHAHTHBIN W KJIACTEPHBIA aHaan3, MockBa
“@unancel u cratuctuka” 1989 ctp. 215

HILBERT FAZOSIDA QIYMAT QABUL QILUVCHI MANFIY ORTANT BOG’LIQ TASODIFIY
MIQDORLAR UCHUN MOMENT TENGSIZLIKLARI

Xayitova Sarvinoz
O "zbekiston Milliy universiteti

Ushbu tezisda Hilbert fazosida giymat gabul giluvchi manfiy ortant bog’liq tasodifiy migdorlar uchun
moment tengsizliklari va bu tengsizliklar yordamida katta sonlar qonuni ko’riladi. Tasodifiy migdorlar ketma-
ketligi {X,, ,n = 1} uchun manfiy ortant bog’liqlik shartini kiritamiz([1]ni ko’ring).

Ta’rif. {X;, 1 < i < n}tasodifiy migdorlarning chekli sinfi
a) Vxq,X3,..,X, € R uchun manfiy yuqori ortant bog’liq deyiladi agar
n

P(Xl > Xl',i = 1,2,...,7’1) < 1_[P(Xl > xi)

i=1
tengsizlik o’rinli bo'lsa

b) Vxq,x,, ..., X, € R uchun manfiy quyi ortant bog’liq deyiladi agar
n

P(Xl < xiii = 1,2,...,7’1) < 1_[P(Xl < xi)
i=1

tengsizlik o’rinli bo'lsa
€) Agar bu sinf manfiy yuqori ortant bog’liq ham manfiy quyi ortant bog’liq bo’lsa u manfiy ortant
bog’liq deyiladi.
Agar har bir n da X, X5, ..., X;, manfiy ortant bog’liq bo’lsa, {X,,, n = 1} tasodifiy miqdorlar ketma-
ketligi manfiy ortant bog’liq deyiladi.
Biz bu ta’rifni Hilbert fazosi uchun umumlashtiramiz. H-separabel Hilbert fazosi bo’lsin. Hilbert
fazosida norma quyidagicha Kiritiladi

Il = (f,f)l/z ((-,) skalyar ko’paytma) {e;, i = 1} Hilbert fazosidagi ortonormal basis bo’lsin.
Hilbert fazosida giymat gabul giluvchi tasodifiy migdorlar ketma-ketligi {X,, ,n = 1}ning har bir elementi
yoyilmasi

Yo=Y xPer,  Xo= XD,
i=1

ko’rinishga ega.
Biz manfiy ortant bog’liq tasodifiy migdorlar uchun moment tengsizliklarini Hilbert fazosida
umumlashtirdik. Ma’ruzada olingan natijalar keltiriladi.

FOYDALANILGAN ADABIYOTLAR
[1]. D.Qui, Q.Wu, P.Chen. Complete convergence for negatively orthant dependent random variables.
Journal of inequalities and applications 2014.

MARKAZIY LIMIT TEOREMANING NOKLASSIK VARIANTI HAQIDA

Xusainova B.B., Rahmonova D.A.
O’zbekiston Milliy Universiteti, Toshkent, O zbekiston
bikajon.khusainova@yandex.com, donoxonrahmonova.6997 @gmail.com

Aytaylik X1, Xy, ... bog‘ligsiz tasodifiy miqdorlar ketma-ketligi va
n

Sn = ZXnJ
j=1

yig‘indi berilgan bo‘Isin.
Xyj (7=1,2,...) ni matematik kutilmasini 0 va dispersiyasini o,;,va ¥,j o;; = 1 deb faraz gilamiz.
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4-ITYBBA. DXTUMOJIJIAP HA3BAPUSICH BA MATEMATHUK CTATUCTHUKA
F,(x) sifatida tasodifiy miqdorlar yig‘indisi S, ning tagsimot funksiyasini, f,,;(x) bilan X,; ning
xarakteristik funksiyasini va ®(x) bilan esa standart normal tagsimotning tagsimot funksiyasini belgilaymiz.
Teoremal. Ushbu
sup| B, (x) = @(x)| =0, n— oo
X

munosabat o‘rinli bo‘lishi uchun, VT > 0 da

T

shartning bajarilishi zarur va yetarli bo‘ladi.
Yuqorida keltirilgan teorema noklassik xarakterga ega.

ADABIYOTLAR
1. Zolotarev V.M. Generalization of Lindeberg- Feller’s theorem. // Theory prob. and its appl., 12(4) , 1967,
P.666-667.
2. Rotar V.I. To the generaliration of Lindeberg - Feller’s theorem. // Math. Notes, 18(1), 1975, P.129-133.
3. Tikhomirov A.N. On the rate of convergence in the central limit theorem for weakly dependent variebles.
I/l Theory probab. and its appl., 25(4) , (1980) P.800-818

Ob ACUMIITOTHUKE KPUTUYECKUX [TPOLUECCOB I'AJIbTOHA — BATCOHA

SA.M.Xycanb6aeB, C.A0aypaxMoHoBa
O zbekiston Milliy universiteti. E-mail: abdurahmonovasayyoraé4@gmail.com

© v
ITycTs {pk}k:O-I[I/ICerTHOC pacripesiefieHle BEpPOSTHOCTEM Ha MHOXKECTBE HEOTPHUIATEIbHBIX YHCEN

1,=0 U{O}TaKaﬂ,qTO P+ P <1

. O6o3HaUNM Uepe3

f(s):is"pk, 0<s<1
k=0

NPOM3BOSIIYIO (YHKIIHIO { Pe }k:O'

[lycts {gk i k,jel } — CeMEeHCTBO HE3aBUCUMBIX U OJJMHAKOBO pacpeelieHHBIX C pacpeeieHueM

0 o o
{pk}k OCHy‘IaI/IHI)IX BCJINYHH, 77 - 3a/laHHad CllydanHasd BC€JIM4YHHA, IPpUHHUMAaroIas HEJbIC MOJIOXKUTCIILHBIC

3HAYEHUS M HE3ABUCAILASL OT CEMENCTBA {é’j, i, jel } . B nanpreiimm Oynem paccMaTpuBaTh BETBSIIUECS
nporecchll agpToHa — BaTcoHa, onpe/eneHHble peKyppeHTHBIMU COOTHOIIEHUSIMU
Zyg
Zy=n.2,=) & nel. oy
j=1
OObuHO cny4vaiiHpld mporiece (1) WHTEPNPEeTUPYIOT Kak MaTreMaTHYecKHid MOJENb Pa3BHTHUS
YHCIIEHHOCTH HEKOTOPOI TOMYIALMK YaCTHI, MMEMOIAs B HAYaIbHOM MOMeHTe Z;4acTHll, IPH 3TOM
ClyyaiiHasi BEJIMYMHA gij O3HA4aeT YUCJIO IIOTOMKOB j - toit wactune! | —1 - Toro moxomnenus. IIpu Taxoi
MHTEPNPETAlMK Z TPECTABIIAET OOIIEe YMCII0 YaCTHIL B MOMyJsiuuK B N - TOM nokoJeHuid. B ciyuae, koraa
Z, =1 ¢ BEpOATHOCTBIO 1, HCCIIENOBAHUIO CBOMCTB M PACTIPEICTICHHUM Zn MTOCBSAIIEHO MHOTO padoT B ciydae
f ’(1) = Eé:l,l < 0o Kiaccu(uKanus nporeccoB Buaa (1) 3aBEICUTh OT 3HAYCHHS f '(l) . TouHee, BETBAIIUNACS
nporecc Z, , N >0 Has3hIBAIOT JOKPUTHYECKUM, KDUTHYCCKUM U HAJIKPUTHIECKUM ecii | '(1) <1, f'(l) =1
u f '(1) >1COOTBETCTBEHHO.
MBI PACCMOTPHM TONBKO KPHTHUCCKHE BETBAIINECS IPOLECCH, T.¢. Koraa | '(1) =1.

B 1947 ronmy AMJSrnom mpu  mpennonoxenusx Z, =1, f ’(1) =1 f ”'(1) < 00 JTOKa3al

CIIpaB€AJIMBOCTbE COOTHOIICHUA

P[ 2Z, <x/Zn>0J—>1—ex’ npH N —> o0 )

f"(1)-n
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st modoro X > 0. OnHako, kak 3ametii B.dennep, ecnu B Ha4aabHOM MOMEHTE Pa3BUTHUS B MOIMYJISIIUAH
MMEIOTCS MHOTO 4vactul (Z, = O(n)), TOo B omamume OT (2), GesycnoBHoe pacmpenenenne Z —(mpn

COOTBETCTBYIOIIMX HOPMHUPOBKAX) c€a00 CXOOUTCS K COOCTBEHHOMY pacrpejaencHuo. bonee TouHO,

B.®ennep paccMoTpen CTyNEeHYaThIi CIIy9aliHBINA TPOIIeCC Z[m], rze 3Hak [d] o3HawaeT memyro YacTh umciIa

a, xorma f’(]_) =1 f "(1) <o, Zy= @ X +0(n), x > 0 ( X -bukcupoBaHHBIN TapaMeTp) U 10Ka3all, 4TO

npu mobom Xmpomecc N'Z, . mpu N—>00 cmabo cxomurca K aupQy3HOHHOMY MPOIECCY Y(t) c

[nt]
HadaJIbHBIM COCTOSIHUEM X .

Baenem ob6o3nauenus: f, (s) =s, fl(s) =f (s), f (S) = f (fn_l(s)), nell .
Teopema . [IycTs UMEET MECTO IIPEICTABICHUE
f (s):s+(1—s)2 L(1-s), 0<s<1

rac L (S) - MCJICHHO MCHAIOIIAACS (byHKIII/I}l B HYJIC U

Zy=2,(x)=[ xan-L(1-f,(0))]
C BEPOSITHOCTHIO 1, e x>0 (ukcupoBanHoe yucio. Torma ans moborol>0 u te[O,l] HUMEET MECTO

CXOIUMOCTDH
XA

E (e—/l(l— £4(0))Zpng /Zo —a (X)) e @)

npu N —> 0.

MARKAZIY LIMIT TEOREMADA YAQINLASHISH TEZLIGINI
BAHOSI HAQIDA

Xusanova B.B., Maxmadiyorova M.M. O zMU

Bog’ligsiz va bir xil F(x) tagsimot bilan tagsimlangan tasodifiy migdorlar
X1,X2 ... %0 ...
ketma-ketligi uchun
EXi:=a, DX;= 62 >0, BgZE |X1-a|3<oo. (1)
bo’lsin.
Teoremal.(Berri-Esseen) Faraz gilaylik (1) shart bajarilsin.U holda normallashtirilgan yig’indi tagsimoti

8vn
uchun n> 2 bo’lganda
- Bs

X
tengsizlik o’rinli.

Bu yerda @(x)-standart normal tagsimot funksiyasi, ¢>0- afsalyut 0’zgarmas son (0.409<c<0.705).

Bu teorimaning isboti quydagi Berri-Essin tengsizligiga asoslanadi va bu tengsizlik ikkita F va G
tagsimotlarning yaginligini,ularga mos keluvchi xarakteristik funksiyalar yaqginligi orgali baholash imkonini
beradi.

Teoremaz2.(Berri-Essin tengsizligi) Aytaylik F va G- tagsimot funksiyalar bo’lib, Gi-tagsimot funksiyasi
differensiyallanuvchi bo’lib, uning hosilasi
sup [Gi(x)[s A< o0

X
tengsizlikni ganoatlantirsin. Bu holda ganday T>0 uchun

p(F.G)=sup F()-Gi(I< er fy L8Nt +c # 7

X
Bu yerda f va g- F va G: tagsimotlarga mos keluvchi xarakteristik funksiyalar, c;va c,- har xil Absolyut
0’zgarmas musbat sonlar.

FOYDALANILGAN ADABIYOT:
1. V.V.Senatov. Lenrponbuas [Ipenenshas Teopema (TOTHOCTh aTHPOKCUMAIIMK HACUMIITOTHYECHHE
pasnoxenue) URSS. Mocksa 2009, ctp.350
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CTBIOJEHT AJIOMATHUI'A ACOCJIAHI'AH HA3OPAT KAPTAJIAP BUJIAH ITEJAT'OT'UK
TAKPUBAJTAPHU CTATUCTUK TAXJINJI KNI XAKNJIA

X . FOnnames - Ano/[Y masnu ookmopaumu

[lemaroruk €xM NMCHXOJOTHK TaXpUOANapHU YTKAa3WII JaBOMHIA TaXpuOa YTKa3yBUM CTaTUCTHK
MeTo Tap Oninan 6ab3u OMp TUITOTE3ATAPHU TEKIIUPHINTA TYFPH KEIa/IH.

Macanan, Taxxpuba pexacura acocaH OMpOp alOMaTHH HMKKU TaHJAHTaH TypyxJapAa XOJaTHU
aHMKJaITa Kepak Oymamu. Bynman OupuHuM rypyx Taxkpuba rypyxu OYnu0, MKKUHYUCH OJAWUN HazopaT
rypyxuaan ubopar. Taxpuba rypyxuHu Taxkpuba YTKa3yBUM Ky3aTWiIa€TraH ajJOMaTHU pyi OepuIIMHU
OIIMPYBYH OMIILIap Ouiad TaHUIITHPHO O6opamu. Hazopar rypyxuaa sca Oy viuiap amanra OmTupriIMaiIi.

Cyurpa OenrujaHran MyAagaTiapAa TEKIIUPYB HIUIAPHHU OJMO Oopud MabiymoTiap acocuia
MabJIyM XyJocanap Xocui Kuiaau. by XynocanapHUHT IOKOpH Japaxana TYFpu €KUM HOTYFPH SKaHJIWTHU 3ca
CTaTHCTUK yCyJulap OWIaH amalra OMHPHIAAN. ANUTAWIUK Taxpuba YTKazyBUM MabIyMOTIAp acocHja
KyHHUIara runoTe3atapHu TYFPU €KUM HOTYFPHU SKAHIUTUHU TEKIIUPHII 3apyp OYIICHH:

H,: Ukkana rypyxaa XxaM aloOMaTHUHT ypTaya KudMatiaapy OMp-OupuaaH CTaTUTUK (apK KHIMaNHan;

H,: Vkkana rypyxJia XxaM ajJOMaTHUHT ypTaya KuiMatiapu Oup-OMpuiaH CTAaTHCTHK GapK KUJIaIu.

Masnymku Oy macana Typnu Xomapaa CThIOJEHT KpUTepHiapu OuiaH TaxJIui KWIMHTaH. bus Oy
MacaJlaJJapHU CTaTHUCTUK TUIIOTE3aJIapHU KeTMa-KeT TeKIIMPUII MPUHIUIIATA acoCIaHraH Ha3opaT Kapranap
yCyJiu OWIIaH TaxX M KWIMIIHA HUAT KujaMu3. ByHia Ou3 aHuKIMK yuyH KyHuIard XoJaTHU KypHuO YMKaMus3.
X Ba Y Tacoguduii MUKIOpIap MOC paBUIIIa OMPUHYN Ba UKKUHYM TypyXjIapAa aloMaTHH KHHMaTIapuHH
AHUKIIOBYM, MATEMATHK KyTUIMAIapu a4, Ba a, JAUCTepcUsnapu Oup Xui o2 6ynran taconuduit Mukaopaap

Oyncun. X nan O6enrunanran t = 1,2, ..., k Baktnapna )?t = (X1¢ X2ty - » Xpt), Y JaH 17; = (V1e,Y2tr = » Vmt)

. y v _1ix
(n,m > 30) rtannamamap omuHraH OyiacuH. Kyiimmarm OenrmmanuiapHu kuputamms: X, = HZX“ ,
i=1

Y, =

18 Sa(n—-1)+S5(m-1
— Z Yy, S =1 (=D +Su(m-1) ,6yepna S; Ba S2 X BaY 1at MOMEHT/Ia OJIMHTAH TAHIAMATIAD
mi3 n+m-2

acocuzia TOMMITAH JuCTiepiHs Gaxomapn. Arap kym xomtapmia X, —Y, >0 G¥ica, y Xomia iokopuaru

TUNOTEe3a]apHU Kyhuaarnda €3u MyMKuH Oymamu: Hy: aq = a,; Hy: a4 > a,.

TaxpubanuHar HaTwkacu cudartuna H, rTHmoresa TyFpu OYnmMO uYmMKca y Xoiga Taxpuoda
YTKa3yBUMHUHT aJIOMaTHH pyi OepHuIira HyHaaTUPHIraH OMHJUIAPU TYFPH TOMHIITaH XUCOOIaHA H.

Hazopar kapranap MeToaura acocaH MyaMMOHH XaJl KWJIMII Y9YH TXPUOAHUHT cudar KypcaTKuin
ounan 6ormuk g (t, X, 17) CTaTUCTUKAHW Ba yHU Kyin Hazopar yerapacy (LCLg) Hu anukyiann 3apyp Oynaum.
Kyitn Hazopar verapa ydyH KyWnaard TacuK YpHHIH OYIiaau:

Teopema. H, runore3a ypunnu 6yim6 a = 0,01 6yncun. Y xonga Kyiugaru ¢opmyna ypuHiu:

LCLg = typ ’TZ—::, Oy epna typ = t(0,01;D),l =n+m — 2 - o3oyuk Aapaxanu CTbIOJICHT TAKCUMOTHHHHT

KBAaHTUJIH.

Hatumoka. Arap t = 1,2,... ,k na g(t,)?, 7) _ X

St

> LCLy ypurmu Gynca, y xonga Hy runoresa

Vpuriu 6ynaau.

[Nemaroruk TaxxpuOanapHUHT HATHXKATAPHHU HATHXKAra MOC JinarpaMManap OuiiaH TaXJIil KWIHIITHA
KyJNaiMKIapy Kym. DHT acocHicH IuarpaMmara Kapad TaXpuOaHW KaMYWIMKIApUHHU TYFpuiad Oopuir
MYMKUH O¥ynanu.

Masbpy3a maBoMHIa HATIKAaHU aMalUETaard TaaOuFu KypcaTHiaid. g(t, X, 17) CTaTUCTUKAHU
X#co0Jam Ba Ha30paT KapTaH! AUarpaMMaCcHHH YHA3HIIHHU TACTYPUH TAMHUHOTH UIUTA0 YMKHITaH.

OOMJAINAHUITAH AJABUETJIAP
1. Murrar ., Punne X. “Cratuueckre MeToibI odeciedenns kadectsa.”M.: “MarmHo-ctpoenne”. 1995.-

616 c.
2.  B.E.I'mypman. Teopus BeposTHOCTEH M MaTemaTnueckas cratuctika.M.:Beicur.mk. 2003.
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KATTA HAJMLI MA’LUMOTLAR (BIG DATA) DAVRI

Abdullayev Axrorbek Anvarjon o’g’li
Namangan davlat universiteti, e-mail: axrorbek44@inbox.ru Tel: +998942315317

Annotatsiya. Ushbu maqolada katta hajmli ma’lumotlar ularning turlari va tibbiyotda sohasida
go’llanilishi, ularni gayta ishlashdagi yutuglari hagida fikr-mulohazalar bildirildi.

Kalit so‘zlar. Katta ma’lumotlar (Big Data), server kompyuteri, IT sohasi, Google Ads, Google
Analytics, Facebook Business platformasi, Telegram Bots, Microsoft Excel, Python.

Zamonaviy jamiyatning turli sohalarida axborot texnologiyalarini joriy etish darajasi oshgani sayin,
ularning katta hajmdagi ma'lumotlarni o'z ichiga olgan yangi muammolarni hal gilish uchun moslashuviga
bo'lgan talablar ham ortib bormoqda.

An‘anaviy usullar bilan gayta ishlanishi mumkin bo'lmagan ko'plab ma'lumotlar, jumladan, tuzilgan
ma'lumotlar, media ma'lumotlari va tasodifiy ob'ektlar mavjud. Va agar bugungi kunda mavjud bo'lgan birinchi
texnologiyalarni tahlil gilish bilan shug'ullanish giyinroq bo'lsa, ikkinchi va uchinchilarni tahlil gilish amalda
zerikarli ish bo'lib golmoqda. Tadgiqotlar shuni ko'rsatadiki, videokuzatuv, fotosurat, ragamli sog'ligni saglash
ma'lumotlari va ko'plab arxivlar va bulutlarda saglanadigan tasodifiy ob'ektlar kabi ommaviy axborot
vositalarining ma'lumotlari hajmi yildan-yilga ortib bormoqgda. Ma'lumotlarning ulkan hajmi global jarayonga
aylandi va Big Data deb nomlanadi.[2]

Bugungi kunda ma'lumotlar hamma joyda mavjud, shuning uchun bu ganchalik foydali bo'lishini
o'rganish ogilona bo'ladi. Hozir Data asrida yashayapmiz, bundan buyon gayerga ishga kirmang (davlat yoki
xususiy sektor) Big Data bilan ishlashga majbur bo‘lasiz. Shu munosabat bilan ushbu ma'lumotlardan samarali
foydalanish va monetizatsiya qgilish zarurati ortib bormogda.[3]

Katta ma'lumotlarning aniq ta'rifini ifodalash giyin, chunki loyihalar, sotuvchilar, amaliyotchilar va
biznes mutaxassislari uni turli yo'llar bilan ishlatishadi. Buni hisobga olgan holda, katta ma'lumotlarni
quyidagicha ta'riflash mumkin:

Katta ma'lumotlar to'plami.

Katta ma'lumotlar to'plamini gayta ishlash uchun foydalaniladigan hisoblash strategiyalari va
texnologiyalari toifasi.

Shu nugtai nazardan, "katta ma'lumotlar to'plami" an'anaviy vositalar yordamida bitta kompyuterda
gayta ishlash yoki saglash uchun juda katta bo'lgan ma'lumotlar to'plamini anglatadi.

"Katta hajmli ma’lumotlar” (Big Data) atamasi 2008 yilda Tabiat muharriri Clifford Lynch tomonidan
dunyo miqyosidagi ma'lumotlar hajmining keskin o'sishiga bag'ishlangan maxsus sonida kiritilgan. Albatta,
katta ma'lumotlarning o'zi oldin ham mavjud edi. Mutaxassislarning fikriga ko'ra, kuniga 100 GB dan ortiq
ma'lumotlar ogimining katta gismi Katta ma'lumotlar toifasiga kiradi.[4]

Atrofimizdagi milliardlab to‘planib qolgan ma’lumotlarni yig‘ish, qayta ishlash va ulardan samarali
foydalanish orqali ma’lum holat yoki obyekt to‘g‘risida muhim bo‘lgan bilimlarga ega bo‘lishimiz mumkin.
Buning uchun dastlab, ushbu ma’lumotlarning manbasini aniqlash muhim amallardan biri hisoblanadi.

«Katta hajmli ma’lumotlar» tushunchasi katta o‘lchamdagi ishlarni bajara oladigan operatorlarga
nisbatan ishlatiladi. Bu asrlar davomida o‘rnatilgan tartibni o‘zgartirib yuboradi va bizning fundamental
bilimlarimizni, qaror qabul qilishni shubha ostiga qo‘yadi. Haqiqiy evolyutsiya bu ma’lumotlarni chigarib
beradigan kompyuterlarda emas, balki, ma’lumotlarning o‘zlarida va biz ularni to‘g‘ri qo‘llay olishimiz
zaruriyati hagida ko'p gapirish mumkin.

Hozirda Sensor ma'lumotlar, fotosuratlar, matnli xabarlar, audio va video ma'lumotlarning cheksiz
o'sib borayotgan ogimi Big Dataning markazida yotadi, biz undan bir necha yil oldin tasavvur ham qila
olmagan usullarda foydalanishimiz mumkin.

Tibbiyotda katta ma'lumotlar ishlatilishi mumkin.: - Kasallikni davolash va saraton kasalligini oldini
olish. Katta ma'lumotlardan foydalanishga asoslangan tibbiyot sohasida katta ma'lumotlar texnologiyalarini
amalga oshirish shifokorlar kasallikning diggat bilan ko'rib chigishga va ma'lum bir ish uchun samarali
davolanish kursini tanlash imkonini beradi. Axborotni tahlil gilish tufayli tibbiyot xodimlari gayta tiklanishini
va profilaktika choralarini ko'rish osonroq bo'ladi. Natijada - aniq tashxis qo'yish imkonini beradi va yangi
davolash usullarini yaratishga yordam beradi.[1]

Yangi uslub, boshga tomondan bemorlarning muammolariga garash imkoniyatini yaratdi, bu ilgari
noma'lum muammoni. Masalan, ba'zi irglar boshga etnik guruhlar vakillariga emas, balki yurak kasalliklariga
genetik jihatdan ganchalik ko'p moyil bo'lishadi. Endi bemor ma'lum bir kasallik hagida shikoyat giladi,
shifokorlar xuddi shu muammo hagida shikoyat gilgan irq vakillari to'g'risidagi ma'lumotlarni hisobga
olishadi.
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Big Data printsipi: Siz biror narsa hagida ganchalik ko'p bilsangiz, kelajakda nima bo'lishini
shunchalik anigroq bashorat gila olasiz. Alohida ma'lumotlarni va ular o'rtasidagi munosabatlarni tagqoslash
(biz katta hajmdagi ma'lumotlar va ular orasidagi agl bovar gilmaydigan darajada ko'p bo'lishi mumkin bo'lgan
ulanishlar hagida gapirayapmiz) ilgari yashiringan tahlilarni aniglashga imkon beradi. Bu muammoning ichiga
garash va oxir-ogibat u yoki bu jarayonni ganday boshgarishimiz mumkinligini tushunish imkonini beradi.

Katta ma'lumotlar bilan ishlashni xohlovchilar uchun ikkita asosiy mutaxassislik mavjud: katta
ma'lumotlar bilan ishlash texnologiyalarini yaratuvchi tahlilchilar va IT-maslahatchilar. Ko‘pchilikda faqat IT
sohasida o‘qiydiganlar kompyuter dasturlari bilan ishlashi kerak, qolganlar uchun shart emas degan tushuncha
mavjud. Quyida tibbiyot va Iqtisod, sohasida o‘qiydiganlar uchun hozirgi mehnat bozori talab giladigan va
oylik maoshingizni bir necha bor oshirishga xizmat qiluvchi dasturlarning (hard skills) ba’zilarini keltirib
o’tamiz. O‘rganishingiz shart bo‘lgan dasturlar: Microsoft Excel (Advanced user), Python, JavaScript, C++,
C#, PHP.

TIr Dasturlar % foizda
1 Python 49.47%
2 JavaScript 43.73%
3 C++ 27.42%
4 C# 16.6%
5 PHP 14.74%

Marketing sohasida: o‘rganishingiz shart bo‘lgan dasturlar: Google Ads (Youtube, Banner ads, Mobile
ads), Google Analytics, Facebook Business platformasi, Telegram Bots (Biznes uchun botlar yaratish va

boshgarish); [5]

O’zbekistonda ushbu platformalarning ommabopligiga va foydalanuvchilar soni bo'yicha foizlarni

jadval assosida tayyorlab quydagi natijani oldik.

Tir Dasturlar 9% foizda
1 Youtube 85,4%
2 Facebook 34,9%
3 Telegram 30,4 %
XULOSA

Xulosa o'rnida aytish joizki, Tibbiyotda sohasida Big Data texnologiyasidan hozirgi va yagin
kelajakda foydalanish jamiyat, butun insoniyat uchun o'zlarini kashf gilish uchun ko'p yillar ketishi mumkin
bo'lgan narsalarning (hodisalar yoki ixtirolarning) cheksizligini kashf etishga yordam beradi.

Big Data va uning vositalari tahlilning etarli tezligini ta'minlaydi olingan natijani bemorning kasallik
tarixi tahliliga tayanish, gisqa vaqt ichida kerakli darajadagi gayta ishlashga erishmoqchi bo'lgan haqiqiy yoki
eng yagin giymatni topish balki boshga shifokorlarning tajribasini, bemorning hududining ekologik holati
to'g'risidagi ma'lumotlar va boshqa shifokorlar tajribasini hisobga olish mumkin

ADABIYOTLAR
Big Data Management: Data Governance Principles for Big Data Analytics Piter Gavami
Big Data Analytics with SAS(Packt) by David Pope
Big Data: A Very Short Introduction
Katta hajmli ma’lumotlar (big data) davri hagida maktab o’quvchilariga tushunchalar A.Abdullayev
: https://brusdom72.ru/uz/repair/metody-analiza-bolshih-dannyh-big-data-big-data-chto-takoe-
sistemy-bolshih/

agrwbdE

UMUMIY O RTA TA'LIM MAKTABLARDA INFORMATIKA VA KIMYO FANINI
INTEGRALLASHGAN USULDA VIRTUAL LABORATORIYALARDAN FOYDALANGAN
HOLDA DARSLARNI TASHKIL ETISH

Abdullayev Axrorbek Anvarjon o’g’li
Namangan davlat universiteti

Annotatsiya: Maqola umumiy o’rta ta’lim maktablarida o’quvchilarga ta’lim berishda ilg‘or
pedagogik texnologiyalardan foydalanish masalalariga qaratilgan. Ta’limga xos dasturiy ta’minotlar,
interaktiv virtual laboratoriya dasturlaridan foydalanishning samaradorligi hamda mustagil bilim olishda
axborot texnologiyalarining muhimligi, o’quvchilarning dunyoqarashiga mos manbaalarni zamonaviy
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ko‘rinishni, interaktiv va kreativ tarzda informatika fanini integrallashgan uslda o’qitishning bugungi kundagi
dolzarb masalalari xagida so’z boradi.

Kalit so‘zlar: Virtual laboratoriya, pedagogika, kreativ, interaktiv, kontent, mustaqil ta’lim, elektron
resurs va elektron test.

Umumiy o’rta ta’lim maktablarida fanlardan Dars ishlanmalarini turli dasturiy ta’minotlar,
animatsiyalar hamda ta’lim kontentlaridan foydalanib shakllantirish davr talabi bo’lib qolmoqda. Dasturiy
ta’minotlar, zamonaviy ta’lim kontentlari, axborot texnologiyalardan foydalanish haqida bilimlarni pedagoglar
chuqur va puxta bilishlari muhim hisoblanadi.

Prezident Shavkat Mirziyoev ilm-ma’rifat va texnologiyalar rivojiga alohida ahamiyat gqaratib:
“Taraqqiyotga erishish uchun, ragamli bilimlar va zamonaviy axborot texnologiyalarini egallashimiz zarur va
shart. Bu bizga yuksalishning eng qisqa yo‘lidan borish imkoniyatini beradi”” deb ta’kidlagan edi. Darhaqiqat
ta’lim tizimining kelajagini raqamli texnologiyalarsiz rivojlantirib bo’lmaydi.

Shuni ta’kidlash kerakki, bugungi kunda o‘quvchilarga zamonaviy texnologiyalardan foydalanilgan
holda darslarni tashkil etish respublika miqyosida ijobiy deb bo’lmaydi.

Xususan, foydalanib kelinayotgan ta’lim standartlari, o‘quv dasturlari faqatgina nazariy bilim berishga
yo‘naltirilgan bo‘lib, ularni mantiqiy fikrlashga, amaliy ko‘nikmalarni shakllantirish, bir so‘z bilan aytganda,
o’rganuvchi yoshlarni hayotga tayyorlashga o‘rgatmayotgani qayd etildi.[1]

O’quvchi-yoshlarnilarning mustagil bilim olish faoliyatida axborot texnologiyalari yetarli
qo‘llanilmayapti desak bu ham to‘g‘ri bo‘ladi. Axborot texnologiyalaridan foydalanish o‘quvchining bilim
olishida shunchalar muhimki, bugungi avlodlarimiz IT olamida, internet asrida ulg‘aymoqda va yashamoqda.
Ularning dunyoqarashiga mos manbaalar: jumladan, zamonaviy ko‘rinishdagi interaktiv va kreativ axborot
texnologiyalarini tayyorlash hamda uzatish juda dolzarb masaladir.

Keyingi yillarda multimedia hujjatlarini yaratishga oid juda ham ko’plab dasturiy ta’minotlar ishlab
chigilgan. Ulardan biri «Physics Education Technology» (PhET) dasturidir. Istalgan fayl yoki fayllar
to’plamini bitta mubhitga birlashtirish, (integrallash) qolaversa, Multimedia texnologiyalariga asoslangan
virtual laboratoriyalar orgali video darslarini yaratish va turli natijalar olish uchun PhET dasturidan
foydalanish foydalanuvchilar uchun juda oson va qulay interfeysni taqdim etadi.

PhET dasturi bilan ishlashda deyarli dasturlash ishlari talab gilinmaydi. Foydalanuvchi fagat turli
dizaynli muhitni tanlash uchun bir nechta tayyor shakllardagi loyiha shablonlaridan foydalanishi mumkin.
Bunda amaliy dastur muhitini dizaynga boy holatga tashkil etish uchun PhET dasturi tarkibida tayyor obyektlar
mavjud bo’lib, ular tarkibiga buyruq tugmasi, tovush kuchaytirgichi, fayllarni printerdan bosmaga chigarishni
ta’minlovchi ularga murojaatni amalga oshirib beruvchi gator funksional obyektlarni kiritish mumkin.[6]

Informatika va Kimyo fanidan integrallashgan usulda tashkil etilgan dars mashg’ulotida virtual
laboratoriyalardan foydalanishni ko’rsatib o’tamiz: 11-sinf kimyo fanidan “Eritma” mavzusini Inaformatika
fanidan Delphi dasturida “Takrorlanuvchi dasturlar tuzish” mavzusi bilan birlashtirb o’rganilsa o’quvchilar
tomonidan mavzularni tushunish yegillashadi.[4]

Misol: 25 gr osh tuzi 75 gr suvda eritilganda, hosil bo’Igan eritmaning foiz konsentiratsiyasini toping?

Yechish: Kimyo 25grtuz+ 75 gr suv =100 gr eritma xosil bo’ladi desak formula asosida

konsentiratsiyasini topib olamiz w =%* 100 bu yerda m eritmada erigan moddaning massasi, M esa

eritmaning massasi ekanligini bilgan xolda formulaga tushirib olamiz w = 12750 * 100 = 25% natija : 25%

Yechish: Algoritim Dastur kodi

1) Boshlansin Var W,M,n:integer; Begin
2)Kiritilsin W,M,n; M:=StrTolnt(edit1.text)
3)Hisoblansin W=25/100*100 ; n:=StrTolnt(editl.text)
4)Chiqarilsin W; W:=25/100*100;

5)Tamom Labell.caption:=IntToStr(W); end;

Natija: 25% [3]

Xulosa: Informatika darslarini boshqa fanlar bilan alogadorlikda o‘rganish vogelikni faol his gilishga
ko‘maklashadi.

Integratsiya o’quvchilarning 0'quv-bilish faoliyatini faollashtirishga yordam beradi, o’quvchilar
ijodkorligini rivojlantirishga hissa go'shadi, olgan bilimlarini real sharoitlarda go'llashga imkon beradi;

Fanlararo alogalar o'quvchiga harakat usullarini bir ob'ektdan ikkinchisiga o'tkazishga imkon beradi,
bu esa o'rganishni yengillashtiradi va dunyoning yaxlitligi hagidagi g'oyani anglashni osonlashtiradi;

Muammoli vaziyatlardan yaxlit darslarni qurishda foydalanish o’quvchilarning aqliy faoliyatini
faollashtiradi;
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Integratsiya o’quvchilarga ishning har bir bosqichini mazmunli idrok etib, magsaddan natijaga
harakatlarni bajarish jarayonini kuzatib borishga imkon beradi. Bu bilan ularning fanga gizigishlari yanada
ortadi.

ADABIYOTLAR

1. «Ta’lim-tarbiya — bu bizning kelajagimiz, hayot-mamot masalasi», Shavkat Mirziyoyev

videoselektor yig‘ilishida so’zlagan nutqi.28.01.2022
2. bopomame C.A. OOymeHne KOMMYHHKAUMOHHBIM TEXHAJOTHAM OyAyIIMX yIOUTEIeH

MH(QOPMATHKH B SJIEKTUPOHHOM 00pa3aBaTelIbHOM MIPOCTPAHCTBE IeAarorumueckoro Bysa: Hayk —CI15.2010.

3. A.Abdullayev “Maktabda informatika fanini integrallashgan usulda O’qitish metodikasini ishlab
chigish” SIaru V36eKkucToHHYN KypHIl Ba PHBOKIAHHMIINAA EIUIAPHUHT (aoIUIHTH MaB3ycuaaru 1V-onnaiin
koH(pennus. Texnuka Ba uapopmatrka Ne 2 2020 6 197

4. N.Otaxanov A.Abdullayev “Informatika fanining boshga fanlar bilan alogadorligi”
MexmyHapOIHBI HAYIHO-00pa3oBaTeNbHbIN nekTpoHHb KypHa1 «OBPASOBAHUE U HAYKA B XXI
BEKE». Boimyck Nel0O (tom 3) (saBaps, 2021). b 627,628

5. http://phet.colorado.edu

6. http://www.yenka.com

7. http://www.crocodile-clips.com/en/Downloads/

CIUIAMH-®YHKIHUSA YCYJUIAPA

A3nmoB Paxumikon Kapumosuu

(AAY mamemamuxa kagedpacu kamma yKumysuucu, ¢.-m.¢.n)
A3zumoB Bynén PaxumaxoHoBu4

(TATY Cynwuii unmennex xageopacu kamma yxumyeuucu, PhD)

ByryHru KyHJa aHUKJIHIH FOKOPH XUCOOJIaHTaH CIUIaiiH MOJeIUIapy OpKallk CHTHAJUIAPHU PaKaMIIH
uIiam  kapaéHu aManra omupuiaud kenuHMokaa. Cababu KapanaéTraH MOJIEIJIAPHHUHT SKWHIIAIIWII
JapakaCUHM OLIMIIH TEHIJIaMalap CHCTEMACHHHUHT TapTHOWHY OIMIIUra OOFInK OYiMaiinu.

KyOuk crnmaifHmap >Kyaa Karrta MareMaTHK ad3auiikka dra. Yiaap OepwiraH HyKTaJlapHH
MHTEPIOJIALHMSAIOBYM Ba KBAJpaT OWIIAH WHTETPAJUIAHYBYM MKKHHYM TapTHOIM XOCHJIACH MaBXy[a OyiraH
Oapya QyHKIMsIIAp MUKIa MHHUMA SICCHIIMK XYCYCHSITUTA 3ra OYNraH sroHa QpyHKIHSIIP.

Crnaiin-pynxuust [8,0] opanukan n ta 6ynakka 6116 GuTTa OpanuKIa KyOMK CIumaiH-(yHKIHS

KypWIaaH.
Arap (1) - mapr Oaxxapuiica, cIiaifH (GyHKIHS XaKUKUH Tanad napaxacura Tyia jkaBo0 OepaauraH
CIUTaliH (YHKIMS JSHIIaIH.

5,0 =5;,,0). sV =s10). s o =88 o) )

Arap crnaifH QyHKOMsS yYuHUYM jgapaxanu Oyica Ba (1)- mapt Oaxapuica Oy KypwiraH KyOHK
CIUTAWHHU Oeghexmu Oupea TEHT Neiunaan. Arap OXMpry mapT OaxapuiMaca KyOUK CIULIAaHHHH Oegexmu
UKKU2a TEHT IeHuIaiu.

Amanaa yYuHYH Japakalid TYTYH HyKTajapra OOFivK OynMaraH Ba TYTyH HyKTajapra OOFJIHK X012
KYpHWJIaJUTaH CIUJIaliH yCyJIJIapu KeHI KYJUIaHWIaIu.

Tyryn Hykramapra Oornuk OynmaraH cmiaiiH ycynau. ByHpald Xonpga kapana€TraH MOJETHHHT
SKMHJIALINII JAapaKaCHHU OLIMIIM TEHTJaManap CHCTEMAaCHHHHI TapTUOMHHW OLIMIIUra OOFNHK OynMaiinu.
Tyryn Hykramapra OofnuK OynamaraH crutlalH-QYHKIMSIApHH, YIAQPHUHT XOCHJIAIAPUHHM aHWKJIall Ba
XaTOJIMTUHYU 0axolaml yCcyJulapyu HHTEPIOJSIMOH CIUIAH-QYHKIUS ycyuiapu kabu anukiaHaan. dakat
yIapHH  KypWIMID >Kapa€HuAa TYryH HyKTajapaaH (oijalaHMaciuK SKUHJIAIIUII SBHH aHHUKIHK
JapaXacuHH MacalTupaan. TyryH HyKTalap acocuaa KypuiaauraH JIoKall KyOuK cruiaiiHinap- OMiIaMu3KH,

f(X) ¢ynkuusara moc kemaauran Ba Gepuiran {X}iNzo, TyryH HykTazapian yTyeun S(X) dyHkiums
MHTEPIIOJISINOH KYOUK CIuIaiiH el Kapaiaay Ba KyHUIary mapriapra ;kaBod Oepaau:
1) xap 6up [Xi , Xi+1] (i = Cﬁ) opamukaa S(X) GyHKIMS yurHUM fapaskany KYIxa OYIIuIIy Kepak;
2) S(X) ¢yHKUMAHMHT GMPUHYM Ba WMKKMHYM TApTHOIM XocHianapu [a,b] opanukia ys3iaukcus
oYM Kepaxk;

3) S(x,)= f(x),i=0,n.
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Oxupru mapT UHTEPIIOJISALMS MAPTH 1e0 HOMIAHAIN Ba yyaia [MIApTHH KAHOATIIAHTUPYBYN (DYHKITHS
WHTEPIOJISAIUOH KyOUK CIUIaiH Ae0 aTanaiu.

CrnaifH-QyHKISIIap ofarja aHWKIMK Japakacl [OKOpH Ba HHcCOAaTaH TeXXaMKOp Oymazm.
Kapamaérran macanara kapab KyOWK craifH-(OyHKIHS MOAEIUIAPHUHE JIOKAJ Ba III00ai KYpUHUIINA KYyPHII
MYMKHH.

bepunran Y; = f(Xi) (I =0, n) GyHKIMA ydyH [Xi ' X +1] OpaMKIa Sm’i (X) CITAHHM KypHIIIa

X; (i =0, n) TYI'yH HyKTajapja KyHuaard HHTEpIOILH IapTH 0aKapUIIUILHU JIO3UM:

S ()= F(x).
IlyHuHTAEK, CIUTaiiHaa UIITHPOK STYBYH HOMABIYM ITapaMETPIAapPHUA KHMMATIapHHU AHHUKJIAII YIyH
[Xi_l, X; ] Ba [Xi y X +1] opanukaapHuHr X| TyTallraH HyKTacujaa Srgfi)_l (X) Ba Srgqp,) (X) CIUTAMHIIAPHUHT
Y3IIyKCH3JIUK IIapTH

Sm_l(x)( X=X; = Sﬁm (X* X=X;

OasKapHITUIIH Talad STUIIAITH.
Arap xap 6up I.Xi X +1J OpaJMK/Aar CIIAHHUHT HOMAabJIyM IapaMeTpiapy OOIIKa opaTuKiIapaaria

CIUTAWHJIAPHUHT HOMabJIyM NapaMeTpiapura OOFiIuK OyIMaran XoJia ajloxu/a Tomuica, OyHaan CcrutaiHmIap
JIOKG cnaauxaap AeHuIanu.

Arap xap 6up |Xj, X; +1J OpaJMKAaru CIIAHHUHT HOMabIIyM IapaMeTpiapu OOIIKa opaTrKiIapaaria

CIUTAWHJIADHUHT HOMAaBJIyM IapaMeTpiapu OwiaH OWpramukia aHWKIaHca, OyHmal CIutadHmap enoban
chaauHaap Nerunanm.

I'moban crmaifHnapaa KUCMHA KecMajapAard CIUIAHHIAPHUHT HOMAabIyM IapaMeTpliaph YH3UKIN
anreOpark TeHIIaManap CHCTEMACHHUHT Xaian (IIPOroHKa) yCYIH OPKAJIH TOIHIAIH.

['moban craiiHmap jokajn CIUTaliHIapra anbTepHaTuB cudaruaa xu3MaT Kwiaau. [modan ycynaa
anmnpoKCUMAIlMsl KWIMII JIOKaJl yCyJija ammpoKCHMallusl KWIMITa HUcOaTaH CIulaliH Je()eKTUHUHT
MUHUMAIDTATHHE TabMuHIaian. [y cababmm rioban crumaitHiap XucoOmamn aManiéTiaa KeHT Ky IUTaHIa .
I'moGan crutaiiara Kyluaarnda KeHIpoK TabpHud OepHill MyMKHH.

[a, b] KecMaja aHWKIIAaHTaH Ba Cr [a, b] CHWUTHKJIMK CHH(pHTra Terunui oyiran, €, TYpHUHT Xap

oup [Xi v X +1] KUCMUI KecMmanapuia aHUKJIaHTaH Sm’i (X) (i = 0, n —1) KYTIXaJUIapHUHT OMpIIalliMacuaH
-1

Ty3WIraH Sy (X)z USm,i (X) bysakuus M papaxanu Ba nedexru ( (0 <r<m, g=m- I’) ra TEHI
i=0

OynraH riio0an crmaiiH aennnany, arapia xap oup [Xi y X +1] (i = 0, n- 1) KUCMHI KecManapaaru Sm,i (X)

Xe [Xi » X +1] CruiaiiH QyHKIUsUTapHA

Smi (X) = kzn::,ak,i (X =X )k

dy ; xodpduimentiii M napaxanu Kynxamwiap KypUHMIIKAIA TaCBUpPJAll MyMKUH Oynca Ba ymly a ;
ko3 puLmeHTnap KyiHugard MHTEPHOISLNS Ba y3IIyKCH3CHU3IHK IapTIapyuaaH aHUKIIaHca:

SE), = (), G=iiel

m,i

S(pz) (X)‘X:Xi =S p?)(X)‘szi , i :1’ n-1.

m,i-1 m,i

P; (0 <p < r) Ba P, (0 <p,< I’) XocHuiianap TapTHOUra Moc KelyBur OyTyH KMAMAaTIapHHU KaOyi
KWIaJUrad y3rapmMac COHJIapaup.
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“BOSHQOTIRMA” O‘YININING METODIK XUSUSIYATLARI HAQIDA

Bahromova Muhayyo Mansurjon gizi, Jamolov Olimjon Orifjon o’g’li
Namangan davlat universiteti Informatika kafedrasi o qituvchisi

Biz iste dodli, fidoiy farzandlarimizga
bilim va kasb cho qgilarini zabt etish
uchun ganot berishimiz kerak!
Sh.M.Mirziyoyev

Hozirgi davrda zamonaviy axborot texnologiyalari kirib bormagan sohaning o°zi qolmadi. Ta'lim,
tibbiyot, qurilish, ishlab chiqarish, tadbirkorlikning turli ko'rinishlaridan tortib, xatto, tarbiyalashda ham
axborot texnologiyalari  vositalaridan  foydalanilmogda. Texnologiyalar  xilma-xil ~ yumushlarni
yengillashtirgani, ba'zi vazifalarni o°ziga olganligi sababli, jarayon nihoyatda tezlashdi. Ertaga, 0z ish
o'rningizni robotga bo’shatib berishingizni so'rashsa, ajablanarli bo’lmay qoladi. Kun sari ragamli
texnologiyalardan foydalana olmagan shaxsning nafagat ishlashi, balki yashashi ham giyinlashib qolishi
mumkin. Chunki, uyg onilgandan uyquga yotgungacha bir necha xil qurilmalar bilan ishlanadi. Eng oddiy
misol smart eshiklarning ochilishi. Tasvirdan obyektni tanib olib binoga kirishga ruxsat berilishi yoki
ta’giglanishi va hokazo.

Zamon shiddatkor rivojlanishda ekan, farzandlarni unga bardoshli gilib tarbiyalash zarur. Yani
ularning media madaniyatini to'gri shakllantirish va unumli rivojlantirish kerak.[1] Bunda bir qator ta’limga
yo naltirilgan o’yinlardan foydalanish mumkin. Bu bo yicha O zbekistonda ham bir nechta izlanishlar 0°zining
ijjobiy natijasini bera boshladi. Jumladan, “Boshqotirma” o yini.

“Boshqotirma” o'yini bolalarda obrazli tafakkurning proyeksion shaklini 0’yin tarzida rivojlantirish
uchun xizmat giladi. Ya'ni bola 0’yin 0’ynash davomida o°zi sezmagan holatda tafakkur doirasi kengayib
boradi. O’yin boshida tagdim etilgan tasvir bo’laklarga parchalanadi va uni qurish uchun birinchi gadamda
yordamchi animatsiya mavjud. Navbatdagi gadamlarda esa bola tasvir bo lakchalarini to g ri qurishi soraladi.
Bunda tanlangan obyekt o’rinlari 0°zaro almashadi. Tasvirni unutib go’ymaslik uchun 0°ng tomonda uning
kichikroq shakli ko'rinib turadi. Agar to'g'ri terilmasa, jarayon takrorlanaveradi. Tasvir bo'laklari to'g'ri
tartibda terilganda u harakatga keladi. Bu bola uchun rag bat hamdir. O yinga milliylik ruhi tasvir va ovoz
effektlarida singdirilganligi bilan birga unda bola psixologik himoya ostida bo'ladi. Ya'ni, bolalar uchun
ahamiyatli bo’lgan uzluksiz rag batlar hamda foydalanuvchining mag lubiyatga uchramasligi u uchun ayni
orinlidir. O’yinda vaqt indikatori mavjud bo’lib, belgilangan vaqt ichida bo’laklar to g'ri birlashtirilmasa,
o'yin 1 ta bosqgich ortga gaytadi va soddaroq bo’lgan boshqga tasvir tagdim etiladi. Bolani fiziologik himoya

gilish magsadida 0"yin boshlanganidan 10 dagiga o'tgach,

——————— dastur qulflanadi. Dastur qulflangan vaqtda ko zni mashq
. qgildiruvchi effektlar o’yinga xuddi uning tarkibidek
‘ biriktirilgan.
O’yinning e'tiborli jihatlari quyidagilar:
-~ : 1. Bosgichlarning ketma-ket o’ynalishi talab etiladi.
LR ‘ e (ya’ni, bola bir bosqichni muvaffaqqiyatli o'ynab, zarur
| ballni go’lga kiritgandan so’ng, unga navbatdagi bosgich
ochiladi. O'zi xohlasa ham soddasini 0’ynab yutmasdan
) turib, murakkabini 0’ynay olmaydi.)
2. Bolani rag'bat ruhida tarbiyalashning ahamiyatini

inobatga olgan holda bolaga hech gachon yutgazganligi
to'g'risida namoyish ko'rsatilmaydi. Bola noto'gri
almashtirishni tanlagan holda, unga shunchaki gayta ishlash uchun yana imkoniyatlar beriladi.
3. Noto gri urinishlar soni hamda vaqti 0’yinning murakkablik darajasiga garab belgilangan migdoridan
ortib ketsa, 0’yin bitta oldingi soddaroq bosgichga soddaroq tasvir bilan qaytadi.
ekranning o0°ng yuqori burchagidan har gal turli rangda va turli sonda kapalaklar uchib chigib, ko zni
mashq qgildiruvchi trayektoriya bo'ylab harakatlanib chigib ketadi.
5. O’yinning yugori gismida maxsus indikator mavjud bo’lib, u vaqgtni ifodalaydi. Ya'ni, bola o’yinni
yakunlashi uchun golgan vagqt.
Har bir bosgich muvaffagqgiyatli yakunlanganida tasvir harakatga keladi.
7. Bosgichlar orasida rag batlantirish effektlari namoyish gilinadi.

S
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8. Bolaning o’yin davomidagi barcha harakatlari ma’lumotlar bazasiga yozib boriladi. (Bu ishlab
chiquvchilar uchun ma’lumotlarni tahlil gilish, gayta ishlash imkonini beradi. Nazorat giluvchilar
uchun esa, bolaning proyeksion tafakkur shakli gay darajada rivojlanganligini baholash imkoniyatini
beradi.)

9. O'yinning ma’'lum sinov bosgichi yakunlanganida yoki foydalanuvchi o’zgarganda ma’lumotlar
bazasini tozalash (barcha ma’lumotlarni o chirib yuborish) mumkin.

10. O’yin davomida bola agar xohlasa, rag bat tovushlarining balandligini o"zgartirishi ham mumkin.

“Boshqotirma” o'yinining yuqorida sanab o'tilgan xususiyatlari uning interaktiv hamda
intellektualligini ta'minlaydi. Ushbu oyin asosan boshlang’ich sinf o quvchilarida dasturlash
elementlarini, xususan, algoritmlashning dastlabki ko nikmalarini shakllantirish va rivojlantirish
uchun xizmat giladi. Bundan tashgari, o'yin bolada qo’yilgan masalaga optimal yo'l topish, tezkor
garor gabul gilish, diggatni jamlash, harakatni anig va tez amalga oshirish kabi bir nechta sifatlarni
shakllantiradi. O’yindan boshlang’ich sinf o quvchilari dars jarayonlarida, to garaklarda, oilada
foydalanishlari mumkin.
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“BOLALARDA TAFAKKUR SHAKLLARINING RIVOJLANGANLIK DARAJASINI ANIQLASH”
DASTURI HAQIDA

Bahromova Muhayyo Mansurjon gizi
Namangan davlat universiteti Informatika kafedrasi o qituvchisi

Ma’lumki, dasturlash sohasi hozirgi zamonda keng e’tibor garatilayotgan hamda kelajak kasbi deya
e tirof etilayotgan sohalardan biri hisoblanadi. O’zbekiston Respublikasi Prezidentining 05.10.2020 y. N PF-
6079 Farmoni “Ragamli O zbekiston-2030” Strategiyasini tasdiglash va uni samarali amalga oshirish chora-
tadbirlari togrisida. Ushbu yo'nalishdagi yetishmayotgan kadrlarning o'rnini bolalarni sohaga yo naltirib
tarbiyalash va ular orasidan kuchli dasturchi kadrlarni yetishtirib chigarish orgali to’Idirish bugunning dolzarb
muammosidir. Bunda ularning fikrlash darajasi ganday ekanligi muhim bo’lib hisoblanadi. Bolalarda tafakkur
shakllari, fikrlash gobiliyatini aniglash bo’yicha O zbekistonda ham bir nechta izlanishlar o°zining ijobiy
natijasini bera boshladi. Jumladan, “Bolalarda tafakkur shakllarining rivojlanganlik darajasini aniqlash”
dasturi. (1-rasm) Dastur foydalanuvchining topologik, proyeksion, tartibli, metrik hamda kompozitsion
tafakkur shakllarinining ganday darajada rivojlanganligini aniglash uchun xizmat giladi. Kelajakda buning
natijasiga garab, shakllanmay golgan tafakkur shakllarini shakllantirish, rivojlanmay golganlarini rivojlantirish
uchun choralar ko'rish yoki gaysi turdagi o yinlarni o'ynash hagida garor gabul gilish mumkin. Shuningdek,
o'yinga milliylik ruhi singdirilganligi bilan birga unda bola psixologik himoya ostida boladi. Ya'ni, bolalar
uchun ahamiyatli bo’lgan uzluksiz rag batlar hamda foydalanuvchining mag lubiyatga uchramasligi bola
uchun ayni orinlidir. O"yindan maktabgacha yoshdagi bolalar hamda boshlang’ich sinf o’quvchilari 0°zining
fikrlash doirasidan kelib chigib foydalanishlari mumkin.

O ®
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O'yin dasturi tanlov natijalarini o°zining ma lumotlar omborida saglab boradi. Natijalarga garab,
tafakkur shakliga mos predmet 70% tanlangan holatda shu tafakkur yetarli darajada shakllangan va rivojlangan
deb baholanadi. 70% dan past bo’lgan holatda demak yetarli darajada rivojlanmagan deb baholanadi. Va bu
bolaning agliy qobiliyati darajasini aniglash uchun xizmat giladi. O’yinning davomiyligini aniglash uchun
alohida vaqt o’Ichagichdan ham foydalanilgan bolib, bu bola salomatligiga bo’lishi mumkin bolgan salbiy
fiziologik tasirlarning oldini oladi. Xususan, yosh toifasidan kelib chigib, ma’lum muddat yakunlanishida
ekranning to'rtta burchagida o°ziga garatuvchi animatsiya chigib, ko zni diagonal ravishda mashq gildiradi.
Shu asnoda ko'z gorachiglari mashq gildiriladi. Shuningdek, tanaffus vagtidagi turli xil ko'z mashglari 0’yinga
xuddi uning tarkibidek biriktirilgan. Bu orgali 0'yinga boglanib golgan bolani undan majburiy ajratib olish
natijasida yuzaga kelishi mumkin bo’lgan agressiv tasirdan himoya gilinadi.

Bolalarda tafakkur shakllarining gaysi biri gay darajada rivojlanganligining natijasiga garab, uning
dasturlashga bo’lgan layoqati baholanadi. Yoki gaysi kasbga qobiliyatli ekanligini ham aniglab olish mumkin.
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4. Hxkpomoa Mymappadpxon Hemarnnnaesna PAKAMIIU TAOAKKYP BA YHU TABJIUMI' A
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KYI VJIYAMJIM JMHAMUMK TU3UMJIAPHUA MOJIAJI BOIIKAPUII BA YJIAPHUHT
XYCYCHUATIIAPA

0.X. bobdoesa - accucmenm (HIAKH)

Mopgan Oomkapuin jAeraHfiia, OJaTAa, POCTIArMWIAPHH ONJWHIAH OCpHiraH CIEKTp acocuia
KOHCTPYKLSUIAII TYIIYHUIaId, SbHHU LIYHAAH TECKapH aloKa TaHJIaHAAU-KU, KOMIUIEKC TEKHCIUKIAru 0epk
TU3UMIIAPHUHT XaMMa Eku akat 6ab3u Oup KyTOJiapy CypHIIHIIY €KY 3apypHUil dKOUITAIINIITHA TAbMUHIAHCUH
[1,2]. Xonar y3rapyBumiapu OpKald CHUHTE3JIALIHMHI MOl ycyiau OomkapyBuu Tabcupiaapuu U = KX
POCTJIarNYM KYPUHHUIIKAA MIAKIUTaHTHpaad. YU3HKIN CTalnOHAp TeCKapu aloKau KoddduuuenTnapunu y3
nuura onrad K MaTtpuma myHmai TaHIaHAIM-KH, OCpK THU3UMHHUHI XapaKTEPUCTUK IMOJMHOMH
ko3 punmenTnapu €ku Tanad STUIraH WIAU3JIApU TABMUHJIAHCHH. X0JaT BEKTOPUHH AaTYMKIap Epaamuia
OeBocHTa YIYAIIHUHT MMKOHM Oynmaca, TYJIMK €KM macalTHPWIraH TapTUOIM Ky3aTyBUM 3JEMEHTIIaplaH
dhoitnananuIaam.

Ky#tnnaru kyn ymgamiau TMHAMHUK TU3UMHHU KYpaMu3:

D Dx(t) = Ax(t) + Bu(t), (1)
6y epna t — Bakr, yanykeus t € R, =[0,4+00) éku muckper t € N, ={0,1,2,...}; x € R" — xonar BexTopw;

ueR" — kupum BexkTopH, N>T; D — Bakr Gyiinua audepeHIMAIIIOBUN OIEpaTOp OENrucH, SbHU
Dx(t) = x(t) €éxu Bakr Oyiinua cwmkum oneparopu DX(t) = x(t +1).

®apas kunaiimuk B € R™ pa C € R™" marpunanap tyuk paunrra sra, A€ R™" marpuna sca

HOTYPFYH, S’IbHU YHUHI XyCYCHUI KMIMAaTIapu KyI:

eig(A) = {4 eC :det(Al, — A) =0}
0yu6, myunait A, € C napuu y3 nuura onamu-Ku

Dx(t) = x(t) xomar yuyn Re(4)>0
Ba

Dx(t) = x(t +1) xonar yqu| A | >1 6yncun.

By epna | A | — xycycuit Kuiimatiap (A, ra TEruIuUIn) MOLYIIH.

TypryHnuk coxac TymyHuacuan C™® kupuramms. Y, YpHATUIAETraH KYI YI4aMIM TH3MMHHHT
TypH (Y3IyKcu3 €Ku TUCKpeT)ra Kapal, ury coxaHuar C~ yan sipuM TeKUCIUTUAA:
Cstab =C~
&ku mapka3u C HuHT 6omuaa Oynran OUpPIKMK pagnyciy Aoupa nauaa 0ymaiu:
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Cstab - C

(1) marm kym yirgamuid TH3MM YYyH TECKapu aloKajau OOIIKapHUIl MaBxya 1e0 XHCOoOiTaHaau Ba y
KyHnJaru KypyuHULITa 3ra;

[2]<1"

u(t) = —Kx(t), (2)

oy epma KeR"™ — kyn yauamam TusMMHMHT XonaT OyifMda Teckapu ajnoka (pocTiaruy)
KO2 () pUITMEHTIAPUHIHT JOUMHA MaTPHUIIACH.

