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MATHEMATICS

UO“K 517.98

SIMPLEKSNI SAQLOVCHI KVADRATIK OPERATOR QO‘ZG‘ALMAS
NUQTALARNING TIPINI ANIQLASH USULLARI HAQIDA

Xudayarov San’at Samadovich

Buxoro davlat universiteti

Matematik analiz kafedrasi dotsenti, f.-m.f.f.d.,(PhD)
s.s.xudayarov.buxdu.uz

Ergashov Ozodbek Hotam o°g‘li,

Buxoro davlat universiteti talabasi
ozodbekergashov2202@gmail.com

Annotatsiya. Hozirda jahonda olib borilayotgan ko ‘plab amaliy ishlar aksariyat hollarda stoxastik va
nostoxastik kubik matritsalar orqgali aniglangan evalyutsion operatorlar dinamikasini aniglashda samarali
qo ‘llanilmogda. Kubik matritsalarning vaqtga bog ‘lig oilasi biologiya va fizika masalalarini matematik
modelini ifodalashda foydalaniladi. Shu sababli kubik matritsalar yordamida qurilgan operatorlar va
simpleksni saglovchi stoxastik va nostoxastik kubik matritsalar yordamida qurilgan nochizigli operatorlar
dinamikasi muhim masalalaridan biri bo ‘lib golmogda.

Dunyoda xaotik dinamik sistema hosil giluvchi stoxastik va nostoxastik kvadratik operatorlar hamda
kvadratik nostoxastik operatorlar hosil gilgan dinamik sistemalarni aniglashga doir ilmiy izlanishlar olib
borilmogda.

Ushbu magolada biz ikki o ‘Ichovli (2D) simpleksda kvadratik stoxastik bo ‘Imagan operatorni ko ‘rib
chigamiz. Bu berilgan operatorning barcha qo ‘zg‘almas nugqtalarini topib hamda bu qo zg‘almas
nugtalarning tipini aniglaymiz.

Kalit so“zlar: simpleks, kvadratik stoxastik operator, kvadratik nostoxastik operator, qo ‘zg ‘almas
nugta, tortuvchi, itaruvchi, egar.

O METOJAX OIIPEJAEJIEHUSA TUITIA HEITIOABHUKHBIX TOYEK CUMIIVIEKCHO
COXPAHSAIOMWEI'O KBAAPATUYHOI'O CTOXACTHYECKOI'O OIIEPATOPA

Annomayus. Mrozue npaxmuueckue pabomsi 8 mupe 3pHexmusHo UCnoIb3VIOMCs 015l OnpedeieHus
OUHAMUKU  DBONIOYUOHHBIX ONEPAMOpPOs8, ONpPedensemMblx CMOXACMUYECKUMU U  HeCmOoXacmuyecKumu
KyOuueckumu mampuyamu. 3asucsaujee om @pemeHu Cemelicmeo KyOuueckux Mampuy ucnons3yemcs O
npeocmasienus Mamemamuyeckux mooenet 3aoay ouonoeuu u guszuxu. Illosmomy ounamuxa onepamopos,
NOCMPOEHHBIX € UCHOTb30BAHUEM KYOUYECKUX Mampuy, U HEeIUHEUHbIX ONepamopos, NOCHPOEHHbIX C
UCNONIL306AHUEM COXPAHAIOWUX CUMNIEKC CMOXACMUYECKUX U HeCMmOXACMUYECKUX KyOuuecKux mampuy,
ocmaémesi OOHOU U3 8ANCHLIX NPOOIIEM.

B mupe nposoosmcs nayunvle ucciedosanus no onpeoeneHuto OUHAMUYeCKUx Cucmem, oopa3068aHHbIX
cmoxacmuueckum U HeCmoxacmuyeckum — K8AOPAMuuHuolM — ONepamopom U K8AOpaAmuiHulM
HeCcmoxacmuiecKum onepamopom.

B 0annoii cmamve mul paccmampueaem KaopamuyHblil HECMOXACMUYECKUL ONepamop 6 08YMepHoM
(2D) cumnnexce. Haxooum 6ce HenoosudicHvle mouku OAHHO20 ONepamopa u onpeoeisieM mun IMmux
HeNnOoOBUINCHBIX MOUEK.

