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Ixtiyoriy operatorlarning, jumladan kvadratik stoxastik operatorlarning ham
qo‘zg‘almas nugqtalarini, ularning tiplarini va ularning tadbiqlarini o‘rganish muhim
masalalardan hisoblanadi [1-15]. Kvadratik stoxastik operatorlar va ularning
tadbiqglari bilan bog‘liq masalalar ustida muhim izlanishlar olib borilgan va hozirda
ham olib borilmoqda, masalan:

1-ta’rif. Ta’rif 1Agar ixtiyoriy x,y € D(A) elementlar ixtiyoriy a, 3 € C sonlar
uchun ax + By € D(A) bo‘lib

A(ax + By) = aAx + BAy

tenglik o‘rinli bo‘lsa, A ga chiziqli operator deyiladi.

2-ta’rif. Faraz qilaylik, AvaB - ikkita chiziqli operator bo‘lib, ulardan
A E fazodan E; fazoga B esa E; fazodan E, fazoga amal qiladi. x€ E elementga E,
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fazoning z=B(Ax) elementini mos qo‘yuvchi operatorga A va B operatorlarning
ko‘paytmasi(superpozitsiyasi) deb ataladi.

E={1,2, ... ,n} bo‘lsin.

1-ta’rif. S™ 1= { x=(xq, .. ,x)E R™ : x; =0, X1, x; =1}
to‘plamga (n-1) o‘lchamli simpleks deb aytiladi.

Bunda har bir x€ S™"1 element E to‘plamda ehtimollik o‘Ichovi bo‘lib, uni n ta
elementdan iborat qandaydir biologik(fizik) tizim kabi talqin qilish mumkin.

3-ta’rif. Kvadratik stoxastik operator deb, V: §771 - §n-1

\& xl'c = Z?,-:l Pijk XiX;,

ko‘rinishdagi operatorga aytiladi, bunda p;jx = 0, Dijx =Djik> Zk=1 Pijx=1-

4-ta’rif Agar V(x) = x tenglik bajarilsa,x € S®™1 nuqta kvadratik stoxastik
operator V uchun qo‘zg‘almas nuqta deyiladi.

5-ta’rif. Agar V operatorning | Yakobiani A qo‘zg‘almas nugqta birlik aylanasida
hech ganday xos giymatga ega bo‘lmasa A qo‘zg‘almas nuqta giperbolik qo‘zg‘almas
nuqta deyiladi.

Giperbolik qo‘zg‘almas nuqtalarni turlari:

Agar matritsaning Y akobiani J(A) ning barcha xos qiymatlarida absolyut qiymat
bo‘yicha birdan kichik bo‘lsa, qo‘zg‘almas nuqta (A) tortuvchi deb ataladi.

Agar barcha xos qiymatlarda birdan katta bo‘lsa itaruvchi, qolgan barcha
holatlarda egar deyiladi [16-27].

Bu magqolada satr bo‘yicha stoxastik bo‘lgan

1 0 0
A= (a 1—«a 0 )matrisa bilan aniglanuvchi chiziqli operator va
B v 1-f-vy

x; = x% + 2x,%3
V:<x, = x? + 2x;x3 Volterra bo‘lmagan kvadratik stoxastik operatorlarning

X3 = X3 + 2x,%,
superpozisiyasi B=A(V(x)) operatorning qo‘zg‘almas nuqtalari va ularning tiplari
o‘rganiladi.

B operatorning ko‘rinishi quyidagicha bo‘ladi:

B =

xZ + 2x,%5
ax? + (1 —a)xz + 2(ax,x3 + (1 — a)x1x3) (1)
Bxf +yxi + (1= B —)x3 + 2(Bxxs + yx1x3 + (1 = B —¥)x1X7)
B operatorning qo‘zg‘almas nuqtasini topamiz (Bx = x):
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X2+ 2x,%3 = x;
ax? + (1 — a)x? + 2(axyx3 + (1 — a)xyx3) = x, (2)
Bxf +yxi + (1= B —y)x5 + 2(Bxzxs + yxix3 + (1= B —Y)x1%,) = x5
(2) sistemaning 1- tenglamasini x; ga nisbatan yechamiz:
x2 4+ 2(1 —x; —x3)x3 = x1; X2 — 2x3%; — 2%3
=xy; x2 — 2x3+ Dx; —2(x2 —x3) =0

2x3 + 1 2x5 + 1)°
.