(1) tu3umum (2) xkoHyHIapH Epaamuaa OOMIKAPHII KIACCUK Macaia 0ynmub, myHmait K marpuiianu
TOMUII KepaK-Ku, OOLIKApHUII kapaéHura Kyiunran 6ab3u Tanabnap TabMUHIaHCHH. By TanabnapHu maptim
paBUILIJA Y4 IypyXra axpaThil MyMKuH [2,3]:

1) 6epk Tr3uMEMHT KyT6napuan ( A — BK MaTpunanapuHuHr Xycycuii Kuitmatiapu) 6epuiran C¥®

HyKkTanapuaa éxn C*® HuHr GepuiraH coxacmia (MacajlaH, dan SpUM TeKHCIMK C~ HHHT XaMMAacHa)
JKOUAIITUPHUIIA;

2) O6epk TH3WUMHHHT KyTONapW Ba HOJUIAPUHH (KYT YI9aMIN-TU3UMHUHT y €Ku Oy y3aTHIUIapu
Hosiapunn) Gepunran C*® mykramapuna éku C*™ HuHT GepuaraH coxanapyia KOMIamTHPHIIL A,

3) 6epk TuzMMAAru, Oepuirad GyHKIIHMOHATHA MUHUMAITa KeITHPHIAANTaH YTHII )KapaéHIapua.

Bupunum rypyx Tanab crabuiuian MacallaCHHUHT MablIyM Tabpudiaapura Taaanykiau. bynaa, konnara
Kypa, TU3UMHUHT TYJIHUK OOIIKApUIYBUYAHIMK Ba TYJIUK Ky3aTHJIyBYAHJMK KylNIMM4Ya TajaOnapu WIrapu
CypuiIaiu.

Ocnatub yTamMu3, XapaKTePUCTUK MTOJINHOM:

det(Al, — A+ BK), 3)

(0y epna Dx(t) = x(t) xomar yuyn A =s5; Dx(t) = x(t +1) xonar yuyn A = z) 6epK TU3UMHHUHT KyTOJIapH
C nma takcumnanummbu Ownmupanu. Uy mapHOma, mommHOM Oepk kynm ymyamuu tisuM (1) HUHT
TYPFYHJIUTHHU TAbMHUHJIANIIA XaJl KWTYyBYH axaMusTra ora. TanaOmapHu KyTOJapHUHT 3apypuii TAKCHMOTHTA
TaTOMK 3THO, OEPK TH3UMAATH YTUII KapaCHIapUHUHT OepwiraH cuaTHHU Ba TYPFYHJIMTHHU TabMHHJIAII
MYMKHH.

KyTtOnapauHT Takcumianummra OynraH tanabnmapHu monvHOM (3)HM KymalTupyBumiapra Eiuin
&pnamua GepuIll MyMKHH, MacaJlaH;

det(Al, — A+ BK)=(A-A)A-4,)..(A- 1), 4)
Oy epna ﬂ: — IONMHOM MIIn3napu Oepmiran kuiiMaTiapu ( A — BK MarpumacnHUHT Xycycuii KHiAMaTiiapu)

€KY MaTpULIAHUHT EUMITHAIIN:
A—BK =WAW ™, (5)
Oy epna A — quaroHai-katak Typaaru mMarpuna, W — ¥3rapTupuiin MaTpUIacy.
A MaTpuIaia XapakKTePUCTHK TTOTMHOM (4) HUHT OepuiIrad WIAN3H KAHMaTHra MOC KeTyBYH Xap Oup
i- xakukuid Kyt6 A, yayH 1x1 ymuamium karakka sra 0yianu, xap Oup xKy(T KOMIUIEKC TyTaIllTaH HIIK3JIap

YayH 3ca 2 X 2 YId4aMii KaTakka 3ra Oymaziu:

(.Re..(%.).é - 'mmj e

Im(%) © Re(4)

Arap kappanu wigusnap Oepwiran Oyiica, Oy MaTpUI[AHUHT KOpJaH makaugard kabu [1,4] A
MaTpHIa CTPYKTypacuia akc 3Tajiu.

Mopan GomkapuIIHUHT acocuil Basupacu — (2) KYpUHHUINUAATH XoJaT OViimuya UryHIail 4u3uKIN
TECKapu aJlOKaHW TONMIIIAH MOOpaT-Ku, OEpK TH3UMHHUHI Marpuuacu (5) 3apypuil XyCyCHid COHap
Tymamura sra 0yncuH. by macana 6urta KMpHIUTH OOIIKAPHUII TU3UMH YYYH OAJIMI Ba SrOHA €YMMIa dra.
Kupummapu conn xyn Oynran xonaria e4uM sSroHa OyiIManu.

THUMHK TEXHOJIOTUK OOBEKTIIAPHHUHT WIILIANl XYCYCUSTIAPUHU Ba yiapra KyWWIaJuraH TajgaOiapHu
TaxXJIMJ KWJIUII aBTOMAaTHUK OOLIKApWII TH3MMJIADUHHM CHHTE3 KWIHMIIAA acoc cudaThia TaHJaHTaH MOJaj
OomkapyB ycylapuiaH camapany (oiIaNaHNII yayH Xall KWINHUIIN Kepak Oyiaran Bazudanap JoUpacuHH
Oenrunamra IMKOH OepajiH.

(6)
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YIK 622.691
RESIVER O’RNATILGAN GAZ QUVURINI HISOBLASH MASALASINING ANALITIK
YECHIMI HAQIDA

Sh.K.Boltibayev, 3.b.Myxammananunesa M.Y.Toxup:koHoB
Namangan davlat universiteti

Hozirgi vagtda jamiyatda axborot texnologiyalari va kompyuter modellashtirishdan foydalanish faol
rivojlanmoqda. Gaz uzatish tizimi energetika sohasidagi iste'molchilarni gaz bilan ta'minlaydi. Magistral gaz
quvuri gaz uzatish tizimlarining asosiy gismi bo'lib, u uchun bir gancha modellar va hisoblash algoritmlari
ishlab chigilgan.

[1-3] ishlarda gaz quvurining parametrlari gaz iste'molining kunlik chastotasini hisobga olingan. [1,2]
da elementar uchastkaning kirish va chigishidagi parametrlari bosim va massa sarfining berilgan ikkitasi
yordamida gaz quvuri tarmog’ini hisoblashning yagona algoritmi ishlab chigilgan. [3] da, yagona algoritmdan
foydalangan holda, oraliq tugunlardan berilgan tugunda noma’lum bo’lgan gaz olish/qo’shishni qolgan
tugunlarda berilgan gaz olish/qo’shish qiymatlari berilganda bosim va massa sarfini hisoblash algoritmi ishlab
chigilgan. Quyida davriy rejimda faoliyat yuritayotgan kirish joyida resiver o'rnatilgan quvurning elementar
gismini ishlash masalasi ko'rib chigilgan.

Tadqgiq etilayotgan tizimni modellashtirishda gaz quvuridagi real gaz holatini ifodalovchi
chiziglashtirilgan kvazichizigli tenglamalardan foydalanamiz [4,5]

op opW

—+ gslnoc+ﬂL w+k—=0

x 0 AV e 7Y

apw 1dp @
=0, ZpRT.

x ca P

T -quvurdagi gaz harorati, Z -sigiluvchanlik koeffitsienti, R -gaz doimiysi, W, -hisoblash sohasida
ogim tezligi, D -gaz quvuri diametri, f = 7Z'D2/4 -gaz quvurining ko’ndalang kesim yuzasi va C-muhitda
tovush tezligi parametrlari doimiy hisoblanadi. p -gaz bosimi, p -zichligi, M = pwf -massa sarfi va W -
o’rtacha tezligi t vaqt va X masofaning funksiyasi hisoblanadi. Quvurning kompressorga ulangan nugtasi
X =0 da V, hajmli resiver ulangan va uni quyidagi chegaraviy shart orgali hisobga olingan:

V,c> oM (0,t)
t)=—-—-2 +M (0,t
Q( ) fZRT  ox ( )

I.A.Charniy [5] monografiyasida shunga o'xshash holat, ammo gaz quvurining chigishida bosimga
nisbatan tuzilgan. Bizning holatda, masala massa sarfiga garab shakllantirilgan, gaz quvuridan chigishda massa
sarfi

M(ILt)=q(t) =<, + D (&, sino,t+ &, cosa,t) 2

L N . 2zrm . : . . .
| -ko'rib chigilayotgan gismning uzunligi; @, = %— m-chi qo’zg’alish chastotasi; I1- qo’zg’alish davri.

Ushbu ishda shunga o'xshash shaklda resiverni kirishdagi holatini
oM (0,t .
fOLJrM(O,t)=v0+Z(ymsma)mt+vmcosa)mt), ©)
m=1
2

o© T , tenglikning o'ng tomonini Q(t) ifodalaydi

buyerda f,=—

Shunday qilib, (1), (3), (4) gaz massasi sarfi bo'yicha keltirilgan masala boshlang'ich shartlarsiz
tuziltuzildi.
(1) tenglamalar sistemasidan foylalanib massa sarfiga bog’liq quyidagi tenglama keltirib chiqarildi
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2 2
kal\2/|+2*8M :028'\2/|+aa|vI (4)
ot ot OX OX

Yugoridagi (2), (3) chegaraviy shartlar va (4) differensial tenglamani analitik usulda [1, 6-7] dagi kabi
statsionar va davriy gismlardan iborat analitik yechimi olindi.

Shu yo'l bilan gaz bosimining davriy o'zgarishli xarakterga oid gaz bosimi uchun ham analitik
yechimini olish mumkin.

Olingan natijalar gaz bosimini keskin ortishi va kamayishini bartaraf etish uchun foydalanish mumkin,
masalan, kompressor stantsiyasidan keyin o’rnatilgan resiver kompressor agregatlarini yoqish/o’chirishda,
tarmoqqga ulangan davriy rejimda ishlayotgan iste’molchilarni gaz olishi hamda tugunlarda gaz olish/qo’shish
jarayoni amalga oshirilganda hosil bo’ladigan bosim o’zgarish jarayonini kamaytirishlarda foydalaniladi.
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BIR TARMOQLI QUVURLAR TARMOG’I GAZODINAMIK KO'RSATKOCHLARINING
SUTKALIK O'ZGARISHINI HISOBLASH

Sh.K.Boltibayev, Namangan davlat universiteti
A.A.Muradov Namangan muhandislik-qurilish instituti

Jahonda kompyuterli modellashtirish va zamonaviy informatsion texnologiyalar asosida neft va gaz
tashish jarayonlarini avtomatlashtirish va ularni boshgarish muhim o‘rin egallaydi. Zamonaviy kompyuterlar
imkoniyati va hisoblash usullarining jadal rivojlanishi ilmiy va amaliy masalalarni hal gilishda matematik
modellashtirishning ahamiyatini ortishiga sabab bo‘ldi. Hozirgi vaqtda quvurlar neft va gaz tashishda ekologik
va iqtisodiy jihatdan samarali hisoblanadi. Gaz uzatish tizimlari hisoblash va hisoblash tajribalari uchun
modellar va algoritmlarni ishlab chigish va takomillashtirish asosida neft va gazni tashishning eng yaxshi
igtisodiy ko‘rsatkichlariga erishish muhim ahamiyatga ega.

Magistral gaz quvurlarining uzoq masofaga gaz yetkazib beruvchi gismining gazodinamik holatini
modellashtirishda N.E.Jukovskiyning chizigli va soddalashtirilgan tenglamalari tizimi olingan[1-3].

Ushbu tizimning tarmogning alohida chizigli bo'g'inidagi kirish va chigishdagi massa sarfi va bosim
orasidagi munosabat bo’lib, bir bo’g’indan ikkinchi bo’g’inga o’tishda bog’lanishlar ulanish nuqtalarida
ko'rsatkichlarning keskin o'zgarishi mumkin: gaz olish yoki qo’shish (massa ogimining o'zgarishi), chizigli
bo’gin parametrlarining o'zgarishi (-diametr, -ko’ndalang kesim yuzasi). Shu munosabat bilan, tarmoqni
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hisoblashda, -bosim va -massa sarfiga nisbatan tarmogning kirish va chigishidagi chegara shartlariga
go'shimcha ravishda, ichki shartlar shakllanadi.

Tarmogning elementar bo'g'ini uchun berilgan chegara shartlariga, shuningdek tarmoq tugunlarida
massa sarfi va bosimni mos kelishining ma'lum shartlariga qgarab, kirish . va chigish va ning davriy
ko'rsatkichlari uchun olti xil shartlarni shakllantirish mumkin[1]. Bo’g'in uchun ikkita funksiya berilgan bo'lsa
va golgan ikkita funktsiya aniglangan bo'lsa, boshga masalalar uchun berilgan va yangi topilgan shartlar ushbu
funksiyalar to'plami kelib chigadi. Ushbu holat hisoblash va dasturiy ta'minotda bajariladigan amallar
miqdorini sezilarli darajada kamaytirish imkonini beradi. Birinchidan, turli xil qo’yilgan masalalar yechimlari
vagt va masofaning giperbolik va trigonometrik funktsiyalarini o'z ichiga olganligi sababli (ular Makleron va
Teylor qatorlariga yoyish yo'li bilan hisoblanadi) bo’g’inning hisoblash algoritmni tuzishda hisoblash hajmi
kichik bo’lgan tegishli yechimni tanlash mumkin bo'ladi. Ikkinchidan, tarmoqni hisoblash algoritmini barcha
masalaning qo’yilishi uchun mumkin bo'lgan variantlari yechimini umumlashtirish imkonini beradi.

Furye qatori ko‘rinishida olingan analitik yechimlarni taqqoslash shuni ko‘rsatdiki, ko‘rib
chigilayotgan ko‘p bo‘g‘inli tarmoqning kirish qismidagi gazning bosimi va massa sarfining qiymatlariga mos
keladigan yechim o‘xshash sifatlarga ega [4-5]. Shunga asoslanib, bo’ginni hisoblash algoritmi qurildi, u
quyidagi bosgichlardan iborat:

— bo’g’inlar uchun ma’lumotlarni shakllantirish va kerakli ma’lumotlarni hisoblash;

— statik va davriy komponentlar bilan ikkita chegaraviy shartni shakllantirish;

— -bo‘g’inning kirish ma’lumotlarini aniglash imkonini beruvchi va markazlashgan gaz qazib olish
yoki qo’shishni hisobga oladigan matritsalarni shakllantirish;

— rekurrent munosabat orgali fagat kirish va chigish shartlarini bog'laydigan yakuniy matritsa
tenglamasini tuzish;

— masalaning qo‘yilishi bo‘yicha yakuniy matritsa tenglamasidan gazning bosimi va massa sarfi
uchun yetishmayotgan chegara funksiyalarining koeffitsientlarini topish;

— ikkinchi bosgichda hosil bo‘lgan matritsalar bo‘yicha ichki tugunlarda bosim va massa sarfi
koeffitsientlarini aniglash.

Algoritmning bosgichlaridan ko'rinib turibdiki, fagat ikkinchi va beshinchi bosgichlar
muammoning go'yilishiga bog'lig, qolganlari esa yechilayotgan vazifalarning barcha variantlari uchun bir xil.

100
=u}
=in}
o
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a0

L, km

40

P, MPaskal

30

25 5 b= 10 12,5 15 17 .5 20 225

t, soat

3-rasm. Bir sutka ichida magistral gaz quvuri uzunligi bo‘ylab
bosimning (MPaskalda) o‘zgarishi

3-rasmda bosimning vaqt bo‘yicha, to‘rt bo‘g‘inli va uch kesimli gaz olinishi bo‘lgan magistral
gaz quvuri uzunligiga bog‘liq ravishda o‘zgarishi keltirilgan. Hisoblashlarda Furye gatorining dastlabki 13
hadi gatnashgan.

Olib borilgan sonli tajribalar ishlab chigilgan algoritmning samarali ekanligini, nafagat alohida
masala uchun, balki gazni quvur orgali uzatish yaxlit texnologik jarayonining barcha bosgichlarida mashina
vaqti va xotirasini iqtisod qilishini ko‘rsatdi. Bu natijalar gaz transporti tizimlarini ularga xos omillarni hisobga
olgan holda optimal boshqaruv masalalariga o‘tish imkonini beradi
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HYTK ®OHEMAJIAPHU TAHUII YUYH UILJIAB YUKWITAH CYHDBUIT HEPOH TYPH
MOJEJIN

HNanaxanoB M.X. — Ham/[V, Hnugopmamuka kageopacu kamma yxumyesuucu, PhD.
Kypo6onor M.X. — Ham/[V, 1-kypc Amanuii mamemamuka a axb6opom mexHoi02usiapu
MYMaxaccuciueu Mazucmpu.

Bbyryarn kyHna wnuia® gukapuiaaéTraH JacTypuid MaxCyJOTIApHUHT (olmanaHyBUmiap OwuiaH
MYJIOKOT HMHTep()EHCHHUHT KyJalIurura ajaoxuja 3bTHOOp Oepuiamoknaa. Aibarra, uiniad 4YUKapuiraH
JacTypuil MaxcynoTiap OMpop aMalvii MacallaHd €4YHII yIyH KapaTHiIHO, OJaMIAPHUHT MYIIKYJIHHA OCOH
kunaau. byana, anbarra, ¢oiinananyBun 1acTyp OpKajay HaTHKa OJNUII YIyH Macajiara Teruium OONIIaHFuyg
MaJlyMOTJIapHM KHUPUTHIIM Ba AAacTyp OWiaH MyJNOKOTra Kupumumy mapt. DoliganaHnyBuum Ba HACTyp
uHTepdelicu ypracuaarn MyJIOKOT CoIAaIalITUPHIICa Xam/la KyJainamTupuiica, 1actypra Oyiran tanad Ba
OXTHEK CE3UIIApIIN JapaXkaa OPTHIIH MapKETHHT TaXpHOaIapuIa TaCIMKIAHTaH. AHa ITyHJall MaKcauiapaa
Hupuk GupMa Ba KOMIaHUsIAp TOMOHHMJAH JacTyp UHTepdelricura KaTra YbTHO0p KapaTuiMoKaa. XycycaH,
Microsoft, Apple, Google Ba Gomika kymuiad iupuk (upmasap TOMOHUIAH WIUIA0 YMKWITAH IacTypiap
UHTepPEHCUHUHT KyJIail Ba coia OYInIny yayH 6apMoK, Ky3 UMO-HIIopanapy opkanu (YKect), TOBYIITH HYTK
Ba XaTTO TYFPUIAH-TYFPU OOII MHS UMITYJIbCIAPH OPKAIU JacTyp OWJIaH MYJIOKOT KWJIMII UMKOHHSTIAPH
spatuiaMmokaa. Macanan, Apple Ba Google kommanussiapuauar — IOC xamma Android omnepannon
THU3UMJIAPUHHUHT OyTYHTM MaBKelHH Ba OMMaJIallIMIINAA JacTyp HHTepPEeHCHHUHT OapMOK HIIOpAJIapy OPKaIH
TaIKWJI OSTWINIIM, JacTyp UHTepdelcuna ¥y3ura Xoc KyJdaiimk spatud, OyryHTMm KyHIa KarTta
MyBag dhakusTIapra SPUIIMHIHT aCOCUi cababnapuaan oupu Oyiay.

ToBynun HYTK HMHCOHJAp YpTacuaa MYJIOKOTHHHT OSHT KyJail BocuTacu Oynranu cabaOiu
¢oiinananyBun Ba qactyp uHTepdeiicu ypracugara MyJIOKOTHH sTHa/Ia TAKOMIIIAITUPUII MAaKCaanaa TyHE
OJIMMJIApU TOMOHHMIAH KyT imiapnan Oepu QoiigananyBdn Ba KOMIOBIOTEPIAPHUHT Y3apO TOBYIUTH HYTK
OpKaJIi MYJIOKOTWHH TAIIKWJI 3TUIITa KUpHIIWIATaH. by Oopajga kymiad caiMOKIM HaTHXKajlapra 3pHIIuo
KeMMHMOKa. XycycaH, OyryHru KyHzaa myBaddaxusatian unniaérran Google KuampyB TH3MMHHHHT HYTK
cypoBiapu épramunari Kuaupys umkoHusTuHH, IOC Ba Android TH3MMIapuaa TalIKWI STHITaH Kyruiad
TOBYIIUIH JIACTYyp WHTepdercIapuHn MUCON cudaTHIa KENTUPUII MyMKHH. BUpOK, loKopuaa TabKumiad
YTHiraH, X03up/a MaBKyJ TOBYIUTH HMHTepdeiicnap dakaTriHa MHIIN3, QpaHIyC, HEMHC, UTAbSH, SIIOH,
UCIIaH, Kopeiic, mopTyran Ba pyc THUIApH y4YyH MIUIad YyuKuiran O0yiauo, ynapHu OOIIKa THIUIAp Y4YyH, Iy
KyMmiaznaH, Y30ek TWiIM yuyH XaM Kyiuiad Oyamaiiau [1]. FOkopumaru dukpriapaan kenud uukuO, OyryHru
KyHJla HYTKHH TaHWUO OJIMII MacajiacH, KojlaBepca, Y30eK THIIMJArd HyTKHU TaHWO OJMIN Macajlacu KarTa
axaMasT KacO 3TMOK/Ia.

HyTKHM TaHHO OJIMII MacaJacUHU Xall STHIIIA, aCOCAH, MKKH XMJI TAMOWMIUIAPTa aCOCTaHMIIa 1 :

e  OBO3HHHT acocHii OenTmIapu acocuaa TAaHUO OJIHUIII;
e Jlexcuk Genrmiiap acocuaa TAaHUO OJIHIIL

Bupunun Ennanrysna, aBBaiiaH €3M0 OJIMHTAH JTAJIOH OWJIaH COJHMINTUPHII OPKAIH HYTKHH TaHHO
OJIMIII aMaJIra OLIMPHIAAN. By TaMO#nII acocH/1a TalIKWII STWITaHAa HYTKHHA TAaHUO OJIUII AJITOPUTMHU OCOHPOK
Oynca-ma, aMMo JIyFaTaaru Oapya cysiapHH aBBajaaH €310 onMIIHM Tanald »Tuianu, Oy y3 HaBOaTHaa
JAcTypuuJaH Kyl MeXHaTHH Ba KOMITBIOTED XOTHpAacWJaH Karra >KOW Tanad OSTHINM OWiaH Typiu
KUHMHYMITHKIIAP TYFAUPAIH.

WxkuHun €HpamryBa HYTKHH TaHHO OJNMII alrOPUTMUHM HIIA0 YMKWII aHYa Mypakkad Oymuo,
OyHza ToBYII cuTHaapuaan GoneMa Ba andoHnap kabu JEKCHK dJIeMEHTIIAp axpaTHd onuHamu. by ycyn
Oapua c¥y3mapHH aBBAJJAH KOMIBIOTEp XOTHpacura KUPUTHO KYHWIIHM Tamad 3TMAciMK >KHXaTHIAH
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agzayumrkka sra. Hatkaaa OuprHYM TaModmIiaru kabu MyaMMostap Keiau0 YyuKMaciuri TabMuHianaan. [y
cababnu ponema Ba andoHIap acocua HyTKHU TaHUO OJIMII alrOPUTMIIAPH UCTUKOOIUTH XucoOnanaau [2].
Ym0y makonana xaMm Kenrycuaa y30eK THIuAard HyTKHE TaHHO OJIHIN Macajlachia KyIlam MyMKHH
Oynran ¢ponemMa Ba anOHIAPHU TAHUO OJHII MacajlaCH KyHWITaH.
HyTknu TaHn® onum MeToAapuH Kyiuaara cuguiapra axxpaTui MyMKuH [3]:
e JluHaMuK IacTypJiall;
e baifec muckpumuHanmscu (Bayesian discrimination) ra acociaHraH AUCKPUMHHAHT
TaxXJINJI METOJIapH;
e Smmpun Mapxkor monemtapu (Hidden Markov Model);
e Heiipon tapmoxmiapu (Neural networks).

Makonana okopuaa caHa0d yTwiran meroanapiaH Heiipon tapmoxyapu (Neural networks) srbHH
CYHDBHI HEHPOH TYpH (KeNrycuaa HeMpoH TYpH AeHUITaHAa CyHbUI HEUPOH TYPH Ha3apa TyTHIIAAN) MOJCTH
acocuza ¢oHeMaJapHU TaHMO ONMII Ky3[4a TyTWIraH. ByryHrn KyHOa HEHpOH MOJIENIapd TUMCOJIIapHH
TaHUO ONHMII MacajajJapuH{ CaMapaid Xal 3TMOKAA. XycycaH, HEHpOH MOJEJUIapUHU HYTKHU TaHUO OJMII
Macajajnapura Kyjam OpKalu eTapiy HaTwKajapra Spuimil MyMKkuH. KonmaBepca, HyTKHM TaHUO OJHII
Macayiacu TabmaTAa abjio Japaxana ¥3 edUMHHH TONTaH ShHU OMOJOTHK HEWpOH Typu Oy WIIHU Xed Oup
KHAMHYMIUKCH3 yIAalaMoKaa. AWHU [Ty Jalwiap acocuaa ymoy Makojiafa KYyHuiraH MacalaHu Xaj
STHUINA HEHPOH TYpU MoJenuaaH (GoiaaaHuII FOSICH WITapy CypUIIraH.

HyTkHu TaHMO ONMII anropuTMIIAPUHHU HILIA0 YMKMIIIAH aBBaJl aHAJIOIVIM TOBYLUIAPHHU paKamiId
TOBYILLUIAPTa alIaHTUPHIL, PaKaMJId TOBYIL CUTHAJIApUIAH UHPOPMATHB OENTrHIapHU aXXpaTuO O yUyH
MabJIyMOTIIapra AacTia0Ky UILIOB OEpHIl, CYHIpa MIUIOB OepriraH CUTHAIJIApHA HEHPOH TYpHUra KUPUTHO,
HEHpOHIapHU YpraTuil Ba GOHEeMaIapHU TaHUII Macajlacura KyJuiam JIo3uM. Mo 6epuiirad cuTHaIapHA
HEUPOH TYpUra KUPUTUILIHUHT CXEMATHK TACBUPH 1—pacMaa KypCcaTUITraH.

Muxpadon A _.'

AHANON-PARAMIN Wave PCM 16 bit 11024 Hz anpossgam |
ARCABHTMPO SARAZA HAPHINLS AAENACH
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ToByIl CUrHA/UTAPUHY KAaOyJT KUJIHIL )KOPUI BaKT/Ia TOBYII KapTajgapy OpKaJiu EKH ayauo (aitsl opKaiu
amanra omupwiagd. ToByII cUrHaUIapuHU Kadyn Kunum anpo3acu Microsoft Wave PCM koanam ycinyou
Ba quckpetnam yacroracu 11024, 16 our paspsan tanabiapu acocua amaira omMpuiagn. Yoy taixadiap
uHCcoH HyTKH acocaH 20 I'm man 4000 I'm opanurunma Oynranmurd Ba KoTenbHHUKOB TeopeMacura acocaH
Oenrunanrad. HyTK ToBynutapuHuHT cudatuHu ifykoTMaciuk yuyH KotensHukoB Teopemacura kypa 8000 'y
JUCKpeTNall yactotacuaa Kadyn Kunuil erapiau. bupok, ToBym kapranmapuzaa crangaptiamrad 11012 I'g
YacTOTaHH OJIUII MaKcajra MyBo(hUK.

busra N Tta HykTamapaa yiauaHraH f; JIMCKpeT curHan Oepwiran OYicuH {fi, fo,f3 ... fy}. YOy
CHUTHAJIAA y3rapuiulap IUHAMUKACH Ky3ra TalUIAHUIOM YYyH YHAArd axaMmusTra MOJHK OyimaraH
UIOBKWHJIADHU Y4YupHO, KUUUK TeOpaHUIUIApHH ONUO Tanuiad, CWILIMKIAI 3apyp. bepuiranf; curnaiHu
CHJUTMKJIAII y4yH CHPFaHyBYHM ypTa KuiiMaT ycynuaaH (oipamaHuinl MyMKHH. ByHna xap-Oup HyKTajgaru
CUTHaJl Kuiimatu Oomkanapura HucOaTaH ypTa KMHMar xucoOiiaHaay Ba Oy YHUHT SHTU KuiimMatu Oynanu.
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Kapana€rran | HyKTaHHHT CHpPFaHyBYH YpTa KUMMaTHHH TONUIN y4yH K Ta aBBaJIl'M Ba KSHHWHra HyKTajJapIarua
KUAMAaTIapHUHT ypTa apudmerurn xucoOmananu [4], spHH Kyhupgarn dopmyia EpaaMuaa udonpanamn
MYMKHH:

fi, (f1—K+f1—K+1+"‘+fi +"‘fi+K)-

2K +1
€KH KACKApOK IIaKJIJIa:

K
, 1
=557 2, Jo
j=-K

CyHbHMid HEHpOH Typu Mojenu Typiamya Tanaddys3naru SbHU TypiaM dacTora Ba (azanapma Xxam
¢doHemManapHU TAHMIIHM TE3pOK YPraHuO ONMINM XaMmJa IOKOPH aHMKIMK OWIaH TaHWUIIM YYyH HYTK
CUTHAJUIapH CWUIMKJIaHTaHWJAH CYHT, CUTHAIJIAPHU HOPMaJUIAIITHPHIL KaTTa axaMusITra sra. ByHUHr yayH
HYTK CUTHAJUTAPUHU KyHUIarnda HOpMaJUIaIl THPUII MyMKHH:

4 1
fi'= ﬁ, {1 = (Zo(f{)?)?. Gynua f; BeKTOPHHHHT Xap OMP TALIKKI STYBUHCH BEKTOP y3YHIIHIHra
l

[anzieinge

ToBym curHajiapura JacTiaOKd MIUIOB OepwiraHuiaH CcyHr, Oy CHrHau1ap Kadcu (oHeMaHU
udoganamH HEMPOH TYpH XyJioca KO Oepulln T03uM. ByHUHT y4yH KyiHuIa HeWpOoH TYPH MOJICIIMHIHT
TOTOJIOTUSICHHH KEJITHPaMU3.

Busra mabitymku, y30ek anudoocuna 26 ta xapd Ba 3 ta xapduap oupukmacu Mapxya. Jlemak, y30ek
tinuga 29 ta hoHeMa MaBxky 0ynu0, yaapaaH 6 Tacu YHIM Ba 23 Tac yHIOII (hOHEMaIapaup.

ly ypunia TabKUUIANI )KOU3KH, MYCTaKWIIHKKA SPUIITAaHUMH3IAaH CYHT JIOTUH au(OOCHHN TaHI1ao,
TYFPU WY TYTTAaHUMU3 KyHUIard Tanujuiap acoCHIa sIHa XaM paBIlaH Oymau.

o AmudOonan doiinananysun Traaara GOHEMaHUHT ¥3 Xaphu OYIHIIHN Kepak.

V36ex apa6 amudbocuma, Macama, Yy30eK TWIMHMHT YHIH (oHeManapu Xapd Ouian
TabMHHIAHMATaH. Y36ex Kupu anudeocnaa 6up yHmm Gporamamusra (0T - "ueM" Cy3uIary yHiIura) Ba Gup
yapom (oHemammsra (kyaa cy3umard OMpUHYM yHJoIITa) anoxunaa Xxapd cudaruma onmaMarad. Llynmai
xoJjar ¥30ek oTuH anudoocuaa xam Marxky. lllyHra kapamaii, Oy Tanad xuxaTuaaH y30ek JJoTHH andOoocu
V30ek kupwut anudOocu Ba y30ek apad anudOocuaad yecTyH Typaau [5].

o Amud0Oona mry Tunga WYk hoHema yuyH xapd Oyamacnmuru xepak, xapduap dakar mry THIIa
0op poHemanap ydyH OJIMHUIIH KEepak.
V36ek apab amud6ocuia 6apya HCIOXOTIAPIaH KEHHUH XaM HKKHTa apab (oHeMaHHHT Xapduapy (X0iu Xy TTH,
abit xapduapn) cakmann6 Konan. Y36ek kupmmt amadocuma 6uprina xapd (i) 6omka THI HOHEMACHHH
KypCaTHINra XU3MaT KWIamd. Y30ek notun amud6ocuaa sca Gynnait xapduii opTHKUamuk iyK. Jemax, 6y
Tanab >kuxaTuaaH y30eK JOTHH aaudOoCcH KoiraH UKKK ann(OoMH3IaH YCTYH Typaau [5].

Anbatta, y30ex JOTHH anmupOOCHHUHr OOIIKa ad3auTMKIapu XaM MaBxKya Oynub, roxopuia
¢akarruna ponemara ou ad3ayIMKIapuruya caHad yruau, xojoc. Konaeepca, y30ek JIOTHH aupOOCHHUHT
IOKOpHJa caHad yTuiaraH ad3auIMKIapd HYTK TOBYIUIAPUHM TaHHO OJIMII MacajlaJlapuHU Xaj STHIIIA
JacTypud MyXaHJUclapra Karrta eHrWUIHK sipaTagu. by doHeManapHUHT acoCHHM TallIKHI 3TYBUM alpuM
BeHBHIIIETIIAp 2-pacM/ia TACBUPJIAHTaH.

Xap Oup HEWpPOH MOC paBUII/a Y3UHUHT (JOHEMACHHH TAaHHIITHY Ypranaau. MacanaH, OMprHYHA HEHPOH
¢donema [a] HA, HKKUHYM HEWPOH ¢oHeMa [0] HU Ba X0ka3o. Jlemak, HelipoH Typu Mojenuaa 29 Ta HelpoH
KaTHAaIIa/IH.

Helipon Monenu TOBYII CHTHAUIADHHUHT Xap OWMp uYacToTa, aMIUIMTYAa Ba BakT Oyiuua
napaMeTpIIaprHi XUC STUIIN yUyH f;' BEKTOPHH KyHHjarnya akClaHTHPaMH3:

fi" = DIli,jl, f{" curnan T;pakTma A; ammumuryzna Kuiimatura sra 6yica, D[i,j] = 1, akc xonna
DIi,j] = 0 6Yynamu, seHu Kyhugard Gopmyiia acoCHIa aKCIaHTHPHIIAIH:

1,arapf! =j
Dli,j ={ /e i=1l.nj=1.m

0,arapf;’ # j’

N —TOBYIIUIM MAabIyMOTHH OJIOKIA0 OnWIIgard OJOKHWUHT XaKMH, 1M —TOBYII TYIKHHH
aMITTUTYJACHHUHT MaKCUMaJI KHHAMAaTH.
D[i, j] maTpuiianu HEWPOHIAPHUHT OMPUTa KUPUTUILIHUHT CXEMATHK KYPUHUIIMHKA KEITUPAMU3:
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wil1)
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D11l >
wia2i
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L2
o7iil e— -

3- pacm

3-pacmiia TacBHpIIaHTAHUJIEK, Xap Oup Heiporra kupwii curnauiapu D[i, jlau moc Baswmap Wi, jlra
KYNaWTUPWIAAU S'bHU CHHAIC Ky4Wlapy TabCUp 3Taau. Kupuil cUrHamiapura CUHaIc Kywiapu TabCUpUIAH
CYHr Oapua kynadTmanapHuHr WuruHaucH NetxucoOmanamu. F  daomnammm Qysknuscu Epaamuna
HEHPOHHMHT (aoJUTUTH XUCOOIaHNO, ynkuil curHaym Outra y3atwinanu. Tapkumaiad YTuiaran FosSsHU GopMalt
KYpUHUIILIA KyHugaruya €3l MyMKHUH:
ST j1 = DI, /IWTE, 1
L]

Net = Z Seli,j]
k=1

Out = F(Net)
F=1,Net>T
0,Net <T,T — wMyalisH yerapaBuii Kuiimar.

IOkopuna kenrupuiran HelpoH Mojenu (oHeMamapHW TaHWUO ONUINM YYyH aBBal HEHPOHIAPHU
ypratuui JIo3uM. ByHUHT y4yH HEHpOHHHUHT TYFPH Ba HOTYFPH KaBOOJapH ydyH YHTa parOaTiaHTUpPHUII Ba
YKapuMaJapHU KOPHUH 3THO, YpraTuliHA Tamkwi 3ty jto3uM. Ly Taprka HelipoH OnnuMiIapuHu 00MHUTHO
O0opamu3. HelipoH KMpHUTITraH CUTHAJUIAPHU MOC PaBHIINA Y3UHUHT JOHEMAacH Ae0 TaHHca, POCT, aKC X0Ja
€IIroH kaBo0 OepajM, TbHU arapja HEWpoH poCT kaBoO OepHiiy JI03uM OyiraH Kupuin curaamiapu D(i, j]
y4yH EIIFOH kaBoOHM Oepca, cuHanc Baswiapu Wi, jlnan xupuin curnamiapu D i, jlmapau Moc paBuiia
Kymamu3. Arapja HEWpOH EIFOH kaBoO OepuIM JI03MM OyiraH Kupuin curHamwiapu D[i,j] yayH poct
*aBoOHM Oepca, cuHaric Basunapu Wi, jlman xupum curnamiapu D[i, jlmapau Moc paBuinga aiupamus.
Arapaa HeWpOH pocT xaBoO OepuIly JI03uM OYaran Kupui curHaiapy D[i, j] yayH poct Ba EIFOH KaBo0
Oepuiy JI03MM OViraHia EIFoH kaBoOHM Oepca, cuHarnc Baswimapu W i,j| xed Kawpaii y3rapumicus
KOJITUPHUIIA/IH.

Heiipon Typu Mozenu qacTypyuHUHT Iy Tap3Jaru WIIIAMHU 4-pacMa KeITHPaMU3.

e AsBasam 0op HelpoHra Kaicu (OHEMaH{ TaHHUII YpraTUIUIUHA Oenrmiad Oepamu3. bByHuHT yuyH
nmacTyp untepdericuaan oupop hoHeMaHu TaHIaMu3 4-pacwm, 1.
Hytk ToBymuHN kuputamu3. byauHTr yayH “HyTK TOBymmHN KUpUTHIT TyrMacu Oocuinaau 4-pacM;
“YpraTum’ TyrMacu TamnaiiMms 4-pacm, 3;
Hatwxanu Taxaun kunamus 4-pacu, 4;
Arap pocT kaBoO KyTHITaHJa HEHpOH E1FOoH kaBOoOHW Oepca, “Poct kyrmiranma €mroH kaBo0O”
TyrMacuHH TaH1a0, HeHpoH xa3oiaHaau 4-pacm, 5;
e Arap é1roH aBob6 KyTHIIaHAa HEHpOH pocT kaBoOum Gepca, “Enron kyrunramma poct xaBo0”
TyrMacHHH TaHIa0, HEWPOH jka3o1aHaau 4-pacum, 6;
by xapa€n typnuya Tanaddysmnapna, 6omka honemanapa Ba NIOBKUHIApa Oup Hewa mMaporada
TaKpOpJIaHuO, HEHPOHHUHT OUIMMIIapu OpTTUPKO Oopunanu. Hatmkana HelpoH Y3UHUHT OHEMACHHH TYPIIU
xoJutapaa tanaddys STHIATaHMAa XaM TaHUW Oonutaiau. AydaTra, HEHPOH eTapiu OWJIMM OJIFAaHHMJAH CYHT
YHUHT Omummuiap 6a3acHHM JOUMHN XOTHpara cakjiad KyHulaju Ba Kelrycuaa aMmaija Kyjuanuinaaa. MaHa
nry taprudna Oapua ¢oHemanap ypratuiauO, Tailép OynraHuaaH cYHr QoHeManapHM TaHMII Macajacuia
¢oiiganaHu MyMKHH OYIIaau.
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5-pacm

Tabuniiku, OMPUHYN YPUHHUIIIA HEHPOH HOTYFPH KaBoO Oepany Ba Oy xonna “Poct Kyrunranaa EnroH
’KaB00” TyrMacWHH TaHJIa0, HEUPOH ka30JaHaau S-pacMm a). kkuHuM ypuHHIIAA ssHa Oomka tanaddysnarun
[A] dbonema yuyH HeiipoH HOTYFpH kaBoO Oepau Ba Oy xoima xam “Poct kyrmnranma €mnroH xkaBoO”
TYyrMacuHH TaHiad, HEHpOH ka3oiaHaau S-pacM 0). YuuH4YM ypuHHIIa sHa Oomka Tamaddysgaru [A]
(hoHema y4uyH HEHpOH TYFpH xKaBoO Oepau Ba Oy Xoa HEHpoHTa Xed KaH/al kapruMa KWIHHMalam 5-pacm
B). MaHa 11y xxapaéH 6omika poHemanap yayH xam Oakapuiay.

IOxopuaa kenTupwirad alnropuTM Ba HEHPOH MOCTMHUHT JACTYP KOIIAPHHU KENTHPAMH3.

Heiipon OunumiapiHy 10KIal mpouesypacu:
function lomatrx(x:string):tmatrx;
var f:textfile; i, j: word; n:integer;

begin
assignfile(f,x); reset(f);
i:=1;j:=1,
while not eof (f) do begin
while not eoln (f) do begin  read(f, n); result[i,j]:=n; j:==j+1 end;
readIn(f); i:=i+1;j:=1;
end;
closefile (f)
end;

HyTk ToBylUIIapyHu KUPUTHIL IPOLELYPACH
procedure Tform1.Blnput(Sender: TObject);
var Lr,i,j:integer; f,mf x:real;

begin
mf:=modle_f(fi);
forl:=1tordo
begin
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fi[i]:=((fi[i-5] +fi[i-4]+fi[i-3] +fi[i-2] +fi[i- 1]+ fi[i]+fi[i+1]+fi[i+2] +fi[i+3] +fi[i+4] +fi[i+5])/11);
fi[i]:=fi[i]*f/100;
end;
forl:=1totldo
forj:=1tot2do
d[i,j]:=0; f:=(r-1+1)/11;

forl:=1tordo

begin

fi[i]:=(1+fi[i]/mf)*100; j:=trunc((i-1+1)/f+1); d[j trunc(fi[i])]:=1;
end;

pbl.Canvas.Refresh; pbl.Canvas.MoveTo(0,100); I:=0;
forl:=1totldo
forj:=1tot2do
if d[i,j]=1 then begin pbl.Canvas.LineTo(i,j); I:=I+1 end;
end;
Sllpl“aHI/IHI npuenypacn:
procedure Tforml.BLearn (Sender: TObject);
var s:tmatrx; i,j, net:integer;
begin
net:=0;
fori:=1totldo
forj:=1tot2do
begin s[i,j]:=d[i,j]*w[i,j]; net:=net+s[i,j] end,
if net>=T then
e_out.Text:="true, sum="+inttostr(Net)
else
e_out.Text:='false, sum="+inttostr(Net)
end;
Hotyrpu sxaBoOap y4uyH *ka3ojialuiap mpoleaypaiapu:
procedure Tform1.B_byFalse(Sender: TObject);
var i,j:integer;
begin
for I :=1totldo
forj:=1tot2do
Wi j] == wli,j] +d[ijl;
wrmatrx(w)
end;

procedure Tform1.B_byTrue (Sender: TObject);

var i,j:integer;

begin

fori:=1totldo

forj:=1tot2do

wli,j] := wlij]-d[i.j];

wrmatrx(w)

end;

IOxopuia kenTupwiITaH mapaMeTpiap acocuaa HeMpPOH MOJIENIN MILTA0 YUKWIHO, HYTK (POHEMaTapHU

TaHUII Macajacura TaToWk STwind. Mnuta® yukuiaraH HEeHpoH Mozenura y30ek Tuiaumard Oapya HyTK
(doHemanmap TypiM IIapOWTIApAA YpPHATWITaHWIAH CYHI, (hOHEMaJapHU peall BaKTAa TaHWO OJIMIIHra
spunnwiy. HlyHuHTIeK 05TMO OOpMIiIraH TaAKUKOTIIAP Ba TAXKPUOA CHHOBJIAPH HATIDKACH/IA, UIIUTA0 YHKUIITaH
HEHPOH MOJICJIMHY STHaJ[a TAKOMHIJUTAIITHPHUII IMKOHUATIAPH aHUKJIaHU. XyCyCcaH, HeHPOH MOJICIIVHHU Y30eK
THUJIA T'paMMaTUKacu Kouaajlapu 61/I.HaH OOMHUTHII OpKaJIi AHaJla caMapalii HaTHKajlap OJIMHUINN aHUKJIaHIU.
Kenrycuna ymly oauHTaH HaTHXanap acocuaa Y30eK THINAard HyTK CY3JIapuHU TaHUIIT Macajacura Taa0ouK
ATHII PeKATAINTUPUITAH.

AJIABUETJIAP
1.Hacrpotiku komangsr "O’keii Google", https://support.google.com/websearch/answer/6031948?hl=ru.
2. CunTtes U pacno3HaBanue peud. CoBpemeHHbIe penienus, Anekcanap dponos, ['puropuit ®ponos, 2003.
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BUHAP TACBUPHHU KOHTYP TACBUPI'A HOPABLIAH TYILIAM HA3APUSICUJIAH
POUNJAJTAHUB AIMAINTUPHUII

HManaxanoB M.X., Ham/[V, Hngopmamuxa xagheopacu xkamma yxumyeuucu, PhD
JasponoB M.M. — Ham/[V, amanuii mamemamuxa a axb6opom mexHoI02UsIapu Mymaxaccuciueu
Mazucmpu.

AonyranueB X.X. - Ham/[V, amanuii mamemamuxa éa axb6opom mexHoI02UsIaApU Mymaxaccuciueu
Mazucmpu.

Kupum. Pakamum TacBUpiapHM KalTa WIUIAT Ba TaHWO ONWIN OMIaH OOFIIMK MIMHIA-aMalidi
MacajajapHd Xal 3TUIIAA TACBUPJIAPHUHT HACHTU(UKAIMOH OeNrHIapuHH aXpaTHO OnuIl (aHHWKJIAII)
Macajacu MyXUM XyMcoOsaHaau. benrunapHu aHuKIIa ycyJutapy Ky, IEKUH TACBUPHUHT cu(aTHra Ba TYpIIH
XaJlaKuTiapra HucOataH TypryH OYJraH UIIOHWIM YCYJIHM TOIHII 3apyp.

Oxupry Wnapaa TacBUpAard OOBEKTHUHT KOHTYP YM3HKJIAPUHHU aXpaTHINra MyJDKaJUTaHTaH Oup
Heua anropuTMiap ninab ynkapuirad [1-3]. AMMo, pealt TACBUpIapHHUHT KaTTa Oup KUCMHJIA TaCBUPJIaHTaH
oOwvekTnap Tabumit Oynmub, Typnu cababmapra (macaiad, aTpop-MyXHTHUHT EpPUTHINININTA EKH CypaTra
OJIMIIHUHT OOIIKA IIAPOUTHUTra) Kypa yJIapHHU aKpaTuO TypyBUYM aHMK derapara sra smac. LLlyHUHT y4yH Typiau
TacBHpNapIaru OOBbEKTIAPHUHT KOHTYp YM3HKJIAPUHHM QKPATHUINTa MYJDKaJUIAaHTaH aJTOPUTMIIAPHU WIDIA0
YUKHUII Ba YJIAapHM TAKOMWUIAIITHPHUII OWiaH OOFIMK Macajajap TacBHpJapra pakaMmjid HIUIOB OepHIl
TEXHOJIOTHSICHHHUHT 3HT 10J13ap0 Macanajgapu Toudacura Kupaiu.

Ym0y Mapy3aHHHT acOCHil MakcaJyd HOpAaBIIaH TYIUIAaM Ha3apuscUra TasHTaH XOJja TacBUpJapiaru
00BEKTNIap YerapacHHU XapaKTEepJIOBUM KOHTYP UYU3HKJIAPHA KHIUPHUII aJTOPUTMUHH HILIA0 YHKHUIIIAH
nobopar.

Taknng KWIMHTaH ajlrOpUTMIIAPDHMHT aCOCHM FOSCH HOpaBIIaH “‘opTupma” “karra”, “KMYuK” Kabu
TyLIyHYaapra TasHraH XOoJia TACBUPHU Xap OWp 3JeMEHTH aTpo(UHU TaXJIM KWIUII acoCHia HOpaBIIaH
KAYMK Ba HOpABIIAH KaTTa OPTUPMaJapHM aHHUKJIAIIAaH mOopar. ByHzna HopaBmiaH KarTa opTUpMasapra
TaCBUpAArd OOBEKTJIAPHUHT 4YerapaBuil (KOHTYp) YM3MKJIApH MOC KeJlaau, KHYMK OpTHpMajapra isca -
TacBHpAArv MIOBKWH (€KM yYHH cUQaTHHH Oy3yBUH) MTUKCEIUIAP TYIIIAMH MOC KeJla Iu.

MyaMmo Ba MaBKy/A e4uMJIap TaXJIUId. TaCBUPHUHT KOHTYP YM3HKJIAPU XaKUAArH MablyMOTIIap
paKamJI TaCBUP KYPUHHUILNAA OepuiraH oObeKTIapHA TaHUO OJMII THM3MMIIAPH YUYH JKyJa MyXUM ax0opoT
xucobmanaau [5-8]. Xo3upru maitaa TacBUpAaru KOHTYP YM3UKIAPUHHU aXPAaTHII MacallaCUHHU €YU YIyH
acocaH y4 ycyiaaH keHnr doimananmiany [ 1-6].

1. [Tpaouemm ycymu. By yCynuHMHT acocMd FOsicM OWPHHYM  TapTHOIM  JUCKPET
IuddepeHInaIapiard 3Hr KaTTa (KeCKWH) Y3rapulUIapHH, SbHU TPaJUeHT BEKTOpPJIapH MOIYJIApUHHHT
MaKCUMyMJIApUHH, KWJAUPHII aCOCH/Ia KOHTYDP YM3UKJIAPUHU aXXpaTHIIaH HOOpaT.

2. Jlannac ycynu. Ma3kyp yCYJIMHHHT acOCHHA FOSICH Oapua WyHanmunoiap OVitnda oNMHTaH WKKHHYU
TapTUOIM AMCKPET XOCWIANapHu Kymmi (sreHU JlaruacuaH) acocuaa KOHTYDP YM3MKJIAPUHM aKpaTHILIaH
nubopart. By xyna Te3 ulniaian, aMMo KOHTYpJIapHH aKpaTHO OJIMII aHUKJIMTH OOIKa ycyiuiapra HucOaTan
nact. [lyHMHT y4yH KOHTYp YM3WKJIApUHH QKpaTUIll OwiaH OOFIMK aMaluid MacallalapHd Xall KUJIUIIAA
Ma3Kyp ycyulapAaH XaM Ausipiau (o anaHuaIManay.

3. Cmamucmux ycyn. CTaTUCTUK YCYJTHHHT aCOCHH FOSICH TaXJIMJI KUJIMHAETIaH MUKCEI aTpouaaru
nuKceap EpKUHIMKIAPUHAHT YpTada KBaApaTUK OFHMINMHM XWUCOONAIl acochia KOHTYpP YH3UKIapUHU
axparumgan ubopar. By ycyn karra xucobnam pecypcnapunu Tanad xwnaad. Ly cabGabim KOHTYp
YMBUKJIAPUHU ~ aXpaTuil OwinaH OOFIMK aMalui MacajllalapHd XaJl KWIMINAa yHIAaH —JAWAPIU
doitnananuaIManu.
ynaaii kummb, MaBXyd WIMHA anabuérnaphu, xycycan [1-8], Taxiun KWiauIl HaTwXKacuga KyWuaard
XyJocara KeJIuIl MyMKHH: 1) X03upru naiTaa Uiuiad YMKUIrad KOHTYP YU3UKIapHHU aXXpaTHII yCyJUIapy Ba
NTOPUTMIIAPH, aCOCaH, Ueall TacBUpAaru OOBEKTIIAPHUHT Yerapa YN3UKIApUN aXpaTHINTa MyJDKaJJIaHTaH;
2) TacBUp KYpUHUIIHIA OepHITaH O0BEKTIAPHHU TAHHO OJIUII TU3UMIIAPH peall TACBUpIIap OWiIaH UIILIaliau Ba
yllapJa TacBUpJlaHTaH o0beKTiIap Tabuuii 6ynud, Typsin cababiapra Kypa yJapHU aHHK YerapacH TacBUpIa
Oy3unu6 xeraau. Ly cababnm Ma3kyp MacajgaH¥ Xaj KWJIUIITa MyJDKaJUIaHTaH yCyJulap Ba allTOPUTMIIapHU
WIDIa0 YMKUIL, Xamia MaBxXyJ[ YCY/UIApHU TaKOMIJUIAIITUPUIITA KApaTWITaH WIMUN TaJKUKOT WIUTAPUHU
amasra OUIMPHII 3apypaTu MaBxKy/.
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Macananudr Kydwammu. ®dapa3 Kwiainuk, Oepwiaran Gomutanrud Kyipadr tacsup W x H
nukcenzan uoopar 6yncun. Arap |(X,X,) épkurmmk QyHKumscuHuHr X =1, X, = ] HyKrajaru KuiiMatu

X, (X, =1(1)),1<i<W,1< j<H) 6¥ynca, y xonna maskyp taceup kyimmarn W x H Jmaosmu X

e

®apa3 kumaitnk Kapanaérran Tacsupuuar xap oup W xH, (W, <<W, H, << H ) xucmu (dpparmenrn)

Matpuia ouian udoganam MyMKIUH: X = ‘Xij

y4yH KaTTa OpTTHpMara sra Oyiaran nukceaiapaad ubopar E tymmamu Gepwiran 6yiacun. ¥V xonna acocuit
macana E TYriaMuHMHT SeMeHTIapUHE TaX/IHIl KHJIUIITA TassHIaH XOJIJIa TACBUP/IArd KOHTYD YH3HKJIApHH
@KpaTULIra My/DKaIaHral A alrOpUTMHHM KypUIIIaH HOOpar.

Macananu eyuin ycyau. YOy Mapy3azna KOHTYp YM3HKJIAPUHH &KPaTHII MyaMMOCHHHHT Y31Ta XOC
XYCYCHUSTIapUHH, XyCyCaH, TaCBUpAAru oOBEKTIapHHU YerapajoBUM YM3UKJIAPHUHI HOPABIIAH SKaHJIUTMHU
XHcoOra oirad xonjga mMaxcyc éanainys Taxing KuiuHrad. Takaud KuiuHras €HAantyB acocuaa TacBUpaaru
OOBEKTHUHT 4erapaBuil KOHTYP YM3HMKJIApWHHU aKPaTHII YYyH HOpABIIAH TYIUIaM HA3apHsCH TYLIyHUYalap
acoCHIa Maxcyc alnropuTMiiap cCMH(Y uiad YMKUIAK. YHUHT acOCHI FOSICH OEpUIraH TACBUPHUHT Xap Oup
3JIEMEHTH Y4yH HOPAaBILIaH OPTTHPMAaIapHHU XUCOOJIAI Ba YJIAPHU TaxJIWI KWIKIITaH HO0paT.

Hopasman Ty1uiaM anmapaTtura TasHraH XoJ1/1a HIUad YMKUIraH KOHTYP aKpaTHIll allTOPUTMIIApU KyHuaarn
acocHuit OOCKUYIapHHU 3 HUHTA OJIA/IH.

1. Acocuii anemenm ampoghunu anukaau 6a yHOa OPMMUPMALaPHU WUAKIIAHMUPULL.

2. Hopaswan opmupmanapnu meau wauauK QYHKYUACUHU KYyDULU.

3. Hopaswian opmmupmanaprune Kuumamiapuny ucoonau.

4. Kapop kabyn Kunuu.

[yrnait kunud, OM3 HOpaBIIAH TYIIAaM Ha3apUsACUTa TasHTaH XOJ/la KypHJITaH alrOPUTMIIAPHHUHT acoCHi
O0ockuuinapHu caHa® yTauk. Taknng KUIMHTaH aNrOpUTMIIAPHH HINTa SPOKIH EKH SPOKIM 3MACIUTHHH
KYpCaTHIlLl y4yH 3KCIEPUMEHTAI TAAKUKOT YTKA3HII Kepax.

JKcnepuMeHTad TaAKMKOT. FOKopuaa KapairaH ajarOpuTMIIApDHUM CHHOBIOAH YTKa3UIl YYyH
KYWHUIArd SKCIIEPUMEHTAN TAJKUKOT aMaJira OMMPWIIANA. Y IOy SKCIEPUMEHTAN TAJKUKOTHUHT HATHXACHHU
00BeKTUB 0OXOMall Makcaauiaa Kyiaaa &3miaraHn OocMma xapduapHu TaHHO OJIUII Macajacu KapalraH.
Bormanrny mabmymoTnap cudaruaa 6ocMa xapduap ounan Kynaa E3unral Xxapduapaan noopar Ba Oup Xui
Ty3ujMara sra OyJraH TacBUpJap OJIMHAW. TacBUpAaru CUMBOJUIAPHM YKMII (TaHUO OJIMIL) 3TaJOH OOBEKT
OmIaH TaKKOCJAI YCYJIM acoCua Oaxapriiay.

Tagkukor HaTw:xkanapu. Typnu xun TacBupiapAard anpuop axOOpOTHH XHCOOTa OJIraH Xonja
yJlapra MOCJIALIHII UMKOHUSATH OOpAUTy OMlaH Ma3Kyp ajaropuTMiap oomkanapaad gpapk Kuiaau. Oxopuaa
Takuanal YTUITaHuAeK, CHHOB Macanacu cudaTuia Typiau KUIIIIap TOMOHUAaH E3uiran 6ocMa XapQuapHu
TaHUO OJUIIIA KOHTYP YU3UKIIAPHHHU QXKPATUII MacaJlaCH KapayraH. Yoy TaHHO OJIHMIN MacalacuHH SYHIIIa,
OJAMH OepuiraH TacBUPJAPHUHI KOHTYP YM3UKJIAPH aKpaTHIald, CYHT yJapHHU 3TaJOH oOBbeKTIap OuiaH
TaKKOCIIaIll aMalira omupwiaan. Takkocman: xap Oup OelIruHH XapaKTepIIOBUN 3aHKUPIH KOJ] ACOCH A aMara
omupuianu [3]. Taknud KunuHran ycyn Ba KanHu ycyiu OuiaH KOHTYP YM3UKIapU aXXPaTHIIIU. AXKpaTuirad
KOHTYp UYM3MKJIApHHU TaxX) Wi KWIMII acocuia Xap Oup Oelru ydyH 3aHXKHMpiM KoJ aHukinanav. OyuHraxH
HaTWXajaap TakiIu( KWIMHTaH ycylu OMilaH KOHTYP YM3UKJIAapH aKpaTHO ONraHIaH CYHT yJIapHHU TaHUO OJIHII
HaTwkanapu, KaHHM ycynam OWJaH KOHTYp YHM3HMKJIApH aXpaTHO OJraHIaH CYHT yJapHU TaHHO OJIHII
HaTWXalapura HucOaTaH IOKOpY KaHJIUTHHN KYpCcaTaiu.

TagkuKOT HaTH:KAaNapUHM 6axoJiam. Mnuiad yuKwIrad anropTMiiap TpagulMoOH KOHTYP aXpaTHII

anropuTMIApUIaH 11y OwnaH (apk KWIaJuWKW, ylapja TacBHpiapIard OOBEKTIapHU YerapajoByd
YU3UKJTAPHUHT aHUKMacIIUTH xucobra onuaraH. [y cababmu Oy anropurmiapaa dhakat TacBUpIIapaa MabiIyM
Oup TUIAAru XaJakuTiaap OYiIraH Xoyija MIUIaTTaHJaruHa Xy HaTwka oepaau. Manan xonra sikuH Oyiran
TacBHpJIAp YUyH TaKIU(] KUJIUHTaH ajJropuTMiapaaH GolganaHnIl XK HaTxka Oepmaiinu. bynpait xonnga
TPaIUIIMOH aNropuTMIIapaaH GoigaTaHuII MyMKHH.
OKcrepuMeHTal TaJKUKOTHU YTKa3WII JaBpHa OJIMHTaH HaTIKalap KyWOarwiapHdU KypcaTaau: TakIud
KWIMHTaH ajJropuTMiap CHH(M MaBxXKyJ alropurMiiapra ajJTepHaTHB 3Mac, OalKH YJIapHH TYJIAUPYBUH
AMTOPUTMIIAPIUP; OEpHUITaH TACBUP WJICANT TACBHPTa SIKUH OYIraH XoJulapja TPaJUIMOH alrOpHTMIIApIaH
doiinananuim  kepak; OepwiraH TacBUpAa TYpIH XalakuTiap OYinraH Xonja Taking KWIMHTaH
anroputMiapas (oiganaHnl Kepak.

