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Annotatsiya: Maqolada kvadratik stoxastik operatorlar sinfi va tavsifi keltirilgan.
Dinamik sistemalar orqali ifodalanuvchi jarayonning tasniflari, ya’ni dinamik
sistemalarni to’liq klassifikatsiyasi keltirilgan. O’rganilgan uzluksiz vaqtli kvadratik
stoxastik operator bilan diskret vaqtli kvadratik stoxastik operatorlarning giyosiy tahlili

keltirilib, sonli usullar natijalari bilan ustma-ust tushishi ko’rsatilgan.

Kalit so’zlar: kvadratik stoxastik operator, klassifikatsiya, ehtimollik tagsimoti,

sonli yechimlar.
ABOUT THE ANALYSIS OF ADYNAMIC SYSTEM

Abstract: The article presents a class and description of quadratic stochastic
operators. Classification of processes represented by dynamic systems, in a complete
classification of dynamic systems are given. A comparative analysis of discrete time
guadratic stochastic operators with the studied continuous time quadratic stochastic
operator is presented, and it is shown that the theoretical results overlap with the results

of numerical methods.

Keywords: quadratic stochastic operator, classification, probability distribution,

numerical solutions.
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Biz o’rganayotgan ishda kvadratik stoxastik operatorning ta‘rifi quyidagicha

keltirilgan:

E =1{1,2,..,n} bo'lsin.

n
sn1 = {x = {x1, X5, .., X} E R™: x; = O,Z X; = 1}
i=1
to‘plam (n — 1) o‘lchovli simpleks deb ataladi. Har bir x € S™1 element E da
chtimolli kattalik bo‘lib, uni n ta elementdan tashkil topgan biologik sistema holati

kabi izohlash mumkin. Kvadratik stoxastik operator V: $7~1 —» §7-1

n
V:X,’C = z Pij kXiXj, (1)

i,j=1

bu yerda p;; j irsiylik darajasi bo‘lib, u quyidagi shartlarni qanoatlantiradi:

n
Pijk =0, Pijk = Pjik z Pijx = 1.
k=1

Matematik genetikada ushbu operator V populyatsiyaning evolutsion operatori
yoki kvadratik stoxastik operatorlar sinfiga kiruvchi operator hisoblanadi. Populyatsiya
ko‘paytirish amaliga nisbatan yopiq bo‘lgan organizmlar birlashmasi sifatida
tavsiflanadi [1-15]. Populyatsiyada F;, F,, ... nasllar ketma-ketligi farglanadi. Turli
nasllar vakillari o‘rtasida kesishish sodir bo‘lmaydi deb taxmin gilamiz. Populyatsiya
tarkibiga kiradigan har bir vakil 1,2,...,n turlardan biriga tegishli. Populyatsiya holati

x = (xq,..,%,) € S™L

Ushbu maqolada kvadratik stoxastik operatorning (1) uzluksiz analogining
muayyan holatini, ya‘ni chizigli bo‘lmagan oddiy differensial tenglamalar sistemasini
o‘rganamiz. Bunda n = 4 va p;;, ba‘zi qiymatlarida o‘rganilayotgan uzluksiz vaqtli

dinamik sistema quyidagi ko‘rinishga ega bo‘ladi:
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X1 = XY — Xq, (1)
'X:Z == 0, (2)
Y1 =X+ X1 — Y1, (3)
Y2 = X2Y2 — Ya- (4)

(2) tenglamadan x, = ¢, = const. Buni (4) tenglamaga etib qo’yamiz:
Y2 = Y2 — Y2 = (62 — 1)y,
1-hol.c; —1=0=>x,=1=x; +x, =1 = x; =0 = (3) tenglamadan

Y1i=X+x%Y1—-y1=0+y;,—y1=0>y;, =c3=const y,=1—c¢3

x; =0,

x, =1,

V1 = C3,
Vv, =1—c3.

2-hol. y, =0=>y,+y,=1=y, =1 (2) tenglamadan x, = ¢, = const.
y; = 1 ni (1) tenglamaga qo’ysak x; = 0 = x; = ¢; = const. (3) tenglamadan 0 =

¢, + ¢, — 1. Demak

X1 = Cq,
X, =1—c¢,
n=1
y, =0

3'h0| xz == Cz (C1 - 1)y2 * 0
Vo = X3Y2 —=¥2 = CY2 — Y2 = (¢ — 1)y,

dy,
—=(c;—Ddt =>lny, =(c;, — Dt +Inc, =

V2
y, = cpe(2™ L,

Xy = Cp bo’lsa, x; +x, =1 dan x; =1 —c, bo’ladi (1) va (3) tenglamalar

quyidagi ko’rinishga keladi: ¥; = 0 =
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(0 =1 -y — (A —¢y) (5)
iyz=C23’2_3’2+1_C2=(1_C2)(1_3’1) (6)
x, =i (7)
y, = c,elcz7 Dt 8

(5) tenglamadan quyidagini olamiz:
(1-c)y1—1) =0.
Bu tenglama ikki holda garaladi. 1-hol.

c, =1=x, =0,x, =1 (8) tenglamadan y, = ¢, bo’ladi. Demak

x; =0,
x, =1,
y1=1—c¢y
Y2 = C4.