1,
T ToE)

\/4x§+4x3 +1+8xZ—8x3 =

1 1
X3 +Eiz\/12x32—4x3+1; 12x2 —4x3;+1>0.D =16 — 48 < 0,

a = 12 > 0; Barcha x5 lar uchun

1 1
0< x3+§—§\/12x§—4x3+1S1 =0<x;<1

1 1
Xy = X3+ = E\/12x32 — 4x5 + 1 deb olamiz, chunki,

11
OSx3+§—§\/12x32—4x3+1S1

Tengsizlik faqat x3 = 0 bo‘lganda o‘rinli.

Bu holda x; = 1,x, = 0,x3 = 0,(1;0;0) € S?, ammo u (2) sistemaning 2-
tenglamasini qanoatlantirmaydi (¢ = 0)

Endi (2) sistemaning 2-tenglamasini x, ga nisbatan yechamiz:

x; = 1 —x, — x5 bo’lgani uchun

a(l—x, —x3)% + (1 — a)x2 + 2ax,x3 + 2(1 — a)(1 — x, — x3)x3 = x;

a((1—-x,) - x3)2 + (1 — a)x? + 2ax,x3 + 2x3 — 2x,X3 — 2x5 — 2ax3 + 2ax,X3
+ 2ax3 = x,
a(l—2x, + x5 — 2(1 — x)x3 + x2) + (1 — @)x3 + daxyx; + 2x3 — 2x,X3
— 2x% — 2ax3; + 2ax% = x,
a — 2ax, + 2x5 — 2ax; + 2ax,x3 + axs + x2 — axs + 4axyx; + 2x3 — 2x,%3
— 2x% — 2ax; + 2ax3 = x,
xZ + (6axs — 2x3 — 2a — Dx, + Ba —2)x2 — (4a —2)x3+a =0

1
X2(12) =~ <3ax3 —X3—a— E)

1 2
i\/(Sax?,—xg—a—E) —Ba—-2)x2+ (4a—2)x;—a=
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2
(3ax3 — X3 —a—z> — 3ax? + 2x5 + 4ax; — 2x3 —a =
1
9ax? + x% + a® + i 6axs — 6a’x; —

—3ax; + 2ax; + X3 + a — 3ax? + 2x% + 4ax; — 2x3 —a =
= 9a’x3 + x5 — 6ax3 — 3ax? + 2x5 — 6a’x; —

—ax; +x3+4ax3—2x3+a2+z=

1
(9a? —9a + 3)x2 + (3a — 6a% — 1)x3 + a? + 7

1 1
=_<3ax3_x3—05—5>i\/(90(2—905"‘3)9%?+(3a—6a2—1)X3+a2+Z;

1
(9a? —9a+3)x2+ Ba—6a?—Dxz3+a?+-=>0

4

(Ba—6a?—-1)+3a—-2
Ban T T 2(9a2—9a+3)
3¢ —-3a+1>0,(D=9-12<0,3 > 0) barcha a lar uchun
—Ba—-6a?—-1)=6a?-3a+1>0(D=9-24<0,6>0)
6a’-3a+1-v3a—-2 6a’—3a+1—-+v3a—2

2
3a—220a2§

0<x;: < ; <x3=<1
=% =""¢BaZz—3a+1) 6(3a2 —3a + 1) *3
2
a2§bo’lgandax1 +x,+x3=1,(x3 =x)
+1 1J122 4x + 1 (3 1)
X 5 > X X ax X a 5

1
j(9a2—9a+3)x2+(3a—6a2—1)x+a2+Z+x=1;

L 1\/122 It l—3ax+xtate
272 X X (IXXCZZ

1
—\/(90(2—9a+3)x2+(3a—6a2—1)x+a2+Z= —2x

1 1
—E\/12x2—4x+1+a—\/(90{2—9a+3)x2+(30{—6a2—1)x+a'2+Z

=3(a — 1x
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2a —6(a — 1)x —/12x2 — 4x + 1

4
4a? +36(a — D2x2 +12x2 —4x + 1 — 24a(a — Dx — 4ay12x2 — 4x + 1 +
12(a — Dx12x2 — 4x + 1