XyJsioca. TacBupnmarn oOBEKTIapHH aXpaTHO TypyBUHM uUerapa YW3UKIAPUHUHT VY3Ura XOC
XYCYCHUSTIIApUHH XHCOOTa OJIraH X0J1/1a Maxcyc €HIallyB Takiu} KUITUHraH. Y IOy EH1alryBra TasHras xoJia
KOHTYp YHM3HUKJIAPUHU QXPaTUII ajJrOpUTMIapy HMIUIad YMKWIgU. By anropurmiap HoOpaBlIaH Tymiiam
anmapaty acocuia Kypwirad 0ynu0, ymapHUHT OOIIKa KOHTYP aXpaTHII alrOpUTMIIapHIAH acocuil dapku
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6I/Ip KaTop mapaMcTpJiap ép[[aMI/I,I[a TaCBUpAAru TypJinu XWJI XaJlaKUTJIapra MOCJJIAIIWII MMKOHUATUIA 3ra
OKaHJIMIruaaaup.
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AXBOROT-KOMMUNIKATSIYA TEXNOLOGIYALARI YORDAMIDA DARS
SAMARADORLIGINI OSHIRISH

Dadaxanov Musoxon Xoshimxonovich —NamDU, Informatika kafedrasi katta o qituvchisi, PhD.
Boymirzayev Ulmasbek Sarbarali 0’g’li —- NamDU, Amaliy matematika va axborot texnologiyalari
mutaxassisligi magistri

Bizga ma’lumki, biror tushunchani talabaga o’rgatishda avvalo bu tushunchaning mazmun-mohiyatini
tushuntirishda nazariy bilimlarni o’qitish muhimdir. Nazariy bilimlarni mustahkamlash magsadida uning
amaliy ahamiyati to’g’risida ham muhim tushuncha berish zarurdir. Bunday o’qitish usuli albatta o’quvchi-
talabaning bu tushunchalarni o’rganishda tafakkurini kengaytirib, o’quvchi-talabalarning fanga bo’lgan
gizigishi va ularning nazariy bilimlarini amaliy mashqlarga tatbiq etish bilan amalga oshiriladi. Biz bu
jarayonni aniq integral tushunchasini o’qitishda kompyuter texnologiyasining roli, uning imkoniyatlari hamda
afzalliklarini ko’rsatib o’tamiz. Aniq integral tushunchasi matematik analizning eng muhim tushunchalaridan
biridir. Bu tushunchaning tatbiglari egri chizig bilan chegaralangan yuzalar, egri chizigli yoy uzunligi, hajmlar,
bajarilgan ishlar, yo’llar, inersiya momentlari va hokazolarni hisoblash masalasi bilan bog’liq.

Aniq integralni topishda ba’zan masalani yechish birmuncha murakkab yo’llar orqali amalga
oshirilishi mumkin bo’lib, aniq integralni hisoblash uchun talaba integrallash jadvalini va qoidalarini yaxshi
o’zlashtirgan bo’lishi kerak. Shuningdek ba'zi funksiyalarning aniq integralini topish jarayoni talabalardan
bo’laklab integrallash va o’zgaruvchi kiritib integrallashni ham talab giladi, ya'ni integralni topishda an*anaviy
usulda ish ko’rishga ham to’g’ri keladi. Biz buni istisno qilmagan holda, funksiyaning aniq integralini
topishning kompyuter texnologiyasidan foydalanib topish usulini tagdim gilamiz.

Bu jarayonni amalga oshirish uchun Maple 12 tizimining intellektual quvvatidan foydalanish
magsadga muvofiqgdir. Anig integralni hisoblash uchun kompyuter algebrasi Maple 12 tizimining maxsus dars
dasturi mavjud bo’lib, hozirgi davrda bunday masalalarni yechilishini osonlashtirmoqda. Shu bilan birga, bu
tizimning intellektual imkoniyatlari matematika fanini o’qitish jarayonining samaradorligini oshirishga keng
yo’l ochmoqda.

Maple 12 tizimida [f(x)dx anigmas integralni hisoblashda 2 ta buyrugq ishlatiladi:

1) to’g’ridan-to’g’ri ijro etish — int(f, x), bu yerda f — integral osti funksiyasi, x — integrallash
0’zgaruvchisi;

2) ijro etish bekor gilingan — Int(f, X) — bu yerda parametrlar ham to’g’ridan-to’g’ri ijro etish — int
buyrug’i kabi. Int buyrug’i ekranda integralni matematik formulasini analitik ko’rinishda beradi.

T f (x)dx

Aniq integralni hisoblashda int va Int buyruglarda integrallash chegaralari ko’rsatiladi.

Agar integrallash buyrug’ida continuous: int(f, X, continuous) qo’shilsa, u holda Maple integralash
oralig’ida integral osti funksiyasining mumkin bo’lgan ixtiyoriy uzilishlarini bekor giladi. Bu cheklanmagan
funksiyalardan xususiy bo’lmagan integrallarni hisoblash imkonini beradi. Agar int buyrug parametrida,
masalan, x=0..+infinity ko’rsatilsa, u holda integrallashning cheksiz chegarali bilan xususiy bo’lmagan
integrallar hisoblanadi.
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Sonli integrallash evalf(int(f, x=x1..x2), €) buyrug’i orqali amalga oshiriladi, bu yerda e — hisoblash
anigligi (nugtadan keyingi belgilar soni).
Odatda aniq integralni topish quyidagicha bajariladi:

2
Misol. j(xz + 2X +1)dx anig integralni hisoblang.
-1

2 2

2 3
Bu funksiyaning aniq integrali I(x2+2x+1)dx=[%+2x?+xj

-1

-1

2 3
X 2
=| -+ x2+x
1
8

3 _1\3
[%+ 2% + 2) —[%+ (D% + (—1)} = §+ 6 +%+1—l: 9. dan iboratdir. Bu aniq integralni hisoblashda

N yuton-Leybnis formulasidan foydalanilib ish ko’rildidi.
Masalan, yuqoridagi buyruglardan kelib chiggan holda Maple 12 tizimida yuqoridagi aniq integral quyidagicha
topiladi:
> Int((x"M2+2*x+1),(x=-1..2)) = int(x"2+2*x+1),(x=-1..2));
2

(x2—|—2x—|— 1) x=9
-1

Shuningdek Maple 12 tizimining shunday dars dasturi mavjudki yuqoridagi aniq integralni topishda
quyidagi jarayon bajariladi.
1) Maple 12 dasturi ishga tushiriladi.
2) Student[Calculusl1][IntTutor]((x"2+2*x+1),(-1..2)); buyrug’i terilib Enter tugmasi bosiladi, bu jarayon
bajarilishida quyidagi ko’rinishdagi muloqot oynasi paydo bo’ladi hamda keyingi bosqichga o’tishga tayyor
bo’ladi:

» o § + Mtedration Matl | = |

3) Bu oynadan Al Steps tugmasi bosilib quyidagi mulogot oynasi paydo gilinadi hamda misolning yechilish

jarayoni ekranda hosil bo’ladi:
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Cloze
2

(x2—|—2x—|— 1) x =9
-1

4) Hosil bo’lgan muloqot oynasidan tugmasi bosilib

javob ishchi varagda hosil gilinadi.

2

Demak, j(xz + 2X +1)dx ning aniq integrali 9 ga teng ekan.

-1

Yugqoridagi ma’lumotlardan ko’rinadiki, o’quvchi-talaba bu jarayondan foydalanishda kompyuter
texnologiyasining imkoniyat va dasturlarini tushunish bilan birgalikda, uni amalga oshirish yo’llarini ham
bilishi talab etiladi. Shundagina ta’lim jarayonida axborot va kompyuter texnologiyalaridan foydalanish uchun
keng imkoniyatlar yaratiladi. Buni bevosita o’quvchi-talabalarning fan bo’yicha mustaqil ishlarini bajarishda
ko’rish mumkin. Albatta bunday texnologiyalar yordamida dars o’tish o’quvchi-talabaning mavzuni
tushunishiga keng imkoniyat yaratadi hamda dars sifat va samaradorligini oshirishiga yordam beradi degan
fikrdamiz.

MY BEJTAJIAPU TACBUAPJIAPT A IACTJIABKHY UIIIJIOB BEPUIII
AJITOPUTMJIAPU

HanaxanoB M.X. — Ham/[V, Hngopmamuka kagheopacu kamma yxumyesuucu, PhD.
SAxyoos K.P. — 4/]V, Komnvromep urimaapu éa oacmypiaut mexnonozusicu mymaxaccuciueu 1
KYpC Ma2ucmpu.

Wyn Genrunapu TacBupH 6yitnua MASHTHUKAINS KWIHII YCYJI Ba alTOPUTMIIAPH TACBUPIAPHH KaiTa
WIUIAIIHUHT T€3 PUBOXJIAHAETraH Ba MCTUKOOIM HYHAIMIUIApUAAaH OMpH XUcoOJiaHaau. YOy ycynl Ba
aNropuTMIIApP WY XapakaTHHU HAa30paT KWJIHILI, THPOAHIIUK Ba OOIIKa KapaCHiIapaa KeHr GoianaHuIaam.

benruau unenTuduKanys KUIULI, TAHUO OJIMII Ba TACBUPJIAPHU KaWTH MIUIAIIAA KYUHYA EPKUHINK
JMana3oHd KaTTa OyiMaraH Ba KOHTpPAcTH eTapiu OyiMaraH TacBupijap OwiaH WIUIAINTa TYFPU Kelajau.
TacBupnapgaru 0y KaMUWIMKIAp TH3UMJIAPHUHT WY OeNrniIapyuHU TaHUO ONUIN aHWKIUTHHY Ce3HJIapiu
Japaxazna macaitupu6d robopaau. by xabu TacBUpIapHUHI BH3yall KYPUHHUILMHM SXIIWIAII YY9yH KYIU1ad
AITOPUTMIIAD MaBXyJ. OJHI Ky MOC KeJaJuraH aJfOPUTM Ba YHUHI NapaMeTpiapuHU TaHJIall HIUIOB
GepuiaéTran TacBUpra GOFIMK XOJ/a TaHJIaHa[u. EPKMHIMK JapakacHHU TEKHMCIAII alrOPUTMIAPHAAH SHT
KeHr Tapkairannapu Auto Levels, Single-Scale Retinex, Multi-Scale Retinex anropurmiiapu Ba YHUHT
MOTUPHKALIUSIIAPH XUCOOIaHA Y.

Auto Levels anroputmu Oapya kaHauiap OyliMya WHTCHCHUBIMKHU TEKHCJAIl XHCOOMIa TacBUP
KOHTPACTUHHM OLIUPUIITa XU3MaT Kiiaau. YOy ajJropuT™ “TacCBUpAAry SHT KOPOHFY PaHT Kopa Ba 3HT EpKUH
PaHT OK paHr ~ JeraH MPUHLUITA aCOCIaHa/IH.

TacBupHH sXImHNam Kyduaara Gopmylia acocujia amaira OUIMpHIIaIu:

I=Imin
Inew - 255 * Imax—Imin
by epna l,ey NHKCENMHWHT CHEKTpH SHTH Kuiimatu, [, .4 Ba I, Oepuiran TacBHpAaru IMHKCEN
CHEKTPUHMHT )KOPUH, MAaKCUMaJl Ba MUHUMAJI KHIIMaTIIapH.

Tabkuian 3apypKu, yuoy alroputMia MUKCEIIapHUHT aTpoduHH ¥pad TypraH KICMIIApHA HHOOATTa
OJIMHMAIIY, IyHUHT YIyH TaCBHpa KYWIN KOPOHTY Ba KywIH E€PYF JOKaJ coxajap MaBxy[ Oynranna ymoy
AITOPUTMIIAD TACBUpJIApHM cH(}aTnyM SXIIMJIAIIHA TabMUHIAH onMaiad. Bynmaih xommapma Retinex
NTOPUTMU Ba YHUHT MOAHMUKAIMIIAPUHY KYIDTall MaKkcaara MyBOQUK Oynamu.

Multi-Scale Retinex (MSR) anropuT™Mu TaCBUPHUHT KaM EPUTHIITAH Ba KYWIH EPUTHITAH COXalapuia
JIOKaJI KOHTPACTHHU cakJjaraH XoJj/1a JMHAMHK AUaN0o30HHM CUKUIIHY amaira omupaan. Kinaccuk kyn ymaamim
MSR-anroputmu Typau maciutabnap yuyH Ooump ymuamim SSR- (Single-Scale Retinex) anropurMuHUHT
BasHJIAIITHPHITaH CyMMacH XMCOOJaHaau. [-paHr KaHaIMHUHT OUp YadaMiu 4ukuin GyHknuscd Ri(x,y,o)

Kyhunaruda xucoOaanau

_ L (xy)
Rl (X, y: G) - 10g G(X’y’o‘)*li(x,y).

by epma Ii(x,y) i-paHr KaHaJMHMHT X Ba y KOOpAMHATACH Oyitmua Kupuil (QYHKIMICH; O-Macirad
ko3 durmentu; * Genrucu GyHKUUs cBepTKacuHu aHrnatand; G(X,y,0)- ['ayccuaH. i-paHr KaHamu y4uyH
HaTwkaBuid yuKyBun (yHkiwms RM; (X, y, w, 0) Kyiuaarnya aHuK/IaHa i
— VN
RMi(X' Yy, w, G) - Zn:l Wq Ri(X' Y Gn)'
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YKobOcoH Ba Oomikamap 3HT KYIT TACBUPJIAp YUYH KyWHJard KOHCTaHTa KMWMATIIap dHT SXIIH HaTHXKa

OCpUIIMHY TaxXpUOaIap OpKAIHM aHUKJIaraHIap.
Koncranra N 04 04 04 a B Wy G b
Kuiimatn 3 15 80 250 125 46 1/3 192 -30

MSR anropurmMu Oumpop paHT [OOMHHAHT OYJiraH TacBHpJIApHU KailiTa WIUIANIA paHTIap
WHTCHCHUBIIUTUHU TACAWTUPUINN AaHWKJIAHTaH. YOy MyaMMOHUHT SHI SXIIW eduuMiapuian oupu MSR
AITOPUTMUHHA WHTEHCHBIIMK KaHAIWAA KyIutam xucoOnaHanu. bByHa TACBUPHUHT acll paHTIapH CakiaHuo
KoymHau. Kananiap HHTEeHCUBIIUTH

Vi
==
tdopmyna acocuza anukinanagn. by epna S panr kanamu Taptu6 pakamu. MSR HuHr ymoOy Typuna Kyduaara
¢dopmyna acocuna Ry anuknanagu:
RMSRi = Zgzl (Dani = 211;1:1 Wy [lOg Ii(X» Y) - log(Fn (X' Y) * Ii(Xr Y))] :
SxyHuil HaTIKaIap Xap Oup paHT KaHAW YIyH KyWHaarnda XucoOraHaam:
Ri
Ri = Ii -
I

ke

|
1-pacm. EpKMHINKHY TeKMCTIATI alrOPUTMIAPH HATHIKATIAPH:
a — mactimabku TacBup; b — Auto Levels; ¢ — Multi-Scale Retinex; d — MSR on intensity channel

Wy Genrucy Tacupy GYitua YHUHT ity GeIriIapHH HASHTHGUKALNS KHIHII TH3UMIAPHHH HIIUIA0
YUKHIIAA MapKa3uid MacaianaplaH OMpU TacBUPAArd 103 KOWIAlIraH COXaHW TONMII XucoOnaHagu. benru
JKOMJIAIITaH COXaHU TOMUIITHUHT COJIIaJIalliraH BApUaHTH TACBUPAary iyl OeJIrMCUHY aHUKJIAIT XUCOOIaHa M.
ynu Tavkuanad yTum 3apypku, yuidy MacajlaHd Xajil KWIUIIA TacBUpaa GakaTriuHa OUTTa OeNTH TaCBHPH
MaBxXyn 1e0 Kapananu. Ym0y mMacajia oJaM Y4yH eTapiudya ocoH Oyicazia, Wyn Oenarwiapu TacBUpH Oyiinua
VHUHT Wy OelrwiapiHy aHWKJIAIIHUHT aBTOMATIAIITaH TH3UMIIAPDUHU HOUIA0 YUKHUII YHYAIAK OCOH WII
sMac. by TacBupra onum mapouTtiaapu(pakypc, EpUTHITAHINK), OZAMHUHT ASMOIIMOHAT XOJaTH, YHHWHT
MHIMBUAYaJ y3ura Xxocauru (00-xaBo, TyMaH, JapaxT3opJap Ba OoLIKanap) MaBxy UMy cabadiin ouHa&Tran
TACBUPUHMHI KyWIH Yy3rapuiuiapra yupamu OwiaH Oofiuk. LIlyHMHT y4uyH TacBupgaru Hyn OenrucuHu
aHUKJIAIll MacajlacH J10J13ap0 XucooaHaIu.

YOy wmiga OW3HUHT HyKTaW HazapuMu3 Oyilmua TacBuUpAard iyn OeNrHMCHHM aHUKJIAIIHWHT SHT
camapaii 0ab3u yCyJl Ba aropuTMiiap Kypuo unkwianu. Kyiinaa KenTHpuiIras aaropuTM-iap OenruiapHUHD
WHBapHaHTIMTHIAH (oiinanaHyBun ycyiuiapra KUpajd Ba PaHTIM TacBHpJAa Hyn Oenrucu paHru Oyitnmua
TacBUpP KUCMJIAPUHU aKpaTUIITa aCOCIaHTaH.

1. Hyn 6eneucu paneununz RGB modenudazu maxauea acocianzan ycya. Panrim TacBUpJAru yn
Oenrucy >KOMnamral coxajlapHU aHUKJAIl Y9yH TacBUpP paHTd NpeAuKaTIapuiaH (OHAalaHuIl Makcaara
MyBouK Oynamu [1-3]. IpHu, Xap Oup nuKcen KyiHugary mapTiapHi OakapHIUIINra TEKITHPIIaI:

R>95, G>40, B>20, max(R,G,B)-min(R,G,B)>15, |R-G|>15 , R>G ,R>B,
0y epna R, G, B — Moc paBuIiia KM3uJ, SILUAI Ba XaBOPAHT PaHTIIap KaHAIADUHUHT TEKIITUPWIAETTaH TTUKCE
yuyH Kuiimatinapu. (2.6-pacm).
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2 - pacM. (a)bepunran panrinu Tacsup, (b) R coxa, (C)rynmaupunran G coxa, (d) axparunran B panrnu coxa

TacBup paHrura Moc KeNyBYH aXpaTWiraH coxa OVyiimua MakcuMan OofiaHraH OWHAp Macka
aHuKIaHamu (2.C-pacm), yHUHT Epaamuaa AacTiaOKu TacBUpPJAaH paHrIH Hyn Oenrucu axparwiand (2.d-
pacm).

2. Tepu paneunune YCrCh moderudacu maxiuiuea acocianean ycyi. YUIOy ycyi anroputMu 4 ta
OGOCKHYIaH TaIIKuI Tonrad [4].

1-6ockuu. Kyitnnaru dopmynanap acocuna 6epuirad taceup (3-pacm) RGB panr mopenunan Y CrCb

ra yTkasuiaaau.

Y =0.299*R+0.587*G +0.114B
Cr=0.5*R-0.4187*G -0.0813*B +128
Ch=-0.1687*R-0.3313*G+0.5*B+128

By epnma, Y Gepuiran TacBUpHHHI EpKUHIMIY Xucobnananu, Cr - Gepuiran tacBupHudr R xanamu Ba Y

EpkuHMra  apku, Ch- Gepruiran TacBUpHUHT B kamamm Ba Y épkummuru dapku. 3-pacMia 1acTiIaGKu
Oepwmnarad TacBup Y CrCb paHr Mozieniia TacBUpIIaHTaH.

3-pacwm. (a)oepwinrad pauriu tacsup, Y CrCbh momenmmaru tacsupHUHT (b)Y, (¢)Cr, (d)Cb xanamtapu
2-6ockunu. Taxxpubanap Hatmkacua iyn 6enrucu panru Cr kananausr [133;173] kuiimarnapu Ba Cb

KaHaJTHUHT [77;127] KxuiiMatnapu opajuFuaa Y3rapuiin aHUKIaHAu. TacBUpaarud Hynm Oenrucu coxacu S1
HUHT 2XKpaTHO OJMHUINY KyHUJarnya aMmaira OnupriIaiu.
S 1, arap [Cr(x,y) €[133;173]N Cb(x,y) € [77;127]]
' 0, axc xomnnma

3-0ockmu. Ym0y Oockmuaa 1-00ockuygarn aMaiapHd KyJUlamia maimo Oyimaguran XanaKaTIapHH
HYKOTHII Macaiacy KyHuIran. XalakuT HyKTajlap KYypHHHUIIH/IA Ba KaTTa OyIMaraH TemuKiIap KypHHAIIHIA
naino OYMuImmM MyMKHH. XaJdaKUTHU HYKOTHIN YYyH KyWuaaru (opMmylia acocujaa TaCBUPHUHT 3UUIHK
KapTacCHHH XUCOOJIaiMHU3:

3 3
D(x,y)=22.5,(4x+i,4y + ])
i=0 j=0
Suwmarn Hoa Kuiimataaru (D(X,Yy) =0) nykramap iyn Genrucura TETMUUIM 3Mac. 3HUIMKHUHT
ynuk Kuiivata ( D(X,y) =16) 6yaran nykramap #yn Genrucura terunuid Oynaau. Bomika xap KaHmaii
SUWIMKHUHT OPAJIMK KMMUMATIard HyKTajnap XaJlaK|uT MaBxXyUIMTHHA aHTJIaTa Iu.
3uunuk kapracu D(X,Y) yuyH Kyiiugaru amaiapau Gaxapamus.

bapua yerapaBuil HyKTaJJapHUHT KUIMaTUHU HOJITa TEHIJIaMH3.
D(O, y) = D(x,0) = D(m, y) = D(x, n) =0;
Atpodu Geniraaan KaM TYIIMK 3UYIMKIN HyKTanap Oyimaran 6apua tyiauk suwmkan ( D(X, y) =16
), HyKTanap KuiMaTH HOJIra TeHIIAIITUPUIA M.
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ATpoduna UKKUTaAaH OPTUK TYIUK 3UWIMKIM HYKTanap MaBXyn Oapya HyKTaJapHUHT KHAMaTHHH
16 ra TeHrIamTHPUIAIN.

S - 1, arap D(x,y) =16
2 0, axc xomma

4-60ckmd. MabirymKkd, Ky XoJuiapaa TacBHpAard wym Oenrwcu (oHIAH (Qapkiau paBumiga Oup
KUHCII OynmMaiinn. YmOy XycycusiTra TasHrad Xonna, (OoH Ba Wy OelNruch 4erapucHHHU SHaJa aHUKPOK
aXparnd onuil MyMKHH. ByHuHr yuyn 8x8  ymuamnm xap Oup W amepTypaHuHT YpTaKBagpaTHK OFHUII
KHUMMAaTHHU XUCOOIaiMu3

5(x,y) = EW?*) - EW)?
Arap ypTakBagpaTHUK OFHWII o (X, y) KHMAaTH WKKHUIAH KWYUK Oyiica, y Xolfa KapaitaéTraH coxa

KyZJassM OUp KUHCIIM Ba LIYHHHT YUyH Hyn Oenrucu OYnuIn 3XTUMOIH Kyaa nacT. YOy amaniapHu Oapya
W aneprypanap y4yH Kyiaimus.

S;(X,Y) :{

Hatwkana xaJlakuT MEKJIOPY MUHHMAJ EKH XaJlaKUTCHU3 OYJIraH iy Oenrucu tTacBupH (4-pacMm)ra sra
oymammus.

1, arap S,(X,y)=1un o(x,y) =2

0, axc xonna

4-pacm. @) Panru 6Vitnua iy GeMTHCHHUHT aXpaTnO onnHuIIH; b)XanakuTiap oiaub Taliam HaTHKACH;
C)AJTOpUTM OaKapUITUII HATHXKACH

Xynoca ypHHJA UIYHU TabKUAUIAII MYMKHHKH, €pKMHJIMK HOTEKHC TAaKCUMIIAHTAH EKH EpPYFIMH
HOTY¥pU HyHaNraH XojaTAa OJMHIaH TacBUpJapra AacTJaOKv HIIOB OEpHIl aJrOpUTMIIAPUHHUHI KEHT
¢doiinananunagurannapu opacuga Multi-Scale Retinex anroputvmu Ba yHMHT MOAM(UKALMSIIAPU SXIIUPOK
camapa Oepuiim aHukjaaHad. MSR on intensity channel amropurmMu gactiaOku TacBUpIArd paHriap
WHTCHCUBIIUTMHYU CaKyiad KONUINAA JHI MaKyJ TaHJIOBIApAaH XUCOOJNAHWIIM TaJKUKOT HATHKalapHuia
ucootnanau. TacBupaaru iy OeIrMCHHN aHUKJIAIIHUHT I0KOPUa KYprO YMKWITaH yCyJulapiiaH OupuHINCH
HUCcOATaH OCOH XUCOONaHa M Ba IIYHUHT YYYH XHCOOIAII )kapaéHy YIyH KaM BaKT Tanad KuinHau. UKKuHIH
ycyll HUCOAaTaH CEKHHPOK, JIEKMH WYNn OCNTUCHHM aXpaTWll HUcOaTaH aHHMKpPOK Oaxapunaau. by
ITOPUTMIIAPHUHT KAMYMIIUTY cuaTHaa PaHT XyCyCHSTIapura Ce3rupiIMruHl KypcaTuil MyMKUH. Macaiias,
(oH paHrW Tepu paHrura yxmam Oyica, y Xoiga ajlrOpUTM XaTOJIMK OWJIaH HMIUIAllM MyMKHUH. ByHnan
Tamkapu Oy anroputMiiapHu (akartruHa WYn OSNTHCHHU JIOKAJUIAIITUPUIT MACATACHHH XAl KWJIUII Y4yH
¢oiijanaHun MyMKHH, SSbHH O€pHIITaH TacBUpAa (pakaTTHHA OMTTA 103 TACBUPH MaBXy.l OVIIMIIN Kepak.
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MATLAB MYXUTUJIA CUTHAJIJIAP ACOCHUJA BY3WIT'AH TACBUPJIAP BUJIAH
NIJIAII

HanaxanoB M.X. — Ham/[V, Hngpopmamuka kagheopacu kamma ykumysuucu, PhD.
HasponoB B.T. - Ham/[V, I-xypc Amanuii mamemamuxa 6a axoopom mexHoi02UsIapu Mymaxaccuciueu
Mazucmpu.

MatLab myxuTnza Oy3wiraH TacBUpJapHH AMCKPETIall jKapa€HUHM aMaira OLIMPHUII y4yH OWpHHYH
HaBOarna MatLab nactypunu umra Tymupub omamus.

Image Processing makeTu onumiiap, MyXaHAUCIap Ba XaTTOKH paccoMiiapra TacBUpiapra pakamiii UIILIOB
OepuIl Ba TaxJIWJI KWJIHMII BOCUTAJIApUHHUHT KYTu1ad BapraHTIapuHu Takiaud stanu. MATLAB unoBanapuau
WIUIa0 YUKHII MyXUTH OUJIaH y3Bui Oormukivkaa 0ynran Image Processing Toolbox makeTn anroputMiapHu
KOJJIAIll Ba cO3jaml Oyiinya y30K JaBOM 3TajuraH oIepalysuiapliaH XajJoc KWiaad Ba Oapya caubii-
XapaKaTJIApUHTU3HU ACOCUM WIMHMN EKM aMaJIMil MacajaH!u Xajl KWIAIITa HYHAITUPUIL UMKOHUATHHA TaKIUM
stanu. [lakeTHUHT acocuii Xoccanapu KyiHunarmiapaad noopart:

TacBupnap AeTasTapuHU THKJIANI Ba aKPaTHILI;
TacBUPHUHT @XpaTWiIrad y4yacTKacu OMJIaH WILUIALI;
TacBUpHU TaxJ M KWIALI,

Umsukm GribTpars;

TacBUpnapHU Y3rapTUPHUIL

I'eomeTtpuk y3raprupumuiap;

MyxuMm Jietanigap KOHTPaCTUHHU OUIUPHIIL,
bunap y3raprupunuiap;

TacBupnapHu KaiTa HIUIaIl BA CTATUCTUKA,
Panrnm y3raptupumnap;

ITanuTpanu y3raprupuu,

TacBup TypllapuHU Y3rapTupHILIaH noopar.

Image Processing naketn Oyrynru kyHaa ayHé 0yinua 4000 1aH opTHK KOMIIaHUS Ba YHUBEPCUTETIap/a
¢aon xkymraHwiMokaa. Ymoy naker épaamuaa ¢oipasaHyBUMIap Kyla Kyn HyHanuIiapAard, Macajas,
KOCMHUK TaJKUKOTIap, XapOWi HIUIaHMaiap, AacTPOHOMHS, MeEAMLUHA, OHOJOrHs, POOOTOTEXHHUKA,
MaTepHaJIIyHOCIIMK, TCHETHKA Ba OOIIKA coxallapAard KeHT KyiaMaard Basu(alapHU edulll UMKOHUSTHTA
sranap.

MATLAB Tu3umu Image ProcessingToolbox maketn QoiiganaHyBUMHHHT SHTH FOSJIapy Ba yCYIJIApUHU
PUBOKIAHTHPHIL, KOPUH 3TUII YUyH MaKCUMaJ JlapaXkaja MOCIAIITHPHUITaH.

Image Processing Toolbox wunoBacu MATLAB Myxutuaa pakamiu XucoONamnmiap WMKOHHUSTHHH
KeHratupanurad (QyHKUusuiap Tymiamugan uOopar. WMioBa TacBupiapra HMIUIOB OCpPHIIHMHT TYDIIH
omepanusIapuHy, )KyMIalaH KyHugarujiapau, Y3 Waura oJiral Xojaa Kyurad KyBBaTianau:

TaCBUPJIAPHUHT BaKT OPAJIMFUIATY KalTa y3rapuiiy;
MOPQOJIOTHK OnepaLusiap;

y3rapyB4aH Ba KOOWKJIU HIIUIOB OEPHIIL;

TypJin GuIabTpIap EpaamMuia YM3UKIN QUIBTPIIALL;
TaCBUPJIAPHU TaxJIWJI KWINII Ba YJIAPHU SIXIINJIALI,
TaCBUPJIAPHU THKJIAIL;

XaJTaKUTIApHU HYK KA,

@XKpaTWIraH COXacura UIUIOB OSpHILI.

Image Processing Toolbox makeTu onumiap Ba MyXaHAKCIAp YUyH pakamJiIl HIJIOB OepHIll Ba TaCBUPIapHU
TaxXJIWJI KWJIUII y9yH BOCUTAJAPHUHT KEHT CIIEKTPUHH TaKJUM 3Taan. ACOCHH XyCyCHTIAp:

e TacBupnap neTajyapuHH THKJIAII BA aKPATHIL,

e TacBUpHHUHT aXpaTHIraH ydacTKacy OWiIaH MIIUIAL;
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TacBUpHU Tax M KWINLL,
Yuzuknu GpuibTpanus;
TacBupnapHu KaiiTa y3rapTHpUIL,
I'eomeTpuk y3rapumiiap;

bunap y3rapuinap;

Panr y3rapumnapu;

MYXI/IM ACTaJUIap KOHTPACTIUTUHU OIINPHUILL,;
TaCBI/IpI‘a 500101 (0) ] 6ep1/11u Ba CTaTHUCTHKA,

[ManuTpa (paHTaap >KUIOCH) Y3rapHIIy;
Tacsupnap TypiaapuHHu y3rapTUPUILL.

TacBupnapuu auckpetiain xapaéauan MatlLab nactypu xomnapuaa yactoTamapHy Udoganan opKain
kuputamu3. bynna Ramez ycynunan ¢origananum mymkuH. ByHaa curnan cuate3naHu0 mynciap rpapuru
MatLab gactypu TOMOHHIAH SIpATHIAIM.

Fs =12000:; % ouckpemaaw yvacmomacu
FO = 3000; % kecuw yacmomacu
F1 =3500; % myxmamuwi OaHOuU

b = remez(32, [0 FO/Fs*2 F1/Fs*2 1], [1100]); % ¢unompnu xucobnawu

impz(b) % umnyavbc xycycmsamu epagueu

[h, f] =freqz(b, 1, [], Fs); % ysamuw nucoamu Kodgguyuenmu
figure

plot(f, abs(h)) % AXY epagpueu

grid

Hactyp koanapu kuputu® OynuHrad uHcTpyMeHTiap karopuaaH (RUN) Oyiipyru TannaHazu nactyp

KOMIIMALUA KUJIHMHAIH.

B B9 Ve poet Jodh Windiw Hep
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Hmnyascnap 1aBOMUAINTHE TeHepanusicu
pulstran ¢ynkusacu OepuiraH KuidiMatiapra kKypa Oup Xwin (OpMajard CHIHAI HMITYJICIApHHU
sparuniga Qoitnananunanu. Umnyncnap gopmacu WKKM ycynaaH Oupu Epramujia OepWIMIIN MYMKHUH:
(dyHIUS HOMU €KW TeHepanusUIaHTaH UMITYJIC OPKAJIH.
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Mucon cudatuga KorenHukoB Teopemacu acocuaa pulstran Ba sinc ¢GyHKUMSUITAPUHHE aHAJIOT CUTHAJIHH

JUCKpET XHUCcOOWHM KypcaTuiia Qoiinananamms.

t=-5:0.1:10; % ananoz cuenana y4yyH 6axm
k = 0:5; % OucKkpem cueHan xucob pakamiapu
sd=[113322]; % Ouckpem cueHan
sa = pulstran(t, [k'sd'], 'sinc'); % aHanoe CUcHAIHY MUKIAUL
stem(k, sd) % Ouckpem cucHan epagpueu
holdon
plot(t, sa, 'r’) % ananoe cuenan epagueu
hold off
Fils Rt Ml Jrsmt Tools  Safindow  Hsip =

D @k A~ - @e o

A

ERN Fo
3

!

2.5 / X

16| /

U;: /f“‘ T Ix\‘

i - ey
D'5-. o & 10

sd=[0011332200]; % Gownanauu cuenan

t=0:9; % Oownanauy cueHanHu OUCKpem eaKmu

sd4 = interp(sd, 4); % uHmepnonAYus

t4 = (0:39)/4; % unmepnonamyus KUIUHEAH CUSHAT YYYH OUCKPEn 8K
stem(t, sd) % OOWNAHEUY CUSHAT YYUYH 2paAuK

holdon

plot(t4, sd4, 'x') % UHMEPNONAYUSA CUSHATU YYYVH epAPUK

hold off

J Figura Ho. 1

Fils Edit Yiew |[nget Toolz Window Help
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UEPAPXUU CTPYKTYPBI TPA®A-JIEPEBA THJIPOTPA®UYECKOM CXEM B KAHAJIAX
CUCTEM MAIIWMHHOI'O BOAOIIOABEMA

M.H.2contypaues, M.H.ConaeBa
Yupuuxckuti I ocyoapcmeenubili nedazo2uyecKuti UHCMumym

JIroOyI0 CIIOXKHYIO THAPOrpa@UUECKYI0 CXEMY KaHaJIOB CUCTEM MAIIMHHOTO BOJOMOAbEMa MOXHO
pa30uTh Ha HECKOIBKUX MPOCTHIX CTPYKTYP, MPEACTABIAIOMNX co00ii rpad-nepeso. CTpykTypa rpada-mepesa
pasbuBaeTcs Ha nepapxun. Mepapxus B rpade onpeaensercs: ¢ HOMONIBIO BYX MapaMeTPOB:

Q,={i, K] viel (1)
rae | — Homep uepapxuu; K, IFP— KOJIMYECTBO TPYIII B JJaHHO# nepapxuu [1].

['pyniamMu Ha3bIBa€M COBOKYITHOCTh YYaCTKOB, COSJHHEHHBIX CO CBOMMH HadanaMu. B rpymme moxer
OBITH OJTMH U OOJIee YUACTKOB.
Kaxxnas rpynma onpeaensercs caeAyOmUMHA YUCTaAMU

Q. =l Ny K eNiJT, Vi, el Ve I}, (2)
TJIE Jir — HOMEp TPYIIIbI B UEpapXuu; Nijr— HOMEP y4acTKa, COSITUHEHHOTO C 3TOH IPyIIOi CO CBOMM KOHIIOM;
Kijr — KOJIMYCCTBO I'pyIIl B I[aHHOI\/'I HUCPpaApXUH, Nijr— MHOXXCCTBO HOMCPOB, BXOAAIIUX B OTY I'PYIIITY Y4aCTKOB
peku; lir —MHOXXECTBO HOMEPOB IPYIII, BXOSIIMX B 9Ty Hepapxuio [2].

Kaxxaprit yaactok rpada onpenensercs: CleAyonM o0pa3om:

Q, ={m k. kppom | VK, €K, VK, €K, YMeM| (3)

rae M — HoMep y4acTka; Kms, Kmz ¥ My, — COOTBETCTBEHHO, KOJIUYECTBO BO03a00POB, MPUTOKOB U
Y4acTKOB B KOHIE; Kma, Kmz 1 M, — MHOXECTBO HOMEPOB BO/103a00pOB, MPUTOKOB U HOMEPOB yUYaCTKOB,
PAacCIOJIOKEHHBIX B KOHIIE, COOTBETCTBEHHO. KakJplii y4acTOk KaHana MMeeT CBOM MOPQOJIOTHUECKHE H
THPABINYECKHE XapaKTEPUCTUKHU, KOTOPBIE, HAIPHMED, UI TpaneuenIalbHbIX MPU3MATHUYECKHX YIaCTKOB
3aMUIIYTCS CIETYIOMNM 00pa3oM.

rae M — HoMep ydactka, Dom — mupuHa 1o aHy, Mp — KO3QGHUIUEHT 0TKOCa, Nm — KOIDPHUIUCHT
IIEPOXOBATOCTH, Im — YKJIOH JIHa y4acTka, Im — 1unmHa yuyactka, #m — KOI(QQUIMEHT MOJIe3HOTO JAeHCTBHS
ydacTKa KaHaja.

B cityyae Henpu3MaTHYECKOro y4acTka KaHajla XapaKTePHCTUKY 3a/Iaf0TCs CIEAYIOMMM o0pa3om [2]

@ ={m, h,. B, Q. 1] Viel,, vmem], (5)
rae M — HoMep ydactka, him — riryouna, Bim — mupuHa moBepxy y4acTka B BEpPTHKaIbHOM paspese i, Qim —
pacxoi BOAbI, COOTBETCTBYIOIIUI 3TOMY pEXHUMY, T.€. PACXOJHBIE XapaKTEPUCTUKN YIaCTKOB KaHaJja.

Takum 00pa3om, CTPYKTypa MarucTpallbHOTO KaHaya onpesernsercs 3HanueM MHoxecTB (1) — (5) u
OHH TOJTHOCTHIO XapaKTEPHU3YIOT €T0 TOMOJIOTHIO ¥ THAPABINYECKYIO XapaKTePUCTUKY

Q,=0,UQ, UQ, . (6)

Ha ocHoBe JIMHEWHON CXEMBI MaruCTpajbHOIO KaHaja OIpPEACNAIOTCS HEpapXHH, I'pylnbl U
HYMEPYIOTCS BCE YYaCTKH, OTBOBI, IPUTOKHU KaHana. [locie 3Toro cocraBistoTest MHOXKeCTBa 1, Qr, Qv B
BUJI€ TAOJHIBI C COOTBETCTBYIOIIMMH MOJISIMHU, 3aIONHSIOTCS 3TH TaOJIUIBI B COOTBETCTBHU C MPUHATHIMH
HyMepalusMH yYacTKOB, OTBOJOB, TPUTOKOB, TPymm W uepapxuid. Takoe mpeacTaBieHHE CTPYKTYpPbI
MarucTpajJbHOTO KaHajla O4YeHb YAOOHO I pa3pabOTKK 0a3bl JAaHHBIX WM PEHICHUS 3a1ad yIpaBiICHUS
BOJIHBIMHU peCypcaMy MarucTpabHOro kaHaia [3].

PaccmoTpuM 3amuch B NPHUBEOCHHBIX TEPMUHAX Oa3bl JaHHBIX OalaHCOBBIX COOTHOLICHHH Ha
ydacTKax KaHajla 3 YCJIOBHUS HAJTMYMA HA YYaCTKaX KaHaJIa yCTAHOBHUBIINUXCS PEKUMOB.

Pacxon Boapl Ha Havasle M — ro y4acTKe KaHaa ONpeaessieTcs CleAyIomUM o0pa3oM

K
Qm + ZQij - ZQHmj
QY=< ok vmeM W
m 1 '
M
rae QHm , QH — pacxo[i Bojibl B Havyaie U KoHIE, Qpmj, Qsmj— pacxo/ BoAbI BOI03a00OPOB U MPUTOKOB, #jm—
K03(h(PHITHEHT TTOJIE3HOTO AEHCTBHS M — ro ydacTka KaHama [4].
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B rpynmax jiF B I — o HUCPpApPXUU CTPYKTYPbI MAruCTpajJbHOI'0 KaHalia OaJIaHCOBBIE COOTHOILIECHUS
3allUCBIBAKOTCS B BUC
K _ H
Qn - Z QKijr’ vnij]‘ € IiI"’ (8)

iir
KijFENijI‘

K o o
rue Qn__r — pacxo] BOJIBI B KOHIIE y4acTKe Nijr— ro y4acTKa, COSAMHEHHOTO C 3TOU TPYIIOil CBOUM KOHIIOM,
ij

H
QKijr

pacxoj1 BOIbI B KOHIIE Y4acTKe Kijr— ro yyacTka KaHajia rpymnsi jir [5].

I[HSI KOHIECBLIX YYAaCTKOB B I'pynmax 3aJar0TCsa paCcxodbl BOJAbI B KOHIIC 3TUX YYaCTKOB.

K
Qf =Q_, vm eM,, 9)
k k
K o
rae ka — pacxoJbl BOABI B KOHIIE KOHECYHBIX YYaCTKOB B I'pyIIiax Mk —ro y4qacTKa, COCAUHECHHOTO C OTOU

prHl’[Oﬁ CBOHUM KOHIIOM, Q — 3aTaHHBINA pacxod BOABI B KOHIEBLIX YHAaCTKaX MarucCTpajbHOI'O KaHala,

my
M, € M — muO)ecTBO HOMEPOB KOHEUHBIX YYACTKOB MAarHCTPATLHOTO KaHana [5].

Ucnonb3ys Beipaskenust (7) — (9) npu U3BECTHBIX 3HAYEHHUSX PACXOI0B BOJIBI HA OTBO/IAX BOJ03200POB
U IPUTOKOB, a TaKXXe€ HAa KOHIAX KOHEYHBIX YYAaCTKOB MAarucTpajbHOTO KaHaja, HayMHAs C IOCIeIHEH
MepapXuM CTPYKTYPHl KaHala MOXKHO BBIYMCIMTH HEOOXOAMMBIE PacxXobl BOABI B Hayaje BCEX YYaCTKOB
MarucTpajlbHOro kaHaia. [TomydeHHble pacxo/pl BO/bl 00€CIEUHBAIOT 3aJaHHbIE PACXObl HA BO03a00pax U
KOHEYHBIX Y4acTKax KaHaJOB, C yIETOM M3BECTHBIX PACXOJOB BOJABI HAa MPUTOKAX MPH 3aJaHHBIX 3HAYCHUAX
K.IL.JI. Y9aCTKOB KaHasa.
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VKYB MYACCACACH YUYH SIPATUJII'AH CAUTJIAPHUHT AXAMUSATH
Y. T.Fanuesn, X.A.borupaaues - Han/[V

WHTepHET TEXHOJIOTUSsJIAPUHUHT WMKOHUATIAPH KEHIJIMTH Ba COJAJA DKAHJIWTH HWHTEPHETIaH
doiinananyBUMIaApPHUHT JaKUKa CaiiH opTHO Oopuiimra oiaubd kenMmoknaa. by doiigamanyBunnap opacuia
KYITYUIUK KUCMHUHU a10aTTa, Tanabdanap, yKyBUwiIap, WIMAHN W3IaHUII OWiaH OaH OYIIraH Xoaumiap Tkl
kunaan. [llyagan xenu0® 4uMKuO alTHI MYMKWHKH, TabJIUM jkapaéHuga VHTepHET TEXHOJOTHSIIApHUJIaH,
XyCycaH VKyB Myaccacajapura OafullIaHraH BeO - cadmimapaaH Qoiimamanuin TabiuMm cudatu Ba
camapaJIoOpJIMTUHU CEe3MIIapi Japaxasaa I0Kopu 00cKHYra om0 YvKHIra épiam Oepaju.

SAHrn axO00pOT TEXHONOTHSIAP BOCHUTAIAPH TAKOMHJUIANINO Ba PHUBOXKIAHUO OOpaéTraH X03upru
IapoMTaa YKyB MyaccacacHjia TaxCuia oyla€TraH YKyBUd €nutapHUHT (yMyMaH Xap KaHaad coxaaa GpaojausT
KypcaTyBUMJIApHUHT) 3apyp axoopoTinapau MHTepHET TH3MMHIIaH MyCTaKIJI paBUIIIIa TOTA OJIUIIH, Yiap Iyd
KeNaJIuraH MaBXyJ MyTaxaCCHUCIUTUTA OWJ MyaMMOJIApHU TYJia Ba TYFPHU Xall KHWJa OJUIIHAIATA MyXUM
HIapouTiapAan Oupura aitnanu6 OopMoKIa.
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Tapnum  >kapaéuupga UaTepHer calftnapugan  ¢GoHAanaHMIl — UMKOHHUSITIAPHUHM,  YHHUHT
camapaJOopJIMTHHU aHWKJaNaa aBBaj MHTEpHET XU3MaTHHUHT TypJllapy Ba YIAPHUHT XapaKTepHUHU aHUKIa0
OJIMIL HUXOATAA MyXMMIMpP. AWHAH aHa LIy aHUKJIAHT'aH MabiaymMomiap MHTepHET TapMOFruia WILIALTHUHT
TAIIKWINK JKUXaTAaH IIaKJId Ba YCyJUIAapUHHU axpaTtub onumra épaam Oepanu. Kiaccudukanusiamra acoc
KWJIMO MHTEPHETHUHT MILTANI yCIyOMHHU ONMII MyMKHH. By Xonga MHTepHeT cepBep Xu3MaTIapuHU UKKHTA:
ax00pOT/IM Ba KOMMYHHMKALIMOH XU3MaT TypJlapura axpaTulll Kepakx.

Ax6opotim xu3matra WWW (mMabpmymoTiiap Maxkmyacu) Ba FTP (mactypmap makmyacu) map
KAPUTUIAIH.

KoMMyHHKanMoH Xu3MaTHU 3ca UKkura: fesocuma (PC, dar) Ba 6uneocuma MynokoT (3JIEKTPOH
nmouta, (opym, TerneKoH(EepeHCHs) Typiapura aXpaTHIll MyMKHH.

Wntepuernaru 6apua “YKyB Myaccaca y4uyH sipaTWiraH cailt” napHu y3 HaBOaTtuaa Oup Hewa Typra
QXKpaTuIl MyMKHUH:

- ¥praTtyBum HHTEPHET MaHOaIapy;

- MaciaxaT OepyB4YH HHTEpHET MaHOaIapy;

- aX0OpOTJIM UHTEPHET MaHOaNapu;

- 0ax0JI0BYM UHTEPHET MaHOaIapH;

- TAKAMMOTJIIM UHTEPHET MaHOaIapH;

Kyitnna ynapHuHr xap Ouprra ajgoxuaa TYXTanuo yTaMmus.

Vpeamyeuu unmepnem manbanapuea MacodaBuil TaAINM, BUPTYal MakTabiap, JabopaTopusuiap Ba
BeO cuH(pIapHU MHCONT cudaTHIa KEITHPUIIT MyMKHH.

Macnaxam Oepysuu unmeprem manbanrapuea TYPAH TeleKOH(epeHUusap, BUPTyasl NENaroryk
KEHTaluiap, BUpTyall yciayOuii, Oupnammanap MyaMMOBUE KEHraluiap, BUPTyal Kadenap Ba XOKa3oJapHH
MHCOJI KeITUPUII MYMKHH.

Axbopomnu unmepnem manbanapuea 3NEKTPOH YKYB KYJIaHMallap, MabIyMOTHOMAAp, 3JIEKTPOH
KyTyOXoHanap, JTyrariap, KaTajoriap, BUPTyan My3elIapHu KeNTUPUII MyMKHH.

baxonosuu unmepnem manbdanapea TeNeTECTHHT, Maco(paBUil KOHKypclap, TYpiH BUKTOpHHAJIAp,
OJIMMITNA/IATIAPHA MHUCOJT KEITUPUII MYMKHH.

Takoumomau unmepHem manodarapuea TabIAM MyaccacaJapHHUHT TabJIMM HYHAIWIIIapH XaKuaa
aTpodaryua MabIyMOTIap EPUTHIITAH ATOXUAa caxudarapHu KeNTUPUIT MyMKHH.

VKys oicapaénuda yKys myaccacanapu yuyn apamuiean caumiapoan poioananuut YKUmye uiapea.

- HIHTEPHET TapMorH EpaaMuaa y €ku Oy YKyB (annapaaH TYIUIaHraH Taxpuoa Ba ycimyOiapHu Oomka
KacOmonuIapy OuiaH ajJMarlluii;

- Oup BaKTHUHI y3uzaa Typiu Toudanaru tanadaigap ydyH Xap XWil YKATHII ycIyOJapuHM aManra
OLIMPHUIL OPKAJIM YKYB *apaHUHU WHANBUAYAJUIAIITHPHILL,

- YKyB Myaccacallapy y4yH sSpaTWJITaH CalTiiapJard Ha3opar TONIIUPUKIAPHIAH MallK cudaTtuia
Gdoiinananum HaTwkacuaa Tanabanapaa ¢an Oyiimdya srajutaHraH OWIMMIIApDHU KYHHKMa Ba Majlaka
Japakacura eTKa3uIl;

- Kynia Gaskapuiaurad MIUIApHU KaMalTUpUIl XucoOraan Tanadanapra skka TapTuOaa MIniam Ba
V3 KOOMITUATIApUHA HAMOEH KWJIHII MMKOHUSTHHU SIPATHILI,

- TaslabajJapHu MYCTaKuJI OMJINM OJIMII JKapa€HUHM caMapalii TAIIKWI 3TUII KaOH MMKOHUSTIApHH
ApaTaau.

VKyB Myaccacamapy ydyH spaTWIraH caiiTaap &épJaMmia YKMTYBUMIAp TabIMM OJIyBUMIApra
MacoaiaH TypraH Xojja OHJIMM OJIMILIAPUIa MMKOH spaTafmiap. YKYB MyaccacalapH yuyH sSpaTHITaH
caifTiap afHMKCa YKUTHUII JKOMJIapura KaTHaIIM KMHUH OYiraH TabiuM OJyBUMjapra Kynaigup. bymapran
TallKapy TabJIUM OIYBUMIAD axOOpOT TEXHOJOTHsJIapu OWJaH WIDIall MaJaHuATH, KYHUKMa Ba
Manakajapura osra Oymagmmap YKyB Myaccacanapd ydyH SPATHITaH CaHTIapIaH gapc >KkapasHHAa
¢oiigananui xKyaa KaTTa UMKOHUSTIAP spaTaan

VKyB Myaccacanapu ydyH sSpaTHIraH caiTiap EpiaMuaa YKUTHIN, YKyB >KApaSHUHM abHAHABHIL
TaIIKWJI 3TUITHUHT aCOCUM MIAKJUIApUHU Y3 WYura ojajgud. Mabpy3a, ceMUHap Ba aMalluil MalFyJjaoTiap,
naboparopusi aMIMETH, HA30paT TU3UMHU, THHIIIOBUWIAPHUHT WIMHH TaIKUKOT Ba MyCTaKWJI HIIUIAPH IIyJiap
KyMIACHIAHIMP. YKYB *apadHHHH TAIIKHI STHIIHUAT YOy Gapua IMaKIUIapy aMalMETa THHITIOBUMIAPHH
MYCTaKull Ounum (aoiuaTd Typiau axOopor MaHOamapu OWIIaH OCOHTMHA OHMPIAIITHUPHUINHHU, Kypc OJIMO
0opaérran YKUTYBYH EKH THIOTOP OMJIAH TE3KOP Ba TH3MMIIH aI0KA KWJIHII XamJla THHTJIOBYMIAPHUHT TYPYX
0ynu6 UiapHu amalira OUIMPHUII UIMKOHUSITUHH Oepau.

AJIABUETJIAP
1. T.T.lloimapmonos, B.C.Xamunos, M.Daii3ueBa “IneKTpoH MeNarornka Ba MeJarorHUHT MIaXCHM,
KacOuii axO00poT MaJOHUHM Joiuxanam’” Moxyau Oyiinda YKyB ycnyouii maxkymya. TATY- 2015 i
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FDM METHODS FOR 3-BOUNDARY CONDITIONS FOR ODE

Imomov Adashali, Nastinov Sadriddin, Inomiddinov Sardorbek (NAMSU)

1. Problem statement. Approximation of 3 types of boundary conditions for ODT in the 1st order.

Consider this problem: . )
V4 p()y +q(x)y = f(x)
o, (@) +oy'(a)=4.p,1(b)+p,y(b)=B
We get a flat net : ®, ={X, =ih,i =0..n}. We create a differential scheme as follows:

(1)

a0y0+al%=A,i=O

Yia — Zgi +VYiu +p, Vi = Yia
h 2h

Buy, +B, Yo Yes =i

+qy, =f,i=1.n-1,

Here. p, = p(x),q, =q(x), f, = f(x),i =0..n In this differential scheme, the intermediate
Let's create an algorithm in Mathcad:

00T Chih 3 tur +
1 2 6
wif) = " w1 =1 plf) =t gty = -t f(t) = ; -
t t
L
a=1 =12 L=b-a =10 h=— i=0.n y=a+i-h
f
g=1 owp=2 A=-3 fyg=3 B1=1 B=035 g:= ql{)cl:] = pl{)cl:] fj= f(’ﬁj
ol 2 2 ol fu A
= . ‘h-— |+ = =& +h-
oo (z-pn-h] [q” hj LT e bk % 2-pg b
. pi-h 2 pi-h
i=1l.n-1 mi,i—1:=[1_ 2 ] myjo=gi- k-2 mi,i+1:=[ 2 +1 di =1
-2 —f1 2 fn- B
= — = . “h-— 1|+ =-|h- -
e T ) (2+pn-h Whoy )R 2+ py b
0 1 2 3 4 5 G 7 g 9 10
0 |-200158 [ 21.053 1} 1} 1} a 0 1} 1} a 0
1 0939 -2.011 1.06 0 0 0 0 0 0 0 1]
2 0 09Ze| 2012 1.072 0 0 0 0 0 0 1]
3 0 1] 09159 -2.013 1.0845 0 0 0 0 0 1]
= 4 0 1] 0 0802 -2.014 1.088 0 0 0 a 1]
5 0 1] 0 0 nass | -2.0145 1.113 0 0 a 1]
B 0 1] 0 0 0 0872 | -2.016 1.128 0 a 1]
7 0 1] 0 0 0 a 0855 | -2.017 1.145 a 1]
g 1} 0 1} 1} 1} a 0 0838 | -2.018 1.162 0
9 0 1] 0 0 0 0 0 0 082 -2.019 1.18
10 0 1] 0 0 0 0 0 0 o -8.333 | 11.417
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ar n 1 2 3 4 ] ] 7 ] a 10
0 |2.6842 |0.0137 |0.0039 |0.0021 |0.0058 |0.0081 |0.0096 |0.0105 |-0.011 |0.0112 |0.5469

M= |m| M =2129% i=0.n uty = utfx) w=mlod

ut o 0 1 2 3 3 5 B 7 3 g | 10
0 1|0.826 |0.694 |0.592 | 0.51 |0.444 |0.391 |0.346 0,309 [0.277 | 0.25

S 0 1 2 3 1 5 B 7 3 g | 10
O |0.681 | 0811 |0.683 0583 0504 044 | 0.367 |0.344 | 0.307 |0.278 | 0.243

In the same way we solve the system of linear equations (3). Here it is only necessary to make changes in the
equations 0- and n-1-.

M= |m| M=1025 i=0.n uti:=ut|{x,-:| 5.r:=m_1-d
utl = 0 1 pi 3 4 g b 7 g g 110
1] 10826 | 0694 | 0592 051 0444 10391 |0.346 (0309 10277 | 0.25
YT _ ] 1 2 3 4 ] ] 7 g 4 10

01173 (0964 10802 (0675|0573 | 0492 (0426|0373 0330294 (0.265

The closer, the more adequate approximate solutions are formed. The finite difference scheme is better at
approximating the boundary condition with the 2nd order.

Yo = (=3Yy +4Y, = ¥,)/ 2h+O(h*), yi = (Y, , —4Y,. +3Y,)/ 2h+ O(h?)

REFERENCES:
1. HmomoB A., Hacrtuno C. IllpubmmxeHHOe pelleHne 3alayd KON JJsi  OOBIKHOBEHHOTO
T QepeHInaILHOTO YpaBHEHHsI B MaTeMaTHueckoi cuctemoit MatLab. Ham/1V mnmuit ax6oporHoMacu -
Hayunsriii BectHuk HamI'Y 2019 #iun 8-con. -18-26 6.
2. ImomoB A., UnomupmuaoB C. OAT Ba IIAT nap yuyn 3 Typ yerapa macananap yuyH YAC Kypur.
Okcnepumentiap. Ham/lY ax6oporHomacu, Maxcyc con, 2020.-38-45 6.
3. UmomoB A. Xucobnam ycymnapu. YKy kymiaama. Hamanran, HamJTV,2021.-160 6.

MATEMATHUYECKHWE CUCTEMBbBI- UCIIOJIBHUTEJIA YKPYITHEHHBIX AJITOPUTMOB
HNmomoB Anamt (Ham I'Y)

B crathe 00CYy>XIaroTcss BO3MOKHOCTh MAaTEMAaTHUECKONH CHCTEMBI Mathcad — ObITH HCIIOIBHUTEIIEM
YKPYIMTHEHHOTO MaTeMaTHYECKOr0 aJrOpUTMa pEIIeHUs 3aladi. DTO YTBEPXKACHHE JIOKA3BIBETCS MATHIO
METOlaMH M3 TpoOieMbl COOCTBEHHBIX 3HAYEHHMH: HEMOCPEACTBEHHOE ompexaeneHue, Jleseppee,
unTepnosuu, Kpeutora, QR-anropurma.

AnroputM — 3T0 (opManbHOE OMHCAaHWE CIOCO0a pelIeHHus 3aJadd MyTeM pa3OMeHHsl ero Ha
KOHEYHYIO ITOCJIEI0BATENbHOCTD 3JIEMEHTAPHBIX Olepalfii- MOLyJIeH, KaXKIbIi U3 KOTOPHIX BBIIOJIHSIET OJHO
WIN HECKOJIBKO JieiicTBUiA, KOTOpOe II0 3apaHee OMNpPEACJCHHBIM KPHUTEpUSM HE HMEET CMbIca
JETATN3UPOBaTh. AJTOPUTM Ha BRIOPAHHOM fA3BIKE TPOTPAMMHPOBAHHS 3aMTUCHIBAETCS C TIOMOIIBIO KOMAHT
OITMCaHMs NAaHHBIX, BBIYHUCICHUA 3HAYEeHUH U YIIpaBJICHUA MTOCICA0BATCIIbHOCTBIO BBITIOJIHEHUA IIPOT'paMMBI.