Knwuesvie cnosa: cumniexc, KeaOpamuuMvlll CMOXACMUYECKULl ONEpamop, KeaopamuuHbil
HeCcmoxacmu4ecKuli onepamop, HenoOBUNCHAS MOYKA, OMMATKUSAIOWUL, Npumsusarouyell, ceoo8oll.

ON THE METHODS OF DETERMINING THE TYPE OF FIXED POINTS OF SIMPLEX-
PRESERVING QUADRATIC STOCHASTIC OPERATOR

Abstract. Many practical works in the world are effectively used to determine the dynamics of
evolutionary operators defined by stochastic and non-stochastic cubic matrices. The time-dependent family
of cubic matrices is used to represent mathematical models of problems in biology and physics. Therefore,
the dynamics of operators constructed using cubic matrices and nonlinear operators constructed using
simplex-preserving stochastic and non-stochastic cubic matrices remains one of the important issues.
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In the world, scientific research is being conducted to determine the dynamic systems formed by
stochastic and non-stochastic quadratic operators and quadratic non-stochastic operators.

In this paper, we consider a quadratic non-stochastic operator in a two-dimensional (2D) simplex. We
find all fixed points of a given operator and determine the type of these fixed points.

Keywords: simplex; quadratic stochastic operator, quadratic non-stochastic operator, fixed point,
repelling, attracting, saddle.

Kirish va muammo bayoni. J.M.Kasas, M.Ladra va U.A.Rozikovlar tomonidan kubik stoxastik
matritsalarning Markov jarayoni Kiritildi, bu jarayon kvadratik stoxastik jarayon (KSJ) deb ham ataladi. KSJ
uzluksiz vaqtli dinamik sistemalarning xususiy holi bo‘lib, Kolmogorov-Chapman tenglamasining (KChT)
analogini ganoatlantiradigan stoxastik kubik matritsalar yordamida hosil gilinadi. Kubik matritsalar o‘rtasida
ko‘paytirishning bir nechta turlari mavjud bo‘lganligi sababli, dastavval kubik matritsalar uchun ko‘paytirish
amalini kiritish lozim, so‘ngra belgilangan ko‘paytirish amaliga nisbatan KChTni ganoatlantiruvchi matritsalar
oilasini ajratish lozim. J.M.Kasas, M.Ladra, U.A.Rozikovlar magolalarida KSJ ni qurish uchun maxsus
tanlangan ikkita turdagi stoxastik kubik matritsalar qaralib, bunday matritsalar uchun ikki turdagi ko‘paytma
amali (Maksimov ko‘paytmasi sifatida ma’lum bo‘lgan) qaralgan. KSJlarning keng sinfi va vaqtga bog‘liq
bo‘lgan bunday jarayonlarning ba’zi holatlari berilgan. Bundan tashqari, egizaklar tug‘ilishi mumkin bo‘lgan
populyatsiyaning vagtinchalik hatti-harakatlarini  (dinamikasini) tavsiflovchi KSJni  biologiyaga
qo‘llanilishiga doir misollar keltirilgan [1-4]

U.A.Rozikov va Sh.N.Murodov ishlarida ikki o‘lchovli evolyutsion algebralar zanjirlariga 25 ta
turdagi misollar qurilgan. Qurilgan 25 ta zanjirlarning barchasini barik xususiyati, absolyut nilpotent
elementlar to‘plami va idempotent elementlar to‘plamining vaqt funksiyasi sifatida dinamikasi o‘rganilgan.

R.N.G‘anixo‘jaevning ishlarida Volterra tipidagi kvadratik stoxastik operatorlar nazariyasi o‘rganilgan.
Keyinchalik chizigli va nochizigli stoxastik operatorlar U.A.Rozikov, X.Akin, U.U.Jamilov, A.Zada,
O.N.Hakimov, = F.M.Muhamedov, A.Yu.Hamrayev, F.A.Shahidi, N.N.G‘anixo‘jaev, J.P.Tian,
S.K.Shoyimardonov, M.V.Velasco, R.Varrolarning ilmiy ishlarida o‘rganilgan.