2-hol.

y; =1=y, +y, =1dan, c, = 0 deb olinadi. Demak,

x;=1-—cy,
x2=C2,
y1=1,
y2=0.

Endi sistemaning qo’zg’almas nuqtalarini topamiz.

X1y1 — % =0 9)
0=0 (10)
X1 +x01 —y1 =0 (11)
X2Y2 = Y2 =0 (12)

(9) tenglamadan: x;y;, —x; =0, x;(y; — 1) = 0.

1-hol. x; =0=x,=1,y; # 1 (11) tenglamadan y; = c3 = const = (12)

tenglamadan

Vv, =1—0c3 =

m—
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X1 = 0,
Xy = 1,
=
V1 = C3,
y2 =1-cs.

M113(0,1, C3, 1-— C3).

2-hol. y,=1=y,=0,x; #1 (11) tenglamadan x; +x,—1=0 ga ega

bo’lamiz. (9) tenglamadan x; = c; desak, x, = 1 — ¢; bo’ladi.

X1 =0
X, =1—¢ R
=1
y, =0

ME(cy, 1 —cq;1,0).
3-hol.x; =0,y, =1=x, =1,y, =0 M33(0,1;1,0).

M13(0,1; ¢35, 1 — ¢3) nuqta atrofida chiziglashtiramiz:

df1 0fi f1 0fi
_— = — 13 — — — = — = 13 = e —
ox, Ui =es =1, dx, 0 Y1 xalmi =0, 0y, :
ofy _0f _0f _0f _
dx, O0x, Jdy; 0y,
afs dfs dfs afs
—_ = 1 —_ = 13 = —_ = —_ ]_ 13 = —_— =
0x, ’ 0x, Y1|M1 €3 2y, X2 |M 0, 0y, 0
0fa 0fa 0fa 0fa
— = - = 13 =1 — - —_— = - 13 =
0x, 0x; }’2|M1 LG 0y1 0y 2 1|M1 0
C3 - 1 0 O 0
. 0 0O 0 O
A=1 ¢ 00
0 1—¢c; 0 O
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GG—1—-1 0 0 0
det|A — AE| = (1’ Zj _0/1 00 = B(A+1-2c) = 0.
0 l1-=cz 0 -2

M23=0, 44 =c3—1 A; = 0xos soni 3 karrali ildiz.
Demak bu sistemaning noturg’unligini aniqlab bo’lmaydi.

Agar c; = 0bo’lsaham s; = 26 — §;, k; # s;bo’ladi. Ushbu Sistema noturg’un
[16-25]. Agar c; = 1 bo’lsa, M,>'(0,1;1,0) bo’ladi. rankA = 1,s; =3 va s; #

k, bo’ladi. Sistema noturg’un.

M13 nugta atrofida sistemani ko’rinishi quyidagicha bo’ladi.

X1 = (c3 — Dxy, X1 = (c3 — Dxy,

'X:Z == O, N x.2 == 0,

yl =x1+C3(x2—1), yl =x1+C3x2—C3,
Y2 =1 —c3)(xz — 1) Y2 = (1= c3)x; — (1 — c3).

yi=y,+c3,y3 =y, + (1 —c3) o’zgaruvchilar kiritsak,

X; = (c3 — 1Dxy,

'X:Z == 0,
Y1 = X1 + C3Xy,
Y2 = (1 —c3)x;.

Qulaylik uchun oldingi o’zgaruvchilar bilan yozib olamiz.

X =(c3—1)x; c3—1 0 0 O
X, =0 4= 0 0 0 O
Vi =X, + C3%; B 1 cgs 0 O
Yo = (1 —c3)x; 0 I-¢c; 00

Bu matritsaning xos sonlari 3-betda topilgan.