B Hacrosimee Bpemsi MMEIOTCA MaTeMaTH4ecKue IporpamMmbl, Takue kak c¢ Matchad, Maple,
Mathematica ... MOMOIIbIO KOTOPBIX O€3 COCTAaBJICHUS IPOrpaMM MOXKHO PEIIMTh OOLIUPHBIA KJIacc
MAaTEMAaTHYCCKUX 3aaa4 C IMOMOUIIBIO KOMAaH]/], KaK B KaJIbKYJIATOpax. HMx Ha3pBalOT MaTeMaTHYECKUMU
cucteMaMH. B MaTemMaTHdecKux CHCTeMax pelleHHe 3a/Jadd MOKHO HalTu 4-ms crocOamu: 1) Ha OCHOBe
KOMaH]I. 2) Ha OCHOBE aJropuT™Ma. 3) Ha OCHOBE BHYTPEHHOI'O SI3bIKa 4) Ha OCHOBE MHTEPAKTHUBHOTO crocoda
[1,2].

HMenHo, B MaTeMatudeckoil cucreMe Matchad 3TH deThipbe CIOCOO pEIICHUs 3afad BBIMISIICTh
HauboJee SAPKO.
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Anroputm 1. [3]. MeToq HEMOCPEACTBEHHOTO Pa3BEPTHIBAHUE BEKOBOT'O ONPEAETUTENS. DTanbl METOA!
1) Brrumcnenue sexosoro ypasrenmt: D(A) =|A—LE|=(-1)"(A" — Zin:l pA')=0.
2) Pemenue Bekoporo ypasnenus: D(A) = |A— KE| =0,A=A,i=1l.n.

Panee, 3TOT METO/] IPUMEHSIJICS TOJIBKO JIJIsi MATPHUIL MalbIX mOpsiakoB: N < 3.
Jliis ABYX 3TAIHOTO MpOoLiecca COCTaBUM YKPYIHEHHbIN alNrOpUTM:

51 4
ORIGIN: =1 A:=|3 3 2|n:=cols(A) E:=identity(n) // marpuus
1 21

D(x) = |A— X* E| D(X) > X +9*x* —12*X+6 // BexoBoe ypaBHeHHE
p(x) := D(x) coeffs, x —> [6 =12 9 —1]T //" K03 ULHEHTH BEKOBOTO ypaB.
r:= polyroots(p) r =[7.508 0.746+i0.493 0.746—-i0.493] // coGctBennbIe 3HaueHms

JlaHHBIN MeTO yHUBEPCAIILHBIH, OH HAXOIUTh BCE COOCTBEHHBIC 3HAYCHHUS.

Anroputm 2. [4]. QR —ayroput™ 115 HaX0XKIEHUS BCEX COOCTBEHHBIX 3HaueHu. [lociaenoBaTeIbHOCTh
marpu, A, =Q, *R.,A,., =R, *Q, m=12,.., A = A, ctpemutcs k MmaTpuie COGCTBEHHBIX 3HAYCHUIA B
TJIaBHOM JMaroHainy, rae Q-opToronansHas, R-BepxHee TpeyroibHas MaTpuIibl. DTOT METO]] O3BOJISICT HAUTH
BCE COOCTBCHHBIC 3HAUYEHHS W SBISIETCS yCTOHYMBBIM MeTonoM. [IpuBeném ykpynHEHHBIH QR-anroputm
merona [5]:

531 163715
ORIGIH = 1 A= 33 2 p = eigenvals(A) p=| -0.39374
1 21 T T5659

Ma=gua) r=rowsh) s=cola(l) =3 s=06 R =identity( Q= identityTd n:=10

QFR(A n, QR M = |for kel.on
M ¢ i)
)+ submattpg T, 1,11 .6 +
R« submatrpg M, 1,004+ 1,2 4)
se s
Q2
E
I
100 100 1 -0 -0 773639 000001 -0
Q=010 E=| 010 z=0R(AnQRM z=( 0 1 0 1] 163715 -0
ool ool -0 -0 1 1] 1] -0.39374

B marpuie Z Ha MecTe TpeyroipHOW R MaTpuIlsl B TTIaBHOW JAMAroHaIH PAcIOIOKEHBI COOCTBEHHBIE
3Hauenns Matpuibl A.CooTBeTcTByIOmash mMporpaMma Ha s3bike beiicnk 3anmmaer 7 crpanwn KHATH [4].
Yxpynaénusiii anroputM B Mathcad 3annMaet Bcero monoBuHy crpaHuubl. B [6] umerorcss mporpaMMel Ha
TPEX aNTOPUTMUYECKHX S3BIKaX METOJIOB HETIOCPECTBEHHOTO Pa3BEPTHIBAHUS OTIPEIETUTENS, MHTEPIOISIIH
Y 9aCTHOU TIPOOIIEMBI 0 COOCTBEHHBIX 3HAUYEHUI.

PesynpTarhl BEIYMCICHUN IO aITOPUTMaM U BHYTPEHHOH (DYHKIMH OAMHAKOBBIE.

AHaJIOTUYHBIM 00pa30M MOXHO IOCTPOUTH YKPYIHEHHBIH aroputM Metoda LU anropurma.

B pabote [5] Ttakum ke 00pa3oM IMOCTpPOEHBIE YKPYMHEHHBIC alrOpUTMbI MeToj0B JleBeoone,
KprinoBa, nHTEpHIONALINY.

JUTEPATYPA
1. ImomoB A. MeTtoan! BeruucieHuii. 1-yacts. H.:HamI'VY, 2019-120 c.
2. UmomoB A. Metonp! Beruncienui. 2-yacte. H.:HamI'V, 2018.-120 c.
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3. Hemunosuu b.I1., Mapon U.A. OcHoBBI BeruncnuTensHol MareMaTnku.M.:Hayka, 1966.-664 c.
4.1lyn T.E. IIpuknaansie uncieHHble MeToabl B husnke u Texuuke.M.:BIII, 1990.-256 c.
5. momoB A.Perienne mosibHO#M mpo6ieMbl cOOCTBEHHBIX 3HaueHnit Matpuil B Mathcad. Hayumrelii BecTHHK
HamI'V, 2021, Ne5, c. 62-67.
6. Mynpos E.M. IIporpammer mns [1K Ha si3eike beticuk, [Tackans, @oprpane. Tomck, MII Packo, 1992.-272
c.

OJUINI N ®O®EPEHIIMAJ TEHTJIAMAJIAP/IA 3-TYP YETAPA MACAJIACH
C. OuomuaaunoB. (Ham/Y)
OAT yuyn 3 Typ uerapa miaptHu 1 —TapTu® OWIaH anmpOKCHMAIMs KWIHIL YIIOy MacaiaHd

Kapamms[1]:

Y +p(X)y +a(x)y = f(x)

: : D
a,y(@)+a,y'(@) = ABy(b)+B,y'(0) =B
Texuc T9p onamus: ©, ={X, =ih,i =0..n}. Aitupmanu cxemanu Kyiunarnua onamus:
ocoy0+ocl%= Ai=0
Yir=2Yi+VYia o Yia=VYis 4y = fi=1.n-1 2
h2 + pl 2h +q|y| i " ! ( )

BoYn + B L _hyn_l =B,i=n

by epna p; = p(xi)!qi = Q(Xi)' fi = f(xi)!i =0.n.

Mathcadna finpuknamras anroput™ Ty3aMus3|[2]:

ODT Chhd 3 tur +
1 2 iona
utt) :=—2 ut(l) =1 pit) =t gty = -t fit) = - I__-*
t t
L
a=1 bh=2 L=b-a =10 h=— i=0.n ¥=a+i-h
f
cg=1 o;=2 A=-3 [Bg=3 B;=1 EB=035 qi:=q|1x1-:] pi:=p|{x1-:] fi:=f|{x,-:]
ohy 2 E'DL-]_ fD'DL]_
= . h-— |+ == — =45 +h —
o0 (E—PD'IJ (qﬂ h] 0T (E‘Pu'h)'h dﬂ i-pg-h
o h . h
i=1.n-1 my g1 = (1 - F'12 ] my = c;|_,-L-h:4 -2 My je1 = (plz + 1] =f;- b

&
S S S P S B S P L
Tl T T e 1) m*"“'_(mpn-hJ (qﬂ ; hj+ﬁn = (h 2+ py-h ]

SH,I[I/I AJITOPUTM aCcoCHia XI/ICO6J'IaH_U'IapHI/I 6a)KapaMI/13I

1] 1 2 3 4 ] ] 7 a E] 10
0 ]-20158 | 21.053 1] 1] o 1] 1] o 1] 1] o
1 0939 | -2.011 1.06 1] o 1] 1] o 1] 1] o
2 0| 0828 -2m2( 1.072 0 1] 1] 0 1] 1] 0
3 1] ol 0815 -2.013 | 1.085 1] 1] o 1] 1] o
m=|2 1] o o 0402 -2014( 1.098 1] o 1] 1] o
& 1] o 1] 0| o0.ega| -201a( 1.113 o 1] 1] o
i 1] o 1] 1] Of o872 -2M6| 1128 1] 1] o
7 1] 0 1] 1] 0 Of oeds ) -2017 ( 1.1445 1] 0
= 1] o 1] 1] o 1] 0| 0838 -2018| 1.162 o
g 1] o 1] 1] o 1] 1] o 0.8z -2.019 1.18
10 1] o 1] 1] o 1] 1] o of -2.333 | 11.417
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i 0 1 2 3 4 5 B 7 5 3 10
0 |2.6842 [0.0137 |0.0039 |0.0021 |0.0058 |0.0081 [0.0096 [0.0105 [-0.011 |0.0112 |0.5469 N
M= |m| M =21295 i=0.n uty = wtx) w=mld
e 0 1 7 3 3 5 B 7 5 g | 10
0 1]0.826 |0.694 [0.592 | 0.51 [0.444 |0.391 [0.346 [0.308 [0.277 | 0.25
S 0 1 2 3 4 5 B 7 3 g | 10
O |0.581 [0.511 |0.655 | 0.583 |0.504 | 0.44 |0.367 |0.344 |0.307 [0.276|0.243

Xyamu myHmai Wyn OuiaH YM3WKIA TeHrJIaMaliap CHCTEMacHHH XaMm edamm3. by epma ¢axar 0- Ba n-1-
TEHIJIaMalap/a y3rapuiuiap KWINII Kepak XoJoc.

M= |m| IMI=1925 i=0.n uti:=ut(xi) 3r:=m_1-d
utT _ 1] 1 2 3 4 5 G 7 g 4 10
1] 1(0.826 | 0694 10592 | 051 |0.444 (0,391 |0.346 | 0.309 |1 0277 | 0.25
YT _ 1] 1 2 3 4 ] ] 7 g g 10

01173 (0.964 10802 (0675|0573 | 0492 (0426|0373 0330294 (0.265

KaHyanuk sKWH, aJeKBaT TaKpuOWii euumiap xocwi Oyisntu. UYerapa mapTtHu 2-TapTHO OwiiaH
anmnpoKCUMAIVSUIAIIIATH YSKJIA allUpMalii CXeMa SXIIUPOK dKaH.

AJIABUETJIAP
1 Kyzuenos I'.B., lllepemer M.A.Pa3HOCTHBIE METOIBI PEIICHMS 33424 TEIUIOMPOBOTHOCTH: YIeOHOE
nocooue.-Tomck, M3a-so TITY, 2007.
2. ImomoB A. Tomboes C. Mathcad ucnonbHATENs YKPYIHEHHBIX aIrOPUTMOB. PecyOnika HiaMHUA-TEXHUK
amxymanu Matepuaiuiapu.2020 i.23-24 oxtsa6ps. Kapmm-2020.

QIDIRUV TIZIMLARI
A.A.Mamatov NamDU

Internet — bu turli ma’lumotlar okeani deb garasak tog'ri bo'ladi. Tarmoqda, deyarli, istagan mavzu
bo’yicha ixtiyoriy ma’lumotlar mavjud. Lekin okeanda yo'l topish giyin bo’lgandek, Internetda ham biror
ma’lumotni topish katta muammo. Agar Internetda gidiruv tizimlari bo’lmaganda, ma’lumot okeanida
umuman biror narsani topish mumkin bo’Imas edi. Ajabo, bunday imkoniyatlar tarmogda mavjud: gidiruv
qulay va tez bo’lishi uchun maxsus ma’lumot gidirish tizimlari yaratilgan.

Qidiruv tizimlarining tuzilishi bu maxsus server, uning asosiy xizmati keng Internet fazosida ma’lumotlarni
qgidirish, to plash, tartiblash va foydalanuvchilarni kerakli ma’lumot bilan tez va qulay ravishda ta'minlash.
Qidiruv serverlari asosiy besh gismdan iborat:

1. O'rgimchak (spider) — veb-sahifalarni server xotirasiga yuklash dasturi. U oddiy brauzerga o’xshab,
saytlarni ochib, tarmoqdagi yangi ma’lumotlarni gidiradi. Bu dastur ko'rsatkichlar bo’ylab sayohat qilib,
topilgan veb-sahifalarni serverga yuklaydi va ma'lumot jamg armasini yangi axborotlar bilan to"ldiradi.

2. Qurt (crawler) — o'rgimchak serverga yuklagan veb-sahifalarni ko'rib chigib, barcha giperko rsatkichlarni
undan ajratadi va topilgan ko rsatkichlarni o' rgimchakka taqdim etadi.

3. Tartiblovchi (indexer) — o’rgamchak topgan ma’lumotlarni tartibga keltiruvchi dastur: hujjatning matnini
tashkil giluvchi sozlarni yakka holga ajratib, matndagi turgan joyini saglab qoladi. Bundan tashqari, dastur
so°zni katta yoki kichik harflar bilan yozilganmi, sarlavhami, ko rsatkichmi yoki oddiy matnligini organib
chigib, ma’lumotni saglaydi.

4. Ma'lumot jamg'armasi (database) — gidiruv tizimi to'plagan va gayta ishlagan barcha ma’lumotlar
saglanadigan ombori.
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5. Natijalarni chigarish mexanizmi (search engine) — foydalanuvchilarni gidirish tizimi bilan aloga gilishda
ishlatiladigan dastur. Ayni mana shu dastur siz bergan savolingizga natijani saralab, qulay ravishda ekranga
chigaradi.

Google — eng mashhur gidiruv tizimidir. Shuning uchun dunyoning 20 tilida ishlaydi (Masalan,
0'zbek tilida). Siz savolingizni berganingizdan so'ng gidiruv tizimi o0°zining ma’lumot jamg armasidan
so'rovingizga mos natijani, topilgan veb-sahifalarni ro’yxat tarzida taqdim etadi. Ro’yxatning birinchi
bandlarida so'rovga eng mos kelgan veb-sahifalar joylashadi. Lekin, shuni aytib o'tish kerakki, turli gidiruv
tizimlar har xil tartiblash goidalarini ishlatadi, shuning uchun bitta so'rov boyicha turli gidiruv tizimlaridan
har xil natijalar olish mumkin. Natijalardan tuzilgan ro’yxatning bandiga chertilsa, tanlangan veb-sahifa
ochiladi.

Dogpile.com — meta-gidiruv tizimi. Barchamiz ma'lumot izlab topish magsadida qidiriuv
tizimlaridan foydalanamiz. Google nomini hozir boshlang'ich sinf o'quvchisi ham biladi. Internetdan hech ham
foydalanmagan otaxonlar ham Google degan so'zni televizordan hech bo'Imasa bir marotaba eshitgan. Ammo
undan tashgari ham gidiruv tizimlari ham borki, ayrim Google Search gila olmagan ishlarni bajara olishadi.
Google 1998 vyilda ish boshlagan bo'lsa, ungacha Lykos, Altavista, Yahoo, MSN Search degan internet
xizmatlari bo'lgan va ularning ko'pchiligi hozirda ham xizmat ko'rsatib kelmogda. Ularning har birining o'ziga
yarasha ustunlik jihatlari bor. Shunday ekan, tarmoqg mutaxassislari asosiy gidiruv tizimlarini o'zida jamlagan
meta-tizimlarni ishlab chigaradilar. Shunday xizmatlardan biri Dogpile bo'lib, bitta oynachaning ichiga so'rov
kiritib, birato'la to'rtta qidiruv tizimi (Google, Yahoo, Ask.Com, Bing) natijalarini olishingiz mumkin.
Interfeys ko'tarinki ruhda tayyorlangan. Firma belgisi esa - irg'itilgan koptok izidan chopuvchi kuchukcha.
Hatto qidiruv oynachasi yonidagi tugma ham shunchaki “Enter” yoki “Go” emas, “Go Fetch” (“Tutib kel!”)
deb nomlangan.

So'rovlarni tuzish. Agar siz 0'ylanmay tezda savol bermoqchi bo'lsangiz qidiruv mashinaning
satriga to g ri fikrlaringizni tushirishingiz mumkin. Masalan, “Qanday qilib ozish mumkin?”, “Marsda hayot
bormi?”, yoki “jurnalist uchun ish” buning natijasi samarali bo'Imasligi aniq. Afsuski, o zbek tilida Internet
fazosi keng emas, shuning uchun savolingizni rus yoki ingliz tilida berishingiz kerak. Misoldagi “jurnalist
uchun ish” jumlasini rus tilida “rabota dlya jurnalista” deb sorov gilinsa tasodifan, tez kerakli ma lumotni
topishingiz mumkin. Ammo bunday umumiy savolga gidiruv tizimi sizni kerak bo’Imas ma’lumotlarga
“ko'mib” qo'yishi ham mumkin. Dono odamlar: “To g ri berilgan savolda javobning yarimi bor” — deyishlari
bejiz emas. Bu gap qidiruv mashinalariga ham taalugli. Shuning uchun tuzayotganda ko'proq Kalitli,
aniglashtiruvchi sozlarni go'shish kerak. Masalan: “ishu rabotu jurnalista”. Natija qoniqarli bo'lmasa kalitli
so zlarni boshqa sinonim so"zlarga almashtirish mumkin. Misol: “jurnalist rabota predlagayu”. Yana so'rovga
aniglashtiruvchi so'zlar qo'shish mumkin, masalan, agar siz uyda turib ish qilmoqchi bo'lsangiz: “jurnalist
rabota predlagayu udalennaya”.

Navbatma-navbat gidirish usuli. Bu usulning ma'nosi so'rovingiz bo’yicha natija olingandan
so'ng, topilgan natijalar ichidan, so'rovga yangi kalitli so"zlar go’shib, toki kerakli ma’lumot topilmaguncha
gidirishni davom ettirish. Bu usul yordamida har bir gidiruvda kerakli natijaga yaginlashaveradi. Agar siz
kitobni sotib olmoqchi bo'lmasangiz, unda so'rovga “besplatno” (bepul) kalitli so'zini qo shib, gidiruv
mashinani ishga tushiring va natijada Internet dokon ko rsatkichlari ro’yxatdan tushib qolib, kerakli sahifalar
goladi. Endi kitobni Internetda o'tirib 0 qimoqchi bo’Imasangiz, uni 0 zingizning kompyuteringizga ko chirib
olish tavsiya etiladi. Buni amalga oshirish uchun so'rovingizga “ckauate” so'zini qo shsangiz, natijada
menejment hagida bepul ko chiriladigan elektron kitoblarning ro’yxatiga ega bo’lasiz.

Aniqg so'rov usuli. Agar gidirilayotgan ma’lumotning nomi aniq bo'lsa, unda so'rov satriga
qo'shtirnoq [““] belgilari go'shiladi. Masalan, siz go llanmaning muallifi hagida ma’lumot topmogchisiz va
so"rov satriga qo shtirnoq belgilari yordamida “Ilhom Teshaboev” so'zlarini kiritib, axtarish jarayonini ishga
tushirasiz. Oddiy ravishda, agar so'rov qo shtirnoq belgilarisiz bo'lganda, gidiruv mashina “Ilhom” va
“Teshaboev” so'zlarni alohida uchratgan holda saytlar ro'yxatiga qo’'shadi va natijada tarmoqdagi barcha
Ilhom ismlar ham topiladi. Qo shtirnogli so'rovda esa gidiruv mashina fagat berilgan shaklda, “Ilhom
Teshaboev” jumlasi bor saytlarni natija ro‘yxatiga qo'shadi. Shunday qilib, aniq so'rov usuli sitata (matn
parchasini) gidirishda ham go llasa bo’ladi.

Kataloglar yordamida gidirish. Internetdan ma’lumot olish uchun gidiruv mashinalaridan tashqari
kataloglardan foydalanish mumkin. Internet-katalog — bo’limlardan iborat tizimli ko'rsatkichlar to"plami. Bu
to plamni robot emas, tajribali mutaxassislar yaratadi. Ko rsatkichlar to plami bir necha katta bo’limlardan
iborat bo’ladi. Masalan, biznes, san at, kompyuter, sport va hokazo. Bunday har bir bo’lim bir necha gism
bo"limlaridan iborat bo"lishi mumkin.

Masalan, sport ko rsatkichiga chertsangiz futbol, basketbol, tennis va hokazo bo'limlarni topasiz.
Shunday qilib, katalog daraxtsimon tizimga ega va har bir sichqoncha chertilishida ko rsatkichlar shoxlanib
ketaverishi mumkin. Shuni aytish kerak, Internetda kataloglar va gidiruv mashinalar birlashgan holda ishlaydi.

~310~ «EIII MATEMATUKJIAPHUHT ITHT'U TEOPEMAJIAPH — 2022



5-IIYBBA. AMAJIMA MATEMATHUKA BA YHUHI TATBUKJIAPHU
Masalan, dunyodagi eng katta katalog Yahoo saytida joylashgan (http://dir.yahoo.com) va yana Yahoo bu
mashhur gidiruv mashinasi (http://yahoo.com). Avvalgi mavzularda gidiruv mashinalarining manzillari
keltirilgan ro’yxat boyicha kataloglarni ham ochish mumkin. Masalan, www.rambler.ru manzili gidiruv
mashinani va katalogni ochadi. O zbekiston saytlar katalogini ochish uchun www.uz, www.vse.uz,
http://catalog.doda.uz manzillariga murojaat gilish mumkin.

Forumlar yordami. Agar biror mavzu bo'yicha gidiruv mashina yoki kataloglar kerakli natija
bermasa, bilingki, Internetda siz yagona emassiz. Balki, bunga o xshash mavzu bo’yicha kimdir gidirgan va
ma’ lumotni topgan. Umumjahon tarmoqda har bir soniyada millionlab foydalanuvchilar ma’lumot gidirishadi,
bir-biri bilan so"zlashadi, bir-birilariga nimalarnidir o’rgatishadi. Ana shunday foydalanuvchilarga savol bilan
murojaat gilish mumkin. Deyarli 0°z hurmatiga ega bo’lgan barcha katta saytlarda fikr almashish maxsus
bo’limi mavjud. Bunga o'xshash bo'limlar — "FORUM” deb ataladi. Forumlarni tajribali Internet
mutaxassislari boshgaradi. Qolaversa, forumlarda tarmoq foydalanuvchilari bir-biri bilan tajriba almashishadi.
Forumda foydalanuvchi savol berishi mumkin va bilgan odam unga javob gaytarishi mumkin.

www.lycos.com 1994 yilning oxiridan ishlayotgan gidiruv sistemasi. Eng keksa ommaviy gidiruv
sistemalardan biri bo’lib, keng foydalanuvchilar doirasiga ega.

BIR BOSHQARUYV TIZIMINI IMITATSION MODELLASHTIRISH UCHUN
MONTE-KARLO ALGORITMI

Murodqosimov Rustam To’ra o‘g‘li
Sharof Rashidov nomli Samargand davlat universiteti ragamli texnologiyalar fakulteti talabasi

Annotatsiya. Ishda boshgaruv tizimi sifatida qaralgan ommaviy xizmat tizimini imitatsion
modellashtirishning ikki algoritmi va shu asosda ishlab chiqilgan dasturiy ta’minot yaratish masalasi qaralgan.

AHﬁomauuﬂ. B HCCJICA0BAHNKU PACCMOTPEHLI [IBa aJlrOpUTMa MOACIUPOBAHUA CUCTEM O6CJIy)KI/IBaHI/I$[
HaceJIeHus, KOTOpbhle paccMaTpUBAIOTCA Kak CHCTeMa YIpaBJIeHUS, U pa3paboTKa MpOorpaMMHOTO
obecrieueHus: Ha UX OCHOBE.

Imitatsion modellashtirish - bu tadqiq etish usuli bo’lib, tahlil etilayotgan dinamik tizim imitator bilan
almashtiriladi va u bilan o’rganilayotgan tizim haqida axborot olish uchun tajribalar o’tkaziladi.

Imitatsion modellashtirish usulining mohiyati shundan iboratki, tizimni va tashqgi muhit ta’sirlarini
mantig-analitik (matematik) modelini yaratishdan iborat bo’lib, tizimni ishlash jarayonini imitatsiya gilishdan,
ya’ni tashki ta’sirlar ostidagi tizim holatini vaqt bo’yicha o‘zgarishini aniglashdan iborat. Natijada chigish
parametrlarini bir gancha giymatlarini aniglash bilan tizimni asosiy ehtimollik xarakteristikalarini aniglashdan
iborat bo‘ladi.

Stoxastik tizimlarni imitatsion modellashtirish usulining mohiyati tasodifiy migdorlarni hisoblash usuli
bilan tadgiq etiladi. Bu usul statik sinash usuli yoki Monte-Karlo usuli deyiladi.

Bu usulning mohiyati quyidagicha: tasodifiy migdorni u tagsimot funksiyasini aniglash talab etilsin.
Faraz gilaylik, gidirilayotgan u quyidagi ko’rinishda ifodalanishi mumkin bo‘lsin

y= y(a,ﬂ,y, .-.,ZD'),
bu yerda a, 8, y, ..., @ — tagsimot funksiyasiga ega bo’lgan tasodifiy kattaliklar. Bu masalani yechish uchun
quyidagi algoritmlardan foydalaniladi:

1) Har bir kattalik bo’yicha a, 8, v, ..., @ — tasodifiy miqdorlarni aniq giymatlari «, 8, v, ..., @ topiladi;

2) Topilgan miqdorlar bo’yicha u; ni xususiy qiymati yuqoridagi bog’lanish bilan topiladi.

3) Oldingi amallar n marta takrorlanadi va natijada u tasodifiy migdori aniglanadi.

4) u migdorini n ta giymatiga asosan empirik tagsimot funksiyasi topiladi.

Ayrim holatlar prinsipi bo yicha modellashtirish algoritmi.

Bu algoritm bo’yicha oddiy siklik modellashtirish jarayoni quyidagi amallarni bajarishga keltirilgan:

1)  minimal vaqtli hodisa aniglanadi - eng boshlang‘ich hodisa;

2)  model vaqtiga eng boshlang‘ich xodisani sodir bo’lish vaqti tayinlanadi;

3) hodisa turi aniglanadi;

4)  hodisaga modelni reaksiyasi aniglanadi;

5)  bu amallar modellashtirish vaqti tamom bo’lginicha takrorlanadi.

Modellashtirish jarayonida chigish xarakteristikalarini o‘lchash va statik qayta ishlash amallari
bajariladi. Eng avval modellashtiruvchi dasturni inisilizatsiya qilinadi, ya’ni massivlarni tayyorlanadi, kirish
ma’lumotlari tezkor xotiraga yuklanadi, tasodifiy sonlar datchigi sozlanadi. So‘ngra har bir ogimning birinchi
talabi generatsiya gilinadi — ya’ni tizimga kelib tushish vaqt daqiqalari aniqlanadi va boshqa parametrlar
aniglashtiriladi.

At prinsipi bo 'yicha modellashtirish algoritmi.
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Bunda modellashtiruvchi algoritmni umumlashgan sxemasi model vagtini (A¢ prinsipi bo’yicha)
o’zgarmas orttirma prinsipi bo’yicha amalga oshiriladi. Imitatsiya vaqtida talab qilingan tizim
xarakteristikalari o’lchanadi, belgilanadi va qayta ishlanadi. Agar t =7, bo’lsa o’Ichash natijalarini gayta

ishlash tugallanadi va modellashtirish natijalari bosmaga (ekranga) chigariladi.

Yuqoridagi algoritmlar asosida ommaviy xizmat ko’rsatishli boshqgaruv tizimini Monte-Karlo usuli
bilan modellashtirish dasturiy ta’minoti yaratildi. Yaratilgan dasturiy ta’minot ommaviy xizmat ko’rsatish
tizimning asosiy xarakteristikalarini aniqlash uchun mo’ljallangan. Bu xarakteristikalarni aniqlash uchun
boshlang’ich ma’lumotlarni kiritiladi.

Dasturiy ta’minot quyidagi qismlardan iborat:

1. Boshlang’ich ma’lumotlarni hosil gilish jadvali
2 [r lp [P T |7+ W
0,851599211269803 ¢

o, 08074001 3279831
0,305547331722325
0, 442967287471037
_&3362?3034?25465

2. Foydalaniladigan parametrlarning belgilanishi quyidagicha: R-tasodifiy son, P-xizmat ko‘rsatishga
talab vaqti, T, T*-xizmat ko‘rsatish boshlanish va tugash vagtlari, M-tizimning to‘xtab turish vaqti, W-
mijozning kutish vaqti va Q-navbat uzunligi.

3. O’rtacha intensivlik va kuzatish vagqti kiritiladigan qism:

Parametriar

m|-&‘m|m‘»- =
=]

O'rtacha intensiviik | j
w

Kuzatish vagti |

4. Xizmat ko’rsatish davomiyligi vaqt oralig’i ko’rsatkichlari kiritiladi.
5. Kutilayotgan natijalar oynasi:

Matija
Sistemaning to'xtab turish vagt ulushi 1%
Mijozga xizmat ko'rsatishning or'tacha kutish vagt 305%
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ZAHIRANI BOSHQARISH MODELI UCHUN DASTURIY TA’MINOT

S. Murotov, G’. Xolmurodov, E. Islomov
Samargand davlat universiteti, Ragamli texnologiyalar fakulteti talabalari

Annotatsiya. Ushbu ishda iqtisodiy masalalardan biri bo’lgan “Zahira darhol to’ldiriladigan deterministik
model” masalasini yechish uchun Java dasturlash tili yordamida sodda interfeysga ega bo’lgan dastur
yaratilgan.

Kalit so’zlar: Zahira, Uilson formulasi, dasturiy ta’minot
Annomayus. B nanHoi paboTe 1S pelIeHns OJHOW N3 SKOHOMUYIECKUX 3a71ad “ IeTePMUHUPOBAHHAS MOJICTID,
B KOTOPOH pe3epB HEMEJICHHO 3amojHseTcss’” - Obla CO3[aHa MporpaMMa ¢ MPOCThIM HHTEpdeiicoM ¢
UCIIOJIb30BaHHEM SI3bIKa TIPOTPaMMHPOBaHUs Java.
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Knrouesvie crnosa: pezepsnoe konuposanue, ghopmyna Yuncona, npoepammuoe obecnevenue.
1. Zahira darhol to’ldiriladigan deterministik model
Faraz gilaylik C, — buyurtmani bir marta tashkil etish xarajati, C, — bir birlik resursni birlik vaqt

davomida saqlash xarajati bo’lsin. Agar qaralayotgan davrda jami n marta buyurtma berilgan bo’lsa, umumiy
xarajat C—(C q qJ bo’ladi. Bu ifodaning chap va o’ng tarafla 9 ,ga bo’lib va H( ):ﬁ deb
-|c,+C,2 1 |n n q
2pu u an
belgilab, vaqt birligidagi bitta buyurtma umumiy xarajati quyidagicha topladi [1], [3] :
H@=C,y+C.

Buyurtmaning optimal o’lchami q” ni topish uchun H(q)ning g bo’yicha hosilasini nolga tenglashtiramiz:
dH C, Cu
> =l
d 2 ¢

g - [ 1)
CZ

Bu formula buyurtmaning optimal o’lchamini topish yoki Uilson formulasi deyiladi [1], [3].
Zahirani yangilash optimal vaqt intervali T’ quyidagi formula bo’yicha aniqlanadi:

_d F (2)
H Cou
Endi vaqt birligidagi bitta buyurtma uchun optimal xarajatlar miqdori H"ni aniglash formulasini keltiramiz:
H" =.2C.C,u - 3)

Faraz qilaylik, garalayotgan modelda buyurtmani bajarish muddati L > 0 bo’lsin. Bu holda zahirani yangilash
optimal vaqt intervali 7" dagi

Bu yerdan

t'=7"-L, (4)
nugta buyurtmani yangilash nugtasini bildiradi. Agar t~ buyurtmani yangilash nuqtasi bo’lsa, zahira darajasi
p’ =t u=q —Lu bo’lganda zahirani to’ldirishga yangi buyurtma beriladi.

2. Zahira darhol to’ldiriladigan deterministik model uchun dasturiy ta’minot
Yuqorida keltirilgan zahirani darhol to’ldirish deterministik modeliga asoslanib, Java dasturlash tilidan [2]
foydalanib dasturiy ta’minot yaratildi. Dasturiy ta’minotdan foydalanish quyidagi misolni yechish orqali
ko’rsatilgan. Misol. Biror mahsulotga bo’lgan kundalik talab 160 birlikni tashkil etsin. Mahsulot zahirasini
hosil gilish uchun har bir buyurtma xarajati 40000 pul birligini, bir dona mahsulotni saglash kunlik xarajati 20
pul birligini tashkil etadi. Agar buyurtmani bajarish muddati 2 kun bo’lsa, buyurtmaning optimal o’lchamini,
zahirani yangilash optimal vagtini, optimal xarajat migdori va buyurtmani yangilash nugtasini aniglash kerak.
Dasturiy ta’minorning umumiy ko’rinishi quyidagicha

| £:| Zahira darhol to'ldiriladigan deterministik model uchun dasturiy ta'minot [ == |

Kiritiladigan kattaliklar va olinadigan natijalar shartli birliklarda hisoblanadi

Buyurtma narxint kiriting i|_ | Buvurtmaning optimal o'lchami =

Zahrani saglash narxini kiriting ! | Buy st apbupl bl

Zahirani sarflash intenzivliging kiriting | |

Buyurtmani bajarish vaqtini kiriting ! | Zahirani vangilashning optimal vagti =

Buvurtmani vangilash nuqtasi

Hisoblash Zahira darajasi =

1-rasm. Dasturiy ta 'minotning asosiy 0ynasi.
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Masala yechimining natijasi ushbu oynada keltirilgan.

| £| Zahira darhol to'ldiriladigan deterministik model uchun dasturiy ta'minot EI@

Kiritiladigan kattaliklar va olinadigan natijalar shartli birliklarda hisoblanadi

Buyurtma narxini kiriting 40000 Buvurtmaning optimal o'lchami = 800.0
Zahrani saglash narxini kiriting 20 Buyurtmaning optimal harajati = 150000

Zahirani sarflash intenzivligini kiriting 160

Buyurtmani bajarish vaqini kiriting ,—2 Zahiram yangilashning opfimal vaqli = 5.0
Buvurtmani vangilash nugtasi = 30
Hisoblash Zahira darajasi = 480.0

2-rasm. Dasturiy ta 'minotning natijalarni keltirgan oynasi.
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OLIY O‘QUV YURTLARIDA O‘QITISH UCHUN PYTHON DASTURLASH TILINI
TANLASHNING NAZARIY ASOSLARI HAQIDA

Otaxanov N. A
Namangan davlat universiteti, informatika kafedrasi professori, p.f..n..

“Ta’lim to’g‘risida”gi qonunda Oliy ta’lim bakalavriat ta’lim yo‘nalishlari va magistratura
mutaxassisliklari bo‘yicha yuqori malakali kadrlar tayyorlanishi, jumladan, bakalavriat talabalarga oliy ta’lim
tanlangan yo‘nalishlaridan biri bo‘yicha chuqurlashtirilgan bilim, malaka va ko‘nikmalar berishi, magistratura
esa bitiruvchilarni tegishli bakalavriat negizida ilmiy-tadgiqot, pedagogik, boshgaruv va boshga faoliyatlarga
tayyorlashi belgilab qo‘yilgan.

O‘zbekiston Respublikasi Prezidentining zamonaviy bilim va yuksak ma’naviy-axlogiy fazilatlarga
ega, mustaqil fikrlaydigan yuqori malakali kadrlar tayyorlash jarayonini sifat jihatidan yangi bosgichga
ko‘tarish hamda oliy ta’limni ilg‘or ta’lim texnologiyalariga asosida modernizatsiya gilish magsadida
tasdiglagan PF-5847-sonli Farmonida Oliy ta’lim oldiga bir qator vazifalar qo‘yilgan. Tabiiyki, Oliy ta’lim
tizimi bu vazifalarni bajarishda shaxsan Prezidentimiz Sh. Mirziyoyev rahbarligida Respublikamizda olib
borilayotgan “Ragamli O‘zbekiston-2030” strategiyasi doirasida iqtisodiyotni faol rivojlantirish, barcha
tarmoqlar va sohalarda, eng avvalo, davlat boshqaruvi, ta’lim, sog‘ligni saqlash va qishloq xo‘jaligida
zamonaviy axborot-kommunikatsiya texnologiyalarini keng joriy etish bo‘yicha belgilangan kompleks chora-
tadbirlarni hisobga olishi talab gilinadi. Mazkur strategiyada quyidagi masalalar ta’kidlab o‘tilgan:

— dasturiy mahsulotlar va axborot texnologiyalarining mahalliy bozorini yanada rivojlantirish;

— dasturiy mahsulot ishlab chiqish sohasini malakali kadrlar bilan ta’minlash;

— mabhalliy IT-kompaniyalar va dasturiy mahsulotlar ishlab chigaruvchilarga ... 0‘z mahsulotlarini
ichki va tashqi bozorlarda ilgari surishda ko‘maklashish;

— zamonaviy axborot tizimlari va dasturiy mahsulotlarni joriy etish hisobiga mahsulotlar va
xizmatlar sifatini yaxshilash, ularning tannarxini, ishlab chiqarishdagi to‘xtalishlarni kamaytirish;

— zamonaviy raqobatbardosh va eksportga yo‘naltirilgan dasturiy mahsulot va xizmatlarni ...
rivojlantirish;

— robototexnika komplekslari va odamlar o‘zaro ta’sirining algoritmlarini ishlab chigish,
ma’lumotlar uzatish tarmogqlari infratuzilmasini, o‘rnatilgan sensorlar va sensor tarmogqlarni takomillashtirish,
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shuningdek, “bulutli” xizmatlarini taqdim etishning turli xil modellarini amalga oshirish uchun dasturiy
ta’minot yaratish bo‘yicha ilmiy ishlarni olib borish.

Yuqoridagi vazifalardan ko‘rininb turubdiki, jamiyatning raqamli iqtisodiy deb atalmish zamonaviy
rirojlanish bosqgichida o‘liy ta’lim muassasalarining bitiruvchilari quyidagi talablarga javob bera oladigan
bo‘lishlari talab qilinadi:

— yangi texnologiyalardan foydalanishga va zarur hollarda yaratishga godir;

— nostandart vaziyatlarda bilim va ko‘nikmalarini amalda qo‘llash imkoni tadim etuvchi tizimli
bilimlarga ega;

—  faoliyat turiga bo‘liq ravishda barcha turdagi axborot-kommunikatsion texnologiyalari bilan ishly
oladigan;

— mustaqgil garorlar gabul gila oladigan;

—  zamonaviy vozitalardan foydalangan holda ishlab chigarishni boshqgara oladigan;

— individual hamda jamoada hamkorlikda ishlaydi va yuksak darajada ma’uliyatli.

Bitiruvchilarda bunday sifatlarni tarbiyalashda Oliy ta’lim muassasalarida yo‘nalishlarga bog’liq
ravishda dasturlash tillarini o‘qitish muhim ahamiyat kasb etadi. Mustaqil hayotga qadam qo‘yayotgan yosh
mutahassis zamonaviy mehnat bozori, jadal tezlik bilan o‘zgarayotgan axborot mubhiti, ragamli faoliyat
yuritishni talab gilayotgan sharoitlarda raqobatbardosh hodim bo‘la olishi uchun, kasbiy bilimlardan tashqari,
dasturlash tillari bilan tanish bo‘lishi hamda ulardan o°z sohasiga oid muammolarni hal qilishda foydalana
olishi, mavjud axborotlar orasidan foydalilarini ajrata olishi ham muhim mezon hisoblanadi. Dasturlash tillari
ularga o°z faoliyatiga ijodiy, mustaqil, muloqotga kirishuvchan, turli shakl va mazmundagi shaxsiy, kasbiy va
jamoaviy muammolarni hal qgila olish va bu yo‘lda yangi bilimlani olishga intiluvchanlik kabi fazilatlarni
shakllantirish va rivojlantirishga ko‘mak beradi.

Dasturlash tillari informatikaning zamonaviy boblaridan biri sanaladi. Ularni chuqur o‘rganish yosh
mutahassislarning kasbiy faoliyatga tayyorgarlik darajasidan tashqari, madaniy va ma’naviy qiyofasini ham
ko‘rsata oladi. Bundan ko‘rinib turibdiki, oliy o‘quv yurtlarida o‘qitish uchun dasturlash tillarini to‘g‘ri tanlash
muhim ahamiyatga ega ekan. Olimlar bu tilni quyidagi mezonlar asosida tanlashni taklif gilishadi[3]:
o‘zlashtrishning soddaligi; universallik; amaliy xarakteriga ko‘ra; kasbiy yo‘nalishlari bo‘yicha; mavqeiga
ko‘ra; erkinligiga ko‘ra.

Oc¢zlashtirish sodda bo‘lgan dasturlash tillari algoritm qurish asoslarini o°zlashtirishga ko‘mak beradi.
Masalan, Pascal yoki Basic tillari o‘rganish uchun sodda, lekin amaliyotda juda ham foydalaniladi.

Universal dasturlash tillari zamonaviy vakillarining kattagina gismi predmetga, obyektga,
komponentaga yo‘naltirilgan, funksional, modulli va boshqa paradigmalarga asoslansada, umumiy
xarakterdagi boshqa masalalarni dasturlash uchun ham qo‘l keladi. O‘qitish uchun tanlanadigan dasturlash tili
gandaydir tayanch paradigmani qo‘llab quvvatlagan holda, zamonaviy boshqga dasturlash paradigmalarini
o‘rganishga imkon berishi lozim.

Amaliy xarakteriga ko‘ra dasturlash tillari konkret tipdagi masalalarni (ma’lumotlar bazasi, grafik
mubharrirlar, veb-sahifalar, matematik hisoblashlar va h.k.) dasturlashni e’tiborga olib tanlanadi. Bunday
tillarga namuma qilib SQL (ma’lumotlar bazasi), Mathcad (matematik hisoblashlar), AutoCad (loyihalash),
HTML (veb-sahifa) va boshqalarni ko‘rsatish mumkin.

Kasbiy yo‘nalishlari bo‘yicha o’qitish uchun dasturlash tilini tanlash muayyan yo‘nalishda tahsil
olayitgan talabalarning kelajakdagi kasbiy faoliyatida ko‘p uchraydigan masalalar xarakteridan kelib chiggan
amalga oshiriladi. Masalan, tasviriy san’at yo‘nalishiga Micromedia Flash, Photoshop, matematiklar uchun
MatLab va Mathcadlarni tavsiya gilish mumkin.

Mavqeiga ko‘ra o‘qitish uchun dasturlash tilini tanlashda uning zamonaviy jahon dasturchi
mutahassislar o‘rtasidagi o‘rni etiborga olinadi. Bu ko‘rsatkichni aniglashda TIOBE (reytinglarni qayd etuvchi
kompaniya), PyPL (PopularitY of Programming Languages) hamda HeadHunter (dasturlash tillari bo‘yicha
vakansiyalar reytingi) kabi tashkilotlarning hulosalaridan foydalanish mumkin.

Erkinlik deganda dasturlash tillarining ochigligi, ishlab chigish muhiti va dasturlash tili mualliflari
yoki konkret platformalarga bog‘liq emasligi nazarda tutiladi. Bu sohadagi tobelik dasturchi va
foydalanuvchilar erkinliklarini cheklab, “hafsalasini pir qiladi”.

Keltirilgan ma’lumotlardan ko‘rinib turibdiki, Python dasturlash tili yuqoridagi barcha mezonlarga
mos keladi.

O’rta umumta’lim maktablarining IX sinflarida o‘quvchilar Python tilida dasturlash bo“yicha dastlabki
ko‘nikma va malakalarni egallaganliklarini e’tiborga olinsa, bu tilni bemalol Oliy o‘quv yurtlarida o‘qitish
uchun tanlab olish mumkin. Bu holat o‘rta umumta’lim maktablari, o‘rta mahsus bilim yurtlari hamda O’liy
o‘quv yurtlarida informatika va axborot texnologiyalari fanini o‘qitish sohasida ta‘lim uzluksizligi va
uzviylikni ta’minlashga imkon beradi.
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NOANIQLIK SHAROITIDA QAROR QABUL QILISH MASALASIDA OPTIMALLASHTIRISH
KRITERIYALARI

Raxmidinov Farrux Islom og’li
Sharof Rashidov nomli Samargand davlat universiteti ragamli texnologiyalar fakulteti talabasi

Annotatsiya. Ishda murakkab tizimlarda mavjud muammolarni tavsifi va ularni yechishda
optimallashtirish kriteriyalari va ularni qo’llash vositalari qaralgan.

Aunomayus. B uccnenoBaHWUM OIMCHIBAIOTCA TPOOJIEMBI B CIOXHBIX CHUCTEMaxX M KPUTEPUH
OINITUMH3AIU U UX ITPUMCHCHUC ITPU UX PCIICHHUU.

Ijtimoiy-igtisodiy tizimlar doirasida garor gabul gilish muayyan magsadga erishish uchun tahlil gilish,
prognozlash, optimallashtirish va turli xil variantlardan muqobilini tanlash natijasidir..

Qaror gabul gilish jarayonini asosan ikkita amaldan iborat: eng yaxshi variantni tanlash bo‘yicha
mutaxassislar tomonidan tavsiyalar ishlab chigish va bevosita garor gabul giluvchi shaxs (QQQS) tomonidan
yakuniy variantni gabul gilish.

Qaror gabul gilish masalasi quyidagi shaklda yozilishi mumkin:

<S,T,R|C4P,C,0,AK,f,A" >,
bu yerda, S - muammoli vaziyat;
T — qaror gabul qgilish vaqti;
R — qaror gabul gilish uchun zarur resurslar;
C, — oldindan belgilangan muammoli vaziyat;
= (P4, ..., B, ) — kelajakda vaziyatning rivojlanishi hagidagi taxminlar to‘plami;
= (Cy, ..., C) - yechim erishishga garatilgan maqsadlar to‘plami;
= (04, ..., 0;) - cheklovlar to‘plami;
= (44, ..., A;,) - alternativ (muqobil) yechimlar to‘plami;
= (K, ..., K}) - optimal variantni tanlash kriteriyalari to‘plami;
f - qaror gabul qiluvchining afzallik funksiyasi (ob’ektiv K mezonlari va garor qabul giluvchining shaxsiy
tanlovlarini o‘z ichiga oladi);
A* — optimal yechim.

Ko‘pincha, optimal harakat yo‘nalishini tanlash noaniqlik yoki tavakkalchilik sharoitida sodir bo‘ladi.

Qabul qgilingan garorlarning oqibatlari turlicha bo‘lishi mumkin bo‘lgan vogealarning kelajakdagi rivojlanishi

X QO

Qaror gabul gilish h

tizimi Qaror gabul giluvchi Y Boshqgaruv obyekti

shaxs

J

Boshqaruv obyekti holati haqidagi ma’lumot

bilan belgilanadi. Har bir variantni amalga oshirish ma’lum (tavakkalchilik) yoki noma’lum (noaniglik)
ehtimollik bilan bo‘lishi mumkin. Qaror gabul qgilish texnologiyasi quyidagicha sxematik tarzda ko‘rsatilgan
iterativ jarayondir:
Qaror gabul qilish mezonlari sifatida Laplas mezoni, o‘rtacha yutuq mezoni, Vald, maksimaks,
Gurvits va Sevij kriteriyalaridan foydalaniladi.
Masalan, Laplas Kkriteriyasi atrof-muhit holati haqida hech narsa ma’lum bo’lmagani uchun
ularni teng ehtimolli deb hisoblash mumkin degan taxminga asoslanadi:
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K@)=1 3k,

bu yerda i — mugobil uchun optimallik mezoni; K(ai)- kij vaziyatning j -chi holatidagi i - muqobil

xususiyatlarining gisman ko'rsatkichi; n — mumkin bo‘lgan muhit holatlari soni.
Optimal tizim samaradorligi formulasi:

K" (a)= mgx(%_lz kijj .

Masala. Do‘kon egasi har kunning boshida tez buziladigan mahsulotni qayta sotish uchun bir birligini 50
so‘mdan sotib oladi. Ushbu mahsulotni sotish narxi bir birlik uchun 60 so‘mni tashkil giladi. Kuzatishlardan
ma’lumki, bu mahsulotga kuniga talab 1, 2, 3 yoki 4 birlikka teng bo‘lishi mumkin. Amalda 1-talab 15 marta, 2-
talab 30 marta, 3-talab 30 marta, 4-talab 25 marta kuzatilgan. Agar mahsulot kun davomida sotilmasa , u holda
kunning oxirida u 30 so‘mdan sotiladi. Do‘kon egasi har kuni ushbu mahsulotdan gancha dona sotib olishi kerak?

Xuddi shu masalani kuzatishlar natijalarini istisno gilgan holda ham garab chigish mumkin.

Bunday masalalarni modellashtirish uchun odatda samaradorlik jadvali tuzish mumkin, unda satrlar
mavjud yechimlarga, ustunlar esa mumkin hodisalar rivojiga hamda qatorlar va ustunlar kesishmasida bog‘liq
ogibatlarning migdoriy baholari qo‘yiladi. ushbu ssenariyni amalga oshirish sharoitida ushbu qarorning gabul
gilinishi bilan. Bunday baholashlar ham ijobiy xususiyatlar (daromad, foyda, foydali samara, foydalilik), ham
salbiy (yo‘qotishlar, xatolar) bo‘lishi mumkin.

Yugoridagi formulalar yechilayotgan masalani yechishning dasturiy ta‘minotini amalga oshirish
bosqichiga o‘tishga imkon beradi.

Bu turdagi masalalar uchun vyaratilgan dasturiy mahsulot ishlab chigish texnologiyasi dastur
arxitekturasini ishlab chigish, rasmiy ravishda taqdim etilgan masalani algoritmlash, dasturni yuqori darajadagi
tilda kodlash va ishlab chiqilgan dasturiy mahsulotni sinovdan o‘tkazishni o‘z ichiga oladi.
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TEKISLIK NUQTALARINI INVERSION ALMASHTIRISH

I.N.Tillabayev
NamDU katta o qituvchi

Invyersiya so‘zi latincha inversio so‘zidan olinib, buning ma‘nosi teskarisini ag‘darish yoki
o‘rinlarini akslantirish demakdir.

I nvyersiya— muhim geometrik akslantirishlardan biri bo‘lib, u boshqa metodlar yordamida
yechilishi qiyin bo‘lgan konstruktiv masalalarni osonroq masalaga keltirib yechishga imkon beradi. Inversiya
geometriyaning boshqa ko‘pgina sohalarida va ba‘zi bir mexanizmlarning, masalan, turli inversorlarning
tuzilishi va ishlatilishini nazariy asoslashda ishlatiladi

Tekislikda O markazi va r radiusli @ (0,r) aylanani olamiz.

Ta'rif. O markazli va r radiusli inversiya deb @ aylana etgan tekislikning O dan boshqa har bir X
nuqtasiga. OX nurda yotuvchi va OX -OX'=r? shartni ganoatlantiruvchi X nugtani mos keltiradigan
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almashtirishga aytiladi. @ (0,r) aylana inversiya aylanasi, uning markazi inversiya markazi radiusi esa

inversiya radiusi deyiladi. @ (0,r) aylanaga nisbatan inversiyani Jé bilan belgilanadi. @ aylananing

markazi O nugtaga inversiyada OX -OX'=r? shartni ganoatlantiruvchi xech ganday nugta mavjud
bo'Imaydi. Inversiya ta'rifiga ko'ra X nugtaga mos X nugta OX nurga etgani uchun OX va ox"
vektorlar yo'nalishdosh boladi va ((W O—X')z ‘(ﬁ‘ - ‘W‘ tenglik bajariladi[1].

Inversiya ta'rifidan inversiya aylanasi qo zg almas nugtalarning geometrik o’rnidan iborat bo"ladi degan natija
kelib chigadi.
Inversiya hossalari:

1D)Tekislik nugtalarini inversion almashtirishda:

a) Inversiya aylanasi tashqgarisidagi nugtalar inversiya aylanasi ichidagi nugtalarga,

b) Inversiya aylanasi ichidagi (markadan boshga)

nugtalar inversiya aylanasi tashgarisidagi nugtalari o tadi 7
(1- rasm). ‘ s

2) Inversiya markazidan o’tmaydigan to'gri o S
chiziqga mos figura inversiya markazidan o’tuvchi aylana o X ' Tt
bo’ladi; /

3) Inversiya markazidan o’tmaydigan aylanaga —

mos figura inversiya markazidan o'tmaydigan aylanadir;
4) Inversiyada to"g’ri chiziglar tashkil etgan burchak ularning aksi tashkil etgan burchakka teng,
5) inversiyada aylanalar tashkil etgan burchak ularning aksi tashkil etkan burchakka teng;

6) Invensiyada aylana va to'g'ri chiziq tashkil etgan burchak, ularga inversion mos figuralar
tashkil etgan burchakka teng,
7) J, inversiya O nugtadan fargli A va B nugtalarni A va B’ nuqtalarga 0'tkazsin, bunda

0, A, B nugtalar kollinear boImasin, u xolda OAB va OAB' 0'xshash uchburchaklar bo'lib
Z0OAB=~/0BA,/0BA= /0 AB (2-rasm)[2].
Agar tekislikda B:{O,i_,]} ortonormallashtirilgan reper tanlangan bo’lib, shu reperga nisbatan
inversiya aylanasi (X —X,)> +(y —yZ) =r’ (1) tenglamaga

ega bo’lsa u holda inversiya quyidagi formulalar orgali
aniglanadi.

_ r?(X—X,) Ly - r2(y—y,)

(X_Xo)z"'(y_yo)z’ ’ (X_Xo)2+(y_yo)2
markazining koordinatalari X,y tekislikning X nugtasini koordinatalari, x',y'—X ning aksi bo’lgan X'
nuqtaning koordinatalaridir[3].

X — X,

(2) bunda X,,Yy, inversiya
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TENGLAMALARNI TAQRIBIY YECHISH

I.N.Tillabayev
NamDU katta o gituvchi

Hozirgi vagtda fan-texnikaning rivojlanishida ilm-fan muammolarini hal gilishda ilmiy salohiyatni
oshirish, rivojlantirish jamiyatimizda muhim o’rin tutadi. llm-fanning rivojlanishida, ilm-fan muammolarini
hal gilishda esa matematik hisoblashlar, matematik tahlil gilishlar jamiyat rivojlanishini dolzarb masalalaridan
hisoblanadi. Chunki juda ko'plab fizikaviy, biologik va kimiyaviy masalalar matematik hisoblashlar,
matematik tahlil gilishlar yordamida hal gilinadi. IImiy hisoblash jarayonida Microsoft Excel dasturi
yordamida tenglamalarni taqribiy yechishni o’rganamiz.

Bir noma’lumli tenglamalar f(x)=0 (1) ko’rinishida yoziladi. Bu yerda f(x) - funktsiya [a, b] oraligda
uzluksiz. (1) tenglamani to’g’ri tenglikka aylantiruvchi ixtiyoriy & soni tenglamaning yechimi deb ataladi [1].

(1) tenglamani yechish ikki bosqgichdan iborat bo’ladi:

a) Tenglamaning ildizlarini ajratish, ya’ni tenglamaning yagona yechimi mavjud bo’lgan oraliglarni aniqlash;
b) yechimlarni berilgan aniglikda hisoblash.

Yechimlarni ajratish. Yechimlarni ajratishning grafik usulida f(x) — funktsiyaning grafigi [a, b]
oraliqda quriladi. Funktsiya grafigining abtsissa o’qi bilan kesishadigan nuqtalari tengnlamaning taqribiy
yechimlari hisoblanadi. Shunday usul bilan aniglangan oraligda tenglamaning yagona yechimi yotadi.

Yechimlarni ajratishning analitik usulida quyidagi mulohazalardan foydalaniladi

a) agar f(a)*f(b)<0 bo’lsa, [a, b] oraliqda (1) tenglamaning toq sonli yoki yagona yechimi yotadi;

b) agar f(a)*f(b)>0 bo’lsa, [a, b] oraliqda (1) tenglamaning juft sonli yechimlari yotadi yoki yechimi mavjud
bo’lmaydi;

¢) agar f(a)*f(b)<0 bo’lib, f"(x) yoki f"'(x) funktsiya [a, b] oraliqda 0’z ishorasini 0’zgartirmasa, (1) tenglama
bu oraligda yagona yechimga ega.

Ishning bajarish tartibi:

Quyidagi tenglama berilgan bo’lsin:

X5-4x-2=0 (3)

a) (3) tenglamaning ildizlarni ajratish uchun elektron jadval yarating;

b) (3) tenglamaning barcha ildizlarini ajrating;

¢) individual topshiriglar uchun barcha ildizlarni ajrating.
1. lldizlarni ajratish uchun elektron jadval yaratish.

Biz yuqorida ko’rdikki, tenglamaning ildizlarini ajratish bir nechta bosqichlardan iborat bo’ladi:
a) funktsiyaning giymatlarini [a, b] oraligning chegaraviy nuqtalaridagi ishoralarini aniglanadi;
b) agar bu qiymatlar turli ishorada bo’lsa, ya’ni f(a)*f(b)<0 bo’lsa, bu oraligda f'(x) yoki f(x)
funktsiyalarning o’z ishoralarini saqlashlari aniqlanadi.
c) Agar f'(x) yoki f"'(x) funktsiyalar [a, b] oraliqda o’z ishoralarini saqlasa, bu oraliqda (1) tenglama yagona
yechimga ega bo’ladi [3].

Demak, yaratiladigan elektron jadval a)-c) shartlarni bajarilishini ta’minlashi lozim. Interval
chegaralarining o’zgaprishi bu jarayonni yangi interval uchun takroran bajaradi. Shunday qilib
elektron jadvalni quramiz.

2. Matnli va sonli giymatlarni kiritish.

Zarur izox va sonli ma’lumotlarni A1:C6 yacheykalarga kiritamiz. Belgilash kiritamiz: fp- birinchi
tartibli hosila, fv - ikkinchi tartibli hosila.

3. Hisoblash formulalarini kiritish. a) A7 yacheykaga “Intervalning o’rtasi” matnini yozamiz.  b) C7
yacheykaga [a, b] interval o’rtasini hisoblash formulasini kiritiladi: =(C5+C6)/2. c) A8 yacheykaga “f
quyi” matni yoziladi.

d) B8 yacheykaga quyidagi formulani yoziladi: =C5"5-4*C5-2.

e) A9 yacheykaga “f o’rta” matni yoziladi.

) B9 yacheykaga quyidagi formulani yoziladi: =C7/5-4*C7-2.

g) A10 yacheykaga “f yuqori” matni yoziladi.

h) B10 yacheykaga quyidagi formulani yoziladi: =C6"5-4*C6-2.

4. Birinchi tartibli hosilani hisoblash formulasini kiritish.

A11:B13 yacheykalarni 3-punktdagi kabi to’ldiriladi.