Ushbu to‘plamga

sm-1 = {x = (xllxzmxm)eRm; X =20,3" x =1 } (1)
(m — 1) o‘Ichovli simpliks deyiladi.
Kvadratik stoxastik operator quyidagi ko‘rinishda aniqglanadi

V:X],( = Z%:l Pij,kxixj, k= 1,2, e, m (2)
bu yerda P;; . koeffitsiyentlar
Pij,k = 0, Pij,k = Pji,k' Z};n=1 Pij,k = 1, i,j,k = 1,2, e, m (3)

shartlarni ganoatlantiradi
V(x,y,z) = (x,y, z) tenglikni ganoatlantiruvchi nugtalarga V operatorning qo‘zg‘almas nuqtalari deyiladi.
Ta’rif [1]: Agar V operatorning yakobiani x* qo‘zg‘almas nuqtada birlik doirada xos giymatga ega
bo‘lmasa, u holda x* nugqta giperbolik qo‘zg‘almas nuqta deyiladi.
Ta’rif [1]: x* giperbolik qo‘zg‘almas nuqta bo‘lIsin:
i) x* qo‘zg‘almas nuqta tortuvchi deyiladi, agar J(x*) yakob matritsasining barcha xos
giymatlari absolyut qiymat jihatdan birdan kichik bo‘lsa,
i) x* qo‘zg‘almas nugqta itaruvchi deyiladi, agar J (x*) yakob matritsasining barcha xos
giymatlari absolyut qiymat jihatdan birdan katta bo‘lsa,
iii) Qolgan barcha hollarda egar deyiladi.
Endi bir nechta misollar ko‘rib o‘tamiz.

Misol. Tkki o‘lchamli S* simpleksda aniglangan nostoxastik kvadratik operatorga misol garaymiz:
(x' =2 (z—y)*+3x(y +2)
2 2
, 1 3
vo!y = (x—2)* 4> y(x +2) @)
lz’ =% (y—x)2+gz(y+x)

Endi shu operatorni qo‘zg‘almas nuqtalarini topamiz va tipini aniqlaymiz. Dastavval V,, operatorni
qo‘zg‘almas nuqtalarini topamiz, buning uchun ushbu

SCIENTIFIC REPORTS OF BUKHARA STATE UNIVERSITY 2024/3 (108) 12

https://buxdu.uz



MATHEMATICS

(x=3 -9 +;x0+2)
Jy=§@—¢f+§y@+z) (5)
z=5 =07 +5 20/ +%)

Tenglamlar sistemasini yechamiz. Simpleksning aniqlanishiga ko‘ra x + y + z = 1 ekanligdan inobatga
olsak , u holda (5) tenglamalar sistemasi

(;@=»?+3x(+z2-3)=0
I P ®
L% (y—x)2+gz(y+x—§)=0

ko‘rinishga keladi. (1) dan quyidagilarni aniglab olamiz x + y + z = 1 ekanligini inobatga olsak (6)
tenglamalar sistemasi quyidagi ko‘rinishga keladi.

{ (Z—y)2+3x(%—x) =0
(x—2)?+3yG-y) =0 @)
-0 +32G-2)=0
Endi (7) tenglamalar sistemasidagi ikkinchi tenglamadan birinchi tenglamani ayiramiz.Natijada
1 1
(=22 +3yG-» ~ (2= )*+3xG-1) =0
x—yY)(Ex+y—2z)+(y—x)+3x2—-3y2 =0
x=y)E+y—-22)-x-y)+3E-y)x+y) =0
3x—y)(1—-22)=0 8
(8) tenglamadan, 1) x —y = 0, 2) 1 — 2z = 0 hollarni garab chigamiz.
1-hol uchun ya’ni x = y dan foydalanib tenglamalar sistemasidagi 3-tenglamaga qo‘ysak,

1
(y—x)2+32(§—z)=0
Z(%—Z)=0

Bundan ko‘rinib turibdiki z; = 0, z, = % Simpleksni aniglanishidan x; = y; = % va x, =y, = % ekanligi
kelib chigadi