M2X3(cy, 1 — ¢q;1,0) nugta atrofida sistemani chiziglashtiramiz:

df1 df1 df1 df1
=== —1 13:0, —=0, — =X 13=C’ —=0
% V1 |M2 9x, 3y, 1|M2 1 3y,
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— — — =0
0x; 0x, 0dy; 0y,
0fs fs 0fs afs
—=1, — 13— —_— = —1 13 = — ) _— =
axl axz Y1|M ayl xz |M2 Cl ayz 0
0fa 0fa 0fa 0 fa
—=0’ —_— = 13— —=0, —_— = —1 13 = —
axl axz yZlM ayl 0 ayz Xy |M2 Cq
Xp=c(y; — 1)
‘X’:Z == 0 N
Vi=x1—c+x,—(1—c))—c(y1 — 1)
Y2 = —C1Ys
X1 =CY1— 1
'X:Z = O
. =
V1 =x1+?52_C1Y1_1+C1
V2o = —C1Y,

c1y1 — ¢ = vi, +x, — 1 = xJ belgilash kiritamiz. y;, = Clyll
1

( X, = 3’11
2 N 0 0O 0 O
—yi=x; +x3— Y3 \la ta —a 0f
e Vi 1 2 = V2 0 0 b —ef
\ Yo = —C1Y2
-1 0 1 0
10 -2 0 O _
det|A — AE| = PR 1 o =
O O O _C1 - /1
—A 0 0 0 -4 0
=—-A|l¢g —¢ — A 0 + 11 0 =
0 0 —c, — A 0 0 —c—141

=A(c; + )% —c Ay + ) =Ac; + D)A(c; +2) —¢;) =0

2,1:0, /11=_C1, AZ+C1)._C1=O

m—

Y https://scientific-jl.org/obr ; ; Buinyck srcypnana Ne-62
@ ps://' ific-jl.org/\ (149) » YCK HCYp

Yacmo—4_ Aneaps —2025



1,' %= ObPA3OBAHHUE HAYKA H HHHOBAIIUOHHBbIE H/IEU B MUPE b A
== 2181-3187

—c1— |c2+4cy —c1+ |c2+4cy
A =0 A= —c, dg=m—N 11 N

2 it 2

Bu yerda A, > 0 bo’lganligi uchun, sistema M23(c;, 1 — ¢;; 1,0) nuqta atrofida

noturg’un.

Endi M23(0,1; 1,0) nugta atrofida sistemani o’rganamiz.

0f1 0f1 df1 df1
[—— — 13 = —_ = — = 13 = — =
axl 1 1|M3 0) axz O) ayl x1|M3 0 ’ ayz 0.
o 3 0% _0h _,
x; 0xp 0y; 0y,
df3 df3 0fs df3
—_— = —_— 3 = —_— — 13 = — 13 =
dx; b dx;, yilmge =1 3y, g =0, ayz|M2 °
0f4 0fs 0fy 0fy
—_— — = 13 = — = 1= — 13 =
axl O; axz y2|M3 O, ayl OI ayz X2 1|M3 0
.X:l B 0
* =0 = x,—1=x3 deb olsak, Sistema quyidagi
y-1 = x, + X, — 1 Xy =X , ol quylaagl
Yy, =0

holga keladi (eski o’zgaruvchilarga gaytamiz):

X =0
X, =0
V1 =%+ %
Y2 =0
0 0 0 O -A 0 0 0
(0 0 0 O a0 =4 0 0] _ 44 _
A= 110 0 = det|A — AE| = 1 1 —1 o A* =0,
0O 0 0 O 0O 0 0 -4
1234 =0
Demak bu sistemaning noturg’unligini aniqlab bo’Ilmaydi.
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Endi ¢; = 1 bo’lsin M33(0,1;1,0) bo’ladi. Ushbu holda A; =0, A, =

-1-/5 _ —1+/5
2 Ay = 2

—C1,A3 = bo’lib, 1, > 0, demak Sistema noturg’un

Ushbu usulda Sistemaning turg’unligini topa olmadik. Endi ikkinchi

usulda (1)-(4) sistemani ko’rib chigamiz.
(3) dan
Vi=x+A—x)y1 —y1 =%+ —x1y1 — Y1 =% — Y1 =x(1 —y1)
(4)dan-y; = (x; — Dy, = —x; (L —y,) =

{xﬁ =x;(y1 — 1),
y1 = x.(1 —yy).

Qo’zg’almas nuqtalar
M;(0,¢c3),M,(cqy,1),M$3(0,1;¢c3,1 — ¢c3), M33(cq, 1 — c3;1,0).
V = x; + y; Lyapunov funksiyasi bo’lsin.

V =x,y; —x; +x; — x;¥; = 0 = Sistema turg’un.
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