5. Ikkinchi tartibli hosilani hisoblash formulasini kiritish.
A14:B16 yacheykalarni 3-punktdagi kabi to’ldiriladi.

6. lldizlarni ajratishning bitta iteratsiyasi uchun formula Kiritish
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a) A17 yacheykaga funktsiya ishorasini tekshirish formulasi kiritiladi: =ECJIN(B8*B10<0, 1, 2).
Natijada A17 yacheykaga agar funktsiyaning ishorasi chegaraviy nugqtalarda turlicha bo’lsa 1 qiymati, aks
holda esa 2 giymati yozib qo’yiladi. ~ b) A18 yacheykaga quyidagi formulani yozamiz:
=ECJIM(A17=1:ECJIM (B11*B13<0:0:ECITM(B12*B 13==();
ECJIIM(B11*B12==0:1:0):0))).
Elektron jadval birinchi tartibli hosilaning oraligning chegaraviy va o’rta nuqtalaridagi ishorasin
aniglaydi. Agar ishoralar bir hil bo’Isa A18 ga -1, aks holda -0 ni yozib qo’yadi.
¢) A19 yacheykaga quyidagi formulani yozamiz:
=ECJIM(A17=1:ECIIH(B14*B16<0:0:ECJIN(B14*B15>=0:
ECJTU(B15*B16>=0:1: 0):0))):
Elektron jadval ikkinchi tartibli hosilaning oraligning chegaraviy va o’rta nuqtalaridagi ishorasin
aniglaydi. Agar ishoralar bir hil bo’Isa A19 ga -1, aks holda -0 ni yozib qo’yadi.
B) A20 yacheykaga A18 va A19 yacheykalardagi sonlarning yihindisini hisoblash formulasini
yoziladi: =CYMM(A18:A19).
Agar A18 yoki A19 yacheykalardan birortasida 1 yozilgan bo’lsa, u holda A20 da
ham 0 dan farqli son bo’ladi. Bu faktni aniqlash uchun A21 ga quyidagi formulani yozamiz: =ECJIN(C20>0,
“Berilgan “S57”-“S6” “intervalda yechim yagona”, 0).[2].
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REKURSIYA
Sh.X.Tojiboyeva NamDU

Informatika Fani bo"yicha olimpiadalarda turli masalalar uchrab turadi. Jumladan, bularan biri rekursiv
masala hisoblanai. Agar dastur o‘zini-o‘zi protsedura yoki funktsiya sifatida foydalanadigan bo‘lsa, bunday
dasturlarni rekursiv dastur deyiladi. Rekursiv dasturlar ikki turga bo‘linadi:

a) To‘g‘ri rekursiya. Bunda funktsiya o‘ziga-o‘zi murojaat giladi.
b) Yondosh rekursiya. Bunda 1-funktsiya 2- funktsiyaga, 2-funktsiya esa 1-funktsiyaga murojaat giladi.

Rekursiv dastur yozish uchun avvalo 1) rekkurent munosabat; 2) shu munosabat uchun boshlang‘ich
holat aniglangan bo‘linshi shart. Rekkurent munosabat deganda biror jarayonning N va N-1 gadamlarni
bog‘lovchi munosabatlar tushuniladi. Masalan, N!'=N(N-1)! formulani N! uchun rekkurent munosabat
deb garash mumkin. Bu munosabat uchun boshlang‘ich holat bo‘lib, 1!=1 xizmat giladi. Bu ma’lumotlarni
hisobga olsak, faktorialni hisoblash masalasi uchun rekkurent munosabatlar quyidagicha bo‘ladi:

Nl_{N -(N-1)!, agar N >1bo'lsa

1, agar N =1bo'lsa
Ko‘rinib turibdiki, N! ni hisoblash uchun avval (N-1)! ni hisoblab topish kerak. Lekin, (N-I)!
=(N-2)! (N-1) bo‘lganligi uchun o‘z navbatida (N-2)! ni topishga xarakat qilinadi. (N-2)! esa (N-
3)!(N-2) ga teng va hokazo. Demak, N! ni hisoblash algoritmi o‘zining ichiga o‘zi "cho‘kib" bormoqda.
Bu jarayon boshlang‘ich holat sodir bo‘lgunga, ya’ni 1! gacha davom etadi. SHundan keyin, "cho‘kish"
jarayoni to‘xtaydi, 1!=1 ekanligi haqida ko‘rsatma olgan EHM endi yuqoriga qarab "suzib" chigish
bosgichini bajaradi. YA’ni, 2!=1, 2!=1-2=2, 31=2.3=6 va hokazo. Bu holat to N!
hisoblanmaguncha davom etaveradi. Shu jarayonning Turbo Pascalda dasturi quyidagicha yoziladi :
program factorial ;
var r.n: integer ;
function fak(k:integer): integer;
begin
if k>1 then fak:=fak(k-1)*k else fak:=1 ;
end;
begin
read(n) ;
write(fak(n));
end.
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Navbatdagi masalada f(n) funktsiyaning giymatlari f(0) =1, f(2n)=f(n) va f(2n+1)=f(n)+ 1
ifodalar yordamida topiladi. Berilgan k natural soni uchun f(k) ni toping.

Yechish g‘oyasi: Yugoridagi masalani K ta elementli massiv yordamida yechish ko‘pchilikning
nazarida oson usulga o‘xshaydi. Lekin bu to‘g‘ri ish emas. CHunki, K etarlicha katta son bo‘lsa, K ta elementli
massiv EHM xotirasiga sig‘may qolishi mumkin. Qolaversa, siqgan taqdirda ham, bu elementlarning hammasi
ishlamaydi. k=1000 bo‘lganda massivning 1000 ta elementidan ko‘pi bilan 11 tasi masalani yechish
uchun kerak bo‘ladi halos. Qolgann esa EHM xotirasini bekordan bekorga band giladi. Shuning uchun
go‘yilgan masalani massivdan foydalanmay yechish eng yaxshi usul hisoblanadi. Bu usul rekursiyadan
foydalanish usulidir. Rekkurent munosabat va bu munosabat uchun boshlang‘ich holat masala shartida
keltirilganligi dasturchi ishini yanada osonlashtiradi. Turbo Pascalda dasturida quyiagicha:

Program rekursiya ;

var k,n : integer ;
function f(m:integer) : integer ;
var h: integer;

begin
if m=0 then f:=1 else
begin h:=m div 2 ;if m mod 2=0 then f:=f(h) else f:=f(h)+1; end; end;
begin read(k) ; n:=f(k) ; write("f(',k,") ',n:10) end.

Bu dasturni k=10 bo‘lgan hol uchun bajargan EHM f( 10 ):= 3 yozuvlarni displey ekraniga
chigaradi.

Navbatdagi masalada arifmetik progressiyani matematik formulasi @, =&, +d(n—1) yordamida

hisoblashni ko'rib o' tamiz.
Yechish g oyasi. Formulaga ¢’tibor berilsa, davriy ravishda d (hadlar ayirmasi) qo shilib kelmoqda,
rekursiv masalalara albatta e’tiborga olish lozim. Endi rekursiv algoritmini qurib olamiz.

Arif (a,,d,n) = agar n=1
%SV Arif (a,d,n—1)+d, aks holda

Dasturda funksiyani quyidagicha yozib olish mumkin. Turbo Pascal dasturlash muhitida quyidagicha:
Function Arif (al, d: real; n: integer): real;
Begin
ifn=1 then Arif:=al else Arif := Arif(al,d,n-1) +d;
End;

Rekursiyani grafikaga tatbiq gilsinsa chiroyli manzara hosil boladi. Masalan gor parchasini tasvirlash
uchun Turbo Pascal dasturlash muhitida dasturi quyidagicha:
program qor;
uses graph, crt;
var x,y,r,d,m:integer;

pi:real;
procedure ris(x,y,r:integer);
var x1,yltinteger;
begin
if r<=1 then begin putpixel(x,y,15);exit end;
fort:=0to 6 do begin
x1:=x+trunc(r*cos(t*pi/3));  yl:=y+trunc(r*sin(t*pi/3));
line(x,y,x1,y1); ris(x1,y1,r*2 div 5);
end;
end;
begin
d:=detect; initgraph(d,m,'bgi’);
pi:=3.14; x:=320; y:=240; r:=80;
ris(x,y,r);
end.
Dastur ishga tushirilganda quyiagi qor parchasi tasvir hosil boladi.
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Yugoridagi ma’lumotlardan ko‘rinib turibdiki, rekursiya oddiy protsedura yoki funktsiyaga nisbatan
murakkabrog tushuncha, lekin u mohir dasturchi qo‘lida juda ham yaxshi qurol bo‘lishi mumkin.

ADABIYOTLAR
1. http://th-algoritmov.narod.ru/
2. http://www.pascaler.ru/pascal/underprog/recursia/
3. http://dic.academic.ru/dic.nsf/ruwiki/6791

ATIIMMIPOKCUMAILIMSI KPAEBBIX YCJIOBHH 3-I'0 TUIIA C TOYHOCTBIO O(h?)
C.TomdoeB (Ham I'Y)

1) PaccmarpuBatoTcst kpaeBble 3aqauu Ui AuddepeHanbHbIX YpaBHEHHH:
1) o6bikHOBeHHOE MU depeHInaTbHOEe YPaBHEHUE

u +pl)u' +q)U=f(x), a<x<b Q)
aou(a) + ;qu'(a) = A, Bou(b) + pyu'(b) =B (2) 2)
napabonuueckoe nupGepeHIraibHOe ypaBHEHHUE

U = Uy + 1), 0<x<1, 0St<T, u(x,0)=uy(x) (3)
(XO'U.(O, t) + alu’(o' t) =91 (t), ﬂou(l, t) + ﬂlu,(ll t) =92 (t), (4)

3) runepbonnyeckoe JUdhepeHInaIbHOC ypaBHEHUE

U = Uy F (1), 0<x<1, 0<t<T, ulx0)=uy(x),ui(x,0) = u(x) (5)

aOu(O' t) + alu/(o' t) = gl(t)' ﬁou(l' t) + Blu;((li t) = gZ(t) (6)

Jlitst mocTpoeHust pa3sHOCTHBIX cxeM B obmacti D = [0,1] * [0, T] BBOAMTCS CEeTKA TOYEK Wpy = Wp * Wy =
{(xk,tj), X =k *h, ti=Jj*T1, k=0..m;, j= 0..n} O003HaUNM Uyj = ﬁ(xk,tj), Uyj =

uy; rAe U(x,t) TOYHOE pelIeHne KpaeBo 3a1aum.

OCHOBHBIE MJIEH alPOKCUMAIIUK KPaeBbIX ycloBuii ¢ Tounocthio O(h?) Ml u3noxum s 3axaqu (1), (2). B
paborax [1-3] umeercs pasHocTHas cxema Buma Au=d, rouroctsio O(h):

aoup + a1(ug —ug)/h =4 (7)
uk_l_z;jzk-‘-ukﬂ + Pk(uk+21h—uk—1) +quur = fi, k=1.m—1,Bouy, + Bl(um;um_l) -B (8)
rae pe =Pk, Qe =q(xk), fi = fx), up = ulxg), k=0..m )

Vpaeuenus (7), (9) anmpoKCUMHPYIOT KpaeBble  ycimoBue ¢ TouHocThio O(h), ypaBuenust (8)
anmpokcuMupyroT auddepennuansaoe ypasaenue ¢ tounocteio O(h?). Hama 3amaua sensgercs samuch (7),
(9) ¢ Tounoctrro O(h?).

1. Merox A.A. Camapckoro [1-2, 3]. Ucnonbs3oBanue hopmyist Teitnopa u quddepeHmaibHoe ypaBHEHHUE.
71t 1eBOro KpaeBoro yCIOBHS UMEEM:
uy = u(xg + h) = ug + uph + 0.5ugh? + 0(h®), uy = fy — quy — pu,. B pesynbrare nmeem:

~ ~ 5 = aq _ E ~ 2a4q 4 ai+hfy

boug + Couy = dy, by = ap + Py— (qoh =7, G0 = ") dy=A+ Py— (10)
AHaJ’IOFI/I‘IHO, Ui TIpaBOTO KPaeBOro YyCJIOBUS IOJyYacM:

~ © — 3 = _ _ 2B T B1 (E _ ) 5 _n_ Bahfm

AmUm-1 + bmum - dmv am = h(2+pmh)' bm - BO + 2+pmh \h hqm ’ dm =B 24pph (11)

IIpoMesKyTOUHbIe ypaBHEHHs (8) IpH 3TOM He MEHSIOTCS, ¥ nMeeM Au = d.

2.ATIpOKCHMAITUS TPAHUYHBIX MPOU3BOJHBIX CHMMETPUYHOU (OPMYIIOH NMPOM3BOAHBIX. Paciiupum ceTky
TOYEK ABYMs JONOJHHUTENIBHBIMH TOYKAMHU X; = Xo — h, X1 = X;p + A ¥ anmpoKcuMHpyeM KpaeBble
YCIIOBHS CIISAYIOIIMM 00pa3oM:
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a;(U; —u_q) B1(WUms1 — Um—1)
_— = A, =B
AolUp + o Boum + o
N3 stux ypaBHeHI/Iﬁ u u3 (8) JJIA k:0, k=m HUCKIIOYaeM U_, um+1:
Bouo + Eoul = d~0, EO = Zhaoaoal, 60 = al(ao + bo), d~0 = ZhAao + aldo, (12)

AmUm-1 + by, =dp, 3y = —B1(en + am),  bm = ZhBocy — B1bm, dm = 2hBey, — Brdy  (13)
3.AnmpoxcuManus rpaHUYHBIX TPOU3BOIHBIX HECHMMETPHUYECKOM (OpMyYII0ii Tpon3BOIHBIX. /151 KpaeBhIX
YCIIOBUH MOXKHO HCIIOJIb30BaTh MPHOIMKEHHBIE (OPMYJIbI IPONU3BOAHBIX:

3ug + 4uq —u, Lo, u, = Upm—2 — 4Upm_1 + 33U, L om?),

2h 2h
Ho npu stoM, B CJIAY Au = d mMaTpuma A mepecTaéT GbITh TPEXIHOTOHANHOMN, a YPABHEHHs ¢ HOMEPaMH
k=0, k=m Taxxe conepkaT Mo TPH HEU3BECTHBIX.
IIpoBeneHHBIE JKCIIEPUMEHTHI C PA3HOCTHBIMH CXEMaMHM, ITOKa3bIBAlOT XOPOIIYI0 TOYHOCTH IIO

cpaBtenuo ¢ (7)-(9).

uy =
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PONTRYAGIN MISOLIDA BIR QOCHUVCHINI TUTIB OLISH MASALASI

Umarov Nurali Olimjonovich
Farg ‘ona Davlat universiteti 1-kurs magistranti

Berilgan sondagi qochuvchilarni tutish masalasi hagida

Kalit so’zlar. Differensial 0’yin, guruxli taqib etish, tutish masalasi.

Abstrakt. Ushbu ishda harakat dinamikalari chizigli differensial tenglama orqali ifodalangan bir
gochuvchi va bir nechta quvuvchi orasida ta’qib etish masalasi o’rganilgan. Barcha o’yin ishtirokchilarining
dinamik imkoniyatlari bir xil. Bunday masalalar [1], [2], [3] adabiyotlarda tadqiq etilgan. Ushbu ishda
sistemaga mos bir jinsli sistema uchun koshi masalasi yechimi rekurrent deb faraz gilinganda tutib olish
masalasi yechilgan.

R¥ (k > 2) fazoda n + m ishtirokchili differensial o’yinni qaraymiz, bunda Py, ..., P, quvuvchilar va
Ej, ..., Ey, qochuvchilar. Har bir P; quvuvchining harakat gonuni

J'Cl' = A(t)xl- + Uu;, u; € vV (1)
ko’rinishga ega. Har bir E; gqochuvchining harakat gonuni esa

ko’rinishga ega. Bu yerda va keyingi o’rinlarda x;,y;, u;, v; € Rk, iel={1,2,..,n}j€e]={1,..,m},
A(t) — [ty, ) intervalda uzluksiz k-tartibli kvadrat matritsa, V — qattiy gavariq silliq chegarali kompakt
to’plam R* fazoning gismi. t = t, da

x;(to) = x{, ¥;(to) =) (3)
boshlang’ich shart berilgan, bunda barcha i, j larda x # y]!)_

Quvuvchilar guruhining magsadi — qg(1 < g < m) kam bo’lmagan qochuvchini tutib olishdan iborat,
bunda avval qochuvchilar 0’z boshqaruvlarini tanlaydi, so’ngra qochuvchilarning tanlovi to’g’risidagi
axborotga ega bo’lgan quvuvchilar o’zlarining boshqaruvini tanlaydi, shu bilan birga har bir quvuvchi bittadan
ortig gochuvchini tutib olishi mumkin emas.
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n = q deb xisoblaymiz.
(1) — (3) sistemalar o’rniga
ZU S A(t)Zij + u; — v, ui,vj € V, Zij(tO) = Zioj = le - yJO (4)

Koshi masalasini qaraymiz. Ta’kidlash joizki, bunda z? # 0.

Bu o’yinni G orqali belgilaymiz.

Ta’rif. Agar shunday chekli T, = T'(z%) moment topilib va E; gochuvchilarning ixtiyoriy v;(t), t €
[to, Tp] joiz boshqgaruvlari uchun P, ..., B, quvuvchilarning shunday

u;(t) = ui(t, z{’j,vj(s),s € [tO,To])

joiz boshqaruvlari topilsaki, ular uchun N c I, M c J,|N| = |[M| = q to’plamlar mavjud bo’lib va har bir § €
M nomer uchun ZaB(TaB) = 0 tenglikni ganoatlantiruvchi @ = a(f) € N nomer va .z € [to, To] moment
mavjud bo’lsa va bunda ixtiyoriy B; # B, uchun a,(B;) # a,(B,) bajarilsa, u xolda G o’yinda tutib olish
mumkin deymiz.

@(t) orgali

w=At)w

sistemaning fundamental matritsasini belgilaymiz, bunda ®(t,) = E, E — birlik matritsadir.

Teorema. Quyidagi shartlar o’rinli bo’lsin:

1. [ty,0) da ®(t) matritsa rekurrent, uning birinchi tartibli xosilasi esa bu intervalda tekis
chegaralangan;

2. Har bir s € {0, 1, ..., g — 1} nomer uchun quyidagi tasdiq bajariladi: ixtiyoriy N c J,|N| =n—s
to’plam uchun shunday M c J,|M| = q —s to’plam topiladiki, barcha f € M nomerlar uchun 0 €
Intco{zgﬁ, a € N} munosabat o’rinli.

U xolda G o’yinda kamida q ta gochuvchini tutib olish mumkin.
Misol. Parametrlari quyida berilgan differentsial o’yinni qaraylik (5-rasm): k =2,n=4,m =q =

2, to = 0,
costsint —cost
A =( ; ‘),
2cost —cos®t —costsint

t=(o) 2=(5) #=() #=(5) 8=(5) =)
U xolda bir jinsli sistemaning fundamental matritsasi

CD(t)=( 1 —sint)

sint cos?t
ko’rinishga ega. ®(t) matritsa rekurrent va bu 0’yin teoremaning 2-shartini ham ganoatlantiradi. Demak

garalayotgan o’yinda kamida 2 ta qochuvchini ushlab olish mumkin.
A

_\- l') ‘\' I] )

X3 -\"I."

5-rasm. Ikkita qochuvchini tutib olish masalasi.
1.3-tasdiq. Agar Gz o’yinda A(t) = 0 bo’lib 1.3-teoremaning 2-sharti bajarilsa, u xolda o’yinda
kamida g ta o’yinchini tutib olish mumkin.

FOYDALANILGAN ADABIYOTLAR
1. I'puropenxo, H.JI. MaremaTnueckue MeTOAbl YHPABICHUS HECKOJbKHUMH JAHMHAMHYECKUMH
npoueccamu/H.JI. I'puroperxo.—M.: MI'Y, 1990.—197 c.
2. ConoBeeBa H.A. Opna 3amaya TPYNIOBOIO NPECIEAOBaHMS B JIMHEWHBIX PEKYPPEHTHBIX
muddepernunansHbix urpax, MTHUIL, 2011, Tom 3, Beimyck 1, 81-90.
3. Uukpuit A.A. KondnukTtHo ynpasnsiembie nporecchl. Kues: Haykosa mymka, 1992. 380c.
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TABJIUMIA ITOPTAJI TEXHOJIOTUSJIAPU

X.9.Xoamup3aes, C.H.Uuomuaaunos, A.ILL.A6aypaxmonoB Ham/[V

TabauM TU3UMHHM HCIOX KWIMIIHMHT MYXMM HYyHanIuuumiapuaaH Oupu axOopOTKOMMYHHKAILUS
TEXHOJIOTHsUIapU OMiIaH YKyB KapaCHUHHM TH3UMJIM MHTETrpanusiian xucobnaHany. byHna yKyB xapaéHUHI
TAIIKWJI 3TUILI Ba YHUHT Ma3MyHUHHU TyOAaH SHruanl, ax00poT-KOMMYHHUKAIKS TEXHOJIOTHATIapy MyXUTHIA
VKUTYBUMHHUHT MEAArorvK (HaoiusITd Ba TaJaOaHUHT TAabJIUM OJUIL >KapaéHWHW TAIIKWJ STHII CTPAaTETHK
MacaJia cudaruaa HaMoEH Oyau.

Nnmuii-TeXHUK TapaKKUETHUHT PUBOXKIAHAETraH OOCKWYHIa axOOpOTIAPHUHT KECKHH KYIannuo
OopaéTranyiury Ba ynapJaH YKUTHIN jkapaéHuna (oiaaNaHHuIl YUyH BaKTHUHT 4YeTrapajlaHTaHINTH TabJIUM
TU3UMUTA SIHTM  TEXHOJOTHSUIApDHM  JKOPUM  JTHUIIHM  TaKo30 O3TMOKAA. T1abiuM  Ma3MyHHUHHU
TAaKOMWUTAIITHPUIIHUHAT HYHAIUIIApUIaH OUPH TabJIUM OJyBUMJIAD YYYH MYCTaKWJI TabIUM OJIMLI
UMKOHUSATIApU, TABIMMHHUHI axO00poT MaHOaJapuHHM IIAKUIAHTUPUIL Ba PUBOXKIAHTHPHUII YUYYH 3apyp
HIapOUTIApHU spaTHIAaH noopataup. TabnuM-TapOus skapaéHIapUHUHT ACOCHHU FOKOPH cU(aTIH Ba I0OKOPH
TEXHOJIOTHSUTH MYXHT TaIlIKWJ STagd. YHUHT SPaTHIMIIN Ba PHUBOKIAHHWINN TEXHHK KHXATIaH MYpPakkaO
caHajcaga, aMMO OyHZall MyXUT TabJIUM TH3UMHHH TaKOMWUIAIITHPHUINIA, TabiluMAa ax0opoT
TEXHOJIOTHSUIAPUHH TYO MabHO/IA KOPHUI ITHIITA XU3MAT KUJIA/IH.

3aMoHaBHi axO0pPOT TEXHOJOTHSUIAPH Tanadaaap yayH MabIyMOTIAPHU €TKA3UII, CaKJall, KHIUPHII
KaOM kapa€Hiapla KaTTa MMKOHUATra ora. X03upla TablIMM Myaccacajapuaa 3JeKTPOH INakila KyIuad
ax00pOT-TabJIMM pPecypciapy sipaTUiraH.

TabaumM-TapOust skapaHiapuHu axOOPOTIAITHPUIITHA PHUBOKIAHTUPUII WYHAIUIIA TYPIU TabJIUM
ax00poT pecypclIapWHUHT OHMPNAMTHPWIHNIIN OpPKAJTH axOOpOT-TahJINM MYXUTIAPWHH SPATUIN OWIaH
Oesocuta OOFMMK. byHmalh MyXWTHH TalIKWiI STHIIAA, aBBAIOM OO0p, TabBIMM Myaccacanapuia
axOOPOTIAIITUPHUIIIHY TAIIKWJ STHILI, ’bHU Oapya YKyB, MAabMypHH Ba XY KaJIWK XH3MaTJIapHU, KyTyOXOHa Ba
OomkapyB (pekropar, JeKaHaT, YKyB OYyauMH Ba OOINK.) OYIMMIIQPUHHU STOHA TAPMOKKA OMPIAITHPHII,
ynapau MHTEPHET Tu3uMura 4uKuill MMKOHUSATIAPUHH SPATHUI, TabJIUM Myaccacuaa YVKyB >KapaéHUHU
Ha30paT KWIWII, XyXOKaTiap 3JeKTPOH ajJIMaHUIIYBHHHU TAIIKHWI THII, aXOOpOT TEXHONOTHSUIAPH HETH3HIa
Maxcyc YKyB-METOAMK MaXKMyaJlapHU SIPaTHII OpPKAIM TalabaJapHUHT MYCTaKHI TabiuM (HaoTHSTHHH
TalIKWI JTHIN KaOW BasudanapHu amaira omupum 3apyp OVymamu. Xo3upaa OyHmail BasudamapHu
OakapuIga MOpTaj TEXHOJOTHUIAPUHH SPATUII OPKAIM axOO0pOT-TabiIuM pecypciapuaaH (poiaalaHuIIHT
TAIIKWI ATHII MyMKHUH. TabliUM MyacCaCHHHHI SITOHAa aXxOOpOT-TabJIUM MYXUTHHHU PUBOKIAHTUPHUIIHUHT
MyXUM WyHamumu cudartuaa YKyB skapa€Huza axOopoT Ba TENEKOMMYHHMKALMS TEXHOJOTHMsIIapHIaH
doliganannm  xucoOmaHanu. AXOOpPOTIapHM  TH3MMJIAITHPHUIN — axOOpOT-TabJIUM  pecypciapHuiaH
(bolJanaHnIIHN EHTMIDIAITHPAIU. AXOOPOT-TabJINM NOPTAIIIAPUHHIHT SPATHITUIIHN aX00POTIapHU MaHTHKHHA
TapTUONAII Ba TU3UMJIAIITHpHUIITa Epam Oepau.

[Topran — Oy doiinananyBumra ax00poTIapHU OAAUN HABUTAIUS Ba KEHT KYIIaMiIH Kyiaid nHTepdeiic
OpKaJIM €TKA3UII YUyH TYPIH axOopoT pecypciaaprHy OMpIalITHPYBUM TAPMOK TEIEKOMMYHHUKALMS TYTYHU
xucobnanaau. bynaan ke yukuO moprautapra KyHunaru TajnabinapHu KyWnI MyMKUH:

- KYTI coHn (poiimananyBumIapra Xu3Mar KypcaTHIIIH;

- ax0opoTIap KYIaMUHHUHT KEHIJIUTH;

- acocuil TapMoK (opMaTiapHH KyIamim;

- OCOH Ba caMmapayiv KUAUPHUII TUZUMUHH KOPUH 3TUIIIHN;

- aX00POT peCcypCIapuHUHT UHTEIPaLUsCH;

- aX00pOT XaB(PCU3IUTHHY TAbMUHIIAIIN;

- axOopoTiapHu TabaKaIATHPHIIIH;

- OMITMMIIapHHU OOMIKAPHUIL-TAXJIMII STHILH.

[lopTamnapHuHr KypcaTKMYM YHIA My)KaccaMiallilaH axOOpOTJapHUHT KyJIaMH, S’bHH axO0opoT
pecypciapu XaKMu OWjIaH aHUKJIaHaIH.

Xap Kanaaid TOPTAIHUHT Makcaau — (oiinananyBunra yHra 3apyp axOOpoTIapHH KUCKa BAaKTIa Ba
Typiin uHTepdeicaap opacuIard yYTHIUIAPHM OPTHKYA XaTTUXapaKaTiapcu3 TaKIuM JTUIIIAH HOopaT
Oymam.

[opranuuar ¢oligananyBun HHTEpPEHCH YHIIA KOWIANITHPWITAH PECYpPCIapHUHT TapKUOWHU
KyprasMajid HaMOWHMII STHIIM, Oup Oynumuan Oomka caxudanapra MaHTUKUH Ba TE3KOp YTHIIHH
TabMUHJIAIINA JO3HM.

TaknuM sTwina€rran axOOpOT-TAbJIMM pecypciiapd MYCTaKWil TablIMM y4YyH TOMNIIHPUKIAPHH,
Y3nmamrupuirad OMIMMIIAPHE TEKIIUPHILI YIyH TECT CHHOBJIAPHHU MXKOJIUH TadaKKypHH PUBOKIAHTUPHUILITA
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KapaTWIraH TOINIMPHUKIApHY, OWIMMIIApHM  MycTaxKamjalra KapaTWiraH MallKJIapHu — y3uja
MyXaccaMJIalTUpraH Oynanu.

Ilopran y4yH MynbpTHMenua MaTepHaUIApUHM TaHJAIga YJIAPHUHI axO0O0pOTMa3MyHH, Ty3WJIMa
TapKuOM, Y3BUIINIY Ba aXxO0OpOTIapHU TaKIUM 3THUII LIAKIJIapura ypTUO0p Kapartuil kepak. MysibpTumenua
MaTepuaiapu axOOpOTJIApHU OCOH Y3JAIUTHPHUII yYYH XHM3MAaT KHJIUIIK: YJapHUHT Ma3MyHHHH O4YHO
Oepur, THHA aX00POTIAPHUHT MyCTaKiI MaHOaun cudatuaa (oiimanaHuin IMKOHUHU OSPHIIH JIO3UM.

TexHO0ruK )XUxaTaaH ax00poT-TabIUM NOpTaIapura Kyiunaru Tagaomnap
KyWuinaau:

- WIOBaJIapHU OaXKapwiL;

- XaMKOPJIHMKAAru (HaoauaTHU TabMUHJIALL;

- ¥3ua MaBxKy/[l pecypciaapHu OOIIKapHIL,

- (hoiimanaHyBUHIaApHH OOIIKAPHILL;

- Ha3opar o0 OOpHI;

- OMTUMITApHA OOIITKAPHIII;

- KOMMYHHKAIWSHU TAbMUHIIAI,

- KHIUPYBHU TabMUHJIAI;

- Oapya pecypcliapHU pyxcaT JITWIMAaraH KUPHIUIApAaH XHUMOSJIAIM, SBbHU axO00poT XaB(CHU3IUTHHU
TabMUHJIAIIL

- TU3UMra pyxcat OepHIll, SbHU KalIAaH YTUITHY TAIIKWI STHIIH 3apyp.

bunmum coxanapu €xu harmap Oyitnaa ax00poT-TabJINM MOpTai (GakaT TabJINM Myaccacanapy OuiaH
yerapanaHu0 KonMaiau. AHbaHaBHUHA Ba 3JE€KTPOH LIAKIAArH YKYB MaTepHasllapy rOHa TabJIUM MyXUTHHHHT
TapkuOMii KucMU cudatuia Oup-OUpIapuHU TYIAUPUIITN MyXUMAUp. SIHrH axO00pOT TEeXHOIOTUsITaAPHHUHT
MMKOHUSATIapuAaH (oiinanaHum aidpuM Mefaroruk MyaMMOJIapHU €UMIIIArd KUAWHYMWIMKIApHU OapTapad
ITUIITa XU3MaT Kwiagu. AXOOpOT-TablIuM MOPTAUIAPUHU (aH-TAbIMM-UIIIA0 YUKAPULIHUHT camapajiu
UHTETPAlMACHHA TAbMHUHJIOBYM, YHUHT PHUBOXIIAHWIIMHH, WIMHH-TIENIArOTUK CaJIOXMATAAH camapaiu
(olifanaHUITHA TAIIKKUI ATUI IHIAPOUTHHHU IPATyBUM CU(ATHA Kapall MyMKHH. Y TabJIUM MyaccacaJapHHHT
outHpyBuUMIIapura >xXTHEXKIapu Oynran OyropTMmaumnap yuyH xam Qorgamuaup. [lopran OutmpyBummap
Oyinua axOopoT MaHOau OynmuO xm3mar Kuinanu. Konasepca, TabiuM XU3MaTIaApHHU TAKJUM 3TyBUMIIAp Ba
YHUHT UCTEbMOIYMIIAPY OWJIaH SHIY MIaKIAAry y3apo aloKaHu Wynra Kysau. byHnai moptamHu sipaTyil, yHU
PUBOXKJIAHTUPHUII YUyH, aBBajlo, TABJIUM MyaccacaJlapMHU KOMIBIOTEPIAIITHPHUIIHNA TaKOMHJUIAILTHPHILL,
TEJIEKOMMYHHMKALIUSI TAPMOKJIAPUHHU SHaJa PUBOXIIAHTHUPHII, axOOpPOTIApHU TH3MMIIAIITHPHILI Ba YJIAPHU
NOpTajia KOWIAITUPHUII Tanad dTWwiaan. SiroHa ax00poT-TabJIMM MYXUTHHU PHUBOXKIAHTUPHUITHUHT MyXUM
[IaPTH TNOPTAJIHUHI YKYB-METOAWK TABMUHOTHHU PUBOKIAHTHPHIL, JIEKTPOH YKYB HAIIPJIApHU SPATHILIHU
TAaKOMUJUTAILTHPHUIL CAHAIA/H.

AXOOpPOTJIAIITUPUIIT  JKapa8HUHM CcaMapajid pPHUBOKIAHUIIMHE TabMHUHIAII Y49yH ax0opoT
UHGPATY3UIMACHHU MyKaMMaJl IaKJUIaHTHPHIITa YbTHOOp KapaTMOK 3apyp OyJaau.

AJIABUETJIAP
1. T.T.lloiimapaonos, B.C.Xamumo, M.Qaii3ueBa “ONeKTpoH Megarornka Ba MEAarOTHUHT
maxcuii, kacowii axGopoT MalJAOHMHM JoMuXajnanr’ MOIynIu Oyiudya YKyB yCiayOud Maxkymya.
TATY-20151#

TAJTABAJIAP YKYB HATUKAJIAPUHA HA3ZOPAT KUJIMII, BAXOJIAIII BA MOHUTOPUHT
KWJINII TU3UMUA CUPATHJIA LMS JTAH ®OUJTATAHUIII

X.E.Xolmirzayev, S.T.Nastinov Ham/[Y

Cudat MOHUTOPUHTMHH 07O GopHIIa axO00POT-KOMMYHHUKAIMS TEXHOJIOTHSUIapUAaH (QoiiianaHum.
TabnuMaa 3pKHH Ba OYHMK KOIJIM JAacTypuil TabMHUHOTHAp Taxjwid, LMS TusumnapuHuHT acocuit
¢dysaknusutapu, LMS Ti3uMiapuauHT Taxmin, MacodaBuii TH3UMUIA YKYB KapaSHUHH TaIlKWLIAIITHPHII,
MOODLE mnardpopmacu wumkonusimiapu Ba Xxycycusmiapu, MOODLE tusummpga nHazopat-caBosuiap
TypJlapd, aIMHHUCTPATOp, Kypc Myamnudwu, Tbiorop, Tanaba Ba mexmoH, MOODLE tu3umumpa yKyB
yKapa8HUHU TAIIKHIUIAIITHPUII OOCKUUIAPH.

Moodle — uarnuzya cyzaapaunr abopesuarypacu 6116 Modular Object-Oriented Dynamic Learning
Environment (pycuacu “monysibpHas OOBEKTHO-OPUEHTHPOBAHHAS JWHAMHYECKas oOydaromas cpena’) -
MOy 00BeKTra HyHantupwiradn auHamuk ykutuim myxutH. GNU GPL nunensuscu Oyiinya 3pKuH
(dhoitnagaHuin MyMKUH Oyirad BeO (BeOra HyHaITHPUIraH) UI0Ba XMCOOIaHaIH.
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Moodle — 0y ykuTyBuM(KypC sipaTyB4YH)iiap TOMOHHIAH OHJAWH-KypCIapHH SPATHII YYyH Maxcyc
niiad YMKwiral caidT tapkuOuHm Oomkapum tusumu (Content Management System -CMS) cudatuna
UIIUTATUII XaM MyMKUH. YHU KynuH4a e-learning tusumiapuu ykutuiau Gomkapuin Trzumitapu (Learning
Management Systems - LMS) éku Buptyan yxkutum Bocutacu (Virtual Learning Environments - VLE) ne6
xaM araiagu. by Oemynm TapkaTwiaguraH AacTypuid Maxkmya Y3WHUHT (QYHKIOHOHAT HMKOHHUSTIADH,
YpraHumgard COONAIMIM Ba HIUIATUILAArH KyJalaura OWiaH 5SJICKTPOH YKUTHIN TU3UMIIApUAaH
doinananyBUYHIApHUHT KYTIITHHA Tanabnapuan Kanoataantupaan. Moodle macodapuii YkuTHII jkapaHUHA
Tyna Kynna0-KyBBaTJIalll yYyH KEHT JIOMpajard MMKOHMATIApHU Oepaiu — YKyB MaTepHaslapuHH TYpiu
ycyiutapaa Oepuill, OMIMMIIAPHU TEKIIUPUII Ba Y3MAIITHPUII HA30paTH aloXuAa TabKUIa0 YTHII MaKcaara
MYyBO(UK.

Moodle na 15 Typaaru uHTEpakTHB YKyB MaTepHaLIapH MaBKyz OYnuO, yJIapHUHT COHHM OLIHO
6opmoxaa. Kype sipatyBuricu TH3UMHUHT OyHJaii UMKOHUSATHIAH (oianaHral xonaa YKUTHIaaurad panHu
tanabanapra( OWINM OyBUMIIApTa) MHTEPAKTUB KYPUHHUIIAA TaKIAM 3TUII IMKOHHUSITHHU SIPATaH.

Xycycan: SCORM é&xu AICC cranmapr nakernapu. By VKyB marepuamyiapu OpKalid OWIAM
ONYBUYMHUHI YpraHuwnaéTraH YKyB KOHTEHT ycTuAa OakapaguraH xapakamiapuau T3uM (LMS OusHuMHT
muconumuzaa Moodle)ra xuco0ot kypunuiaa r00opud Typanu. Macanan OHINM OTyBYM KOHTSHT/AA MaBXKY.
OynraH cnaiia(0eT)apHUHT XaMMacH OWJIaH TAaHUIITAaH €KW TaHUIIMATaHJINTH, Xap oup craiin(6et)Hu Tanada
KaH4a BakT JaBoMujaa ypraHrannuruau, Oy cranmaptaa (seHuit SCORM éExm AICC) saparmnran yKyB
KOHTEHTHH Oomka LMS Tu3nmura sKcmopT KWIMII UMKOHMSATH XaM MaBxkyZ. XO3UPTH BaKTIa MaBXKy]l
OY7TaH TAaHUKIN MyaJDTUQINK yCKyHaMapuHUHT (authoring tools) Kymuumura sspaTuiaaurad YKyB KOHTEHTHU
aiiHan SCORM éxu AICC ctanaapTu KYpUHHUILIA SKCIOPT KWIMII UMKOHHUATH MaBxyld. LMS Tuzumnapu
Y4yH 3JEKTpOH TabiuM pecypciaapunu aitHan SCORM éxu AICC crapmapT makeriapu acocHaa sSpaTHlll
taBcus atunanu Wiki (Buku) — 6up Heura ¢oliganaHyBuYd TOMOHUAAH 3JIEKTPOH MaTepHUaIapHH KYIITUIIIH,
KEHTaUTHPUINHY Ba Y3rapTUPUII MMKOHHATHHY OepyBun, Beo 2. Konnenmusicn acocuna spaTuinaétrad XyxoKkaT
ycTuaa OMp BaKTa XaMKOPJIMK/IA HIUIAII UMKOHUSTHHHU OepajiH.

Cypoenap — Tu3umMaaru QoiinananysBumuiap opacuaa YKyB MakcaaulaH Kelud YHKKaH X0J/1a Xap XU
KYPUHHIIAATH CYPOBIAPHU TALIKWIUTAIITUPHIT HMKOHUSTHHU Oepasu.

Mavaymomaap 6azacu — ypranunaérra Gpan Oyinda MabiIyMoTiaap 0a3aCHHU XaMKOPJIMK/IA EKH SIKKa
TapTUOJa MAKIUTAHTHPHUII UMKOHUATHHHA OEPYBYH MO

I'noccapuii — KypcHUHr Oapya XysoKariaapu OyilMua XaBoslalapHU aBTOMATHK TAIUKWJI KWJIaJUraH
Tappudap pyixata. Arap Tabpud riaoccapuiira KUpUTWiIra 0yica, y Xoj1a arap y Kypc MaTHJIapua yupaca,
XaBoJ1a TJIOCCAPUWHMHI €pIaMud 3JIEMEHTUIA aBTOMAaTHK TAbMHHJIAHAAW. SpaTwiraH IJIOCCapuil OpKaju
3JIEKTPOH HA30paT TypJapyuHH TAIIKWILIAIITUPHUII KIMKOHUSATHHU Oepaan.

Tonwupux (4 muniu) — YKUTYBUHM >KaBOOHM 3JIEKTPOH KYPUHMIIJA OJMII YU9yH WUUIATHII MyMKHH
(nxTHénit Gopmatna).

Mavwpysa — xap oup caxudacu Tanaba xkapoO OepullM JI03UM OYJraH caBoj OWaH TyraiauraH
caxuanap tymiamu. JKaBoOHUHT TYFpuiaUrura O0FIMK X0, Taiabda KeMnHIu caxudara yraau EKU OJIIUHTT
caxuara kaiitagu. by TapIuM WYHAIWMIIMHWA aHWUKJIANIHA Ba YVKATWIAOUrad (aH TynryHapcus OYmmu0
KosMacnuruHu TapMuHnainu. Iy Owian Oup KaTopla TabIMMHH WHIMBUILYJIATAIITAPUII UMKOHUSTHHH
Oepanu. By Typaaru YKyB 3J€MEHT OpKaJd OMJIMM OJIyBUMHMHI IIAXCHIl TaH€prapiuruiaH Keaud YMKKaH
X0J1/1a YprauuiaéTrad YKyB KypcH TU3UM OpKaJii TaHnad Oepuiany.

Ulapx — kypc caxudacunaru MXTHEPHA MaTH Ba rpaduka.

Hw oagpmapu — Gepuiran Map3y Oyiinua tanada GUKPUHA OMJIMPAJUTaH HKOU.

Pecypc — aBTOMaTHK TacBUpJIaHAAUTaH TypJH (ailyuTapHu IOKIIAI Ba TACBUPIIAI BOCUTacu. MacasaH,
Mabpy3a ayJAHOoE3yBUHH IOKJIAIIA y Meauaruieiip cudaTuaa TacBUpIIaHaIu.

Cemunap — KaTHaIIYUIAP OUP-OUPUHHUHT MITWHU 0aX0JIaliIUraH TOIIIIHPHK.

Tecmnap — Typnu BapuaHTiIu TecTinap Tymiamu. CaBosuiap Oup HeuTa BapHaHTIHM >KaBoOJapIaH,
TYFPU/HOTYFPU TaHJIOB/AH, KUCKA MAaTHJIM >KaBOO/IaH Ba OOMIKaIapAaH uoopart OYIUIIN MyMKHH.

@opym — GOpYMHHHT 3 KYPHHHUIIKM MaBxKyJ (CaBOJ-KaBoO, XaMMaHHMHT ¥3 MaB3yCH, CTaHJapT
MY30Kapa).

Yam — pean BaKTaaru My3okapa ojmd 00pHUII UMKOHUSTHHYU OepajiH.

Moodle nuHT acocuii ITYKJIapH:

Kene mapxanean: > 160 mammakatma 72 xun twiga(y30exk THIMHA XaM Kymran xonma) 37.000
BEPCHUSICH KOPUH KUITUHTaH.

FOxopu xasemoa(macumaboa):> Oxchopa yuusepcuretd (OUUK), Kamudopuus yHuBepcureru
(HSU California ) Ba Auru 3enanaus ounk I[lonmurexuauk (Open Polytechnic NZ) mapka3znapu TOMOHH/IaH
100,000 nan optuk ¢oiigananyBumIap Kaia STHITaH.
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benyn umxonusm: GPL Code(kom) TabiuM MacKaHIapura IMIEH3US YYyH Xed KaHJal Xak
TynamacAaH, Y30K MYAJATIM STajuK KWIUII, XaTTo KelArycuia SHIWiIad Typulll UMKOHUHH OepyBUH
KypHJIMaHH YpHATHIITa pyxcart Oepaau.

1. UnTepHeTra acocnanrad YKyB MyXUTH: TapTHOJAMITHPWITAH YKYB MAIIKJIapy Ba YKYB Ma3MyHH
OuaH TabMUHJIAII

2. Vkumnu Bomkapys TI/I3HMI/I(§’BT): KypcHuHar pmsaiiHm Ba YTKa3WIHAIINHA — KYyIU1a0
KyBBaTJIalI( THIOTOPIUK, MOHUTOPHHT Ba CEPTH(HUKAIIHS).

Unteprer myxutuaa Moodle ykyB skapaéHUHM TAIKWUIAIITHPUII UIMKOHUATHHH OEpyBUU axOOpOT
TU3UMIIApU OUp HewaTacu MaBxkKyJ. by axO6opoT Tusumiapu ¢oiinananysunra Moodle 6apua xycycustnapu
OWJIaH TAHWIIUII UTMKOHUATHHH Oepaju.

Wntepuer myxutuaa Moodle TH3MMUHY TecThall UMOKHUSATHHU OepyBUM axOOpOT TU3UMIIApH OUpU
Moodle.org. By Moodle nuHr pacmuii caiitu 6ynu0, Oy caTHUHT I1eMO OaHIM OpKajiH, TH3UMHHUHT Oapua
XyCyCHATIApHHHU OHJIAIH paBuIaa 1 coat JaBOMU/IA TAHUIINO YMKUII IMKOHUSTHHH Oepatu. Xap oup coatna
TH3UM SHTWIaHUO Typaau. JIekuH dhoinmanyBun 6up coaTt numnaa GpoiJaaHyBud aIMUHUCTPATOP, YKUTYBUH,
Kypc SIpaTyBYHCH, TBIOTOp, YKYyBUM, MEXMOH, OTa OHa pOJUlapuAa KHUPHUIOM Ba TH3UMHHUHT Oapua
MMKOHUSTIApH OWilaH TaHUIINO YUKUII UMKOHUSITHHU OepajH.

IOkopuna xenTupwiran ycyn opkainu ssbHE Moodle.org caiiT opKaiau TU3UMHUHT UMKOHHUSTIAPH
OWJaH TaHWIIMO YMKUIIMMU3 Ba Oy caiiTaa YKyB MaTepHaUIapHU MIAKIUTAHTHPUIINMU3 YIHPHITUMHU3 Xap XM
VKYB 3J€MEHTIapUHH KUPUTHII UMKOHUSTUTA 3ra Oyigamu3. SIHa scnatu® yramus Oy epAa KUpUTHITaH
Y3rapumuiap xap Oup coatna SHruIaHUO OOIDIAHFUY X0JIaTra KeJno Typasm.

AJIABUETJIAP
2. http://elearning.zn.uz/ DnexTpoH TabauM O0yiinda B.C. XaMuIOBHUHT MIaXCHi OJIOTH.
3. https://moodle.org/ Moodle WMKOHUATIAPUHKM Xap XHJI posuiapAa KUpuO 1 coaT aaBomuga Kypc
ApaTnd, TAHUIINO YMKHUII MyMKHH.

OJINI TABJIUM MYACCACHIA TABJUM CUPATHHH OLIUPUIIJA CUMYJISTOP
JACTYPJIIAPHUHI YPHU

X.9.Xoamup3zaes Ham/[V

Macodasuii Tawimmaa skapaéHuga Tabuii (danmapaaH J1abopaTopHs HIUIAPHHU TAIIKAJUIAIITH-
PUIIIHUHT ¥3Wra XOC MyamMMoJapu MaBxyq. AWHaH Oy MyaMMOHH BHPTyal JIaDopaTtopws HIILIapUAaH
(doiimananrad Xonja TAaNIKWIUIAMITHPUIT MYMKHH. By VKyB MomynmuMusfga aiiHaH IOKOpHIA KENTHPUITaH
MyaMMOHH XaJl KMJIHIITa XapakaT KUIaMu3.

KoMmmproTep cuMynsTOpiiapuliaH acocaH WKKH WyHanuIga QonJalaHuIl MYMKHH: XaKUKUAH
O00BEKTIIApHN MOJCIUTAIITHPHUII Xama Yooy MOJEIUIapHA PHUBOXKIAHTHPUIL. Xa€TH OOBEKTIapHU
MOJISJUIAIITAPHINAA 3HT COJIa YWIUIApAaH TOPTHO OyTyH OONIITM Mypakkad KOMIBIOTEp TH3UMIIapurada
BHPTYaJl MPOTOTHILIAPHHH APATUII MyMKMH. YKyBUHIIap yIIOy BHPTYyall MOJIE/UIAPHHU YPraHHII KapadHu/a
VIApHUHT WIUIANI TPUHCHII Ba YCYIJIAPUHU SHAJa TAKOMIWUIAIITHPHUILIAPH XaM MYMKHH OYIajiw.
Cumynsropnapaad ¢oliJjaTaHUIIHUHT acoc cabalnapuaad Oupy ylapHUHT peail 00beKTIapra HucOaTaH xyaa
XaM ap30H aJTEepPHATHUB SKAHJIMTHAATUpP. XamMmara MabJIyMKH, axOOpOT TEXHOJIOTHsIap Ba KOMIIBIOTED
COXAacHHHM VYKUTHIIJA acocaH JeKcusuiapiaH ¢oiigananuiany, Hapu Oopca mporpaMmananl THUIApUHH
VKUTHLIA MabiyM OWp HacTypiap Ty3ull Oyinda MairynoTiap onub Oopuinanu. AMMO KOMITBIOTEp
JKAXO03JIApUHU sicarll, onepanuioH Ba NetWork Tu3umitapuay ypHATHIIT XaM/1a CHHOBJIAH YTKA3UII KHMMaTOaxo
yYCKyHajapra 3XTUEX TyFIupaau.

Cumynsaropnapaan ¢oigananum xapa€Huna Tanabamap Mabpy3a BaKTHAa YpraHraH HazapHid
OmIMMITApUHY BUPTYyall Oyicana xaérra TaaOuK Kunaauwiap. Yoy TaaKUKOTIap skapaéHuia OMIMMIapuHu
sHa/la MyCTaxkamilall OwWjlaH OWp KartopJa Hazapus Xamjaa XaéTuil TaJOWKOTIApHWHT PUBOMKIJIAHWIITHTA
OeBocHTa Xucca KyIaaunap.

Xo3upru  (paH-TEXHUKAHUHT KaTTa CcypbaTiapla pPHBOXIIAHUIIM  peal-XaéTUH  TaJKUKOT
YCKyHAJIApWHY YIIOY PUBOKIIAHHII OWITaH OMp KaTOpJia KETHINHIA KHHMHIHINK TYFaupaan. Cumynsropiapia
3ca OyHIal TYCUKIap MaBXy/1 dYMac Ba XaTTo ym0y “BHpPTyall TAAKUKOTXOHAIap  (haH-TEXHUKA PUBOKIIAHHIIT
TE3NUTUTa KYIITUMYa Te3HK Kymaan. AnbdaTra xap coxaaa Oynranu kabu cuMmylisitopiaapAan (oiaaaHuira
HUCcOaTaH XxaM Kapimu (QUKpIap MaBXKya. YiapAaH dHr OMPUHYMCH CUMYJISTOPJIAPHUHT XaKUKUH 00OBEKT Ba
JKapa€HIIapHU TYIa-TYKUC udoa sTa oIMacIuKIapuaup. bas3u cumymsTopiaap 3ca YHWH MaKIUa sSiCairaH,
MacaJlaH, YYyBUWINK CHMYJISITOpiapu. Yiap ¢oijaiaHyBuniIapaa TOUMHNA UITKAOO3UK KeTUO YHUKUIINTa
om0 KeNaJu Ba HaTIXKaJa TaJAKUKOTIAH Kypa KYmpok yiimH tapadu Oocub keramu. lllyHra kapamacman
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IOKOpHAa KypcaTWwiran CUMYyJsTOpiapAaH (OWAaJaHUIIHUHT cajJOWuii TOMOHJApU WMXOOMH TOMOHJIapHra
HUcOaTaH aHYa Kydcu3 xamJa yJapHu Oaprapad STHII WUMKOHUATIapu Mamxyd. LIyHWHr y4uyH ynap
cuMyJsATOpIapaaH GolJaIaHUITHUHT KaHJaiaup MabHOJa YeKIIaHHIINTa acochit cabab Oyia onMaim.

Cumyastopaap. Crocodile Physics mactypum kxyuwnmm cumynstop Oynu6, (usuk >xapa&HiapHH
MoaemamTupuil Ba Ousukanuar Mexanuka, DnekTp 3amxupaap, Ontuka Ba TYnKuH Xoaucaiapu 0yinm-
Japura ouJ Takpubanap SpaTUlll Ba Ky3aTHII UMKOHUSTHHU OepyBuM nacTypaup. by nactypaan mapcrnapna
WHTepakTuB 10CKa OpKajad MAIUFYJIOTJIAPHU TAlIKWI 3THII MyMKHUH, UIYHHHIZIEK MYCTaKWI MO cudaThia
HIaXCHH KOMIBIOTEpJa UILTATUII MyMKHH. By Kywin nactyp Qu3uMK XoAucamapHHU Ky3aTull, Taxpuodaiap
VYTKa3MIl Ba TypJId MypaKKaOJIUK Aapakacuaary sxapaéHiapHi MOJCUIAIITHPUIIT UMKOHUSTHHH Oepaiu.

Crocodile Technology. By nactyp ypra MmakTabd yKyB4M Ba YKUTYBUMIAD, JHICH, KOJUISK Tadadbaaapu
yuyH ¢usuka QanauHE «ONEKTp» KUCMUHH YyKYpPpOK Y3JAIITHPHILAA XO3UPTH 3aMOH ax0opoT
TEXHOJIOTHSUIApH HMMKOHHSATIapugaH (oijanaHuil HMMKOHHWMHHM Oepaau. Bynnman Ttamkapu, Crocodile
Technology nactypupaH >IeKTpOTEXHHKA, JIEKTP 3aHXKHUPIAP HA3apUACHHM YPraHUI Kypclapuia Xam
(oiinanaHuIl MyMKHH.

Crocodile Chemistry. Jlactyp opkanu MeHjeneeB kaaBainga MaBxya Oapya 31eMEHTIapHUHT
KUMEBUIA Ba (pU3MKAaBUH XyCyCHATIApWHHU YypraHum MyMKuH. Opatina KUMEBUH peakuusiiap pyid Oepuin
BaKTH/a pPeakLysra KaTHamaéTran MoJIeKyIaJapHUHT OOLIKa MOJIEKyJlara ailaHuIl kapaéHUHU (MOJICKYJIISIP
Jlapaxkaaa) Ky3aThull WIOXH WYK. JlekuH, Oy JgacTyp opkaiau KMMEBHIA MOJJaHU OOIIKa MOJanap OwiaH
peaknusra KHpHUIIKIN KapaéHuaa MOJIeKyJIalapHUHT TUHAMUKACHHN Ky3aTWUIl MyMKHH Oynaau. By mactyp
OpKanyd KUMEBHUH KapaCHIapHU MOJEIUIAIITUPUIL, TYPIH PeakUMsUIapHU YTKa3WII Ba, SHT acocuiicu, OyHH
xaB()CU3 amanra OIIMPUII MYMKWH. By mactypaaH ypra-mMaxcyc Ba Oiuil YKyB IOpTiapuga KuMmé (GaHUHH
VKUTHUIIIA KeHT (OMTIaTaHUIIl MyMKHH.

Crocodile ICT macrypu, EBpornia mamakatinapuaa Madopmaruka haHUHE YKUTHIA Kyaa SXIIH
camapa Oepmokza. by nactyp épmnamuna undopmaTrkana factypran kapaéHUHU, aHUKPOK KMIUO aiTrania
aNropuTMIIAII OYNMMMUHHM YKyBUMra aHUKPOK eTka3uOd Oepumn MyMkuH. OOBeKTra HYHaNTUpWITaH
JACTypJIAIIHKA YKUTHUIIA kyaa Kya kenaauran Crocodile ICT vunr oxnuii uatepdeiicu Ba 0J0K cxeManapu
époammia spaTwiaéTraH AacTyp OpKanu Xap Oup OyHpyKHHM aHMManus KYpUHMIINA TaCBUPJIALl MYMKHH.
Bynnan tamkapu, 0J10k cxemanapaa oupop Oup mapt Oakapuiiranua ojaaM rnepcoHaxiapura 30 JaH OPTHK
Xapakar TypJIapuHH (caiTa OJHII, KapcaK Yaluil, YHITa €KW Yanra XapakaTiaHWIW, YIapHHUHT [03/apuia
SMOLMOHAJ ¥3rapUIUIapHU, MabJIyM OUp CY3JIapHU TallMPHUILUIAPH Ba XaKa3o) OaKapTUPHII MYMKHH.

Yenka Electricity and Magnetism npactypu cumynstop Oyiu0, Gu3MKaBUi >KapaHIapHH
MOJIEIUTAIITAPUII Ba QU3MKAHUHT 3JICKTPOJMHAMHUKA Ba MarHETH3M OYIuMiiapura oujl Taxxpubanap spaTuir
Ba Ky3aTHUILI HIMKOHUSITHHHU OEpyBUYH JaCTypAMpP.

Phun physics nactypu IlIBeuus mraxpuaard YMeo YHHBEPCHTETHHHHI XucoOiaml (aHigapu
kadeapacuga OMun DpHepOUIBLAOM TOMOHHIAH sipatwirad. Jactyp opkanu ¢usukanu 2 ymdoaa (2D)
“KOHJIAaHTUPUII UMKOHUSATHHU Oepanu. Jlactyp opkanu pu3nkaBuil skapaéHiapHu MOACIUIAIITHPHII Ba Xap
X1 QU3UKaBUHN jkapa&HIIapHU Ky3aTHILI MyMKHH.

Beginnings of Electronics mactypu 3aeKTpoH KOHCTPYKTOp OYim0O, y MOHHTOP 3KpaHUAA SIIEKTP
CXEMaJIapUHU WHFUII >Kapa€HWHW WMHTAMS KWINII MMKOHUSTHHH Oepanu. KOMIUIEKCHUHT — acocHii
XyCycusiTnapuaaH OupH, yHZa peadl (U3MKABUHM >kapa&HJIapHU )KyJAa KaTTa aHUKIMKIA UMHUTALHS KHJTULI
MYMKHH. JlacTyp UMKOHHUATIApU XKyZAa KeHI OynuO, yHAaH aMaluil MalFylnotiapaa (SbHH Macajanap
eunniga) xaMm (QoiganaHWIl MyMKHH. AWHHKCa BHPTyall JlabopaTopus WIDIapuHH Oaxapuinga Oy
JACTyplaH wmwkoaui (oiigasaHuiln MyMKHH.

PHET nactypun HobGens wmykodorunuHr naypeatn, ¢usuk K. Buman tomonuman «Physics
Education Technology» (PHET) caiitu sipatunran. PHET caiituma xap xwin Ma3ynapra owji MoJeuiap
MaBxyq 6y, ymap Java nactypuaa siparuirad. PHET caiftna Takanm sTunaétrad MoJensap O9uK MaHOab
(Open Sourse) cudarnga, xoxyaranua ¢porigananum Mmymkud. PHET narm mogemnap comn 100 maH opTHK
0ymu6 ynap Pwusmka, Maremaruka, Kumé danmapura oun MoAeIalITHPUII JacTypiiapuian HOOpaTaup.
By mactyp maBmar TabiMM CTaHAApTIapura Ba YKyB Myaccacajapuia KyjulaHuiaéTraH amaOuériapra
MOC KEeJITAaHJIUTH OMJIaH MyXHUM NeIarorukK Kypoi XucoOIaHaau.

IOxopuaa xkenTupuiaraH cuMyssATOpiap AacTtypiapiad (QoiiianaHraH xonjga YKAII >KapaéHUHU
TaIKWDIAIITAPWICca, YKyBuM (Tanmaba)mapHUHT (aHra KM3WKUII OwiaH EHAomanuiap, Xe4 KHUMra CHp
sMac Xo3up EnurapHu Tabunid Qammapra KU3UKTUPUIN JXyaa KAWWH xucobOmanamu. HOkopuma TaBcus
KWiaéTral jgacTypiapAaH ¢oijanaHraH xojja YKyB »Xapa€HM TalIKWUIAIITHpHICca, Tanadaigap ¢u3uka,
uHpOpMaTHKa Ba KUME (haHIapUHU YyKyp YpraHunuiapura cabad oynaam.

AJIABUETJIAP
1.T.T.loitmapnonos, B.C. Xamunos, M.dait3ueBa “IneKTpoH NeJaroruka Ba negarorHiuHT MIaxcui,
KacOuii axOOpOT MalIOHNHH JIoMKxanam’” Moaynu O6yitnua YKyB ycnyouit Maxxymya. TATY- 2015 i
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MOJIEJIb ®OPMUPOBAHUS ONITUMAJIBHOM MWHBECTUIIMOHHOM ITPOI'PAMMBI
IIPU 3AJAHHBIX BIO/UKETE U ITIPOT'PAMME ITPOU3BOJACTBA

Xynaiioepaues 1.3.
Hayuonanvnwui ynusepcumem Y3b6exucmana.