1-hol uchun 2 ta qo‘zg‘almas nuqta hosil bo‘ldi
11 111
a = (3,300 =G,33)

2-holda z = % Bu giymatni tenglamalar sistemasidagi 3-tenglamaga etib qoyamiz. Natijada

v —x)? -
— X —_— —
Y 4
1
y-x=135
Demak, quyidagi ikkita tenglamalar sistemasi hosil bo‘ladi.
1 1
X+y=3 Xty=3
1 va 1
y—X=3 y—xXx=—3

Birinchi sistemani yechimlari y =% , x3 = 0, ikkinchi sistemani yechimlari x, =% , ¥» = 0 .Bundan
ko‘rinadiki az; = (O,%,%), a, = (%, 0, %)
Demak (4) berilgan operatorning qo‘zg‘almas nuqtalari to‘rta ekan.

11 111 11 1 .1
a=(330) @=G59a6=05)a=G03
Endi ushbu maqolaning asosiy gismiga o‘tamiz,ya’ni qo‘zg‘almas nuqtalarning tipini aniqlaymiz. Buning

uchun yakobi matritsasini aniglab olamiz.
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ox'  oax' ox'

ox 9y 0z IE(Y+Z) y—z+:ox z—y+EXI
— | oy oy |, _,4 3, 3 —x+3
JGy ) =150 50 S| T X2ty (x+m) zox+gy (8)
02 97 37| |x—y42z y—x+z Z(x+Y)
ox ay 0z 2 2 2
a) J(a,) matritsaning xos giymatlarini aniqlaymiz. Ya’ni
3 1
__A _ -
4 4 4
5 3 1
4 1 2
0 0 3 2
2

Bu determinantni hisoblab
(;— A4 +%)(/1— 2)=0
Teglamani hosil gilamiz. Natijada
L=2l=-3 X=2

Demak, yuqoridagi ta’rifga ko‘ra a; qo‘zg‘almas nuqta egar nuqta ekan.
b) J(a,) matritsaning xos giymatlarini aniglaymiz.

1-21 1 1
2 2
1 1
S 1-2 = |=o0
2 2
1 1 1-1
2

bundan oddiy algebraik hisoblashlarni ishlatibz,
2A-12(A-2)=0
ekanligini ko ‘ramiz.
Mz=3 A3=2
Demak, yuqoridagi ta’rifga ko‘ra a; qo‘zg‘almas egar nuqta ekan.
¢) J(a3) matritsaning xos qiymatlarini aniqlaymiz. Ya’ni

3 A 0 0
2
1 3 5
- 2_ 2 1l=o0
4 4 A 4
1 5 3 1
4 4 4

3 1
G-HA+5)A-2 =0
kubik tenglammani yechimlari quyidagicha bo‘ladi.
Al = E

2" T2
Yugqoridagi ta’rifga aznuqta egar nuqta bo‘ldi.
d)/ (a,) matritsaning xos giymatlarini aniglaymiz. Ya’ni

3 1 5
4 4 4
3
0 -——4A 0 |=0
2
5 1 3 1
4 4 4

> A 1/1 2)=0
G-DA+)A-2) =
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kubik tenglamani yechimlari quyidagicha bo‘ladi.

3 1
2.1=5, 2.2=_E, /13=2

Yuqoridagi ta’rifga ko‘ra a, nuqta egar nuqta bo‘ldi.
Demak biz (4) operatorning barcha qo‘zg‘almas nuqtalari topildi va bu qo‘zg‘almas nuqtalar tipi aniglandi.
Quyidagi operatorni qo‘zgalmas nuqtalari va qo‘zg‘almas nuqtalari tipini aniqlashni talabalarga qoldiramiz.
x; = ax? + cx? + 2x,x3
Viix) = ax? + dx? + 2x,x5
x} = bx? + Bx% + 2x,x,
Xulosa. Ushbu maqolada ikki o‘lchovli (2D) simpleksda kvadratik stoxastik bo‘lmagan operatorni
ko‘rib chiqildi hamda qo‘zga’lmas nugqta tipi aniglandi.
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