[Ipu BO’XE€HNM MHBECTULIMH B PEeaIbHYI0 9KOHOMHUKY OaHKaM U IpyTUM MHBECTOPaM LIEIeco00pa3Ho
YUUTHIBATh HE TOJIBKO HHBECTUIIMOHHYIO MTPOTPaMMy, HO ¥ (PMHAHCOBYIO, IPOU3BOCTBEHHO-XO035CTBEHHYIO
Y COLIMATIbHO-3KOHOMHUECKYIO AESITENBHOCTh MpeanpusaTuto. [loatomy auno npuauMaromux pemenue (JIIP)
U €ro KOMaHJe MHTEPECHO MCCIIEI0BaTh B3aMMOCBSI3b HHBECTULMN C IPYTUMH chepaMu U IPEXIe BCEro ¢
(MHaHCUpPOBaHKWEM W MPOU3BOJACTBOM. HaM M3BECTHO MHOXKECTBO MOJENEH CHHXPOHHOTO IIaHUPOBAaHUS,
CBSI3BIBAIONINX, BOCAMHO C MHBECTHLMSAMH TOJHUTHKY COBITA, YIPaBICHUS IEPCOHAIOM, MPOU3BOJICTBOM,
HaJIOT000JI0KEHUEM, Pa3MBIIIICHHUS IPOU3BOACTBEHHBIX MOIHOCTEH U Ap.

Bce MHOXXECTBO METOII0B CHMHXPOHHOTO IUIAHUPOBAHUS MOXHO OOBEIMHHUTH B TPYIIBI MOJEIEH,
MO3BOJIAIONINX CPOPMUPOBATE:

@) ONTHMAaNbHYIO WHBECTUIMOHHYIO NMPOrpaMMy MPH 3aJaHHOW AJISl OTACIFHOIO HHBECTHIIUOHHOTO
00BbEKTa IPOU3BOACTBEHHOM IPOrpaMMe U C 3aJJaHHBIM MPOU3BOACTBEHHBIM OHOIKETOM;

6) OJHOBPEMEHHO KaK WHBECTHUIHMOHHYIO, TaK W ()MHAHCOBYIO MPOTPaMMBI TpPH 3aJaHHON
MPOM3BOJCTBEHHOH MpOrpaMMe sl OT/IEIbHOTO HHBECTHLIMOHHOTO 00bEKTa;

6) OIHOBPEMEHHO ONTHMAJIBHYIO HWHBECTULHOHHYIO W ()MHAHCOBYIO HpPOrpaMMy MpH 3aJaHHBIX
(hMHAHCOBBIX CPEACTBAaX M IPU BOBJICYCHUHU B MOJIEJIb PA3IMYHBIX AJIbTEPHATUB (PMHAHCUPOBAHHE.

B naHHO# MOEnH B Ka4eCTBe 1e1eBOi (QYHKIUU BBICTYIACT CHOUMOCHb KANUMALA UHEECHUYUOHHOU
npocpammbl, IPUIEM 3/1€Ch PH 3aJaHHBIX OTPAHUYCHUSIX (KOHKPETHOW MPOM3BOACTBEHHON NpOrpaMme JUis
OTIENbHBIX WHBECTULMOHHBIX OOBEKTOB W NPH HAIWYMU HEKOTOPHIX (DMHAHCOBBIX CPEACTB) TpedyeTcs
c(hopMHPOBATH U OMPEACTUTH ONTUMAIbHYIO HHBECTUIIHOHHYIO MPOTPaMMY.

B nenom monens umeet BUJ 3a1a4M LEIOYHCIEHHOTO IPOTpaMMHUPOBAaHHUA,

J
Z cjxj > max (1)
j=1
]
ZAO X <KB  (2)
=1 o
x €{015=T7.

rjie X; — OMHapHas IIEPEMEHHAs, 3HaYEHNE KOTOPOM ONpPEIENsET, OyIET JIM Pealn30BaHa HHBECTUIIUS
(x]- = 1) unm Her (x; = 0) JIst BCEX ANbTEPHATHB; Cj- CTOMMOCTh KalMTalla MHBECTHIIMOHHOTO 00BeKTa; A
— 3aTpaThl Ha NPUOOPETeHNE HHBECTUITMOHHOTO 00bekTa; Kh — 00heM KalUTaIBHOTO OI0KETa.

Paccmotpum crnenyronnyto 3aaqy:

[lyctsp mpemnpusiTHe HWMEET ISATh PEATbHBIX WHBECTUIIMOHHBIX OOBEKTOB, XapaKTEPU3YIOIIUXCS
MPUBEJIEHHBIMA  maba. | HETTO TUIATEXKHBIMH DsIaMu. 3aJlaHHBIA KamuTan coctaBisieT 340 MIH. CyM,
pacdeTHas nporieHTHas ctaBka — 12%. Tpebyercs chopMymTupoBaTh MOJIENh CHHXPOHHOTO TDIAHUPOBAHUS U
OTIPEJIETUTH ONTUMATHLHYIO HHBECTHITMOHHYIO ITPOTpaMMy MPH 3aJJaHHBIX OTPAaHUYCHHUSIX.

HH@ecli/{MOHHblﬁ Hemmo-njlameofcu 68 MOMEeHmMbl epeMeHu, MIIH. CyM.
o6vexm t=0 t=1 t=2 =3
1 90 45 40 40
2 45 24 23 14
3 -80 35 35 40
4 170 75 80 85
5 ~100 40 50 50

maobn. 1
Pewenue. Tak kak pacyeTHas MPOIICHTHAS CTaBKa OJMHAKOBA I BCEX MEPHUOI0B, TO CTOUMOCTh
karmrtana (CK) Ha Havano turanoBoro nepuoja (t=0) onpenensercs mo ¢popmyne
T

CK = _AO + Z(et - at)q_t
t=0
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rae t — uagekc Bpemenu; T- MocaeTHU MOMEHT BPEMEHH, B KOTOPBIN OCYIIECTBIISIOTCS IUIATSKH; € (ap) —
NOCTyIIeHHe (BBIILIATHI) B MOMEHT BpeMeHH t; ¢ ¢ — kod(pUIHEHT TUCKOHTUPOBAHUS HA MOMEHT BPEMEHH
t.

Pemenne nanHo# cuctembl Oyem penmuts ¢ momonipio MC Excel .

Hneecmuyuonnuiii Hemmo- nnameosscu, man. cym. | Cmoumocmo bunapnas Obuwas
00vekm Kanumana nepemennas | CmouMocms
man. Cym Kanumana
MiaH. Cym
t=0 t=1 t=2 t=3

1 45 | 40 | 40 14,02 1
2 24 | 23 | 14 6,34 0
3 35 | 35 | 40 10,80 1 52.98
4 75 | 80 | 85 28,16 1
5 40 | 50 | 50 15,25 0

q~t -xo3dppunment
JIUCKOHTHPOBAHUS 1 0,91 | 0,83 | 0,75

OnTuMansHas HHBECTUIIMOHHAS TIPOTPaMMa COCTOUT W3 MHBECTHIIMOHHBIX 00BeKTOB 1, 3, u 4.
Peanuzanusi MHBECTUITMOHHOW MPOrpaMMBbl BEIET MPHU OOIIUX 3aTpaTax Ha MPUOOPETCHHUE HA CyMMY
340 mutH. cyM K 00IIel CTOMMOCTH KanuTajna B o0beme 52,98 mitH. cym.
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GRAY LEVEL IMAGE THRESHOLDING BASED ON FUZZINESS

Yusupov O.R., Abdiyeva Kh.S.
PhD, Department of Software Engineering, Samarkand State University, Uzbekistan
PhD student, Department of Software Engineering, Samarkand State University, Uzbekistan
e-mail: ozodyusupov@gmail.com, orif.habibal994@gmail.com

Abstract. One of the most straightforward and simple ways to image segmentation is thresholding. It's a good
technique if the image has well-defined sections and the gray levels are clustered around distant values with
little overlap. The process used determines the accuracy of segmentation. Finding the best threshold value to
divide the picture pixels into two well-defined and non-overlapping subsets, representing the foreground and
background of the image, is critical.

When compared to non-fuzzy approaches, fuzzy set theory delivers better convergence. To maximize
the separability of the generated classes, Otsu [2] devised discriminant analysis. Kapur et al. [3] present
entropy-based algorithms that build on Pun's [4] work, which was the first to employ the concept of entropy
for thresholding. This approach concludes that the threshold value is attained when the sum of the background
and object entropies reaches its maximum. Images with noise or variable lighting form multimodal histograms,
according to Kapur et al. [3], in which a gray level histogram does not ensure the best threshold selection
because no spatial correlation is taken into account. Abutaleb expanded Kapur's method by employing two-
dimensional entropies generated from a two-dimensional histogram determined by using the gray value of the
pixels and the local average of neighboring gray values of the pixels in reference [5]. To address this issue,
fuzzy based picture thresholding approaches have been proposed in the literature. In these methods, fuzzy set
theory [6] is utilized to tackle grayness ambiguity or inherent image vagueness during the threshold selection
phase. Seetharama Prasad et al.[8] employed fuzzy C-partitions on entropic criteria to find the best threshold
value. To find the best similarity measure, a Type-Il fuzzy is combined with a GLSC histogram with human
visual nonlinearity features [7]. H.R.Tizhoosh [18] presented Type-Il fuzzy sets and a new fuzzyness measure
termed Ultrafuzziness, and Seetharama Prasad et al.[19] applied Type-Il fuzzy probability partitions methods
to the GLSC histogram to achieve the threshold. For automatic picture segmentation, Ch.V.Narayana et al.[20]
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used ultra fuzziness and type-11 fuzzy sets. Nuno Vieira Lopes et al. proposed fuzzy measures to threshold
gray level images with no entropy criteria function in reference [21] to lower the computational time
complexity.

Measures of fuzziness in contrast to fuzzy measures indicate the degree of fuzziness of a fuzzy set.
The entropy of a fuzzy set is a measure of the fuzziness of a fuzzy set. The membership degree of any value
in the universe of discourse can be estimated by using any fuzzy membership function. For an m xn image
subset A < Z with L gray levels g €/0, L — 1], the histogram h(g) and the membership function u,(g), the
linear index of fuzziness y; can be defined as follows:

2 — .
i (A) = —¥%5=0h(g) x minfua(9), 1 — a9l (1)
The fuzziness can be calculated as follows for the spatial case,:
2 — - .
() = EZ?:T = t minfus (i), 1 — ua(gi;)]- 2)
To measure the global or local image fuzziness, a suitable membership function p4(g) should be defined:
0) g < Imin OT g = Imax,
— g —Imin\a < <
wgy =4 O =Gop )% Gmin<g ST, ®

| R(9) = 222D, T < g < gmax,
here g is the gray level, g,,inand gmasx are the minimum and maximum gray levelsand T € [0, L — 1] isa

suitable constant. Using a fuzzy number seems to be more natural since we usually try to segment the image
by means of a preferably single number (a unique threshold for the entire image).
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EXTREME POINTS OF THE ATOMIC SFS-SPACES

L2Mukhtar Ibragimov, *?Jumabek Seypullaev
'Karakalpak State University,
2V.1.Romanovskiy Institute of Mathematics Uzbekistan Academy of Sciences

Let Z be a real or complex normed space. We say that elements f,g e Z are orthogonal and write
fog ifPf+gP=Pf —gP=PfP+PgP.

We say subsets S,T — Z are orthogonal and write SOT, if f0g forall (f,g) e SxT. For asubset
S of Z, weput S° ={f €Z: f0gVg e S}, theset S is called the orthogonal complement of S. A convex
subset F of the unit ball Z, ={f € Z P f P<1} is called a face if the relation 19+ (1—A)heF, where
g,heZ, 21e(0,1), impliess g,heF. A face F of the unit ball is said to be norm exposed if
F,={f eZ :u(f)=1}, forsome ueZ with PuP=1. Anelement ueZ" is called a projective unit if
PuP=1and u(g)=0 forall ge F,.

Anorm exposed face F, in Z, is called a symmetric face if there exists a linear isometry S, from Z
to Z such that Su2 = | whose fixed point set coincides with the topological direct sum of the closure S_pFu of
the linear hull of the face F, and its orthogonal complement F°, i.e., with S_pFu ®F’.

A space Z is said weakly facially symmetric (WFS) if each norm exposed face in Z, is symmetric.

For each symmetric face F,, contractive projections B, (F,),k =0,1,2 on Z are defined as follows.
First, B(F,)=(1—S,)/2 is the projection on the eigenspace corresponding to the eigenvalue —1 of the
symmetry S,. Next, P,(F,) and R,(F,) are defined as projections of Z onto S_pFu and F., respectively;
ie., R(F)+PR,(F,)=(+S,)/2. The projections B, (F,) are called geometric Peirce projections.

A projective unit u e Z" is called geometric tripotent if F, is a symmetric face and S;u =u for the
symmetry S, corresponding to F,. By GT and SF we denote the sets of all geometric tripotents and
symmetric faces, respectively; the correspondence GT sua F, € SF is one-to-one (see [1]).

A WFS space Z is said to be strongly facially symmetric (SFS) if for each norm exposed face F, of
Z, and each yeU satisfying the conditions PyP=1 and F, cF, we have S,y=Y, where S, is the
symmetry corresponding F,.

A contractive projection Q on Z is said to be neutral if |Qf | =||f| implies Qf = f foreach f eZ.
A space Z is said to be neutral if, for each symmetric face F,, the projection P, (u) corresponding to the

symmetry S, is neutral.

A neutral strongly facially symmetric space Z is said to satisfy property (PE) if every extreme point
of Z, is anorm exposed point.

A norm exposed face F, of aunitball Z, has the Jordan decomposition property if for every nonzero

f espgF,, where sp,F, is areal linear shell of F,, there existsuch g,heR"F, that f =g—h and goh.
A strongly facially symmetric space Z has the property (JD) if every symmetric face has the Jordan
decomposition property.
A normed space Z is said to be atomic if every symmetric face of Z, has an extreme point.
A geometric tripotent U is called minimal if dimP, (F,) Z"=1.By M denote the set of all minimal
geometric tripotents. In a weakly facially symmetric space for u€ M every face F,is a singleton, that is, to
each U M there corresponds a unique norm-exposed point of Z, (see [2]).
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A geometric tripotent U is called indecomposable if for ve GU from v <u, it follows v=u. By |
we denote the set of all indecomposable geometric tripotents. Since every minimal geometric tripotent is
indecomposable, it follows that M < |. Naturally, the question arises whether the reverse inclusion is true.
But, in all the examples of SFS-spaces converse, the property M =1 holds. In [2], a positive answer to this
question is given in the special case when a neutral atomic strongly facially symmetric space has the property
(PE). Further, in the case of neutral strongly facially symmetric spaces with the property (JD) is obtained in
[3]. In [4] it was shown that a reflexive strongly facially symmetric space of rank 1 has the property (PE) and
M =1,and in [5] it was proved that every finite-dimensional real neutral strongly face symmetric space has

the properties (PE), M =1, (JD).
Lemma 1. Let Z be a neutral strongly facially symmetric space and f € Z, be an extreme point.
Then u; is an indecomposable geometric tripotent.

Proposition 2. Let Z be an atomic neutral strongly facially symmetric space. Then the properties
(PE) and M =1 are equivalent.

Theorem 3. If Z is an atomic neutral strongly facially symmetric space with the property (JD), then
Z has the property M =1 and (PE).
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YEKJIA IT'PYHITAJIAPJAT' HYKU ABTOMOPOU3MJUIAPHUHI BEPUJINII YCYJUIAPHA

X.E.Hasxvuaaunosa — Haw[V ooyenmu, n.¢h.o., ooy
X.1O.ToxupskonoBa — Ham/{V 2-xypc macucmpanmu

ABBajI0 yI0y MaB3y OWIaH OOFJIMK TYLIyHYAJIAPHHA TabpUIaiMu3,

Arap XBaV -uxtuépuii Tymiamuap 6yiauo, xap oup x€X sneMeHT yuyH Oup KUAMAaTIN aHUKITaHTaH
yeY aneMeHT Moc Kyiuirad 0yinca, y xonzaa X HE Y Ta MOC KYIOBUM KaHAAUAUD @ akcraumupuui Oepuiaral
nevinnany ( Ba yHH ojataa (:X—Y xabu OenrwiaHanu) xamJa y JIEMEHT X 3JIEMEHTHUHT axkcu, X 3ca y
3JIEMEHTHUHT aciu eHuiaay Ba Oy akCclIaHnTupui y = @(x) kabu é3nnany.

Taspug. ¢:X—VY axkcnantupum X TYIUIaMHA Y TYIUIaMra y3apo Oup KutiMamiu axkCAaHmupul
Jeiniany, arap xap oup yeV aneMeHT X Jia siroHa aciura Jra oyica.

Tabpud. Arap uxtuépuii anemenTnapaan ty3wirad G Tymiamaa aHUKJIaHraH e OWHap amall y4yH

Kylunard mapmiap Ypuainu Oyica, <G' .> xKybTimk €ku kuckada G epymna pedunaau:

1) accoyuamuenux: Va,6,c € G yuyH (aeg)ec = ae(sec)

2) G na uryHIaii e aeMeHT MaBKy/l OYJIcaku, YHUHT YUyH ee & = a® ¢ = a TeHIUMK uxtuépuii a € G
3JIEMEHT Y4yH VYpuHIM Oyica; OyHuai e anemeHT G TpYNIAHUHT OUpaux (Hetmpan) saemMeHmu
nernnaau.

3) V a € G anement yuyn G ja myHnait @™ sneMeHT MaBxKy 1 6YIICaku, YHUHT yuyH a ea” = a™* ea
= e TEHITHMK YpuHiu Oyica. ByHnail aneMeHT a 31eMeHTra TeckapH (Kapama-Kaplin) 3JIEMEeHT
Jedunany.

Mmucoa. bapya OyTyH connap TyruiamMu Z yHJa aHUKJIAHTaH OJaTjard KYIIWII amaliura HucOaTtaH
rpymiia TAKWI KWiaan. XakKuKaTAaH XxaM, OyTyH COHJIapHH KYIIHII aCCOLMATUBINK XOCCACHUTa 3Ta SKAHIIUTH
apudMeTHKa KOHYHJIApUIaH MabliyM, HOJI COHH Oy OyTuramjia HeWTpain syieMeHT BasudacuHu Oaxkapaau
(VneZ yuyn 0+ n=n+0=n). byngan tamkapu, xap Oup N 3JEMEHT y4yH KapaMa-Kaplix JIEMEHT - N
mapxya (n+ (-n) = (-n) + n =0) 6ynaam.

Xocwi Oynran Oy rpylnuaHu OymyH COHAGPHUHE Kywuwea Hucoamawn epynnacu nevnnanu sa (Z, +)
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OpKanu OenruiaHagy.

Acocuil TYIIaMu YeKJIM COHJAAru 3JeMEHTIapAaH TaIlKWI TONraH Tpynmnajap 4YeKJId rpymmnanap
nernnaan. Yekmu rpynmagard 3JeMeHTIap COHU TPYIIITaHUHT TapTHOM Aeimiaau. Yekcu3 KyI 3JieMeHTIapHA
¥3 MYUra oJrad rpymnmna 4eKCcu3 rpynna IeHnaaau.

Tabpud. GiBa G2 - 2 Ta rpynmna Gepunran OyncuH Ba Giprpynma sieMmeHTnapuHu Gz rpymnmna
3NeMEHTIIapura Moc KYIOBYH LIYHIAN y3apo Oup KuiiMamau ¢ akciaumupuul anukianrad 0yncunku, Gy jaru
acocuii ounap aman Gy maru acocuii OMHAp amaira MOC KeJicuH, ssbHu arap Gi rpymmnana rpymmaga ¢(a) =
a', o(6) =6, o(c)=c' Ba a~e=C Oyaca, y xonma G rpynmaga a’-6’=C’ Oyucun. Y xonga ¢ —
G1Hu G2 Ta MOC KYIOBYH u30MOp@hu3m NeHWIaau, n30MOp(HU3M YpHATHITAH IPYyIIaiap 3ca y3apo u3omopgdh
epynnanap AeHnNaam.

V3apo 6up KuiMaTiIu aKCIaHTHPHII - (¢ HUHT H30MOpQH3M OYIHII IAPTHHY SHA KyHHarida &3
MyMKuH: V a,6 € G1 yuyH ¢(a*6) = ¢(a) -@(6), Oy epna a*e xymaiitma G1 aa onunanu, ¢(a) - ¢(6) kymaitma
aca G2 1a onMHAAM.

Taspud. G rpynna, g - yHUHr 3neMeHTH OyicuH. G epynnaunu Y3unu Yy3uea Ymrazyeuu Qg
akcranmupuwin Kyiuaaruda anukiaimus: gg(h) = ghg? (6yrma h rpynnmanvar uxtuépuii sneMenTr).

By akcnantupum g anemenTAaH Ty3uwirad G rpynnaHuHT UyKy A8MoMOp@hUIMY NEHNTaIH.

['pynmanuHT W9KU aBTOMOPGU3MH TPYIIIIAHN Y3WHHU Y3WUTra YTKa3yBUH HU30MOpQU3M Oyimanu.

Xakukartan xam, g h g * = h; 6ymamu daxar Ba paxar my xonmaxu, Kauonku h = gt hy g 6ymca.
HlyHUHT y4yH (g aKCIaHTHPHII HATIKAacuga N1 SJIEMEHTHHHI acid MaBXyJ Ba sroHa Oymaau. ByHnan
¢g(h)=gh g’ akcnanTupum rpynnany Y3uHU-Y3KUra YTKa3yBuM ¥3apo OMp KMUMATIN aKCIAHTHPHIN SKAHJIUTH
kenu6 unkanu. Bywmam tamkapu, ¢g (Nih2) =g (hih2) gt =ghi(gtg) hogt=(ghig*) (ghgt)=
= @g(h1) @g(h2). lynunr yuyH ¢ - uzomophusm 6ynaau.

Ymly TtymyH4yamap aOcTpakT anreOpaHMHT MyXUM TYIIyHYAIApH XHCOONaHAAWd. YJapHU
Tanabamapra eTKa3ull Y3Wra Xoc MypakkaOmukmap TtyFaupanu. Lllymapam xwmcobra omm0, dYexnn
rpynnanapjard WYKH aBTOMOP(QU3MIIAPHM TYUIIYHTHPHIAA TEKUCIUKAArM MyHTa3aM KynoOyp4akiapHH
aMMaIITHPUILIIAD Tpymajiapuaan Goinanannim Tanadanapra OupMyHda KyIailimk Oepasm.

Mucos. MyHrazaMm yd4Oypuak CHMMETPHSACHHHHI TpymmacuHu Kapaimus (1l-pacm). Arap
yubypuakHuHr yunapuau A,B,C Ounan Genruiacak, y Xonaa Oy TpyNIaHuHT Xap Oup dJIeMeHTH yuta xapd
A,B,C napHUHT YpHH alMalIdilyd OpKajlu Oup KuiiMaTHHU aHuWKJIaHagu. MacamaH, A yungan BC tomonra

ABC
TYLIMPWITraH OanaHIIMKKa HUCOaTaH CUMMETpPUS (ACB KYpUHHUIINIA E3UIIa1u.

B

1-pacm

VYubypuak CUMMETPUSICHHUHI TpyINacuiard MKKUTA 3JIEMEHTHU KYNaUTHPHII yuyH OUpUHYHN YPUH
ANIMaIITUPUIIIHA WKKHHYACHIAH KeWnH Oaxkapuin kepak Oynamu. By Xonma, ydOypuak cHMMETPHSICHHHHT
rpynmacu Ba yuyta xapd A,B,C napHuHr YpuH anMamTHpHIUIAD TpyNIacH YypTracuia YpHATHITaH
nzomoppusmra sra Oynmamms. by m3omoppusm Oup KuiMaTinM aHUKJIAHMAaraHJIMTHHA TabKUAJAMMU3: y
yuOypYaKHHHT aiiHaH Kaiich yunHu A OwnaH, Kadich yunan B Ba C Ownan Oenrunammmusra OOFIIHK.
YuOypuak yunapuHu OeirunamHuHr y3uau xaMm A, B, C xapdnapuusr ypuH anMammnm cudaTria Kapat
MYMKHH. Y4Oypyak CHUMMETPUACHMHHMHI Tpymnmnacuiard xap Oup snemeHt A, B, C xapduapHunr ypuH
IMaIIMIIY KYPUHHUIIUATH SHTH Oenruaiira sra 0ynaau.

VYulypuak CHUMMETPUSCHHUHT Tpynmnacujard Oapya MyMKHH OYjiraH W4Ykud aBTomMopdusmiap
HaTWKacuaa OaaHUIMKIapra HucOaTaH CUMMETpHSIap Kaiicu aIeMeHTIapra yTaau, 1eraH MacalaHu Kypuo
YUKANIIHK.

Bananjnmuknapra HucO6aTaH CUMMETpUSUIAP:
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(ABC} (ABC) (ABC)

c= Cd= = ,

ACB CBA BAC

1) pa(c) =aca* = (BCA) (ACB) (CAB) = (CBA) (CAB) = (BAC) = f

2) gv(c) =b c b = (CAB) (ACB) (BCA) = (BAC) (BCA) = (CBA) = d
3)ec(c)=ccct=act=ac=c 4) pa(c)=dcd?*=bd=f

5) pi(c)=fcfl=af=d 6) pa(d)=adat=ch=f
7 ep(d)=bdb*=fa=c 8) pc(d)=cdc'=ac=f
9) g¢(d)=ddd'=bd=d 10) gr (c)=fdfl=c
1) pa(f=afat=c 12) o () =bfbi=d
13) g () =cfct=d 14) ga(f)=dfdi=c

15) e () =fffi=f
Hemak, y4Oyp4ak CHMMETPHSICHHUHT TpyHmacujgard O0apya MyMKHH OYITaH WYKH aBTOMOp(U3MIIap
HaTIKacuaa OalaHTMKIapra HucbaTaH CHMMETPHsIIap XaMMa OallaHITUK CAMMETPHSUIApHTa yTap SKaH.
Onan ydOypuak CHMMETPHACHHUHT TpyNNacuIard MyMKHH OYiraH HWYKd aBTOMOp(hu3MiIap
HaTwkacuaa yuoypuakau 120° ra aliiaHTUpHUIN KaiCH 2JIeMEHTIApra YTHINMHN aHUKJIARITHK.

(ABC)

a= :

BCA

1) ga(@)=aaa'=bb=a )@ =bab'=ea=a
3)pc(@=cac?t=dc=b A ps(@)=dad*=b

5) (@) =faf'=h 6) pc(@a) =eae'=a

Hemak, yaOypuak CUMMETPUSCHHUHT TPYIIIACHAard MyMKHH OYJIraH MYKU aBTOMOpGU3MIIAp HATHKACKIA
yuOypuaxnu 120° ra aitnanrupum XKaso6: a - 120°raBa b - 240° ra aiinanrupumra yraay.

Xynau nry xabu macajajgapHu OOIIKa MyHTa3zaM KyNmOypyawkiap y4yH XaM Xajdl KWJINII MYMKHH.
Macanan, Oy Macaiga TeTpadAp CHMMETPHACHHHMHI Tpylmnacuia KypuO UMKWITaHga, yHUHr Oapya
3JIeMeTIapuHU Kyhuaaru cuadiapra axxparuica: 1) e ; 2) Oamanmkiap atpoduaara e aaH Gapkiu dapya
alimanTUpuIUIap; 3) KapaMa-KapIlM KUPPaHUHT YpTacuaaH yrran YK atpoduma 180° ra aiimamrupumr; 4)
KalCUIUp KUppa Ba YHUHT KapIIMCHIATH KAPPAHUHT YpTacuIaH YTTraH TeKUCIUKKA HUCOATaH CUMMETPHS; 5)

YWIAPHHUHT TUKJIMK YPUH aTMAITMHALIAIAH XOCHI OYnaguran Oapya aijaHTUpUILIap (Macanas, ( BCDJ ),
BCDA

y X0JIga TeTpadp CHMMETPHICUHUHT TPYNIACHIard 2 Ta dJIEMEHT HYKH aBTOMOpPGU3M HaTmKacuia Oup -
Oupura yTuimm MyMKHH (hakaT Ba (akaT Iy XOJ/1aKu, KAUOHKH, yiap Outra cunda €rcanap, [erad XyJlI0CaHH
YUKApHUILI MYMKHUH OY1aau.

[lyHu TabKUUIANT KePAaKKK, TPYIIIAHUHT UXTUEPUN HUKH aBTOMOpPU3MHIA (MXTHEPHN H30MOPHHU3M
Ka0u) YHUHT Xap OMp KHUCM TpyIIacH, yMyMaH oiraHja, OyTyHiaid Oomika rpymmara yraau (Macanas,
y40ypYaKHUHT OUTTa OamaHIIUrura HUcOaTaH CUMMETPHSICH OOIIKa OaaH/UIMKKa HUCOATaH CHMMETPUSCUTA
Yyragu). JlekuH, aiipuM “Maxcyc CHMMETPHK KUCM IpyIIanap HUKA aBTOMOpGH3M HaTwKacuaa ¥3 YypHuaa
KoJ1aau (MacaniaH, yd0yp4yak CHMMETPHUSICH IPYNIACHHUHT YY0ypUaKHU alTaHTUPHUIILUIAP KHCM TPYIINACH]IA).

Xynoca KWiIn0 ailTUII MyMKHHKH, a0CTPaKT ajnredpa TylLlyHYaJapUHUHT Y3Ura X0C MypaKkKaOJIUrHHH,
ylapHU Tanabanapra eTKasuil, Oy TYIIYHYQJIAPHUHT amaiui TaTOuMKd OwiaH OOFfJIMK TacaBBYyp Ba
KYpUKMAJIApHU MAKUIAHTUPHII Y3UTa X0oC EHIONTYB Tanad KWINIIMHE HHOOATra 01M0, aMaliuii MacasanapHu
TaHJIAIl MyXHUM axaMHAT KacO 3Tajiu.

POMJTAJTAHWITAH AJIABUETJIAP PYUXATH
P.H.Hazapos Ba Gomk. Anre6pa Ba cornap Hazapusich / TomkeHT, “Ykurysun” Hampuéra, 1992 iiun.
2. T Kypom Onuii anre6pa kypeu / Tomkent, “Yiuryun” Hampuétn, 1992 .
O.®pun. Beenenue B abctpakTHyo ainreOpy / Mocksa, “Mup”, 1979 .
B.b.Anexcees. Teopema AOess B 3ama4ax u pemrenusx / Mockea, “Hayka”, 1976 r.
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KREDIT-MODUL TIZIMI ASOSIDA TALABALAR BILIMINI BAHOLASHNING AYRIM
O’ZIGA XOSLIKLARI HAQIDA

Najmiddinova H.Yo. — ped.f.d., dotsent, xilola1304@mail.ru,
Sidigova M.A. — talaba, Namangan davlat universiteti

Ta'lim tizimining har bir bosqichi va shaklida egallangan bilim, ko‘nikma va malakalarni nazorat qilish
(baholash) o‘zlashtirishning samaradorligini oshirishda asosiy omil hisoblanadi. Nazorat imkon qadar tez-tez,
qisqa muddatlarda amalga oshirilsa, o‘zlashtirish darajasi, xatolik va kamchiliklar shunchalik tez yuzaga
chiqib, sifatli o‘zlashtirishning tez sur'atlarda amalga oshirilishiga imkon yaratiladi.

Ma'lumki, o°zlashtirishni nazorat qilish ko‘pincha ikki xil shaklda amalga oshiriladi:

1) o‘rgatuvchi (o‘qituvchi) tomonidan o‘tkaziladigan nazorat;

2) o‘rganuvchi (o‘quvchi yoki talaba) tomonidan olib boriladigan o0‘z-0‘zini nazorat.

O‘zlashtirishni nazorat qilishning har ikki shakli bir vaqtda amalga oshirilganda va bilim olish faoliyati
bilan birgalikda nazorat gilish ham muntazam, uzluksiz faoliyatga aylantirilganda nazoratning mukammal
shakli yuzaga chiqib, talabaning bilim olishga intilishi yana ham kuchayadi va o‘zlashtirish ko‘rsatkichlari
tobora ortadi.

O‘rgatuvchi tomonidan o‘tkaziladigan nazorat har bir ta'lim bosqichi va shaklida turlicha usullarda,
o‘rganuvchining muayyan soha bo‘yicha o‘zlashtirishi lozim bo‘lgan materiallarga nisbatan qat'iy tuzilgan
baholash mezoni orgali amalga oshiriladi.

O‘rganuvchi tomonidan olib boriladigan o‘z-o0‘zini nazorat esa turli ko‘rinishlarda amalga oshirilishi
mumkin: egallagan nazariy bilimlarini amalda bajarish, nazorat savollariga javob berish yoki amaliy
masalalarni hal qilish, test topshiriglarini bajarish va hokazolar orgali.

Pedagogik jarayonda eng mushkul vazifa — bu talabalar bilimini o‘gituvchi tomonidan baholash
hisoblanadi.

Baholash - ta'lim jarayonining ma'lum bosqichida, o‘quv magsadlariga erishganlik darajasini oldindan
belgilab qo‘yilgan mezonlar asosida belgilash, o‘Ichash, tahlil gilish jarayonidir [2]. Agar baholash aniq mezon
asosida adolatli amalga oshirilmasa, uning natijasida turli xil nomutanosibliklar va xatto o‘qituvchi bilan talaba
o‘rtasida tushunmovchilik hamda nizo kelib chiqishi turgan gap.

Tayyorlanayotgan mutaxassislarning bilim saviyasi, ko‘nikma va malakasini uzluksiz nazorat qilib
borish ta'lim tizimidagi dolzarb masalalardan biridir. Ertangi kun mutaxassisining sifati qanday bo‘lishi
bugungi kunda unga berilayotgan va u gabul gilayotgan bilim sifatining nazoratiga bog‘lig.

Yugorida ta'kidlanganidek, baholash ta'lim jarayonining ajralmas gismidir. Shu bois ta'lim jarayonida
amalga oshiriladigan har qanday o°zgarish undagi baholash tizimiga ham o°z ta'sirini o‘tkazmay qolmaydi.

Ma'lumki, oliy ta'lim tizimida talabalarning bilim olish faoliyati auditoriya (ma'ruza, amaliy yoki
seminar va laboratoriya) mashg‘ulotlaridagi faoliyati va mustagqil ta’lim (mustaqil ta'lim soatlariga mos olib
boradigan faoliyati) ning birgalikdagi, o‘zaro muvofiqlashgan va uyg‘unlashgan holdagi jarayonidan iborat.
Keyingi yillarda oliy ta'lim tizimida o‘qitishni takomillashtirish va bilimlar sifatini oshirish borasidagi olib
borilayotgan islohotlarning bosgichma-bosqich amalga oshirilayotgani, xususan, oliy ta’lim tizimiga kredit-
modul tizimining joriy qilinishi natijasida o‘quv rejalarida fanlar bo‘yicha ajratilgan mustaqil ta'lim soatlari
miqgdorining umumiy soatga nisbatan 60 % ni tashkil etmogda. Shuning uchun endilikda ta'lim olish jarayonida
auditoriya mashg‘ulotlari orqaligina bilim berish emas, balki talabaning mustaqil ta’lim orqali bilim olishi ham
katta ahamiyatga ega bo‘lmoqda.

Fan bo‘yicha tashkil gilinadigan mustaqil ta’lim auditoriya mashg‘ulotlarini tashkil etishga o‘z ta'sirini
ko‘rsatayotgan ekan, talabaning mustaqil ta’lim uning ta'lim olish jarayonida munosib o‘rinni egallayotgan
ekan, mustaqil ta’limdagi o‘zlashtirish natijalari ham shu fan bo‘yicha talabaning umumiy to‘plagan reyting
ballari orasida o‘z o‘rniga ega bo‘lishi kerak.

Talabalarning fan materiallarini semestr davomida o‘zlashtirganlik darajasini o‘qituvchi tomonidan
to‘lagonli nazorat qilish va baholash magsadida mustaqil ta'lim uchun ajratilgan mavzular yoki mavzu
materiallari bo‘yicha egallagan bilim, ko‘nikma va malakalarini baholash auditoriya mashg‘ulotlariga
ajratilgan materiallar bo‘yicha egallagan bilim, ko‘nikma va malakalarini baholashdan alohida (nazorat
birgalikda o‘tkazilgani holda) amalga oshirilgani magsadga muvofiq. Chunki, bu orqali talabaning qaysi
faoliyat turida faol, gaysi faoliyat turida sust qatnashayotganligini osongina aniqlash mumkin bo‘ladi.
O‘qituvchi esa bu natijalarga ko‘ra talabaning har ikki faoliyat turidagi faolligini oshirish chora-tadbirlarini
ishlab chigadi, jumladan, talabalarning bilim olish faoliyatlarini tashkil etishni auditoriya mashg‘ulotlari va
mustaqil o‘quv faoliyat uchun o‘quv materiallari ajratish, faoliyatni tashkil etish uchun qo‘llanilayotgan usul,
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shakl va vositalarni takomillashtirish, metodik ko‘rsatma va ishlanmalarni mukammallashtirish nuqtai
nazaridan gayta ishlab chigadi.

Talabalarning auditoriya mashg‘ulotlari va mustaqil ta'lim uchun ajratilgan materiallar bo‘yicha
egallagan bilim, ko‘nikma va malakalarini alohida-alohida baholash uchun mustagil ta'lim nazoratini JN, ON
va YaNlar bilan go‘shib olib borish, lekin har bir nazorat turidagi topshiriglar (savollar, masala-misollar,
testlar)ni ikki gismdan iborat tarzda (aralashtirmagan holda) tayyorlash kerak: auditoriya mashg‘ulotlari uchun
ajratilgan materiallar yuzasidan hamda talabalarning mustaqil o‘quv faoliyatlari uchun ajratilgan materiallar
yuzasidan. Bunda nazorat topshiriglari soni fanning muayyan mavzulari yoki bo‘limlari bo‘yicha auditoriya
mashg‘ulotlari va mustaqil ta'lim uchun ajratilgan soatning miqdoriga ko‘ra aniqlanadi. Masalan, agar nazorat
o‘tkazilayotgan mavzular materiallari bo‘yicha auditoriya mashg‘ulotlari va mustaqil ta'lim uchun ajratilgan
soatlar 60 % va 40 % miqdorida bo‘lsa, u holda har bir talaba uchun beriladigan nazorat topshiriglari umumiy
sonining 60 % i auditoriya mashg‘ulotlari uchun ajratilgan materiallar yuzasidan, 40 % i esa mustaqil ta’lim
materiallari yuzasidan bo‘lishi kerak.

O‘quv materialini mustaqil o‘zlashtirish uchun auditoriya mashg‘ulotlari yordamida o‘zlashtirishga
qaraganda talabadan ko‘proq vaqt, hoxish, iroda, gizigish, agliy va jismoniy mehnat talab etiladi. Bu esa
talabaning fan bo‘yicha egallagan bilim, ko‘nikma va malakalarini nazorat qilish uchun tuziladigan baholash
mezonida albatta e'tiborga olinishi kerak. Masalan, talabaning mustaqil ta'limda o‘zlashtirishi lozim bo‘lgan
materiallar bo‘yicha tuzilgan har bir topshiriqning bajarilishi xuddi shunday “kuch”dagi (qiyinlik darajasi bir
xil bo‘lgan) auditoriya mashg‘ulotlari yordamida o‘zlashtirilishi lozim bo‘lgan materiallar bo‘yicha tuzilgan
topshiriglarning bajarilishiga nisbatan yuqoriroq ko‘rsatkichda baholanishi kerak. Boshqacha aytganda,
mezon ishlab chigishda shunday k koeffitsient (1<k<2) aniglash lozimki, talabaning mustaqil ta’limdagi
o‘zlashtirishi uning auditoriya mashg‘ulotlari yordamidagi o‘zlashtirishidan k marta yuqori daraja bilan
baholansin.

Xulosa qilib aytganda, kredit-modul tizimi asosida parametrli baholash mezonidan foydalangan holda
talabalarning mustaqil ta’lim natijasidagi o‘zlashtirishi uning auditoriya mashg‘ulotlari yordamidagi
o‘zlashtirishidan alohida va yugoriroq darajada baholansa,

1-dan: talabalarning mustaqil ta’limdagi o‘zlashtirishi bilan auditoriya mashg‘ulotlari yordamidagi
o‘zlashtirishi natijalari yaqqol ko‘zga tashlanadi. Bu esa kelgusida o‘gituvchiga fan materiallarini auditoriya
mashg‘ulotlari va mustaqil ta'lim uchun to‘g‘ri (samarali) tagsimlash ya'ni auditoriya mashg‘ulotlari va
mustaqil ta'limni ularga o‘quv materiallarini ajratish va talabalarga o‘rgatish nuqtai nazaridan
muvofiglashtirish imkoniyatlarini yaratadi. Fan materiallarini ajratish va talabalarga o‘rgatish usullari,
shakllari, turlari va vositalarini yillar davomida sayqallash va mukammal darajaga ko‘tarish mumkin bo‘ladi.

2-dan: talabalarning mehnati, qobiliyatlari, izlanishlari, gizigish va intilishlari yuqori darajada
rag‘batlantiriladi. Bu esa talabalarning mustaqil ta’limdagi faolligini, adabiyotlardan foydalanish
ko‘nikmasining rivojlanishini, bo‘lg‘usi mutaxassis sifatidagi tayyorgarligini oshiradi, ya'ni qo‘yilgan
masalaning yechimini oldindan ko‘ra bilish, muammoni hal qilish yo‘llarini mustaqil izlab topish
ko‘nikmalarining shakllanishiga, o‘z ustida ishlash va ijodiy izlanish malakasining rivojlanishiga asos
bo‘ladi. Bu esa talabalarni masofaviy ta'lim olishga tayyorlashning muhim omillaridandir.

3-dan: u yoki bu nazorat turini o‘tkazish uchun ma'ruzachi professor-o‘qituvchini jalb qilish yoki
auditoriya mashg‘uloti vaqtini sarf qilishga xojat qolmaydi. Nazorat turini mustaqil ta'lim soati vaqtida
assisent-o‘qituvchilar yoki kompyuter operatorlari nazorati ostida o‘tkazilishi mumkin bo‘ladi.

4-dan: agar dastur global tarmoqqga joylashtirilsa va nazorat turini o‘tkazish uchun o‘qituvchining
shaxsiy kabineti talabalar uchun ma'lum vaqtga “ochib” qo‘yilsa, u holda talabalar nazorat turini on-line tizimi
orqali o‘zlari-ga qulay vaqtda va joyda o‘qituvchi yoki operatorning bevosita ishtirokisiz topshirishlari va
natijalardan o‘sha zaho-ti habardor bo‘lishlari mumkin bo‘ladi. Bu esa o°qituvchi va talabalar uchun qulaylik,
erkinlik yaratib, talabalarning o°‘z-o‘zini muntazam baholab borishiga va masofaviy ta'lim tizimiga tayyor
bo‘lishlariga imkon yaratadi.

5-dan: muayyan fan bo‘yicha talabalarning mustaqil ta’lim talab darajasida tashkil gilinadi, talabalarning
mustaqil o‘zlashtirishi uchun ajratilgan materiallar o‘quv adabiyotlari (o‘quv qo‘llanmalar, ko‘rsatmalar,
ishlanmalar, metodik tavsiyalar)da mujassamlashadi.

Bir so‘z bilan aytganda, oliy ta'lim muassasalarida muayyan fan bo‘yicha o‘qitish sifati va
samaradorligining oshishiga erishiladi.
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2. Ochilov M., Ochilova N. Oliy maktab pedagogikasi. Oliy o‘quv yurtlari uchun darslik. — Toshkent, 2008.

—262b.
3. Najmiddinova H. O‘quv jarayonida axborot texnologiyalardan foydalanish haqida // “Amaliy matematika
va informatsion texnologiyalarning dolzarb muammolari — al-Xorazmiy 2012”: Xalgaro ilmiy

konferensiya materiallari to plami.- Toshkent: Oz MU, 2012. - 205-207 b.

ABOUT THE FIXED POINTS OF THE p —ADIC (3,3)-RATIONAL DYNAMICAL SYSTEMS.

I.A.Sattarov?, Z.T.Abdukaxorova?, B.Xaydarova?®.
Namangan State University
i.sattarov@mathinst.uz

Let Q be the field of rational numbers. The greatest common divisor of the positive integer n and m
is denotes by (n,m). Every rational number x # 0 can be represented in the form x = p” % where r,n € Z,

m is a positive integer, (p,n) =1, (p,m) = 1 and p is a fixed prime number.
. L p~", forx #0
The p-adic norm of x is given by x|, = {0’ forx=0 "
The completion of @ with respect to the p-adic norm defines the p-adic field which is denoted by
Q,. The algebraic completion of Q which is complete with respect to | - |,, is denoted by C,, and it is called the
field of complex p-adic numbers.
Let f: U — U be function. For x € U we denote f™(x) = f°...°f(x). If f(x,) = x, then x, is called

n
a fixed point.

R.()
Qn(¥)
where P,(x)and Q, () are polynomial functions with degree n and m respectively, Q. (X) is non zero

polynomial.
Tell so far, have been studied p —adic dynamical system generated by (n,0), (1,1), (2,1), (1,2), (0,2),

(2,2), (3,1), (1,3) and (3,2)-rational functions (see [1]-[3], and their references). In this work, we consider the
p-adic dynamics of (3,3)-rational functions. Any (3,3)-rational function has the following form

(ax+1)3
f(x) = el (1)

X+a

A function is called a (n, m) -rational function if and only if it can be written in the form f (x)=

where X = —a.

It is easy to see that for (3,3)-rational function (1) the equation f(x) = x for fixed points is
equivalent to the equation

x*+((Ba—-a’)x* +(a® —3a)x-1=0. 2)

Since C, is algebraic closed the equation (2) may have four solutions with one of the following
relations:
0] One solution having multiplicity four;
(i) Two solutions, one of which has multiplicity three or both of them have multiplicity two;
(iii)  Three solutions, one of which has multiplicity two;
(iv)  Four distinct solutions.

Theorem 1. For (3,3)-rational functions, the following holds:

1) (3,3)-rational function cannot have a unique fixed point.
2) The function (1) has two distinct fixed points if and only if a=+2
3) (3,3)-rational function cannot have three fixed points.
REFERENCES
1. N.Koblitz. p-adic numbers, p-adic analysis, and zeta-functions Springer, Berlin, 1977.
2. U. A. Rozikov, I. A. Sattarov. p-adic dynamical systems of (2,2)-rational functions with unique fixed
point// Chaos, Solitons and Fractals, V.105, (2017), p. 260-270.
3. 2. U. A. Rozikov, I. A. Sattarov. Dynamical systems of the p-adic (2,2)-rational functions with two

fixed points// Results in Mathematics, N. 75, V.100, (2020), p.1-37.
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UCHTA QO’ZG’ALMAS NUQTALI (0,2)-RATSIONAL FUNKSIYALARNING p-ADIK
DINAMIK SISTEMALARI

Sattarov I.A.! , Abdukaxorova Z.T.% Mansuraliyeva R.F.}
Namangan State University, Namangan, Uzbekistan,
i.sattarov@mathinst.uz, zulxumor.t.a@umail.uz, RayhonaMansuraliyeva@umail.uz

& ratsional sonlar maydoni bo’lsin. Musbat n va m butun sonlarning eng katta umumiy

bo’luvchisini (n,m) bilan belgilanadi. Har ganday noldan fargli ratsional sonni y— prﬂ ko’rinishda

m
yozish
mumkin, bu yerda p berilgantubsonva r,ney, mey  , (p,n)=1 (p,m)=1
_ _ _ p", for x=0
X ning p-adik normasi |X| =
P10, for x=0

kabi aniglanadi.
& ning p-adik normaga nisbatan kengaytmasi p-adik maydonni tashkil giladi va < o bilan belgilanadi.

o, ning ||p normaga nisbatan albegraik yopig’i J o bilan belgilanadi va p-adik kompleks sonlar maydoni

deb ataladi.
f:U —>U funksiya berilgan bo’lsin. " = IZPZ -%f kabi aniglanadi. Agar f (X;) =X,
n

bo’lsa, u holda X, qo’zg’almas nuqta deb ataladi.

Bu ishda biz uchta qo’zg’almas nugqtali (0,2)-ratsional funksiyaning p-adik dinamik sistemasini ko’rib
chigamiz. Quyidagi ko’rinishdagi (0,2)-ratsional funksiyani garaylik:

f(x)= 21 . ael
X" +a

o &)

AN
Buyerda X # X12 =%++/—a.
(1) ko’rishdagi (0,2)-ratsional funksiyaning qo’zg’almas nugqtalarini topishda f(X) = X tenglikdan
foydalaniladi. Bu tenglikning

x}+ax—1=0 )
ga teng kuchli ekanligini ko’rish qiyin emas.

J o ning algebraic yopiq ekanligidan (2) tenglik quyidagi munosabatlardan birini ganoatlantiruvchi uchta

ildizlarga ega:
(i) Bitta uch karrali yechim;
(i) Ikkita yechim, ulardan biri ikki karrali;
(iii)  Uchta turli yechimlar.
(0,2)-ratsional funksiyalar uchun quyidagilar o’rinli:

1) (0,2)-ratsional funksiya yagona qo’zg’almas nuqtaga ega emas.
3
2) a= —% bo’lganda, va faqat shundagina (1) funksiya ikkita qo’zg’almas nuqtaga ega.

3
3) a# —% larda (1) funksiya uchta qo’zg’almas nuqtaga ega.

X e {l, 2,3} lar (1) funksiyaning qo’zg’almas nugqtalari bo’lsin. X € Cp, X# )A(L2 lar uchun biz oddiy
hisoblashlarni bajarib, quyidagi tenglikka ega bo’lamiz:
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‘(x X))+ 2x*‘
p

= ‘p‘(x—x*)+(x*+\/§)p‘(x—x*)+(x*—x/—_a)‘p
Pz{XECpiflner u{O},f”(x)e{kl,f(z}}, (4)

a:\ZXi\p,ﬂ:‘xi+x/3‘p,7:‘xi—»\/§ )

p

() F(x) ©)

larni belgilaylik.
Agar P # 2 uchun |Xi|p > /|a|p bo’lsa, uholda & = ff =y bo’ladi.

Agar P # 2 uchun [X| < /|a|IO bo’lsa, uholda & < 8=y bo’ladi.

Agar P # 2 uchun |xi|p = /|a|p bo’lsa, u holda & = Max(f3,7) bo’ladi.
Biz ushbu tezisda & = f# = y holatda dinamik sistemalarni ko’rib chiqamiz.
(3) tenglikdan foydalanib, quyidagi hagiqiy funksiyalarni aniglaylik:
a=[=y uchun @, :[O,+oo) — [0,+oo) funksiya
r, if r<a
] .
o, (r)=1az20, if r=c.
a, if r>a

kabi aniglanadi.
Lemma 1. Agar @ = S =¥ bo’lsa, u holda Q, (r) funksiya quyidagi xossalarga ega:

1. Fix(p,) ={r:0<r <a}{o:agar &= c}.
2. Agar r >« bo'lsa, u holda ¢, (r) = o bo'ladi.
3. r =« bo'lsin.

3.1) Agar &6 « bo'lsa, u holda ¢’ (r) =  bo'ladi.
3.2) Agar d<a bo'lsa, u holda barcha n>1lar uchun ¢" (r) = a bo'ladi.
xe€S,(0) uchun au(X) =| f (X)|p ni belgilaylik.

Teorema 1. Agar @ = [f = bo’lsa, u holda (1) funksiya hosil qilgan p -adik dinamik sistema quyidagi
xossalarga ega:
1. 11) SI(x)=U_(0) 12U_(0)nP=4.

2. Agarr>avaxeS, (0)bolsa, uholda f(x)eS_(0) bo'ladi.

3. k=0,1,2...1ar uchun f*(x) eS_(0)\P bollsin, u holda

S&‘(fk(x))(O), agar a%fk(x))Za, m=k+1

(0 els,(0),  agar a(f () >a m=k+2 .

S 1+ (0), agar aD(fk(x))<a, vm=k+1

FOYDALANILGAN ADABIYOTLAR
1. U.A Rozikov, I.A.Sattarov. p-adic dynamical systems of (2,2)-rational functions with unique fixed point//
Chaos, Solitons and Fractals, 105 (2017) pp. 260-270.
2. U.A.Rozikov, |.A.Sattarov. Dynamical systems of the p-adic (2,2)-rational functions with two fixed points.
Results in Mathematics, 75:100, (2020) pp. 1-37.

«EIII MATEMATUKJAPHUHT SITHI'M TEOPEMAJIAPH — 2022» ~341~



PECITYBJINKA WJIMHUN AHXKYMAHH
GENERAL FORM OF THE p -ADIC (3,3)-RATIONAL FUNCTIONS WITH A UNIQUE FIXED
POINT

Sattarov I.A.!, Mansuraliyeva R.F.?, Abdukaxorova Z.T.?
Namangan State University, Namangan, Uzbekistan,
i.sattarov@mathinst.uz, RayhonaMansuraliyeva@umail.uz, zulxumor.t.a@umail.uz

Let Q, be the field of p-adic numbers and f :Q_ — Q, be a function. If f(X;) =X, then X,
is called a fixed point. Put A= f (x,). The point X, is attractive if 0<|4| <1, indifferentif |2| =1 and
repelling if|/1|p >1.[1]

The ball U (X,) is said to be a Siegel disk if each sphere S (X,), p <ris an invariant sphere of
f(x).ie F(S,(%)) =S,(X,). The union of all Siegel disks with the center at X, is said to a maximum

Siegel disk and is denoted by SI(X,).

Let f:U >Uand g:V —V betwomaps. f andg are said to be topologically conjugate if there
exists a homeomorphism h:U —V such that, ho f = g oh. The homeomorphism h is called a topological
conjugacy.[2]

Mappings that are topologically conjugate are completely equivalent in terms of their dynamics. For
example, if f is topologically conjugate to gviah, and X, is a fixed point for f , then h(X,) is fixed for
g. Indeed, h(x,)=hf(x,)=gh(x,).

In this work, we find of the general form of the p -adic (3,3)-rational functions with a unique fixed
point. Any (3,3) -rational function has the following form

ax® +bx? +cx+d

f(x)=
9 X2 +ex® +hx+1
Theorem. Any p -adic (3,3) -rational function (1) with a unique fixed point is topologically conjugate to the
functionthe following form

,a,b,c,d,ehleQ,, a=0. (1)

AX® + BX® + Cx
g(x) = - : , AB,CeQ,, A=0. 2
X’ + Ax“+Bx+C
Let a:[n_irg|xi|pwhere X, X5, Xs, X,, X are the roots of the Ax*+Bx+C =0 and
<I<

x® + Ax? + Bx + C =0 equations respectively.
Proposition. The fixed point X, is indifferent for the dynamical system generated by the function (2) and it
is the center of maximal Siegel disk with radius « .

REFERENCES
1. U. A. Rozikov, I. A. Sattarov. p-Adic dynamical systems of (2,2)-rational functions with unique fixed
point// Chaos, Solitons and Fractals, 105 (2017) pp. 260-270.
2. U. A. Rozikov, I. A. Sattarov. Dynamical systems of the -adic (2,2)-rational functions with two fixed
points. Results in Mathematics, 75:100, (2020) pp. 1-37.

CTATUCTUK BAXOJAPHUHI' ACUMIITOTHUK ETAPJINJIMT'
A.Paxmanos?, O.Pacyinos?
'Hamanean myxanouciux-mexnonozus uHcmumymii,
’Hamanean oasnam ynuepcumentiu.
MasbiiyMKH, (pakTOpIAMITHPHUIIT KPUTSPHHCH CTATUCTUKAHUHT STApIMIMTHHUHT 3apypUil Ba eTapiu

HIAPTIAPUHA XAKUKATra YXIMANUIMK (YHKIUSCHHUHT Maxcyc H(OJacH OpKald aHHWKIAll WMKOHHSTHHH
Oepamuy.
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Knaccuk agabuérnapman OWiIaMu3KM CTaTUCTHK OaxoJapHUHT N dYekcu3 Karta OynraHuparu
ACOCJIMIIHK, aCHMITOTHK HOPMAJUTUK Ba aCHMITOTHK 3P QEKTHBIMK XOCcalapy MaBxyl. YOy Makoasa ous
ETapIWIMKHY aCUMIITOTHK HYKTaCH Ha3apAaH KypuO YNKaMu3.

Manym Oenrunanniap Ba maptiapaaH Qoiimamanran xoina ([3]ra xKapaHr) Xakukatra YXIIAIDIHuK

¢byHKIHSICH JoTapru(MUHN KUPUTAMU3:
Ln(X(”);H):Zn:I(Xi;H). )
i=1

(A)-(D) perymsapmuk maptiapugan [1] doiipananu6, (1) ¢ysxousan Teinmop katopura KyHupard
EUMIIMAaCUHU KapaiiMu3:

(n).
L, (x(”);e): Ln(x(”);00)+ww—eo)+
L, (x"; 4 &L (x";6°
%'STO)(Q_QO)%%%(Q_&")S’ (2)

Oy epna ‘6’*—(90‘ <|6-6,|.

oL, (x(”) .0, (x(“) )j

00

AIIeMEHTap aMaliapHu Oaxapub Kyiumaru udomganu oamMus:

L, (x(");e) =L, (x(");gn (x("))j—% l, (9)(«/?(9—&1 ((x(")))j+ r (x(");é’)j, (3)

r (x<”>;0) :% % L, (x(:;;" (W)) l, (‘9)@5(9_& (X<n>)D+

s e eat))]

Masaymku, N —> 00 jia Karta coHap KoHyHura acocad [4] uxtuépuit € € © yuyn:

1.azl_n(x(”);én(x(”)j
n

06° =1, (0),

en(x“))%e, )

A
(2)ra 6, =6h (X(n) ) - acocnu 6axo, SbHU =0 Tenrnama eunMuHHU KYinOb, CYyHT

By epna

<=Y h(X;)—2>M ,h(X).

1 PL(XY0) 1e
n a6 N

Mapkasuii TumuT Teopemara acocan, N —> o0 ga 6apua € € O yuyn
Pg( x": Jn|o - en( )

Hemak, (4)-(6) myHocabatiapaan N —> o0 na
r (x“%e)%o )

n

>tj—>2®( 1 (0)t)—=—0.

t—oo

9KaHM Kenub unkaau. (3) Hu torapudmiapiad 030/ 3THO KyWuaaruiek Kaiira €3ub oxaMus:
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f (X(”);g) = f (X(m;gn (X(n> )j.exp {_% I (9)}(\/5 (e—én (x(n> )Dz}exp{l’n (x(n>;9)}' ®)

(7)raacocan Ve >0 yayn N —> o0 na
PG(X(”):‘exp{rn(x(”);e)}—q<g)—>1.

Hemak, erapauda karra N napaa g, (X(")) =f (X(n);en (X(n) )j ne6 Genruiacak, y Xonia

f (x(”); 0) = exp{—% I, (Q)K\/ﬁ(é’_én (x(“))Dz} g, <x<n)), ©)

STBHU OUpranukaard 3uwmk Gpynxuuscn |, (X(n);é’) yuyH (axTopnamrupum udogacu YpUHIN OYIMOKIA.

A
n o o
By aca 6 (X( )) CTaTHCTHKAHUHT ACHMIITOTHK €TapJin CTATUCTHKA [2] neiiuniira acoc 6yi1a omam.

AMMO Oy XOcCCaHM MIAPTIIM TaKCHMOTHH XHCOONaml Wynmu OmiiaH xaMm KypcaTHIl MyMKWH. byHm
KYJNalJINK Y9yH TUCKPET Xoyja Kypcaramu3. byHHWHT ydyH (8) HHHT TUCKPET XOJI YUyH aHaJOTHHH &310

P, (x(”)) =g, (x(”))exp{—% Iy (9)(\/5(9—9,1 (x(") )Dz}exp{rn (x("); 9)} , (10)

Oy epaa @, (X(n)) = Pg

n| X

( (n)) (X(n)) . (10) nan X" HuHT G) (X(n) ) =1 maprtu ocTUAArH MWAPTIA TAKCUMOTHHU

€310 oaMmus:

) a(olnlsd) o)

Pg(x(") :en(x(")):t) > exp{rn(x(");e)} > gn(x(”))
{Xm);gn(x(n)):t} {x<">;§n(x("l)zt}

AN

6y udona 6 ra Gormux smac Ba gemak XMVYB @y acumnToTnk eTapimu 6axo skaH. JleMak, Kyiuaaru 1abBora
ara OyiIamms.

Teopema. dapa3s Kuaiiuk, {lx(ﬁ), 96@} @umep uHbOpMaLMAcH (QYHKUHMACH MycOar

aHuKJ1aHrad 6ynuo, (A)-(D) perynspnuk maptiaapu Ypuriu 0yiacus. Y Xonaa UXTUEPUil XakKuKaTra MakCuMall
AN AN

yxmanumk 6axocu @n  ydayH ¢akropiamrupun udoacd acMMNTOTHK YpUHIM Ba aeMak O 6axo
ACUMITOTHK eTapyy Oymaau.
AJIABUETJIAP

1. bopoBkoB A.A. Maremaruueckas ctatuctuka. OLeHKa mapaMeTpoB, nMpoBepka runote3.-Mocksa: Hayka.
1984.-472 c.

2. 3akc I1I.Teopus craTucTHUecKuX BbIBOAOB.-MockBa: Mup. 1975.-776 c.

3. Koznos M.B., IIpoxopos A.B. Benenue B MaTeMaTH4IecKyro cTaTUCTHKY.-MockBa: MI'Y. 1987.-263 c.

4. ®opmanor HI.K., A6aymrykypoB A.A. Maremartuk cratuctuka. |-kuem: IlapamerpnapHu Gaxomari.-
Tomkent: YuauBepcurer. 1994.-67 Ger.
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BYTCTPEINI YCYJIM BA YHUHI CTATUCTHK BAXOJAIIJIA KYJITAHAJIAIIA

P.C.Mypanos!, M.A.3uéutaunosa’
'Hamanean myxanouciux mexnonoaus uncmuntymu,
2Anoudicon dasnam yHugepcumenil.

MablyMKH, MaTeMaTHK CTATUCTHKaJa KYNTHHA Oaxofaml ycyJUlapy, MacallaH, XaKuKaTra MaKCHMal
VXIANLIMK YCyJd, MOMEHTIAP YCYJIH, XH-KBaIpaT MUHYMHUMH YCyIu EpJamMuia TY3WITaH CTaTHCTUK
0axoJIApHUHT aHMK KU JIMMUT TaKCUMOTJIApH OOIIl TYIJIAMHHHT HOMAabJIyM TaKCUMOTHUTA OOFIUK OYiHnO
KOJaau, yIapHA aMaija KyJUTaHWIHIIUAa Oup KaH9a KUHMHYWIMKIApra onu0 kemaad. AMMO OyTcTpen
Oaxonap OyHIal KaMYMIIMKIapaH X0Ju 00, yIapHU MacallaH HOMabJIyM XapaKTepPUCTUKAIAP YIyH UIIOHY
OpaMKJIapy KypHUIIJia KSHr KyJuiam MyMKuHIup. byrctpen ycynmu 1979 limnna mamxyp CTaTUCTHK OJIUM
B.D¢pon Tomonmman kuputwiran [2]. ByHmaH Ttamkapu OyTcTpen ycynau EpAaaMuna KypWIraH HIIOHY
OpaMKIapy OepuiraH WIIOHY OXTHMOJIMHHM Y3rapTHpUIMAraH XoJiJa oJarjard CTaHJAapT HIIOHY
OpaMKJIapHIaH 03ruHa TOPpoK Oymanu [1-5].

dapa3 Kunaiimk {(X l(i) X S) )i =1, k} ATa 6oFMK GYaMaran tacoauduii MUKIOpIAp KETMa-
KETIMKIapy 0yamo, X J(i) JAPHUHT TAaKCUMOT (YHKIHSUIIApH
() — () P .
F (1) —P(Xj <t),i=L1..,x5 teR,
oyncun. byHpman Tamkapu {X }')} jmapra OOFIMK OYiMaran {Vl,v2 ,...}—6OFHI/IK aMac Ba OHp XM

TaKCUMJIAHTaH OyTYH {l,..., X} KuAMaTiaapHu KaOyJ KWTyBUH AUCKPET Tacoanpuil MUKIOpIap OYIICHH, ShHU
A

6, =P(v;=i)>0,i=1..,% > 6 =1
i=1

Bbus {Hi =1, k} 9XTHUMOJUTHUKIIAPHH Ba3H cHdaTHIa KYIUIao, {F Oj=1.., k} TaKCUMOT/IAp KOPHIIIMACHHH
Ty3Hu0 ONaMu3:

}\l .

Fi)=>6,-FO(t), teR. (1)

i-1

Kyitnnaru craTUCTHK TaHIaHMaap Ky3aTuiaéTral OyICuH:
M _lc® c®@ ».

S™ —{s® s@  sM:N |
6y epra S = {Xl(') oy X0 }, i=Lasa N, ={,..,v,}.
Bynap épramua Kyiiuaaru OyTcTpen TaHIaHMalapHA XOCHI KUJIaMHK3:

* 1)* 2)* ) . *
S; =180, 8@ sWN, |,
6y epma S = {xl‘”*,...,xﬁj)*}, i=LABa N, ~= {Vl*,...,V:]}.
Bus S Gyrcrpen TannanMma Oyiinya (1) KOpHIIMa TAKCHMOT yuyH GyTCTpen GaxoHH Ty3ub oaMus:
x
Fo =20, F (1), teR

i=1

. 18 - J—
6y epma F"(1) ==Y I(XP" <t), i=12; teR,
mi3

By OaxonuHr xoccacu cudarnga KyWuaard TeOpeMaHd KedaTthpamu3. ByHuMHT yuyH OyTcrpen
HOpMAaJIJIaHTaH MPOIECCHU KUPUTAMU3:

A_(t)=vm(F () -F, (t), teR.
Teopema. Arap 6apua i =1,..., A map yuyn 0 < F®(t) <1 Ba 0< 6, <1 Gyuca, y xonma 6apua Tanianma

kerma-ketmkinap yuyn A, (t) npoueccHunr S™  ramnanma OepwiraHiard MIAPTIA TaKCHUMOTIIAPH

m,N — oo na Faycc npoueccu A(t) ra Kydcus sIKMHIAIIAH:
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D
{AR©/57} = A).
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4. Komernuk FO.A. AcuMNTOTHYECKHE CBOMCTBA OYTCTpel OLEHOK. // 3aBojckas jadboparopust 1987, 1.53,
N.10, c. 76-82.
5. ®apmonoB LK., A6mymykypo A.A. * Marematuk cratuctuka. l-xucm: Ilapamerprmapan
baxonamnr”.T., “YHausepcuter”, 1994, 68-0er.

BATTAYAPUAHUHI TEHI'CU3JIMKJIAPU CUCTEMACHU XAKHUJIA

M.Kamoauaaunos!, T.Ymapos?
YHamanean myyanouciux-mexunonoeus uncmumymau,
’Hamanean 0asnam yHugepcumeni.

bunamuskn, HyKTaBmid Oaxomapra KyHWmagwradH acocuil Tamabnmap yIapHUHT —aCOCIWIJINTH,
CHJDKMMAraHIWTH Ba PUCK (YHKUMSCHHUHIT MHUHUMAJUIMTH XOcCcajlapura sra OYIHIUIMTHAMD. ACOCIHMIMK
XO0CCacy TaHJaHMa Xa)KMH YEKCH3 OpTTaHJarnHa HaMo€H Oymaau. AMMO TaHJaHMa Xa)KMH YeKIH OyJraH
X0JJIa PUCKHUHT MUHHMMAJl OYJIMINHM Xoccallapy YpraHuwnaad. PUCK (YHKUIMSICHHUHT KBagpaTHK OYIraHu
X0J1J1a CWUDKUMarad 0axoap y4yH y AUCIepcHs OMiIaH yCTMa-yCT TyIIaau. by Xonaa sHTr KH4uK aucnepcusra
sra 6axo 3HT X1, SbHU 3P PekTuB ned atananu [1-4].

TakcumoTap omwsacu MabJIyM IHMIApTJIApDHU KAHOATIAHTUPraHWAA IUCIEpCUsl YUyH KyHH derapaHu
KypcaTuil MyMKHH 9kaH. by maptiap Kpamep-Pao perymsipiuk maptinapu ne6 arananu.
OHmu OW3 cuibkuMmaraH Oaxonap aucrepcustiapu yuyH Kpamep-Pao kyitnm gwerapacunm [2] Xxam ¥3 mumra
ONyBYM aMMO YHTa HucOaTaH aHUKpOK Oynran KyHW derapanap cucreMacuHu kupurtamu3 [3]. Bymap
barragapus Kyiu dyerapajgapu KeTMa-KeTIUTH OYnHO, ymap sHaga XaM KyWIHPOK OYJiraH perylspiuK
mapTnapuan Tanad xkwiamu. lyanait 6axomap 60op 3kaHKH, ymapHUHT aucrepcusiapu Kpamep-Pao kyiin
yerapajapura puiiMacajia, yHaaH IKOpHpoK Oynran barTtauapussHuHT OMpop KyiHH Yerapacura Spuuiap dKaH

[4]. Bu3s nacTiab Homabiym napamerp & GUp YIHOBIHK, SHHU CKAJIAP (S = 1) OynraH XoJHH KYpHO yTaMus.
1-Teopema (barTauapus) [1]. {Tn (X(”); (9)’ 0¢c @} suwK GyHKmsutapu ounacu Kpamep-Paonunr (I)-

(I) perynsapnuk maptiapu [2] Ba KyHugarujiapHu KaHOATIAHTUPCHH:

o'f (x(“);e)

(IIH* Xap 6up iI=1..,K sa 6apua @ € © nap yuyn Xocuaanap MaBxyz Ba P ¢ TaHucbaran

JeSIPITH XaMMa epyia IeKIIH;
(IV)* Xap 6up 1 =1,...,K Ba 6apua @ € ® nap yuyn

o'f (x(”);e)

= 1 () <oz

2

(V)* Bapua I, j =1...,k Ba @ €© nap yuyn
o' fn(x(”);e) o’ fn(X(");9)| y(”)(dx(”))
20 o' | 00! ‘ fn(X(n);Q)

< 00;

A

(vn* Kk MapTta auddepeHnrasIaHyBIH g(@) (GyHKUMAHUHT cuibKkuMaran (X (”)) OaxocHu y4yH

A

Da g, <00 6ymub, 6apua I=1..,kea 8ec® Jlap y4yH
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. o' f (x(”);e)
(n) n ™ ( g™
ng”(x [ i o
Oyncun. bynmaHn Tamkapw, \/ ”V” H i marpuria € Hykrama Xxoc GymMaraH Ba MycOar
aHUKJaHTaH OyncuH, Oy epra
) 1 @ (xMe) el (x0) |
Vi (9)=M, t2(xne) o0 6!
V xomnna 6apua @ € © nap yuyn Kyiuaaru TEHICH3IHK ¥PUHITHIAD.
D,9,(X )= 3 v1(0)g"(0)g"(0). )
i,j=Lk
_ i
Oy epna ”Vij(e)uij:fk =V 71((9) matpuna  V (9) y4yH TeCKapHIup, g(')(Q)Z%- )

TEHTCH3IIMK/A TeHTTINK OaKapHIUIIMHUHT 3apyp Ba €TapiH mMapTu
R K o'f (x("); 9)
M _q()=SC (0)—t T\ T g, ¥
gn<x ) g( ) z I( )fn(X(n),Q) ag| X e

i=1

TEHTJIUK YpUHIN Oynumuaan uoopar 6o, Ci Koa(GUIHEeHTIap
k .. -
SVi(9)c,(0)=g"(6), i=1..k: (3)
j=L

CHUCTEeMaH! KaHOATIAHTHPAIH. V (9) - MaTpuna barragapus nabopMalus MaTpuriacu 1ed atanaim.

A | a'f,(x";0
1-Hatmwka. | g ,I(l),___,l(k) BEKTOPHHUHT |(')(X(”)-9): 1 .o n< : ) OynraHuaaru
n'’n n n ’ f (X(n)e) ael
n ’
OWpraaukIarid KoBapHaIys MaTpUIIACH 2(9 ) HUHT JI€TePMHHAHTHHU XHCOOJIACaK,
D,8,(X") g¥(6) ... 9“(0)
det{>(6)}=| 9"(9) Vn(e) e Vi(0) 20
M M
9“(8)  V(0) . Vi (0)
By tenrnukam Kyitnnaru kypuanamaa €3u6 onuo, (1) TeHrcu3nukHu Oomkaya udoganan MyMKHH.
o g"o6) .. 9“(8)
i (x Mo L8O V®) e (0)]
" det{v (6)}| M
gy Vu(0) . Vi (0)
AJIABUETJIAP

1. Bhattachariya A. On some analoques of the amount of information and their use in statistical estimation. —
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O PACIIPEJIEJIEHUM YN CJIA TEPECEYEHUI UHTEPBAJIA JJISI CJTYYAMHBIX
MNPOLECCOB C HE3ABUCUMBIMU ITPUPAIIEHUAMMU

XomxudaeB B.P. HauldCU, Hucmumym mamemamuxu AH PY3
AonyBammeBa M.3. Ham/[Y (macucmpanm)

IIycts f (t), t>0 - OJHOPOJHBIN CIy4YallHBIM IPOLECC C HE3aBUCUMBIMHM IPHUPALICHUSMHU U
HENPEPHIBHBIMH CIIPaBa BEIOOPOYHBIMU TPAEKTOPHUAMU 5 (O) =0 ,umycrs —ad < O<b . [Ipn xaxxgom

1
k>1 BBEJIEM COObITHE E|£ ) , 03HAYaIOIIEee, YTO IMPU HEKOTOPHIX 0< tl < t2 <..< t2k HUMEIOT MECTO

HEPABCHCTBA:
E(t)<-a, ()b, &(t)<—a,&(tyy)<—a &(ty )b . .

2
coOBITHE Ek MMpOUCXOANT, €CJIN

£(6)=b, £(6,)<-a, &(6,)2b,...E(6,,)=b, &(6,)<-a

IPH HEKOTOPBIX 0< Hl < 92 <...< 82k . Ionmosxum:
E|£3) = Elgl) M {é(t2k+1) < —ad mnpu HEKOTOPOM t2k+1 > tZk} ,
E|£4) = Elgz) M {5(92k+1) >Db pH HEKOTOPOM 02k+1 > HZk} :

BBenem ciyyaiiHble BEJIMUUHBI é/ i» PaBHbIE YMCITy MEPECCUCHUN MHTEpBalla [—a, b)TpaeKTopHeﬁ

nporecca g(t) CHH3Y BBEPX (I = l) ¥ CBEPXY BHU3 (I = 2) , T.€. {gl > k} = Eéi), k >1. sicuo, uto

ClIyd4aiiHble BENMYHHBI {;, U §, OTIMYAIOTCSA APYr OT Apyra camoe Ooibliee Ha eqUHHULY. M3ydeHuio
pacmpeneneHus Yuciia epecedeHrH TTOI0CH MOCBSIIEHO 3HAYNTEIbHOE YHCIo MyOonukanuid. Pactipenenenre
quclia TEPECeUCHHM WHTEpBaJa JUIS CIy4YalHBIX OJyXJTaHWH, MOPOXKIAEHHBIX IOCIEI0BATCILHOCThIO
HE3aBUCHUMBIX OJMHAKOBO Paclpeae€HHbIX CIyYalHBIX BEJIMUYUH, U3yUYeHBI, HampuMep, B padorax [1], [2].
AcuMnToTHKa OOIIET0 4YHcia TepecedeHuil WHTepBaia JUIsl OJHOPOTHBIX CIydalHBIX TPOIIECCOB C
HE3aBUCUMBIMH MMPUPAIICHUSIMH PacCMaTPUBAIACh, B 4aCTHOCTH, B [3].

IIpennonoxum, 4To CXOAUTCS OJMH U3 UHTETPaJIOB:

f% P(£(t)>0)dt <oo wm L‘”% P(£(t)<0)dt <oo-

W3BecTHO [4], 4TO A1 3TOTO JOCTATOYHO, YTOOBI CYIIIECTBOBAJIO Eé: (1) #0. Cnenannoe
TIPEATOIOKEHUE HCKITIOYAET BO3SMOKHOCTh OECKOHEYHOT0 YHMCIIA IEPECECUCHNI MHTEPBANIa POLeccoM & (t) .

OGoznaunm oz Red=0,x>0 PA) = mEeXD ny) =inf{t >0:6@) <y}, xO») = EOB)) —
y.p=sup{Ay(1) < 0}.
OTMETHUM , UTO YCJIOBHE
E&(1) < 0 wuxoneunocts Ee?*¥™M npu mexoropom A > 0 rapartupyior , ato p > 0 .
Teopema . [Tycmo EE(1) <0 , p>0,yY(p) =0,y'(p) < o .Tozoa npu a - o, b— o ona
nobozo yenozo k = 1 umeem mecmo

P(17 > k) = (cd) e ™™ (1+0(1)),

20e
-1

c=| py'(p) [ e”dF(y) | , d=[e”P(x(b)edy),
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F(y)= —IP(U(Y) >t)dt=—En(y), y<0

JIUTEPATYPA
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mpaexmopusmu ciayuatinozo oayscoanus. Cuod. Mart. XKypa. 2004. T.45, Ne4.C. 822-842.
3. Jloror B.U., Xomxubaes B.P. O uuciae nepeceuenuii nonocol 0isa cayuatinolx npoyeccos ¢ He3as8uUcUMbIMU
npupawerusamu. IIpenenbHbIe TEOPEMBI IS CIIyYalHBIX MTPOIECCOB U UX puMeHeHus. Tp. H-Ta MaTeMaTuku
CO PAH. Horocubupck, 1993. T.20. C.162-169.
4. Porosun b.A. O pacnpedenenuu Hexomopwix YHKYUOHANLO8, CEA3AHHBIX C SPAHUYHBIMU 3A0a4amu 0
npoyeccos ¢ Hezasucumvimu npupaujerusmu, Teopus BeposaTHocTel u ee npuMmenenus 1966. T.11, N4. C.656
—670.

HEPABEHCTBA JUIAA BEPOJATHOCTHU PASOPEHUSA

XomxkuobaeB B.P. HamlCU, Hucmumym mamemamuxu AH PY3
KyamatoBa M.3. Ham/[V (macucmpanm)

IIycts 5 (t), t>0, f (0)20, - OJHOPOJHBIM CIIy4allHBId IIPOLECC C HE3aBUCHUMbBIMU

NpUPALICHUSME, BbIOOPOYHBIE (YHKIMH KOTOPOTO  HEMpEephIBHBL  chpaBa. B 3ToM  ciydae

Eexp{A&(t)} =exp{ty (1)},

2/12 0 /1
l//(/1)=7/1+02 + j(e“—l—Hizde(x), (1)

rne Y u O > 0 -BemecTBeHHbIe UnCa, hyHKIHSA S (X) He yOBbIBaeT Ha KKIOM U3 HHTEPBAJIOB (—OO, 0)
u (0, oo),

I XZdS(X)<oo, S(—oo)z S(oo):O.

|xj<1
s mpousBonapHBIX A > 0, b >0 Beeném CIIy4ailHY10 BEJIMYHHY T , PaBHYI0O MOMEHTY IIEPBOTI'0 BBIXOJA
npoiecca éf (t) Y3 UHTEpBaja (—a, b) :

T =T(a,b)=inf {t >0: &(t)g(-a, b)}

[omaraem | =00 , ecin f (t) € (—a, b) qns Beex [ . M3BecTHO, 4TO cilydaiiHas BeIHMYMHA T

KOHEYHA C BEPOSTHOCTBIO €IMHUIIA, €CIIM DPACTpEeNICHUe CIIydailHOW BETUYHHBI é: (1) HE SIBIISIETCS

BBIPOJICHHBIM B Hyne, u ET K< npu Beex K > 0. Beposraocrn P(E(T) > b), P(E(T) < —a) o6bramo

Ha3bIBalOTCS BEPOSITHOCTSIMH PA30PEHMUSL.

K u3yuyennio xapakTepUCTHK CIy4alHBIX MPOIECCOB, CBA3AHHBIX C MOMEHTOM II€PBOTO BBIXOZA M3
WHTEpBala, MPUBOAIT HW3BECTHBIE 33a4yd O PA3OPEHUHU, TEOPUU XPAHEHUS 3allacaMH, TEOPUU CHUCTEM
MaccOBOI0 OOCITYKMBaHUS U PAJ IPYTUX.

BolunicnieHne B TOYHOM BHJE XapaKTEPUCTUK CIyYaWHBIX INPOLIECCOB, CBS3aHHBIX C MOMEHTOM IIE€PBOIO
BBIX0JIa U3 UHTEPBAJIA, JOCTYIIHO TOJIBKO B HEKOTOPBIX YaCTHBIX CUTyanusx. [Io3TOMy OCHOBHOE BHUMaHUE
B U3YYEHUH 3TUX XapaKTEPUCTUK YAEISAETCS aCUMITOTHUECKUM MOIXOAAM.

Hapsany ¢ acumnrornueckumu popMysiaMu aKTyaJdbHOH SIBISETCS 3a1a4a MOJTyYeHHs IBYXCTOPOHHUX OLICHOK
JUISL  XapaKTEpPUCTHUK, CBSI3aHHBIX C MOMEHTOM IIEPBOIO BBIXOJA CIYYalHOIrO mpouecca U3 UHTepBajia. B

pa60TaX [1], [2] JJIsA cnyqaﬁﬂoro 6J'Iy)KZ[aHI/I$[, HOpO)KZ[éHHOFO CyMMaMH HC3aBHCUMBIX OJWHAKOBO

pacnpeeIEHHbIX CIIy4YalHbIX BEJIMYMH MPU PA3JIMYHBIX OTPAHUYEHHUSIX HA paclpe/esieHne CKauyKa MOoJy4YeHbl
JIBYCTOPOHHHUE OIICHKH JJIsi BEPOSTHOCTH pa3opeHus. TamM OTMEYEeHO, YTO JIFOOBIE aCHUMITOTHYCCKUE
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PE3YJIbTAaThL HEH30eKHO COACPIKAT OCTATOUYHBIC YJICHEI. A OIICHKa peaHLHOfI BCJIIMYMHBI 3TUX OCTAaTOK Tp€6y€T
JOIIOJIHUTCIBHBIX paCCMOTpCHPIfI. HOBTOMy HaXOXXACHUC ABYCTOPOHHUX HCPABCHCTB I XAPAKTCPUCTUK
TpaHUYHBIX Q)yHKHI/IOHaJIOB ABIIACTCA CCTCCTBCHHBIM OOIIOJIHCHHEM K HMMCIOIIHUMCA aCHMIITOTHYCCKUM

pe3ynbratam. OLEHKH AJs BEPOATHOCTH P(f (T) 2> b) npu EE (1) <0 nonyuens B [3] . O6bI4HO TE

WJIM UHBIC XapPaKTCPUCTHUKHU 3a4a4 C ABYMs I'PaHHUIlaMU BbBIPpAXXar0TCA YCPE3 paACIIPEACIICHUA q)yHKLII/IOHaJ'IOB oT
TpaeKTOpI/Iﬁ CHy‘laﬁHLIX IMpOLCCCOB, BOSHUKAIOIIHUX B 3aJadax C OHHOﬁ I‘paHHHeﬁ. 3[[601; BCPXHHUC U HUIKHUC

OLICHKH JI7Ts BEPOATHOCTH PA3OPEHHs, T.€. IBYCTOPOHHHE OLEHKH s BeposiTHocT! P (g‘g (T ) > b) (3HagHT
u s P (gg(T) < —a) =1-P (f(T) > b)) B Ciydae Ef(l) =0, BbpaxkaioTcs TOTBKO Hepes

XapaKTePUCTUKH HCXOJHOTO TIpoIiecca f (t), He Tpuberas K WCHOJIB30BAHUIO XaPaKTEPUCTHK

OTHOTPaHUYHBIX (PYHKIIMOHAJIOB.

OGosnadmm a(a,b)=P(£(T)<-a), B(a b)=P(&(T)=b).l

_83,
3a,

a, = I |X|S ds (X), rae S (X)—cneKTpanLHa;[ (GyHKIHS mporecca f(t) m (1),

| ZI\/|2+4a(a+b)—|2 | :I\/|2+4b(a+b)_|z.

)
' 2(a+b)’ i 2(a+b)’
Teopema. Ilycmo Eé:(l)zo, E§4 (1)<OO. Toeda umeem mecmo HepageHcmaa
a a
— 1, < b)) <——+1,,
atp =P (a.b) a+h
b b
— 1, < <——+1
a+b @ (a.b) atb "

2o0e |, 1, onpeoenenvi 6 (2).
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Cubupckuii Mmarematuueckuid xypHai, 2021 r., Tom 62, Ne 3, ctp. 563-571.
4. A.A.Mogul'skii, On the distribution of the first jump for a process with independent increments, Theory
Brobab. Appl., 21(1977), 470 — 481.

CI'JIA’KEHHBIE METO/bI SMIIMPUYECKOI'O ITPABAOIIOAOBHS.

3axugos Juamoadex
Anoudicanckuii I'ocyoapemeennviil Yuusepcumem

B pabote mpoeMOHCTpUPYEM CrIIaKEHHBIH METOI AIMITMPUIECKOTO MPABONOI00HS JIJIsl TOCTPOCHUS
JoBepuTeNbHBIX nHTepBaJoB. [lycts F u G dhyHkun pacnpenenenus (¢.p.) 3apsHKeHHBIX U HE 3apsKeHHBIX

HEKOTOpO#l Gosie3nbto momyssnuit. Paccmotpum  kpuByro R(t) =1-F (G’l (1—t)) , tne O<t<],
G™ (t) =inf {X G (X) > t} te (0,1) u G (t) — KBaHTWIbHAs QYHKIMs cooTBeTcTBYOMmast ¢.p. G. Yepes
X Xgpe X 1 Y, Y,,00Y,

, O0O3HAUMM HE3aBHCHUMBIE M OJMHAKOBO PACIpPEACIEHHBIC CIIydalHbIE
BEJIMYMHBI, TECTOBBIE OTKJIMKHM NOMYJSALMN ¢ pacnpeneneHussMu F U G coOTBETCTBEHHO. EcrecTBeHHON

m
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oLeHKOi kpuBoii R (t)}IBH}IeTC}I cratuctuka R | (t) =1-F, (G; ! (1—'[)) , rne F, uG, coorsercrByromue

OMITUPUYCCKUC OLICHKU F I/IG .
Fm(t)zizmll(xjst),Gn(t)=lzn:|(YiSt) @)
m 5= n 5=

m
G, , Ghosal u Roy (2008), a Taxxe Zhou (2008) ycrarnosuwm, uto pu I = lim — € (0 oo)

m,n—c n

Jm+n(R,, (t)=R(t))dN (0,07 (1)), 2)

o (t)_(lﬁjR(t)(l-R(t))+(1+r)(1-t)t{w}

r G'(G™*(1-1))

Ucmnone3yst pe3ynbTar (2) JETrKO MOCTPOWTH JOBEPUTEIBHBIA HHTEPBAN IS R(t). Teneps paccMoTpum

rue

CIIIQKEHHYIO BEPEHIO OLIEHKH it R (t) :
m (1-t-G, (X,
R;n(t)—l—EZKLAJ, ®)
’ m 4= h

X

rne h=h (n) >0 - mocnenoBarenbHOCTL CTpeMsIIascs K Hyro npu N —>ocou K (X) = J. W( y) dy - ampo,

—00

(GYHKIHSA ITIOTHOCTH C HOCUTEJIEM [—1; 1] . 311ech HCTIONIB3yeTCs TONBKO CriaxeHHas Bepeus F uepes K, a

smnupudeckas ¢.p. G, yuactsyer B (3) cama. O603Ha4NM

RS, () =1-—— K[l_t_Gn(Xm)}lsigm,

] Mm—1, 5 h
a TaKxKe
m 1-t-G,, .| X,
anm(t)_l—£ZK[ : ( ('))} m<i<m+n,
m 4= h
rae

:_ Z Y<y k:1,2,...,n

:I_|<n i=k
TOF,I[a TICEBI0 BLI60pKa METOAa CKJIaAHOI'0O HOXKa ONPEaCIACTCA KaK

V. (t)=(m+n)RS, (t)=(m+n-1)R%, (1), i=12,...,m+n

1 m,n,i

Tenepb NOCTPOUM 3MITUPUUECKOE MPABAONOA00HE TIPH R( ) = O na ocHOBe 1ceB0 BHIOOPKHU KaK

Ly (6:6) =SUp{H PP >0,p, >0, Py, >0, P =1 pV (1) =06 }
i=1 i=1 i=1

ITo TCOpEMa J'IarpaHX(a Y6€)K,I[aeMC$I, 4TO 31€Ch MAKCUMYM NOCTUTACTCA IIPU

= 1 i=12,...m+n,

(m+ n){1+,1(vi (t)—@)} ’

rne A=A4 (t; (9) YIOBIIETBOPSET YCIOBUIO
1 men \7' (t) -0

2

m+n 51+ A4(V, (t)—0)=

13 KOTOPOTO JIOrapu(M 3MIIMPHUECKOTO MPAaBI0NO 00U PABHACTCS

Pi
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m+n

1, (t:6)==2log L, , ( 2Z|og{1+/1(v o).

Jucnepcuro olleHUM CTaTUCTUKON

- z{ LS, }

m+n4s m+n*

Teopema. [Tycts W( y)HBJ'I}leTCﬂ CUMMETPHUYHBIM SIPOM C HOCUTEIIEM [—1; l] U TiepBasi IPOM3BOIHAS W( y)

. m
orpanudena. Bropas npousBomHas R(t)HerepLIBHa B TouKe 1) 6(0,1) u lim—=r e(O,oo). Ecmu
m,n—o0 n

h=h(n)—>0, nh(n) —Soou nh4(n)—>0npn N — oo, Toraa

logn
2
L (to. R(t)) = 2% (1),n > 0.
Ha ocnoBe »Toit TCOPEMEI I[OBCpHTCHI)HI)IP'I HWHTCPBAJl YPOBHA 3HAYNMOCTH 7/ JJIIA R (tO ) MOJKET OBITh IMOCTPOCH

KakKk
1 (t,mn)={0:1,,(t;0)< 77},

2 o o 2 .
rac }61’7 ABJIACTCA KBAHTUIIEM YPOBHSA ) CIIy4auHOM BEJIMYUHBL 1),

JUTEPATYPA
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STATISTIKADA p - SPIRMEN VA 7 - KENDALL KORRELATSIYA KOEFFITSIENTLARI
HAQIDA

Sh.Saypiddinov?, A.Axmadjonov?
'Namangan muhandislik texnologiya instituti,
’Namangan davlat universiteti.

Bizga (Xl,Yl),(XZ,YZ) va (X3,Y3)- bog'ligsiz tasodifiy vektorlar berilgan bo'lib, ularning

birgalikdagi tagsimot funksiyasi H , marginallari F va G [1].
1-ta'rif. Quyidagi tenglik bilan aniqlanuvchi X va Y tasodifiy miqdorlarning moslik (muvofiglik)
o'lchoviga p - Spirmen koeftitsienti deyiladi

£ (X.Y)=3(P[(X, = X,)(Y,=Y,) > 0])=P[(X, = X,)(Y,-¥;)<0]. (¥
Bu yerda (Xl,Yl)ning birgalikdagi tagsimoti H (X Y ), (X2,Y3)ning esa birgalikdagi tagsimoti
F (x)-G(y) bo'ladi, chunki X, va Y,lar bog'ligsiz.

1-Teorema[2]. Agar X va Y uzluksiz tasodifiy miqdorlar bo'lib, ularga mos kopula C bo'lsa, u holda p -
Spirmen koeffitsientini quyidagicha aniqlash mumkin

p.(X,Y)=3Q(C,1m)=12 [[ uvdC(u,v)-3=12 [[ C(uv)dudv-3. (2
[0 [0

11
bu yerda “3 koeffitsient”— normallashtiruvchi chunki Q(C,H) {—5 5} bo'lgan muvofiqlik (moslik)

funksiyasidir.
1-misol. Faraz gilaylik X va Y tasodifiy miqdorlar uzluksiz bo'lib, ularga mos kopula C, -Farlie-Gumbel-

Morgenshteyn kopulalar oilasidan olingan kopula funksiyasi bo'lsin, bu yerda € € [—1, 1] , ya ni
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C,(u,v)=uv+6uv(l-u)(1-v).
U holda
H C, (u,v)dudv = I (uv+6uv(1-u)(1-v))dudv =

[0

0
= H uvdudv + 6 ” uv(1—u)(1-v)dudv == 1.9
2 2 4 36
(0] (0.]
Tt o
bo'ladi. Bundan esa p, (X ,Y) = 3
7 -Kendall koeffitsienti ham tasodifiy miqdorlar o'rtasidagi moslik (muvofiglik) va nomuvofiglik
tushunchalariga asoslanadi.
2-ta'rif. Quyidagi tenglik bilan aniglanuvchi songa X va Y tasodifiy miqdorlarning 7 -Kendall koeffitsienti
deyiladi.
7(X,Y)=P{(X, = X,)(Y,=Y,) >0} =P{(X, = X,)(Y,-Y,) <0} =
= P{Xl > XY, >Y2}+ F’{Xl <X,,Y; <Y2}— P{Xl <X,.Y; >Y2}— P{Xl > XY, <Y2}.
Ta'rifga ko'ra, agar 7 -Kendall koeffitsienti musbat bo'Isa, u holda katta ehtimollik bilan musbat bog'lanishga
ega bo'lamiz. Agar 7 -Kendall koeffitsienti manfiy bo'lsa, u holda manfiy bog'lanishni kuzatishimiz mumkin.

Bundan tashqari 7 -Kendall koeffitsienti C (u , V) kopula funksiya orqali quyidagicha ifodalanadi.
2-teorema|2]. Agar X va Y uzluksiz tasodifiy miqdorlar, ularga mos ravishda C(U,V) bo’lib, u holda
T ( XY ) - Kendall koeffitsienti uchun quyidagicha tenglik o'rinli

7(X,Y)=Q(C,C) 4ﬂ (u,v)dG (u,v)-1.

£ - Spirmen va 7 Kendall koefﬁts1entlar1n1ng xossalari
Simmetrik: o, (X,Y)=p(Y,X)va z(X,Y)=7(Y,X).
Normallashtirish: —=1< p, (X Y ) <lva -1<p, (X Y ) <1.
Agar X LY bo'lsa, uholda p,(X,Y)=17(X,Y)=0bo'ladi.
Ixtiyoriy qat'iy o'suvchi T, () va T, () akslantirishlar uchun p, (TX ( X ) T, (Y )) =P, (X ,Y) va
7(T,(X).T,(Y))=7(X,Y) tengliklar o'rinli.

X
Agar (X ,Y) - normal taqsimotga ega bo'lib, korrelyatsiya koeffitsienti p va marginallari standart normal

tagsimot bo'lsa, u holda
a . (1 2 .
P (X.Y) :—arcsm[—pJ va 7(X,Y)=—arcsin p
T 2 V4
munosabatlar o’rinli.
3-teorema(2]. Agar X va Y - ¢ generatorli Arximed kopula funksiyasi C bo'lgan tasodifiy migdorlar
bo'lsa, u holda 7 - Kendall koeffitsienti uchun quyidagi tenglik o'rinli
1
r(X,Y):1+4J‘Mdt.
2 ¢'(1)
Mazkur magolada p - Spirmen va 7 - Kendall koeffitsientlari uchun Arximed kopula funksiyalari orqali
statistic baho quriladi va ularning xossalari isbotlanadi.

ADABIYOTLAR

1. Joe H. Multivariate models and dependence concepts. // London: Chapman Hall. 1997. — 418 p.
2. Nelsen R.B. An introduction to Copulas. // Second Edition. Springer, NewYork. 2006. — 269 p.
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STATISTIKADA KICHIK KVADRATLAR USULI VA UNING TATBIQLARI

A.O’rinov?, Sh.Sobitaliyev?
'Namangan muhandislik texnologiya instituti,
’Namangan davlat universiteti.

Bilamizki, asosiy masala ma’lum bir kuzatilgan (x;,y;), i=1,2,...,n gqiymatlar to'plamidan x va y
o'zgaruvchilari o'rtasida mavjud bo’lishi mumkin bo’lgan tegishli munosabat yoki qonunni aniqlashdan
iboratdir. x va y larni bog’lovchi bunday munosabat empirik qonun deb ataladi. No’malum qiymatlarni
prognoz qilish uchun mos kelishi mumkin bo'lgan “eng yaxshi egri chiziq” tenglamasini topish masalasi juda
dolzarbdir. Quyida egri chizigni topishning standart usullari keltirilgan [1,3].

» Grafik usuli;

» O'rtachalarni guruhlash usuli;
> Momentlar usuli;

» Eng kichik kvadratlar usuli.

Aytaylik, berilgan ma’lumotlar asosida ushbu y = ax + b to'g'ri chizigni o'tkazamiz (1-rasmga
qarang). Eng yaxshi ya’ni barcha nuqlarga nisbatan optimal to'g'ri chiziqni topish uchun quyidagi ifodaga
minimal giymat beruvchi a va b topilishi talab gilinadi:

S(a,b) = I ly; — (a + bxy)|. (1)

Ushbu (1) yig'indi absolut og'ish (yoki chetlanish) deb ataladi. Yugoridagi ifodani minimumini
topishimiz uchun a va b parametrlar
bo'yicha xususiy hosila olib 0 ga

tenglaymiz. ¥ ¥ =)
* =0 va xS =0. (2)
oa ob
Masalaning murakkabligi

shundaki, absolut giymat funksiyasi nolda
differentsiallanuvchi emas, shuning uchun
(2) sistemani yechimini topa olmasligimiz
mumkin. Ushbu muammoga eng kichik
kvadratlar usuli javob berib eng yaxshi mos
chizigni aniglashni 0°z ichiga oladi,
gachonki xatolik mos keladigan chizigdagi X
y giymatlari va berilan y-giymatlar o'rtasidagi kvadratik yig'indisi bo'lsa. Demak, xatolar kvadratlarining
yig'indisi quyidagicha bo’ladi.

|_\"-/IIA\',/| .

X

S =¥y — (a+ bx)]%. 3)
(3) ifodaning minimumiga erishishi uchun ikkita parametrlar boyicha xususiy hosilalar olamiz.

as N
=2 ;[yi - (a+bx)]

m
0S
o _ _=__2;xi'[3’i_(a+bxi)]
Yugoridagi ifodalarni 0 ga tenglab sodBalashtir ]
ma+b¥itix; =Yl yi,
ma¥l x; + b xf = X xy;
x; va y; miqdorlar ma’lum bo'lgani uchun, yuqoridagi ikkita tenglama (normal tenglamalar deyiladi)

A . 0S S . . .
no’malum parametrlar a va b uchun yechilishi mumkin. Z— va Z—b xususiy hosilalardan mos ravishda a va
a

b parametrlar bo’yicha hosila olinsa, u holda ular berilgan nugtalarda musbat bo'ladi. Bunda S yig indi
minimumga erishishini aniglash mumkin. Demak

92 &
A=——=-2 E (-1) = 2m > 0,
2
da £
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B == —Zin (=x) = Zle-z >0,
i=1 i=1

92s
C = dbda = _Zzyilxi ' (_1) = ZZﬁlxi ’
A-B—C(C*= dmyit, xiz — 4% x) - (Bimg %)
Minimum uchun 4 - B — C? > 0 bo'lishi kerak. Bu esa quyidagi Koshi-Shvartz tengsizligidan kelib chigadi:
(L, x) < Vm(Tq x)Y2,
Chiziqli approksimatsiyani boshqacha usulda, ya'ni quyidagi ifodani minimallashtirish orqali ham toppish
mumekin.

S(a,b) = max;<iem{ly; — (a + bxy)[} .

Ushbu minimaks usulda odatda xatoga yo'l qo’yilgan ma’lumotlarning bir gismiga haddan tashqari
vazn beradi, absolut og'ish usuli esa taxminiy giymatdan sezilarli darjada farg giladigan nuqtaga yetarli
darajada vazn bermaydi. Eng kichik kvadratlar usuli qolgan ma’lumotlarga mos kelmaydigan nuqtaga sezilarli
darajada ko"proq vazn beradi, lekin bu nugta yaginlashuvda to'lig ustun bo’lishiga yo'l qo’ymaydi.

Shunday qilib, yuqoridagi chizigli y = ax + b modeldagi no’malum parametrlar uchun statistik baho
eng kichik kvadratlar usuli yordamida topilgan baho deyiladi va quyidagicha aniglanadi [1-2].

a = MU XYi—Nin, XiYie, Vi . b= T VS X =N X N XiYi
mz?:l1xi2_(2?:l1 x)? ’ m27i7:l1xi2_(27i7:l1 x)?

Vagqtli qatorlar tahlilimizda ya’ni trend chizig’ini aniqlashda Kichik kvadrat usuli juda ham qulay
hisoblanadi. Eng yaxshi moslik chizig’i bu turli nuqtalarning og’ishlari chetlanishlari yig’indisi 0 ga teng
bo’lgan chiziqdir. Bu trend qiymatlarini hosil qilishning eng yaxshi usulidir. Bundan tashqari chetlanishlarning
kvadratlari yig’indisi minimal bo’ladi. Shunday qilib, bu usul eng kichik kvadratlar usuli bo’lib, u quyidagi
shartlarni ganoatlantiradi:

1) y-haqigiy giymat va y baholanayotgan o'zgaruvchining chetlanishlari yig'indisi O ga teng, ya'ni
S, —9) =0.
2) y va y lar qiymatlarining chetlanishlari kvadratlari yig'indisi minimal bo'lsin, ya’ni
Yini (i — 97 >min
Prosedurasi: i) trend to'g'ri chizig'ini y = ax + b deb olamiz, bu yerda y haqigiy giymatlar, x bu vaqt, a va b
lar no'malum parametrlar.
ii) No’maum a va b parametrlarni quyidagi noreal tenglamalar sistemasi orgali baholaymiz:

n n
Zyi =na+ bei
i=1 i=1

n n n
Lle-yi = ain + bel-z
i=1 i=1 i=1
bu yerda n-berilgan ma’lumotdagi yillar soni.
iit) Vaqtni o’rta nugtasini boshlang’ich koordinata deb gabul qilib, Y™, x; = 0 ni olamiz.
iv) Yi=; x; = 0 bo’lganidan, ikkita normal tenglamadan a va b ni aniglaymiz.

1 — Yiz1 XiVi

a=-%,y =yvab =3280

i=1%i
Bu yerda a-bu y ning o’rtacha giymati, b esa o0 zgarish tezligini ifodalaydi. Ushbu topilganlarni y = a + bx
trend chizig tenglamasiga go shib, eng yaxshi trend to"g ri chizig ini hosil gilamiz.

Shunday gilib, ushbu maqgolada kichik kvadratlar usuli igtisodiyotdagi vaqtli gatorlarni tahlili va ular
asosida prognozlashtirishda juda muhim ahamiyatga ega ekanligi hamda ular bog’liq masalalar muhokama
etiladi [3-5].

FOYDALANILGAN ADABIYOTLAR
1. Abdushukurov A.A. Ehtimollar nazariyasi va matematik statistika, O’quv qo’llanma, T.: 2010.
2. Cheryl A. Willard Statistical Methods, Pyrczak Publishing, 2010.
3. Das N.G. Statistical Methods, Mc Graw Hill, 2017.
4. Wolberg J. Data analysis using the method of least squares, Springer, 2006.
5. Robert H. Shumway, David S. Stoffer Time series analysis and its applications, Springer, 2017.
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HAMAHT AH BWIOSTHU EP ®OHJIUHUHI YKOJIOTUK-XYKAJIAK KUXATUIAH
3VPUKUII JIAPA’JKACUHU MATEMATHUK YCYJUIAP EPJIAMUJIA AHUKJIAII

Ymp3zakos LK., Anumaxanos H.H., Faiinupaunos II.T.
Ham/[V

Burositna ep GOHIUHUHT SKOIOTUK-XY KUK KUXATIAH 3YPUKAII AapakaCHHU aHUKJIAII JaBOMUIA
Oaxkapwiran 3 Ta 0axonam KypCcaTKUYWHH YMYMIIAIITUPUII HaTWXacula ONUHIU. Bunosat Xymymuparu
nangmagTIapHUd TaOUKUH TapKUOWHM Y3rapuil Aapaskacl Ba aHTPONOTEH IOK KypcaTKU4iapd FOKOpHIard
000ma xpcobmab umkapwinu. YuumHun kypcatknd cudaruaa b.Kouypos [1] Tomonmman takmnd >TuiaraH
BUJIOAT ep (DOHOUHMHT 3KOJIOTHUK-XYKAIMK MyBO3aHAaTHHHU Oaxonam Ko3(h(UIHMEHTH MabMypHH TyMaHIap
Joupacuaa TaxJIuI KWINHAN.

BUIOSTHUHT SKONOTHK-XYKAJIMK MyBO3aHATHU Oaxomaml Oup KaTop MyaMMOJIApHM aHUKJIAIl Ba
yiapau OapTapad 3THUII WYHATWUNIIAPUHU aHUKJIAIl UMKOHWHU Oepanu. Epaan doiimamanumHIHT CyFopro
JEXKOHUWINK KWIMHAAUTaH IIapOUTH Ba Te3KOp doiaananuml, ycayonér unnad unkunrad Poccusiaaru epaan
¢doiipanannmnad ¢apk KWIUmy yptudopra onuuau. Ulynaan kenu® 4ukuO, ep pecypciaprHH SKOJIOTHK-
XYKAMAK KUXATAaH 3YPUKHIN JapaKaCHHH aHUKIAmAa ep (OHIWHUHT HUCOWH SKOJOTHK 3YPHUKHUII
k03 puLMeHTH Xama ep pecypcIapuHUHT aHTPOIIOTeH OOCUMHUHT Xap OUp Typura HucOaTaH XMMOSJIAHHUII
koo duimentn Ypranm® umkuaad. HamaHran BWIOATH XYIOYAHUHT HUCOULl  IKOLO2UK  3VPUKUUL
ko3 puyuenmu (Kyss) b.Koaypos Taxmmd stran xyitmnaru (1.1.) popmyna 6mman xuco01a0d UK.

AIO4 + AFO5+ AFO6

" AIOL+ AFO2 + AFO3

(1.2).

By epna, Kuu — XyayaHuHr HUCOWH 3KoJOTHK-3ypukuin ko3ddumuentn; AlO4, AIOS, AIO6 —
BUJIOSITAArM aHTPOIOTEH KOKHHUHI 10KOopu Kypcatkuuiapu; AIO1, AFO2, AIO3 — Bujostnaru aHTponoreH
IOKHUHT HUCOaTaH MacT KypcaTKUWIaApH;

Annknanrad Ky, KuiiMaTiiapu BUJIOSTIATA aHTPOIIOTEH TabCHP MHTEHCHBIMTHHU (TaOUMid pecypc
MOTEHITHAIATa MOC €KM MOC KeIMAaCIHK Japakacuan) Oenrninad Oepanu. by opkamm aca, Bunositaa Tabumit
nasgmadTIap Ba PeCypeiapHHU KaWTa THKJIAHUII UMKOHUSITH CaKJIaHTAHJIMK AapaKaCMHU aHWKJIAIIUMU3
MYMKUH. ByHJail Tamxuc HaTwKacuza BHUJIOATIA KaHAald Towdagard epiap MHUKIOPUHH KyNaHTHPHII
3apypUATH Ba yjaap y4yH Tanal 3TWIraH MalJoH KaTTIUIH XaM aHukiIaHagu. Kosddunment kuiimatiapu
KaHYaJIMK rmacT Oyica, TaAKUK 3TWIAETTaH Xy dyAHUHT T€0SKOJIOTHK X0JaTy MIyHYaJIuK Kynai 6ynaau. Arap
BuoATAA Kins KOOQPUIMEHTHHUHT MUKIOpH OUp atpoduaa O0yica, SKOIOTHK-XYKAIWK KUXATIAH 3YPHKHII
Japaxkacu MebEpH/Ia, arap y Oupian karta 0yiica, 0y KYpCaTKUIHHUHT YCUO OOpaéTraHIMruHu €K1 Y3rapHIlCcu3
KOJITAHJIMTHHHU aHTJIaTa i,

Hamanran BuiiosiTua yran BakT AaBoMuzia Ky, KuiiMaTiapuiary y3rapuiuiapau oatacu ypranuo
gk yayH 2010-2020 finnnapaaru epaad GoiiianaHui MablyMOTIapH TaX M KWIHHAA. BUoaTHUHT Xap
Oup MabMypHil TyMaHJIapyd ep (OHAWHUHT IKOJOTHK-XY)KAIHMK JKUXATAAH 3YPUKHUII JapaKacHHH Y3rapHIl
JUHAMHUKACH TaxXJIWi1 KWIMHUIIM MyMKHH. YOy KUHMAaTiapHUHT MyTTacui opTuO Oopumu DXMHHHT
OapKapopiMrMHU macain® Oopaérramnmruau  kypcaragu. UlyHuHr yayH ep ¢oHAM TapKUOWHH
TaKOMUJLIAIITUPHII MAKCAIU/1a BUIOATHH MabMyPHH-XYAYIUH Ty3muim 0yrinda 9XMuaa xuco0s1ad YuKuI
3HT MyXuUM OockuunapaaH Oupuaup. Taximg 3Twiran €HJallyBHH aMaira OLIMPHUIN BocuTacu cudaTtuia
3amoHaBuii reorpaduk ax6opot Tmzumuaan (I'AT) poinananuim makcaara myBopuraup. [AT nmnardopmacu
TasgHY (KaJIMT) )KOMIapAard MabJIyMOTJIApHH CaKJIalll, TaXJIUJT KHJTUII Ba TACABBYP KMJTUIII MMKOHHUHU OepyBUH
TEXHOJIOTHsIIapAaH Oupuaup.

XyIoyIqHH IOKOpHIArd TapTuOna YpraHuil, TaxJIuid KWIKII Ba Taknu( STWiIraH €HIAAlIyBHU aMaira
ommpuil Bocutacu cudaruna ['AT spartwnagu. By TH3uMra KUpUTWITaH MablyMOTIap Ba XapHTaiap
UCTaJIraH XyAyZA y4yH Xoc OynraH MyamMMmoiap xamJa MyaMMOJIHM Ba3HsATHHM aHHMKJAII, YHUHT cababnapuHu
TE3KOp TaxJIWJI KWINII UMKOHMHM Oepanu. By Taxymira kypa, BWIOSTHUHT Xap Oup MabMypHH-XyAyAuid
Ty3WJIMacu Oyiinda MamBXyl MyaMMOJIAPDHHM aHHMKJIaHAJW €KW OamopaT KWIMHAIUW. Mapxya MyaMMOJapHU
Oaprapad >THII YIyH 3c¢a, ep pecypciaapuaan (HoimanaHuIa >KORHUHT TaOuui-nanamadT XyCcyCHsITIapuHu
9pTHOOpra onum xamjaa ep (OHAM TapKUOMHM MCTHKOONAa JaHmUapTIN peXalallTHUPHUII OpKaIH
TAaKOMUJUTAIITHPUO OOPHUIIT TAKITU] THIAH.

Hamanras BUIOSTHHH T€03KOJIOTHK KUXATIaH 0axoaml kapa€Hria MabMypPH TyMaHIap KOJOTHK-
XYXKaJMK MyBo3aHaT KodpduuueHTIapu xucodnad ynkmiaan. YHIa acocad, maxap Ba TyMmannapauar 2010
Ba 2020 iinnapaaru ep OanaHcu Taxjimin KuinHaau. Xucoo-kutobnap ArgGIS-9.3 minardopmacuaa amanra
omupwian. ' MCna tasHy katnam cudaruaa, 2020 iniga TacIMKIaHraH BHJIOSTHUHT MabMyPHE OYIHHHII
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YyerapacHHUHT TeMaTUK KaTiamuaaH oinananmwnan. Hatmwkana, koeppuiment (Kus, B Ko KuiiMaTiiapuau
X1co01a0 YMKUIUIIN OPKAJIH JacTaa0Ku KapTorpamMmmanap (GoHH Ba WILTIOCTpanysiiap IMHAMHUKACH TaCBUPIIa0
Oeprmaay.

Omu6 6opwnnran nnutapaa AFO kuiimatnapuan aaukianiaa b.Koaypos (1998) romonnaan Takimud Ba
0. Axmananues [2] ToMOHHWAaH MaMIaKaTUMH3AAry epAaH GoWJaJaHUuIIHN Te3KOP TU3UMHHHU XHUCcOoOTa 0nd
TakoMmwamTupuwirad Ep GpoHanAN SKONOTHK )XUXaTHIaH yXImant (rOMOTeH) TypyxJjap Oyiinda TacHu(Iam
acocuaary kinaccudukanusaaan Gornananamnany (1.3-maparpad, 1.3.1-xaxBa).

Xunco0-kuto6 unmapuau YopTok TymaHu Muconuna KypuO umkamu3. Yoprox Tymanuna ARO
KYpcaTKM4Yd JHI macT OynraH l-rypyxra KupyBuM ‘“Okojoruk TtasHu epiap” 586 ra (AlOp), “Kam
doinananmnaauran epiap”’ (AIO2) — 12440 ra, “Kyn inmumk mapaxt3opiaap” (AFOs) 6511 ra, “Uppuramust
oObektnapu octuparu epuap”’ (AlOs) 1343 ra, “Cyropunaguran skuH epiaap” (AlOs) 12707 ra,
“Yp6anuzanusuiamras xynyniap” (AlOs) 3939 ra tenr. bynna,

1343+12707+3939 17989

e = =0,92;
586 +12440+6511 19537

(1.2).

Hemak, YopTok TyMaHHa HUCOMH SKOMOTHK MyBo3aHaT kodddunuentu 0,92 ra tenr 6ynagu. by
kypcaTkny YopToK TyMmMaHHMJa HUCOMHA 3KOJOTMK MyBO3aHAT HHUCOATaH SIXIIM SKAHIMTHHU KypcaTaiu.
IOxopumarn taptuOma xuco6-kutod nnuapum Hamanran BuwimosTHHHHT Oapya Tymanigapujga Ba Hamanrax
HIaXpU MabJIyMOTIIapH acocuaa Oaxapuiau.

OnuHran MabpIyMOTNap TaxXJIMIM IIyHH KypcaTanuku, HamaHran BuUIOSATH XyIOyauaa epAaH
(oM TaTaHUTITHUHAT IKOJIOTUK XYKAIHK JKUXATIAH 3YPUKHII Japa)kac MKKATa Oup-Oupura OOFiMK OynraH
OMWJIIap TabCUPHIA IAK/UIAHTaH. bupuHun oMu, )OMHUHT TaOuuii TaHAA(T MWapouTH 6YIK0, Xy Ly THUHT
TaOUM UMKOHUSTIAPU IOKOPH OYIIraH JaHamadT 30HANApUIa KOWIAral TyMaHiIap/a SKOJIOTHK-XY KaTHuK
JKUXATIaH 3YPUKHII Japakacu roxopuaup. Konyccumon éiunmanap, KaguMIy ajllOBHANI TEKUCIUKIIAp,
IUTIOBHAJT TEKUCIHUKIApa XOWIAIraH MabMYpPUH TyMaHJIApHUHI AesApiu Oapuacuna HUCOMI HKOJOTHK
3ypukuim ko3ddunuentu rokopunup. byHra acocuit ca0ab maskyp XyayaigapiaH Xy»KaJIMK]la WHTEHCHB
(boganaHUITHUHT IOKOpWIHTHIUp. AltHnkca Yukypron, Hopun, Hamanran Tymannapuna 0y KypcaTKHYHUHT
IOKOPH 3KaHJIMTH Ky3aTHJIalu.

BunosiTHuHT aiipuMm  Xynaymrapuaa TaOuuii ommiuiap epaaH (doimamaHuWmga y Kamap KarTta
MMKOHUSTTA 3Ta OynMacaa, COIUa-KTHMOWH PUBOKIIAHUII IapaKACHHUHT FOKOPHINTH Oy TyMaHapaaru
HKOJIOTUK-XYKAIWK JKAXATIAH 3YPUKHII JapakacHHU IOKOpH Oymmmira cabad Oynran. bynmait Tymanmapra
SHTH y3mamtupuiaaétradi MUHrOyJaoK TyMaHHHM MHUCOJN KWJIMO KenTupuil MyMKuH. Tymanma ep ¢oHzau
tapkuoura kupyeun 74071 ra epuunr 2010 dungarn HUCOUI SKONOTHK 3ypHUKHII Kodpduuuentu 3,30 Hu,
2020 vwigard HUCOWE SKOJOTHK 3YpuKkuil Kodhdunmentu 3ca 3,06 Hu Tamkun 3taan. Kypunaérran 10
WK Iarn HUCOMHM 9KoNoTuK 3Ypukuin kodgdurmentn xkucMmad (0,24 xoaddunmentra) sxmmmaHraHu
OWJlaH yHUHT YMYMUH Japaxkacu OapuOHp canOuii XoJaTHA XOcHI KHIMoKaa (1-kaasan).

1-xanBan TaxJMIMaaH KypuHuO TypuOauku, Yukyprod 8,20 man 7,70 ra (+0,50), Hopun 6,70 man
5,82 ra (+0,88), Yitum 4,09 nan 3,18 ra (+0,91), T¥paxypron 1,70 man 1,60 ra (+0,10), YHoprok 1,03 man 0,92
ra (+0,11) ¥3rapu0, aBBairu Hnmiapra HucOaTaH HUCOMH DKOJIOTHK 3YPUKHUIII TapayKaCUHUHT MKOOHH X0aTra
Y3rapranjiuruHu Kypui MyMkuH. bupok, sunostHuar Hamanran 4,30 nan 4,72 ra (-0,42), Koconcoii 0,90
maH 0,99 ra (-0,09) y3raprannmuru kypuHaau. byHH TymMaH axOJWCHHUHT KEeWWHTH HWIUIapIaru epaaH
¢boligananuin fapaxaCHHUHT om0 6opaérrannury Omwiad n3oxJam MyMKuH. LIlyHuHT 1€k, HUCOUI SKOIOTHK
3ypukuil aapaxacu 1 koadduimentaan nact 6yiraH, SpHA HUCOHMI 9KOJIOTHUK 3YPUKHII Japakacl HOpMal
xonarga Oynaran Ilom Ba UYyer Ttymannmapuza Xam cydarrm 10 Hwomkna —KypcaTKAWIaApHHHT
IOKOPWIAETTaHIMTUHH Ky3aTHII MyMKHH.

Kypunag€rran iinmmiapaaru HUCOU 3KONOTHK 3¥puKu KodddumrenTr 1 KodapPuIreHTIan Kopu
(ymymuii xomatia 3YpUKHII Aapakacu €MoH) Oynran mabMmypuil TymannapHuar 2010 #wungarn ypraua
ymyMu#t 3ypukuin kosdpounuentu 4,1 vy, 2020 fimngarn yprada ymymuit 3ypukunt kodpdunuentu 4,3 HA
Talkui 3TMokaa. Kypunuob Typubnuku, 10 Huumkaara aiipuM MabMypHid TyMaHJIQpHUHT WKOOUM TOMOHTa
Y3rapuimu Ky3aTuiranu Owiad 10 AHUTMKHUHT YMYMUR 3¥PHKHIT KOO(PQHUIIMEHTH CAOUN XOJIATHH XOCHIT
KHIIMOK/Ia.

IOxopuaarn epnapHUHT HUCOWMH SKOJOTHMK 3YPUKHUII Aapa’kaCMHU W)XKOOWH TOMOHTa Y3rapHuIld
KeWHHIM WWiUiapja MamilakaTumMusza onub OopuiaaérraH TYFpH arpap CHUECATHUHI HaTwxacuaup. Ep
doumuaan QoimagaHuIIa KeWHHIM Huiapaa OyTyH BHIIOST XyIyauaa MeBajiu OOFIap MaIOHMHUHT
KECKWH OPTraHJMTMHM Ky3aTwiaaau. bu3 TomMoHMMM3IaH YTKa3wiran XucoO-KuTobmapra kypa, ssbHu, “Kyn
HWUIMK JapaxT30piap”’ aHTPOINOreH IOK KypcaTKHUuu Oyimua 3 Oamira sibHH, ypTada KypcaTKuura ora.
Bu1osITHUHT aHTPOIIOT'€H FOK KypcaTKiun HucOaTaH okopu 0yiaran AKO 5 rypyxura KupyB4u epjiap MUKIOPU

«EIII MATEMATUKJAPHUHT SITHI'M TEOPEMAJIAPH — 2022» ~357~



PECITYBJINKA WJIMHIA AHXKYMAHU

KaMaWTaHJIuTy TyQailin BUIOAT ep (OHIUHUHT SKOJOTHUK XY)KAITUK KUXATIAAH 3YPUKHUIII Tapakacu rnacaino
Oopaétranmuryu OMiIaH U30XJIaHAIH.

Hamanran BHJIOSTHHHHT MabMypHH TyMaHJapu Oyimda OSKOJOTHK-XY)KaIUK MyBO3aHAT
KypcaTKHwiapiHu Oaxounamina KymmMya Mabiaymor cudatuma b.KodypoB Tomonmman Ttaximwmd sTunraH
Oaxouan yciyJurapuiari KypcaTkuuiap Xam TaxJIwi KWinH. XKyminanaan, ep GOHIUHHHAT MYTIIOK 3KOJIOTHK
XY KamuK KO3PPUIHEeHTH, Xy Ty THUHT TAOUUIH XUMOSUTAHUTT KO3(pPMUIIEHTH XaM/la MabMYpPHI TyMaHJIapIara
9KOJIOTHK 3axWpa epijapu Oyinda xam xuco0 wmurapw amanra ommpunu. OJUMHTaH HaTKamtap Oyinda
Hamanran BunosiTu MabMypHidi TYMaHJIapUHUHT Xap Oup KypcaTKud Oyinya peHTHHITY aHUKJIaH I},

1-xanBan
Hamanran BWJIOSTH MabMYPHil TYMAaHJIAPMHHUHT HUCOMI IKOJIOTMK 3YPUKAII KO3 PUIHeHTH
(2010-2020 iii.)

K — HUCOHIT K — HUCOHIT

Ep donpununr AKO 6¥itnya takeumuaanumu | Kamu (ra ?f;izz:; ?f;izz:;

Ne | Tyman Homu (ra xucoduna) xucoouaa) .. (I})] —— (I})] —

(2010) (2020)

AIO6|AIO5|AI04|AI03| AIO2 |AIO1

1 |KocoHcoit 3428 |19729| 2846 | 5759 | 19872 | 599 52233 0,90 0,99

2 |Munroymnox 3270 |41914|10638| 1538 | 11546 | 5165 74071 3,30 3,06

3 |Hamanran 2202 |13218| 1500 | 1292 | 1163 | 1130 20505 4,30 4,72

4 |Hopun 2249 |14139| 1291 | 1522 946 569 20716 6,70 5,82

5 |Ilon 5073 | 26207 | 4014 | 4748 | 228636 | 22288 | 290966 0,10 0,14

6 |Typakypron 2385 | 12623| 1864 | 3875 | 5719 937 27403 1,70 1,60

7 |Yitun 3996 |17145| 2019 | 3113 | 2450 | 1721 30444 4,09 3,18

8 |Yukypron 2948 | 21989 1592 | 1747 | 1296 401 29973 8,20 7,70

9 |YopTok 3939 |12707| 1343 | 6511 | 12440 | 586 37526 1,03 0,92

10 |Yyct 4573 |25342| 5121 | 8058 | 50291 | 364 93749 0,50 0,60

11 | SHrukyprox 3441 | 11897 | 3484 |16002| 18066 | 284 53174 0,70 0,55

12 |Hamanran m. | 4588 | 3477 | 368 | 1451 | 3247 48 13179 1,20 1,78

Bunosim ep ¢honou mavarymomnapu acocuda myaniugp momonuoar xucobnad YuKuiean.

Onunaran Hatwkanap Oyinua HamaHraH BUIOSTH MabMypui TyMaHJIApUHHHT Xap OUp KypcaTKud
OYyiin4a peUTHHTTH aHUKJIaHAW. BUpOK, cyropuinaguran Xynyaiapaa Oy Kypcarkudiap Oup-Oupunan y Kagap
KyN (apK KWIMAaraljiurd y4yH BHJIOSAT XYIYAHJHHHT SKOJOTHK-XYKATUK KUXATIAH 3YPUKUII AapaKacHHU
aHMKJIAIIA KYIIUM4a KypcaTKu4iiap TaHiad OJMHIIH.

Bunostna ep GOHAMHUHT SKOJOTHK-XYKAJIUK )KUXATAaH 3YPUKHLI JapaXaCUHU aHMKJIALl, IOKOpHAa
TabKHUIAaHTaHUJIEK, TAJKUKOT AaBoMuAa Oaxapuirad 3 Ta Oaxosiaml KypcaTKAwiapu: JaHamadT Taduui
TApKUOWMHM Y3rapuIlli, AHTPONOIeH IOK KYpCaTKW4M Ba HHUCOMHA DKOJOTHK 3YPUKHUII HATHKATaPHHU
YMYMJIAIITUPUII HATHOKACUIA OJTMHAM (2-5KaaBad).

Bunost xynymunarn nanmmadT TaOMMi TapKUOMHM Y3rapuil napaxacu Oyilmda OaxosiaHaIuraH
O¥Jca, 3HT KYII y3rapuiira yupara jaHamadriap aulroBUal TEKUCIIMKIAp XaMja KOHYC EHrIMaiapuHIUHT
NPOJTIOBUANT-AJUTIOBHAN TEKUCIHMKIApU OYIHO XpcoOaHca, HT KaM Y3rapuilra yyparal JangmagTiap macTt
TOFJIap Ba aJiup JIaHAMA(TIapH SKAHIUTY KAl STHUIIraH.

AHTPOIIOTEH 10K KYypcaTKH4WIapd MHUKJIOPH XaM IOKOpUAAru JanamadTiiapHuHT TaObumii TapKuOUHU
Y3rapuin qapaxacura Jespiy MOC TYIIHMIIUHT Ky3aTHII MyMKHH.

2-:kanBaj
BuiiosiT ep (P OHAMHUHT IKOJTOTHK-XYKAJIUK JKUXATHAAH 3YPUKHII 1apakacu
JlanamadT Tadumii AHTponoreH 10k | Hucouii 3xo0ruk
Ne Tymansiap Homu . . o Kamu
TAPKUOMHM Y3rapuuu KypcaTKu4u 3YPUKHII
1 STHTUKYPFOH 3,36 3,12 0,55 7,03
2 Yyct 3,20 3,87 0,60 7,67
3 Ion 2,31 5,52 0,14 7,97
4 KocoHcoii 3,60 3,50 0,99 8,09
5 YopTok 3,67 3,71 0,92 8,3
6 Typakypron 3,97 4,86 1,60 10,43
7 MuHroyJsI0K 411 4,09 3,06 11,26
8 Vitun 4,37 5,94 3,18 13,49
9 Hamanran 4,52 4,74 472 13,98
10 | Hopun 4,65 5,28 5,82 15,75
11 | Yukypron 4,75 5,88 7,70 18,33
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Usox: 1-10 caua scyoa nacm, 10.1-15 eaua ypmaua,; 15.1 dan kamma Kypcamxuy s4cyod 0OKoOpu.
Kaosan myannugp momornuoarn xucobnad YuKuIeam.

BwiostT MapMypuii TyMamHIapuHU €p (GOHIWHH IKOJIOTHK-XYKAIUK XUXATHAH 3YPUKHUII Japakacu
KUXATIaH KaTTa 3 Ta TypyXra axparuil Makcaara MyBoguK. bupuHum rypyxra 3ypuKUII Japaxac >KyJa
nact OynraH TymMaHjap, MKKHHYH TYpyXra ypTada, yAuHUHM Typyxra xKyJa IOKOpH KypcaTkuura sra Oyiran
MabMypHUM TyMaHJap KUPUTWIAW. Arap xap Oup IypyxAaru TyMaHlap MalJOHMHM Xuco0gad 4yuKuica,
BUJIOSIT Xy Ly IMHHUHT SKOJIOTHK-XY KaJIHMK XKUXATAaH 3YPUKHUIL JapakKacCHHU y3rapuiinura yMyMui 6axo oepurr
MYMKUH Oynaan. YmOy kypcaTkud 5HT 10Kopu OynraH HopuH Ba YukyproH Tymannapu BuiosTHHHT 0,51
MHUHT KM’ MaiiloHMHM sramnal, »amu ep (GOHAMHMHT 6,85 (Go3MHM Tamkun >Tagd. VIKKMHUM Typyxra
MunrOymnok, Yitun, Typakypron Ba HamaHran TymaHIapu KHPUTHINO, yIap SKOJOTHK XYKAIWK KUXATIaH
3YPUMKMIN Japakacu ypraua OYIran MabMypHil TyMaHiapaup. Y IapHUHT yMyMuUi ep Maiaonu 1,3 MuHr km?
0ynmub, BuiOAT XaMu MaigoHWHMHT 17,47 QousmHn Tamkuia staad. FOKopuaaru Ttaxiawuiap acocuia
BUJIOSITZIA YMYMHH 9KOJIOTHK XY KaJIHK XOJIaTHHU aKC 3TTUPYBYH XapUTa TaKIu( KWINHAIH.

Yuunuu rypyxra Anruxkypron, Uyct, Ilon, Koconcoi, Hoptox Ba TypakyproH TyMaHIapu
KMPUTHIMO, YIapPHUHT MaiJ0HU 6,63 MHHT KM? HU STbHM, BUJIOAT €p MalIOHUHUHT 75,6 (OM3MHH TALIKWI
stamu. MOkopuparunapaan kypuHuO TypuOauku, Hamanran BumoATHaa KelMHrH HWLapaa ep
pecypcnapuiat (oiaananum Oyitnua amanra OMMpIiITral Taq0upiIap HaTwKacuaa ep (pOHAMHUHT SKOIOTHK-
XYXKaJNUK JKUXAaTAaH 3YPUKUII JapakacH IDKOOMH TOMOHra Y3rapMoknaa. Bupok, Oy XOTHpKaMIIMKKa
Oepunuinra acoc Oynamaian. UyHKH, SKOJOTHK-XY)KadWK XUXATHaH 3YPUKHUII JAapakacd MacT Oyiran
TyMaHJapJa XaM 0y yMyMHUH KYpCaTKUYHU KEATHPUO YMKApaIuTaH alpuM XyCyCHH KypcaTKH4iap FOKOpH
SKaHJIUTUHH KYPUII MyMKHUH.

BusiosT ep GOHIMHUHT KONIOTHK-XYKAINK )KUXATAAH 3YPUKHIN JapaskacHHU KaMIIOBUHU KYPCATKUIU
TapKUOHIaH a) XyCYCHIl aHTPOIIOTEH 0K 0) TaHAmadT TaONUH TApKUOWHN Y3rapuIll TapaKaCHHUHT B) HUCOUN
SKOJIOTMK  3YPUKHUII KYpPCATKUWIApU TaxXJWiI STWiAH. MUKIopuil KypcaTKuwiap acocuia MabMypHid
TyMaHjap rypyxJjapra axpatwiad. Bunost MabMypuil TyMaHJIapUHUHT XyCyCUH aHTPOIOIeH 0K MUKJIOpH
Oyiirua SHT IKOPH KypcaTkuura sra Oynran OupuHun rypyxura: [Ton (69.5%) Tymanu, ypra KypcaTku4gara
ukknH4K rypyxura: Yyer (50,5%), Typakypron (46.6%), Yoptok (44.7%), Auruxypron (44,4%), Yiiun
(44%), Koconcoii (43.3%) Tymannapu HUcCOATaH MACT KYpcaTKHYJaru y4yH4YH Typyxura: MUHTOYIOK
(36.3%), Hamanran (33.9), Hopun (33.5%) tymannapu kuputwiay. by kypcatkuuiap acocuaa BUIOATIArH
ep pecypcrapunaH (OWTATaHUIIHA ONTHUMAJUIAIITHPHUIN OYWWYa pekamd TaaOupiap MakKMyacH HILIa0
YUKWIAH.
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KOMIIO3UIIUA HEKOTOPBIX OTOBPAKEHUM JIOTKAU-BOJILTEPPA,
JIEMCTBYIOIIUX B IBYMEPHOM CUMILJIEKCE

AcaroB K. —macucmpanm 1—xypca o0yuenus cneyuanvrocmu «Mamemamuxay

Iycts Vi m V, peiictByror B S° m 3amansl cienyomumu kodddurmentamu [1]:
!

X, =X (1—ax, +bx;) X, =X (1—dx, +ex;)
V,: x2'=x2(1+axl—cx3) V,: x2'=x2(1+dxl— fx;)
Xg =X (L—bx, +c¢X,) Xg =X (1—ex, + X,)

OuesuHo, Kommo3uius Vi - Vo sBiIseTcs aBToMophHU3MOM cHMITIEKCa S°, IPHUEM OHA peICTaBIMa
B BUJE [2]:
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X = X1(1+ fl(XZ’X3))

X, :X2(1+ fz(xlvxa))
X3 :X3(1+ f3(Xl,X2)),

rne f,,f,, f; 21  sBusorcs MHOrowieHamu TpeThed CTENCHH OT  X;, X,, X3  YAOBICTBOPSIOLIAMH
YCIIOBHIO:
X - f+x,-f,+x%x,- f, =0.

Jlis KOMIO3WIMI Takke, KaK M JUIS BOJIBTCPPOBCKUX ONEPATOPOB BBOIMTCS TOHATHUE KapThl
HETIOJIBM)KHBIX TOYEK.

[TockosbKy CTPYKTypa KapThl HEMOJIBHXKHBIX TOYCK OMPEICISCTCS TOMOJIOTHYSCKUM XapaKTEpOM
HETIOJIBMKHONH TOYKH (TMPUTITUBAIONINN (OKYC, OTTAIKHMBAKOIIUN (OKYC, CemjioBas TOYKa), TO HaM
MIPUXOJIUTHCS WCCIEAOBAaTh MPH KaKWX 3HAYCHHUAX KOI(PPUIMEHTOB Ta WM WHAS HEMOJBIIKHAS TOYKA
SIBJISICTCSI TIPUTSTUBAOIICH, OTTAIKUBAIOIICH MIM CemIoBOM. [Ipn 3TOM MBI pacCMOTPHUM BCe KOMOWHAITUH
TYPHUPOB.

Jaiee ciMBOJIMYECKUN pUCYHOK THIIA [2]

VAN

OyJeT o3HayaTh, KaKyl0 KapTy HEMOIBM)KHBIX TOUYEK MOXHO IMOJYyYUTh IMPU KOMITO3UIMH BOJBTEPPOBCKHUX
OIIEPaTOPOB C YKa3aHHBIMH CJIEBA TYPHUPAMH.

Paccmotpum crenyromuii ciyyai:
! !

X, =X (@—ax, +bx;) X, =X (1+dx, —ex;)

V19X, =X, (1+ax, —cx,) V, 14X, =X,(1—dx, — fx;)

Xs =Xz (L—bx, +cx,) Xg =X (L+ex, + fx,)

rae 0<a,b,c,d,f,e<l. CooTBeTCTBYIOIIHE TYPHUPHI UMCIOT BU/I:

Paccmotpum MaTpuiisl SIko6u onepatopa V Bo BCex TpEX BEpIIMHAX CUMILIEKCA, TO ecTh V'(Z,)
(z=(1,0,0),(0,1,0), (0,0,2)) [2].
a) sepmmaa (1, 0, 0)

1 -a b 1 d e 1 d-all-d) e+b@dl-e)
0 1+a O |[-|0 1-d O |(=|0 (1+a)@ld-d) 0
0O 0 1-b)\0 0 1-e 0 0 @-b)1-e)

TO NEpBas BEPUINHA IIPUTATUBAIONIAA.

{(1+ a)1-d)<1

@-b)@-e)<1,
{(1+ a)1-d)>1
u to BepmmHa (1,0,0) oTTamkuBaromas.

L-b)(l—e)>1,

Teneps paccmoTtpum Bropyto Bepuuny (0,1,0):

l1-a 0 O 1+d 0 O l-a)@l+d) O 0
a 1 -c||-d 1 —-f |=]a@+d)-d 1 —-f—-c@+T1)]|.
0 0 1+c 0 0 1+f 0 0 (@+c)@+f)
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@l-a)ll+d)<1
Ecmn to (0,1,0) BepuHa mpUTATHUBAIOIIAS,
@+o)@+ )<y,
l-a)l+d)>1
eciu
@+o)@+ f)>1,
Hakonern paccmorpum Tpethio Bepmuny (0,0,1).

1+b 0 O0)(1+e 0 O @+b)2+e) 0 0
0 1-c 0| O 1-f 0}= 0 @l-c)@a-f) o
-b -c 1 —e f 1 —b(l+e)—e cl-f)+f 1

TO OTTAJIKHMBAromas.

Ota BCpIIMHA TAKIKEC ABJISACTCA HpI/ITSIFI/IBa}OHIeI‘/'I, €Clin
@+b)l+e)<1 . @+b)l+e)>1
OTTAJIKHMBAIOUICH, CCIN
@L-c)@-f)<1, @-c)@-f)>1.
Tak Kak B 3TOM IpUMEpPE TYPHUPBI JUHAMHYECKUX CUCTEM OTIMYAOTCS APYT OT Apyra JUUIb OJHOU rpaHblo,
TO MBI IIOJIYYHM CIEIYIOIIYIO KapTHUHY:

SN NS SN
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XoamyponoB ®.M. (HamAV,Onuii mamemamuxa xagedpacu)

Mannymku, Y36exucton Pecny6mukacu Ilpesuaentununr 2006 iimn 20-mexabpuaru I1d535
dapmoitnnna  kentupwiran  “Y3Gexucton PecryGnukacu yMymumii  (oifanaHMIIIATH aBTOMOOWIIb
uymnapuan  2007-2010 duwinapna Ba  Y30K MyJQJAaTid  KeJaXakAa PUBOXKIAHTUPHUIL JacTypH’ Aa
pecryONMKaHUHT UKTHCOIUM PUBOXKIAHWIN IIAPTJIAPUHU TAbMHUHJIAWIWTaH XalKapo TPaHCIOPT
WynakmapuHu 0apro KWJMIN, TPAaH3UT Ba BUIOATIAP OpPAJIUFUAA HIIOHWIM TPAHCIOPT aAJOKACHHU
TabMUHJIALI, PeCIyOIMKaHUHI TAlIKH WHTErpalysyalrad Ba MUKW OMPHUKKaH SITOHAa TPAHCIIOPT MYXUTHUHH
makmarTapunr, byrok Mnak Mynmuan KaifTa THKIAII Ba KaXoH 6030pHra YHKMII KaGy Macalnaiap JaBliaT
YN cuécaTHHUHT yCTYBOp Baszudanapu 3THO Oenrmwianrad. YOy BasupalapHUHT aMalnii e4MMH MaBXy]l
aBTOMOOMIIb HYJUIapy TAPMOFHMHUHT TpaHcHOpT-Goiaananui cudaTiapuHy OMIMPHULI, HYJUTADHUHT TEXHUK
Ba (oiananyB XoJaTiaapuHu iynnan ¢oiinanranyBuniap Tanadnapura MyBOQHUKIAITHPHLI, AaBTOMOOHILIAP
XapakaT HIAPOUTHHUHT KYJIalINTH Ba XaBOCU3IUTUHI TAbMUHIIAI, HYIUTapHU CaKJIall HIUIAPUHE camapaitu
TAIIKWAI KWIMIIHYA Ta1a0 KUIaIu.

ManbyMKH, XalK XyKaTUria MaTeMaTHK MOJISIIAPHHN Y4 XHJI YMYMHUA Makca/uiap/ia: TYITyHTHPHIIL,
Oarropatiaii, OoIIKapHuIl yuyH Ty3aauiap Ba (oiaanaHaguiap.

XO3UprH BakTAA KOMIIBIOTEPAArd 3JIEKTPOH KAABAUIAPHUHT KOPPEN-SIMOH-PETPECCHOH  TaXJInIl
BOCHTAJIAPH OWJIAH TABMHHIIAHHIIY Ty(Galii SHr Mypakkad Typyxra TeTUIILTH, YyKyp WIMHIA Ba [Ty cababnu kam
(oli-namannnaaurat, espiy SK30THK yCyJUIapiaH OMpy OYIMHII KOPPEISIU-OH-PErPeCCHOH TaxjInI MyTaXacCHce
YUYH KyHAQIMK, CAMapaJli Ba ONepa-THB aHATUTHK KypOJIra aiilaHu.

Koppensuuon-perpeccuod Taxjaua ycyliuapugan ¢oiigana-aHu0, aHaIMTHKIAD KOPPEISALUs
ko3 ¢pumeHTr EpaaMuaa Kypcatkud-jiap ypracugara OofJlaHULUIap 3UWIMTHHY YmdaMokaa. bynna xap xun
TypAaru (Ky4ucus, ypTada 3Uu9poK, 3HI KyWIH Ba X0Ka30) OOFJIaHMIIIap Ky3aTuiagu. Arap OofimaHunuiap yra
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MyXuUM O¥Jca, yHAa Makcaira MyBOQUK yJapHHUHT PErpEecCCHOH MOJAENU Tap3da MaTeMaTuk udona-
CHUHM TONHMII Ba MOJENHUHT CTAaTUCTUK KuMMatuHM Oaxomam Jo3uM. HKTucomuérna perpeccus
TCHIVIAMAaCUHUHI ~ KUHAMaTHAaH  ypraHwia-éIraH XOAMCaHM EKH  KYpPCaTKMYHM  OalopaTiiaimijia
tdoimanarammaan. Lly cabGabmu perpeccMoH TaxJIWI Ky3aTyBllap HaTWXKacuIa XOCHJ KH-JHHTaH
MabJIyMOTIap YpTacuAard sIIUPUH OOFJIaHMIUIAPHU OYMINAA 3aMOHABHHA MAaTeMAaTHK CTAaTUCTUKAHHHT
acocuit ycyiu 1e0 XxucobmaHam.

KoppensimoH-perpecCMoH  TaXJIMJIHUHT  CaMApaAOpIMIH  KYNIMHA  UKTUCOAUU-MODKTUMOMM
MyaMMOJIAPHU XaJI KHWJIUOIAA MyXUM POJI YHW-HaWau. byHJa, »HI aBBaJ0 ypraHwia€Trad Xojucaiap
(oMunnap, Kyp-caTkuwiap) ypracuaaru OOFIaHUII Xap TOMOHJIaMa CHHUMKIA0 TaXJIMi KHJIMHUAIIN JIO3UM.
XakukataH XxaM OOFJIaHHII MaBXya OyIica, yHIa KOp-pesIHOH-PETPECCHOH TaxX i ycynuaaH (hoiaananuo,
pean axamusTra sra OyJiran HaTHKaJapHH OJNUII MyMKHH.

Koppensimon Tax)MiHiHT OMpUHYK Basu]acH, KOPPEsIHOH OOFIa-HUII IAK/UIAPHHH, SHHA PErPEccHs
(hyHKUWSICH KYPHHUTDTAPHHY (TU3UK-ITH, JapakKasld, JIOrapu(MIK, KypCATKIIIA Ba XOKa30J1ap) aHHUKJIAIIaH noopar.
Bornannm makiapiHy TaHTAI PErPECCHOH TaX)TiJI Ba TaHNIAHA-ETraH (hYHKIWS XaKUIard MabIyM OalopaTiapHi
AIDIa0 YUKUII XaM/1a TAXJ A KWIALLIAH OOIUTAHA M,

Hxrtrconuii xoaucanap ypracugard OOFIaHWIUIAPHUHT MYPaKKaO-IMTU Ty(aiiii ylapHU perpeccHoH
TaxJIv EpIamMu/Ia MOJICIUIAIITHPHII-TTa OOFTAHMIII IIAKITH MOZIEIFHA TaHJ A OJTUII MyXHM XHCOOJIAHA .

Wkrucoanii sxapaéHiiapHu TaxJIUI KWK ITYHA KYpCaTaauKH, YIapHH TallKUI 3TyBYH OMHILIAp OUp-OMpHU
OwJiaH y3BHid OOFJIaHTaH. YJiap opacuaa MyaisiH alOKaI0pJIMK MaBxkyJ[ OVIn0,0MpUHUHT Y3rapuIiy andaTra
WKKUHYUCUHUHT Y3rapuiiuira oaub kernanu. Macanas, ymyMmQoigananyB aBTOMOOWI HyJIapu/ia TpaHCTIOPT
XapakaTrjapura TabCHp 3TyBUM OMUJUIAP XKyJa KT Ba XUIMa-XIWIIUp. Tabcup 3TyBYM OMUJLTAPHUHT
KYIUIMTH Ba XWUJIMa-XUJUTUTH aBTOMOOWII MyJuapua TPaHCIIOPT XapaKaTiiapura TabCUp KHIYBYU caMapalind
Yyopa-TaadupIiap KypHIll yuyH yIapHA KOMIUIEKC X0J/1a YPTaHUII 3apYPIIUTH IaBP TAKO30CH XUCOOIaHA/IH.

ABTOMOOWI Hytapuna aBTOMOOWIIIAP COHM Ba TPAHCIIOPT XapaKaTH JKaJAIUTITHHUHT MaTeMaTHK
MOJICIIMHUA

vearX{x XG4 XG4 XG4 XIS 4 X2 4 X474 XG4 X4© 4 X{E0

KYpUHHIINJA U3IaiMU3. X 1 -ewrun aBTOMOOMILIAp COHH, X 2 -aBTo0yciiap CoHH, —X 3

2 TOHHAraya oK MalllMHa/JIapy,, X,  2-5Tounaraua ok mMammnanapu, Xg -5-8
TOHHAarada 10K MalliHaJIapH, X 6 8-12 TonHara4a 10K MallMHaIapH, X 7 -12 ToHHa Ba yHJaH OPTHK

IOK MalllMHaJapH, X g -TpuLemap, X 9 - TpakTopJiap, X 10 - MOTomMKILIAp Conu OyncuH. By epna

ao'al’K’alo

yarapmac connap. lllyaunrnek, Y Bay OpKaiH )KaMyd aBTOMOOWIUIAp COHMHM Ba KaMU CYyTKATHUK YKaIaJUTHK
KYpCaTKUWIAPUHH OeNTHIaiMu3.

a,,q, K, A, o --k0dpHUIHMEHTIAPHH TONHUII YUYH MATEMATHK CTATUCTHKAHWHI SHI KAYUK KBaJIpaTiap

yeynuan poiinananamus. a,,a,K , - mapamerpnap 6yiinua xycycuii xocunanap onué Ba yiapHu
HOJIT'a TEHI1a0, HOpMaJl TEHTJIaMajlap CUCTEMACHHHU XOCKI Kulamu3. Tenrnamanap cuctemacunu Mathcad

KOMIIbIOTEp AacTypuHu Kyama6, ay,8,,K ,8,, napamerpnapra nuc6aran evamus.

[NV

"HamanranaBroityn" Xymynuit ityinapaan ¢oijalaHulll TAIIKWJIOTHHUHT CTATUCTUK MabiyMoTnapu (2015-
2020)acocuaa KyHumara MaTeMaTHK MOZEIUTAPHU XOCHIT KIJIaMU3.
BunosT axamustuaaru dymiap Oyitmda kamMy aBTOMOOMIIIAp COHMHU 3KOHOMETPHK MOJICITH

Y=9.72*X{)'5507 * Xg.064-7 * XS()).1784 * 4(?.1069 * Xg.0363 * Xg.0180 * X7—0.0024 *

—-0.060 0.1203 0.0284
Xg * Xg * X10

.Oynamu.
®umep mesonu F=268,86 nerepmunanus kodpdurmentu R?=0,91.
BunosT axamustuaaru dysanap Oyiinda )kaMu CyTKalTUK JKaJaJUTUK sKapaéHIapuHA SKOHOMETPUK
MOzeH

y=79,84*X{)'5617 * Xg.0298 * XS()).1823 * X£.0285 * Xg.0793 * Xg'1067 * X7—0.0766 *

—0.035 0.1077 0.1464
X8 * X9 * XlO Oymamu.
®umep mesonu F=189,281, nerepmunauus ko>pdurmentu R?=0,95
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DKOHOMETPUK MOJCIUIAPHU TaXJIWIM LIYHU KYpcaTaAuKu, BUIOAT aXxaMUSATHAATY HYIapaaru
aBTOMOOWJIIAP COHU Ba CYTKAJIMK XaIaUTMKIIap/a CHIHI aBTOMOOMIIIAP, NKKH TOHHArada, MKKA-0ert
TOHHArada Ba TPAaKTOPJIAPHUHT CATIOXUATH KaTTa YPUH drajlIaiIu.

Maxammmii axaMusiTHAara iymnap Oyitnda skaMyd aBTOMOOMIIIap COHIMHHA SYKOHOMETPUK MOJIEITH

Y=18.63*X{)'6136 % Xé).0514 * X??.OOOS * 2.1375 * Xg.1044 * Xg.0113 *

X7_0'1054 * Xg'0244 * Xg'1583 * X{)(')1470_ Oumep mesonn  F=286.36, nerepmunanus
koo puumentn R?=0,91.
Maxamnuid axaMusATHIATY Hynnap OyHuua skaMH CyTKalIMK KaJaJUTHK KapaCHIapruHA S5KOHOMETPUK
MOJIENH
y=75.39*X{)'6176 * Xé).0544 * X3—O.O49O * 2.0862 * Xé).1324 * Xg.0868 *

~0.3868 0.0096 0.1978 0.3047
X7 * Xg * Ag * X106

koo puumentn R?=0,97.
Maxasunii axaMUATUIard Hyuiap/ia aBTOMOOMILIAP COHM Ba CYTKAIMK XKaJalUIMKIap/ia aCOCaH eHIUII
aBTOMOOMILIAP Ba MOTOLMKJUIAPHUHT CATOXUATH CE3MIIAPIIM SKAHINTHHY KYPHIT MyMKHH.

Dumep me3onu F=72,42, nerepMunanus

PONJAJTAHWITAH AJJABUETJIAP:
1. I'adgypoB M., XommypomoB M., Xycanos K., Mkrucomuiit MaTeMaTuk ycyijap Ba Mojeiap. TONIKeHT:
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576 c. c.

3. OpmoB A.M. Maremaruka ciry4as: BeposSTHOCTh M CTaTHCTHKa — OCHOBHBIE (pakThl: YueOHOe mocodue /
A.N.Opnos. — M.: 2004.-110 c.

4. 3amkoB O.0. u ap. MaremaTrueckas METOAM B SKOHOMUKe. M:, 1999,

KOPPEJISILIMOH BA PETPECCHOH TAXJIMJTHUHT AMAJIMIA MACAJIAJIAPTA
TAJIBUKJIAPA

Boruposa 3. M. Myaunesa V. 0. (HanlV , macucmparnmnap)

MabiyMKH, KOppeISIIOH Ba PErPECCHOH TaXJIMIHUHT CaMapalopinTy KYNTHHA UKTHCOIUH Ba WDKTHUMOMI
MyaMMOJIApHH XaJl KWIMIZIA MyXUM pon yiHaiim. KoppensiwioH Ba perpeccHoH TaxJIiil KWIHIIIAH OJIUH
Vprauuiaérran xoaucaiap ypracua OOFIaHHII Xap TOMOHJIaMa CHHUHMKIIA0 TaXJTH KWJIMHUIIM JIO3UM. XaAKUKATaH
XaM OOFJIAHUIIT MaBxy/1 0YIica, KOPPEIIIMOH Ba PErPECCHOH Tax I YCYJIHIaH (DOMIaIaHUII XaMIa peal axaMusITra
ra OYIIraH HaTKAIAPHU OJIUII MyMKHH OYI1a TH.

K¥yn ynaoBnu koppessinyst 6eBOCUTa perpecCHoH Tax Il OninaH 0eBOCHTa alToKa/1a TaX Il KUJIHHAIH.

Koppensiimon Ba perpecCroH Tax IMIHIAHT CaMapaIopIIFTy KYTITMHA UKTUCONH Ba MDKTIMOWI MyaMMOJIapHA
XaJT KWJIHIIIIA MyXHUM ol YitHai . KoppesioH Ba perpecCHOH TaX TH KATHIIIAH OJIIH YpraHuIa€Trad Xoucanap
YpTacuia OOFIaHUIIT Xap TOMOHJIaMa CHHUHKITA0 TaX T KATHMHHIIN JIO3UM. XaKUKATaH XaM OOFJIAHUII MaBxKy]1 Oyiica,
KOPPEJSIMOH Ba PErPECCHOH TaXJI YCYTUIaH (OHIaIaHuIII Xam/la peasl axaMHUsTTa dra OYaraH HaTihKaTapHU OJTUIIT
MYMKHH OY1a 1y

’Kapaéunap KaTOpMHHHT OMTTa HATIDKAIM TabCUPHHU TYIUIAMITU KOPPEJAIMOH TaXJIWI YpraHau.
Tymnamiim KOppesSIuOH TaX IMJIHUHT IIAPT-IIAPOUTH XYIIH KOPPEIAIMOH TaXJIii CuHrapu 0yiaau. Onatna
TYIJIaMITH KOppessinyst OeBOCHTA TYTUIAMIIA PETPECCUOH TaXJ Ikl OMilaH OeBOCHTA ajloKajia TaX Il KHJIHHA/IH.
Tymnmamim perpeccusi TeHTIaMacH OAMUN MacmiTad, ShHU perpeccusi TeHIJIaMalapura KHPyBUH Y3rapyBuu
Oup MapoMJard HopMaJ Ba HopMallIallTraH MaciTadaa €ku Kuécam oupiuruaa udogananrad y3rapyBaniap
maxkjimaa Ty3SUJInim MyMKHH.

Perpeccus renrnamacu cudarnia KynuHYa YH3UKIIH:

A
y=a,+ax +a,x, +..++a,x, (1)
Ba Japaxkanu QyHKuusUiapAan (QoiaaaaHuiau:

A
V=ayx 1 x2 . x 2)

VYly TeHrnaMa napameTpiapu 0JaTAa SHI KMYMK KBaJpaTiap ycyslu OWiaH aHUKJIaHAIW. Y MyMUi
X0J1JIa HOpMaJI TeHIIamajiap TU3UMH KyHuarnia udoananajm:
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nay+a, ) X, +a, ) X, Feta, ) X, =2y
aOle +alZ:)cl2 +a22x1x2 +...+an2x1xn = ley )

aOan +a12x1xn +a22x2xn +...+a,lzxf = any

Mognen napaxaiapu mapameTpiiapiHH aHUKJIAIl Y4yH OJIUH (2) MOJCIHU JIOTapU(PMUK-UYU3UKIU
KYPUHUIIra KaiTa y3rapTUpUILL JO3UM:

Iny=Ina,+a Inx, +a,Inx, +...+a,Inx, (4)
llynman cyHT HOpMaJ TeHTIIaMallap TU3UMUHU TY3WIIIA JJorapudmiIapaan ¢poigaraHaMus.
nlna, + alZ:lnxl +azZ:1nx2 +...+an21nxn = Zlny
aoZ:lnx1 +a121nx12 +a221nx1 Inx, +...+anZ:lnxl Inx, = Z:]nx1 Iny

aOmen +a121nx1 Inx, +a221nx2 Inx, +...+anZlnxf = Z]nxn Iny
BOFNaHUIIHUHT 3WYIMTH  KOPPeIIUsIap WHACKCUTa YXmam OymuO, TYIiamiiin KOppPeJsIus
Koadduimenty Epaamuna 6axoaaHaIu:
~ 2
> (y - y)

l——— (6)

AR P

Oy epama, y - perpeccusi TEHIIIaMacH €paamMua aHUKJIAHTaH HATKaBUH KYPCATKMYHHUHT Ha3apuil KUHMaTH;

Yy - HATWXXaBUH KYPCATKUYHUHT ypTaua apupMeTHK KUAMaTH.

Tymnamu perpeccusiiap YM3HUFUIAH HATIDKABUM KYpPCATKUY KUIMATH KAHYAIUMK KaM Japakana YeTiiaHca,
MabJTyM HHTEpBaJIjia a0COJIFOT KukMat Oyiinyia axamusTra 3ra OyIJraH Koppesiust KO3 QUIMEHTH KaTTa KhiiMarra ara
Oynvmra 0ok OYnamu. TYmnammm koppersiust Ko3hUIMEHTH KyHHIari OpaiuKaa y3rapasiu:

0<|R|<1.

KoppensinoH-perpeccuot TaX IMJIHUHT aCOCHI KYpcaTKUYIapyu MabJiyM OyiraHaaH CyHr, Oamopat
KWIYBYM KYpCaTKU4UJIap aHUKJIaHAIU:

A A

v=a,+bt; x =a,+bt;..; x,=a,+bt

a,, by, a,, b,..., a,, b, xodpduMeHTIapHN XHUCOOIAlIA HI KUYHK KBaJpaTiap yCyJIHAaH

n?
tdoitnanaaunann. KuiiMat mabinym OynraHugaH KEHWWH, TETHIDIM OONIIaHFUY KUHMAaTiapJaH amaliiard
y3rapyBYaH KHAMAaTIIap YETIAHUIINA XUCO0Ia0 YMKUIIAIN:

N A N
Syr =Y, =V gxlt =X, T XU g 8x”l =X, —Xnt
Ba [IYHJIAH CYHT KWHMAaTHUHT PErPECCHOH TaXJIMINra YTHIAIU, & vy Ex v Ex -

lynnmaii kunub, 6ornmadrad Ba OOFIaHMaraH y3rapyBumiapJaH Oup BaKT/a YA3HKIN TSHICHIUSHU
YUKAPHII YYyH ¢ BakT (OHIUTa TYIUIAMIM PErpeccHs TCHIJIAMACHHU KUPHUTHIN JI03UM. ByHa TeHriama
Kyhunaruda udoanaHam:

A k
y=a, +Zaixi +a, t. @)
i=1

Arap xoaucajiap pUBOXIAHUII TCHACHIUACH YU3UKCU3 XapaKTepra sra 65'7.]'[03, 6YHZLaﬁ xXoJuiapJa 3Hr
HOKOpU TapTI/I6J'Iap (bapKI/I AaHUKJIaHaau €KH DHT MypaKKa6 TPCH/ MIaKJIN LII/IKa.pI/I6 TalIaHaJaun:

gleu-IOO% ®)
1=y,
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¢dopmynacuna xucobiaHaguran OamoOpaTIallHAHT YypTada XaTocH OalropaTialia MyXUM Macaja - Xucoo-
KATOOJIap aHWKJIWTMHU OIIUPHUINJA AHUKINK ME30HH Oynu0 Xu3MaT KWIMIIM MyMKWH. By epma y -

OamopariaHaéTrad BakTJIM Karopjiap JapakaCHMHHHI BakKTJIM Karopjap aMaijard napaxacw; [ -
OamopatriaHaéTran AaBsp.

JaBpauHT aHuKIUryd OYnmo, YTran Bokea Ba OamropaTiiaHa&TraH JaBPHUHT JTaBOMHUIUTHATA OOFIINK
Oymany.

Martematuk Mojien cuaTtuia  KOPXOHAHMHT IAPTIAM MHUCOJUAA KYpUO yTamus.

Taxun KWIUII OpKanu KyWuaard OeNTHiallIapHU KUPUTAMU3 Xl(') -aMajiard HapxJjapja HIuiad

YUKAPHII XQKMHU, Xéi) -YH HILTa0 YHKAPHII XaKMH, Xéi) -OMyXTa €M HIIIa0 YNKapHIIL, Xf) -Kenak Taiépiar,

Y —kopxoHa co( doiigacu OYacuH.
MareMaTuk MOJEN KYypPUHUILIHI
Y=a,+a,Inx" +a,Inx{’ +a,Inx{" +a, Inx{" (9)
KYpUHUIIUIA KATAPaMU3.
XycycaH, kopxoHanap co( ¢oigacura TabCHp STYBYM MKTHUCOAMH OMIJUIAP Ba ylapHU Oaxosall
YCYJUIApUHU XOCHIT KWIaMu3. (5) KYpHHHUIIAArd HOpMall TEHIJIaMallap CUCTeMacHHU K03()(UIHEeHTIApUHH
xuco01ad, CyHrpa TeHTIaManap CUCTEMAacH ednica, KopxoHanap cod doigaciuan

Y =68,3-Inx, +57,6-In X, +14,17-In x, —16,15-In x, —142, 283

dopmyna ouman xucobmant MyMKuH. TaxJ i KMIHHTaH MaTeMaTHK Mojaeiiap durnep craTHCTHKacHra Kypa
0,95 sxTUMOJI OMJIaH MOXHSATIHIUD.

Jlemak, MareMaTHK MoJeIap EpaaMuaa  XajlK Xy)KaIUTHAArd sKapaCHIapHH PHBOMKJIAHHMII
CTPATETHsICHHH TPOTHO3JIAIITUPHUII UMKOHUSITH Maia0 0y a .
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DERIVATIONS OF SOME FIVE-DIMENSIONAL 3-LIE ALGEBRAS
Berdiqulova A.N., Beshimova Sh.X.

e-mail: berdigulovaaziza@gmail.com, sh.beshimova96@gmail.com
National University of Uzbekistan

In this thesis, the derivation spaces of five-dimensional 3-Lie algebras are studied.
3-Lie algebra L is a vector space over a field F endowed with a 3-ary multilinear skew-symmetric
operation [X,, X,, X;] satisfying the 3-Jacobi identity

3
(0%, X0 %51, Yz, Va1 = le[XpK X0 Yo Yl K X1 9%, %, X € L
If a subspace B of an 3-Lie algebra A satisfying [X;, X,,X;] € B for any x,,X,,X; €B, then B is
called a subalgebra of A. Let A, A,, A, be subalgebras of an 3-Lie algebra A. Denote by [A, A, A] the
subspace of A generated by all vectors [x,X,,X;], where x € A for 1=1,2,3. The subalgebra
A" =[A, A A] is called the derived algebra of A. If A' =0, then A is called an abelian 3-Lie algebra.
A derivation of an 3-Lie algebra L isa linear map D:L — L, such that for any elements
D([Xv Xp1 X3 ]) = [D(X1)’ X5 Xs] +[X1’ D(Xz)’ X3] + [X11 X5 D(Xs)]-
The set of all derivations of L is a subalgebra of the general Lie algebra gl(L), which is denoted by
Der(L).The mapad(x, X,) : L — L defined by

ad (%, %, )(Y) =%, %,, Y]
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is called a left multiplication, and ad(x;, X,) is a derivation. The set of all finite linear combinations of left

multiplications is an ideal of Der(L)and is denoted by ad(L).

Five-dimension 3-Lie algebras are classified in the following theorem.

Theorem[4]. Let A be an 5-dimensional 3-Lie algebra over F with a basis {e ,e,,e,,€,,&.}. Then
one and only one of the following possibilities holds up to isomorphisms:

(a) If dimA" =0, then A is an abelian 3-Lie algebras.

(b) If dimA' =1, let A' = Fe,. Then we have

(b') inthe case that A' = Z(A), [e,,6,,6,]1=¢,;

(b?) in the case that A" is not contained in Z(A), [e,,e,,e,]=¢€,.
(c) If dimA' =2, let A" = Fe, + Fe,. Then we have

[e,.e;5.e,]=€,

[e,.e,,e,]=¢ e, 88,1 =6, [e,.e,,e,]=¢ [e,,e,,e,]=¢e
¢ ){[83,64,85]262; ) [92’64’65]:(92, © ){[61,63,64]282; () [ez’e4’e5]:ezv
[e,e,.e]=¢;

[e,.e,.65]=¢;
[e,.e;.e,]=ye +e,,
(Cs){[ez’esred =76 +6€,, ) [e,.65.8,]1=¢,, (C7){[e1’e31e4] =€,
[e,.65.8,]1=¢€; [e,.e,.e5]1=¢,, [e;.e5,6,]=¢€;;
[el’e4’e5] =€,
Proposition: Any derivations of the algebras (b'), (b?),(c"),(c?),(c®),(c"),(c?),(c’) and (c")
have the following matrix forms.
o0 0 0 0 0

8y 8y Ay Ay 8y
Der(b') = 8y @y 8y 8y, ay |, Where 5= Ay + 85 +ay;
A 8y A3 8y 8
a; 0 0 0 ag

where 6 e F, and 6 #0.

a, 0 0 0 0 s& 0 0 0 0
aZl a’22 a23 a24 a25 aZl 52 O 0 O
Der(b®)=|a, a, &, &, a;| Der(c)=|a, a, a, a, a;|
0 0 0 a, a; 8y 8y G 8y A
0 O 0 a54 a55 aSl a21 O 0 a55

where &' = 2(a33 + a44)+ass and &% = Qg3 +3y, + 8,
s 0 0 0 O
a a, 0 0 0
Der(c®)=|a, 0 a, O 0 | where " =a,+a,+a,;
a'41 a42 a43 a44 a45
8 8y 0 0 8y
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a, & 0 0 0 , & 0 0 0
a, a, 0 0 0 a, & 0 0 0
Der(c’)=| &, @, & ay, | Der(c)=| a, a, a, 0 0|,
Ay 8 Q3 8y 8 Ay 8 Q3 T8y g
0 0 0 0 855 —8; —dy 0 0 a3
a, a, 0 0 0 a, a, 0 O 0
a, 62 0 0 0 8,7 — 8 o’ 0 0 0
Der (CS )= Q A A Ay A |y Der (C6 )= % %z 3 0 %s ,
a, 8, a3 —ay 45 a, ay, Q3 Ay 2a35 A3
0 0 0 0 355 _% Ay _% 8y — A 0 0 8y

where o” = A, +a, +a5 +3y,
a, a, O 0 0
a, a, 0 0 0
Der(c7) =|8y 8y Q3 Ay Ay |
ap 8, 3 —8 A
0O O 0 0

QD

55
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BA’ZI BIR NILPOTENT ZINBIEL ALGEBRALARIDA ROTA - BAXTER OPERATORLARI

Tojiboyev Elyorbek
Andijon davlat universiteti

Rota — Baxter algebrasi ehtimollar nazariyasidagi ba’zi bir masalalarni yechishdan kelib chiggan bo’lib,
matematika va fizikaning ko’plab sohalarida 0’z tadbig’iga ega, jumladan sonlar nazariyasi, kvazisimmetrik
funksiyalar, Li algebralari va Yang — Baxter tenglamalari. Rota — Baxter operatorlari Baxter tomonidan
ehtimollar nazariyasidagi [3] analitik formulani yechish uchun kiritilgan. Bu operatorlar, matematika va
matematik fizikaning boshga sohalariga ham alogador [4]. [1] ishda 3-0’1chamli nilpotent assotsiativ algebralar
uchun Rota-Bakster, Reynold va Nijenhuis operatorlari tasnif gilingan.

F maydon ustida A assotsiativ algebraning Rota — Baxter operatori deb quyidagi tenglikni
ganoatlantiruvchi P: A — A chizigli akslantirishga aytiladi:
P(x)P(y) =P(xP(y)+ P(x)y + Axy), Vx,y € A, 1 € F

Takidlab o’tish kerakki, agar P — 1 # 0 vaznga ega Rota — Baxter operatori bo’lsa, u holda A=1 P — vazni
1 gateng Rota — Baxter operatori.
Ushbu ishda biz 4 — o’lchamli nilpotent Zinbiel algebralaridan birida  Rota — Baxter operatorlarini tasnifladik.
Q11 Q12 Q13 Q14
Qz1 Q22 Q23 Q4

31 032 433 Q34
Qa1 Q42 Q43 Qyq

P operatorning matritsasi —

A=0 bo’lgan hol
P(x)P(y) = P(xP(y) + P(x)y)
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Quyida 4 — o’Ichamli nilpotent Zinbiel algebralaridan biri [2] keltirilgan:

Y:€1°0€; =€3,€10€3 =€,, €061 = —€3, €08, = €4.
Teorema. 4 —o’lchamli y nilpotent Zinbiel algebrasida
Rota — Baxter operatori matritsalari quyidagicha bo’ladi:

Algebra Rota Baxter operatorlari A=0 bo’lgan xol Cheklovlar
Pii 11 = Q12 =13 = Q14 = A1 = A = A3 = A4 =0, a11 = Agg;
Q34 = Q44 = 0 azq,Q33,033,041,047, 043 — lar, cheklovlarga bog’liq a; = 0.
holda ihtiyoriy.
Pyi a1 =013 = Q14 = Ay = Az = A3 = A4 =0, A11 = QAga;
Q31 = A3zp = O33 = U334 = Ayq = 0 A12,041,A42,043 — |al‘, ChekIOVIarga aqp *0 y Aop = 0.
bog’liq holda ihtiyoriy.
P3iapp =a3=a14 = a212= Ay3 =04 =031 =0A33 =0A34 =0, A11 = Qu4;
a .
14 (43 =44 = 0; Az = — =2 @15,dp;,041,a4, — lar, cheklovlarga a1z # 0 azz # 0.
12
bog’liq holda ihtiyoriy.
Pyt @11 = Q12 = Q13 = Q14 = A1 = Ay = A3 = Az =0, Q11 F Q443 Ay1 = 0;
a31 = a32 = a33 = a34_ = 0; a4_1, a42, a43, a44 - Iar, ChekIOVIarga azz = 0; a11 = 0.
bog’liq holda ihtiyoriy.
Psi @13 = Q14 = Q1 = Ay = A3 = A4 = A3 =0A3, =0, A1 # Qg4; Ax1 = 0;
A33 = A34 = Ay3 = Qgq = 0; a11,A12,041, A4 — Iar, ChekIOVIarga Ayp = 0; aiq #* 0.
bog’liq holda ihtiyoriy.
Pe: a1 = a1 = 13 = Aq4 =16121 =dy3 =Qp4 =0a31 =03, =0, Q11 F Quq; A1 = 0;
A33 = Q34 = Q43 = 0 ay4q = 5 Q225 022,041,427 — lar, cheklovlarga az2 #0; ass = 0.
bog’liq holda ihtiyoriy.
P7i iy = a13 = Q14 = Ay = Ap3 = Ay = A3 = A3 =0, A1 # Qg4; Ax1 = 0;
- =0- -1 -1 =1, . Ay #0; az3 #0
(34 = Q43 = U Az = 7011, Q33 = 5011,044 = 70115 Q11,041,As2 — 22 » 33 :
lar, cheklovlarga bog’liq holda ihtiyoriy.
Pg: a1; = ay3 = aq4 = Ay :‘1223 =0y, =0a3; =a3z3 =0, Q11 # Qgq; Az #0;
a = . =
Q34 = Ay3 = Qgq = 0, azq = a_21 ;o Aq1,021,041,042 — Iar, ChEk|OV|al’ga d33 Q445 012 0.
11
bog’liq holda ihtiyoriy.
Po: a13 = aq4 = ay3 =‘2124 =033 = Q34 = Q43 = Q44 = 0; Q11 # Agq; Az #0;
_ Qq2021 _a _ aq2a3q | Q33 = Qgq ; A5 F 0;
Az2 = ,A31 = =2, A3y = — =55 411,012,021, 41, Ggp — 12T, 33 44 212 ’
14 a1 a1 a1 aq43 = 0.

cheklovlarga bog’liq holda ihtiyoriy.

Pio: @13 =014 =033 =Ap4 = A33 = Q34 = Ay =0

2 3
ar _ _ 3ai; aii
—, Qp = =011, Q31 = ——, 4
2 ai,

az1 =

aq1,012, a1, Agp, g3 — lar, cheklovlarga bog’liq holda ihtiyoriy.

a11 * a44; a21 * O,
A33 = Qa4 ; Q12 # 0;
as3 # 0.

P @11 =013 =013 = Q14 = Ap3 = Ayq = A33 = A34 = 0;

2a2;

1 1
asz; = — , Q33 = —203q, Q43 = T 5021, Qaq = 7022

azz
ayq,099,041,a4, — lar, cheklovlarga bog’liq holda ihtiyoriy.

aqq * Ayy; Anq * O,
ass * Ay ; A33 = 0.

1
Pioi 1 =13 =014 = A3 = A4 = a3, =0; az; = 741

1 1
= Q32 = —20y1, Q3 = To@21, Aag = 7017
11

ayq,a72,041,a42 — lar, cheklovlarga bog’liq holda ihtiyoriy.

Aqq 7 Qq4; 021 F0;
ass * Ayy ; A33 * 0.
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OYHKIUOHAJI TEHTJIAMAJIAPHUA EYUIITHUHT BAB3U YCYJLJIAPU
H.Xaiinapos, /[.berumkyaos, K.OctonoB (Cam/[V)

YMmymuii  euynmiapu Ou3ra MabiyM OyiraH TeHrJamaliapra KeITUPWIMIIM MYMKWH OyJiraH
(GYHKIIMOHAN TEHTNIAMaJapHUHT aWpuM TypiapuHH KypuO umkamm3. Opatna Tapukacuzaa, OyHai
TeHrnamanap acocuid Koiiu TeHrnaMmanapura KeaTUpHIAIN.

1.MabayM TeHrJiamMara KeJTHPHIN YCyJau. Ycyn &paamMud QyHKOUSHH KUPUTHILNTA acOoClIaHTaH
0ynn0, yHH ITyHIal TaHJIaMl KepakKy, TpaHC(HOopMaTCHsIIapIaH CYHT y MabIyM (yHKIIOHAN TEHTIIaMallapiaH
OMpPYHU KaHOATIAHTHUPHIIY aHUK OYTau.

1-mucon. X; u X, JapHUHTr MXTHEPUI pyXcaT 3THITaH KuiiMaTiapaa aiupmacu f(le)— f(X2 y)
y ra 6OFIMK 6y Maran (O; oo) MHTEpBAII/Ia AHUKJIAHTaH Gapya y3ayKCu3 QYHKIUSITAPHU TOMHHT.

Euum. [laptra kypa, f(xy)— f(y) (Xz =X, X, :1) udoma Yy ra GOFIMK dMAC, [IYHUHT YYyH
f (xy)— f(y)=f (X)— f(1). g(x) =f(x)—f(0) mm «xyiu6, Kommmmur  dynkumonan
g(xy ) = g(x)+ g(y) TCHIIaMaCHHH OJIaMu3.

Mabiaymku, y3nykcus GyHKmusuiap cunduaa g(x) =cInx . Bynpan f (X) =cInx+boy epna
b=f(l ( ) TekmmMpuIn INyHH KYpcaTaauKM, MacalaHWHI LIApTUHM uXTHEpuit DBa C snap yuyn
f ( ) cinx+b ¢ynkumsnap Gunan KaHOATIAHTHPHUIAIN.

Xucobmamr X, ¥ X, JapHM TypiM TailMHIAHraH coHiap 1e6 Xuco0maad MHCON Kapaimws.
f(xly)— f(X2 y) upona Y ra OGOFIMK 3Maciuru cabadiu f(xly)— f(X2 y)= c, X,y =X 6yucun ,y

X
X0J1/1a f(ax) = f(X)+ C.Byepma a=—#1, a>0,C - ysrapmac. X Hu € GHIaH aIMAIITHPCAK,
X2

f(ex+'”a)— c= f(ex). X€ Run onamus. Ukkana KHCMUIaH ":—Xa HU alMpHMII HATHKACHA
f(e“'“a)_w = f (ex)_lﬁ_xa’ ékn g(x +1In a)= g(x) HU onamu3, Oy epia g(X) =f (ex)—h::—xa.
clnx

By Tenrnamanu INa maspnu naspuii GyHkcusnap KaHoataaHTUpaay. By epaan (X) =f (eX )— |— .
na

X

Texmmpuiiga 6u3 a -UXTUEPUI JOUMHIA g(x) sca In—=+ JaBpJIH Y3TYKCH3 JaBpHid (QYHKIHSI
X
2

Oynrannga f(X) = g(ln X)+ aln X xypunummmary pyHKmMsIap Tana® KWIMHTAH XOCCara 3ra SKaHJIUTHra

HUIIOHY XOCHJI KHJIaMH3.
2-mucoil. MabIyMKH, XaKHKHI COHJIAPHU KYIIWII TYpYXJIAlll XOCCacHra dra: Xap KaHuai X,Y,Z € R

Jap yu4yH (X + y)+ Z=X+ (y + Z). I'ypyxnamun "cakiaoBun" 6apua f (X) Y3IIyKCH3 PYHKIHSTIAPHHU TOTTHII
tanab KuiuHaau, SbHU | (X + y)+ f (Z) =f (X)+ f (y + Z)
(y+2)—f(2). Yan

f
TOMOHHUHT X Ta OOFNHMK 3MAaclIWTHHH KYPHUII OCOH, STbHU f (X + y) ( ) g( ) X=0 6yaranna
f (y) = g(y)+ a,a="f (0) Komm ¢ynkimonan renrinamacura (4) Kenmuk g(x + y) (X)+ g( ) . YHHHT
y3mykcn3 Eaumu 6Ymm6 g( )= CX dynxcusmap xucobnanamy. Iynnait kumu6, f ( )= CX+a ,0yepna a

Euuin. By TeHrnmukHY Kylinaaruda KaiTa €310 ojamMus: f (X + y) ( )

u C - uxtuépuil y3rapmacmuap.

3-mucou. Kyitrnarn xoccara sra TEKUC STPH YH3HKIAPHH TOMHHL: HXTUEPUI MKKUTA HYKTa YUyH OUp
HYKTQHUHI aOCIIMCCACHUHUHT HMKKMHYHUCHHUHI OpJIMHATacWra KynaTManapu HuruHOucH abcuuccacu
OepuiiraH HyKTaJJapHUHT a0CUMCCAITapUHUHT KyaTMacy TeHT OYIraH HyKTa OpJUHaTacura TeHr.
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Eunm. bu3 aprymeHTHHHr MycOaT KuHMartiapu y4yH aHMKJIAHTaH Y3IYKCH3 (QyHKIMSATIapHHUHT
rpaduKIapyu OYIran 3rpyu YM3UKIapHH TOIUIN OWJIaH YerapajaHaMus.

Macana f (Xy) =X (y)+ vt (X) (YHKIMOHAJI TEHIVIAMAHU €YHIITa KeJITHPHIAIH
g(x): @ oyncun. ¥V xonga g(xy) = g(x)+ g(y) kypunumaaruy Komwu tenrnamacunu (6) onammus.

X>0 na g(x) y3IyKcn3 OYnraHu y4dyH,y XOJaa g(x): clnX. Bynman  C wuxTuépmit y3rapmaciu

f(x)=cxInx.

2. AnmMamTupul yeyau. OyHKIMOHAI TEHITIAMAaHUHT 0ab3u Y3rapyBUMIAPHMHUA EKH  KOHKPET
KuiMatiap, €xu Oomka ndonpanap OunaH anMamTUpuOd, Ou3 ymoOy TEHrJIaMaHH COJATalITHPHIIra EKH
KeWMHTH €4NM aHUK OYIaguraH IIakira KeJITHpPHUINTra XapakaT KniaMmn3. Kynnanunaaurad yCyJTHHHT Y3WTa
XO0C XyCYCHSTH IIYHIAKH, Y OMp KaTop Xoiuiapaa 6apya MyMKuH Oynrad (yHKIHsUIap CHH(pHIA edrnMIapHA
TomuIIra UMKOH O6epaau. Kyiinaarn Mucosnap OuiaH yCyIHU TYLIyHTUPaMU3.

ok
dmcon, | (xy)=y*f(x) keN (GyHKIMOHAN TEeHrIaMaHUHT 6apya €4MMIAPHHH TOIUHT.
Eunm. Tenrnamama X =0: f(O): yX f(O) ne6 omamu3. UyHku Y - uxTuépuil OynraHu ydyH
. 1o 1) .
f(0)=0 . Dumu X#0 Gyncun. Tenrnamara y == mun kyiicak, f(1)=|=| - f(X) un onamms: &ku
X X

f (X) =ax¥, (a =f (1)) . f (X) = ax* (GyHKIMs GepriraH TEHITIAMAHMHT €4MMH XHUCOOIaHa .
5-mucon. a#t1- Gupop xakukuii con Oyncun. bapua X#1 nap yuyn auuknanran Ba

X
f [—1) = af (X)+ g(X) TEHITIAMaHU KaHOATIaHTUpyBuM | (X) ¢ynkcusan TonmHr, Oy epra g - X #1
X —

Jla aHUKJIaHTaH Oepuirad QyHKCHSI.

X
Eunin. X — —— anMamTupuiias cyHr 0u3

x—1
f(é} =af (x)+ g(x)
f(x)= af xi—l}_ g[xi—lj
ag(x)+ g(xilj

(hyHKCHSI XUCOOIaHAIH.

2
CHCTEMaHU OJIaMu3. YHUHT eyuMu a°~ #1 na f(X): >

1-a
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