1
=2\/(96{2—9a+3)x2+(3a—6a2—1)x+a2+—

1
= 4((90(2 —9a+3)x? + Ba — 6a? — 1x + a? +Z>

4a? +36(a? — 2a + 1)x? + 12x? — 4x + 1 — 24a*x + 24ax + 4(3(a — Dx
— ) 12x2 —4x + 1
= 36a%x? — 36ax? + 12x% + 12ax — 24a’x — 4x + 4a® + 1
36a2x? — 72ax? + 36x2 — 24a%x + 24ax + 4(3(a — Dx — a)y12x2 — 4x + 1

= 36a’x? — 36ax?* + 12ax — 24a°x
3(a — 1)x — a)V12x2 — 4x + 1 = 9ax? — 9x2 — 3ax
3(a — Dx — a)y12x2 — 4x + 1 = 3x(Bax — 3x — @) = 3x(3(a — Vx — a)
(3(a — Dx — a) (\/12x2 —4x+1-— 3x) =0

a 2
3a—1)x—a=0 = x=——-<0,—< a <1bo'lgand
(a—1x—«a X 3@ -1 3 a o'lganda

J12x2 —4x+1=3x = 12x2 —4x+1=9x2 = 3x2—4x+1=0
4-2 1 4+2_

D=16—12=4X3(1)=T=§.X3(2)=T—1

1 1 5 1 1 1 1 4
X1(1):x3(1)+§—5\/12X3(1) —4X3(1)+1=§+§—§ 12'§—§+1

1 1 1
—\/(9a2—9a+3)§+(3a—6a2—1)§+ a2+Z=

PES » atita—20r—tyargi=2 [Fa
a 3 a 5 a a 3 a a 3 a 4_6 4—

|
N =
W =

o U

M, G,%,i) qo’zg'almas nuqta ekan.
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1 1 1 1 3 3
=0

1
X2(3) = ~ (Bax3(2) — X305~ A — E)

1
— \/(96!2 —9a + 3)x3,)% + Ba — 6a% — Dxz ) + a® + i

1 1
—<3a—1—a—§)—\/9a2—9a+3+3a—6a2—1+a2+z

1 9
—3a+1+a+§—\/4a2—6a+1=

3 1 3 1
20+ 2\/1605 240+ 9 = —2a+-——(4a = 3)2 =0,

<ac< % bo’lsa, bu holda M,(0,0,1) ham qo'zg'almas nuqta bo’ladi.

2
3
Endi qo‘zg‘almas nuqtalarning tipini aniglaymiz.

x2 + 2x,x5
B = ax? + (1 —a)x2 + 2(axyx3 + (1 — a)x;x3)
Bxi +vyxs + (1 =B —yIx5 + 2(Bxyxs + yxyx3 + (1 — B — y)xyx3)

(Bx = x);
X2+ 2x,x3 = X4
ax? + (1 —a)x? + 2(ax,x3 + (1 — a)xyx3) = %,
Bxf +yx; + (1= B —y)xi + 2(Bxyxs + ¥x1x3 + (1 = B —¥)x1X,) = X5
xX3=1—x; — x5
X = x2 +2x,(1 —x; — x5)
{xz’z ax? + (1 —a)x? + 2ax,(1 —x; —x) +2(1 —a)x, (1 — x; — x3)

X; = x2 — 2x2 — 2x;x, — 2x,
Xy = ax? + (1 —3a)x? — 2ax,x, + 2ax, + 2(1 — a)x; — 2(1 — a)x?

—2(1 — a)x1xy
X) = x% — 2x3 — 2x.%, — 2x,
X, = Ba—2)x? + (1 —3a)x? — 2x;x, + 2ax, + 2(1 — a)x,
0%, 0%,
a_xl == 2x1 - 2xZ,E == _4x2 - le - 2
9%,
0xq

[@her |
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0x,
9, = —2x; +2(1 —3a)x, + 2
111
My (§’ 3 §) nuqtadagi qiymatlarini topamiz:
04 04 0, 0x,

a_xl(Ml) =0 a_xz(Ml) = —4 E(Ml) =0 a_xz(Ml) =0 =

<_H :,u) matritsaga ega bo'lamiz. Endi shu matritsaning determinantini

nolga tenglashtiramiz.
- —4
0 —u

) go‘zg‘almas nuqta tortuvchi.

det =0=>u’=0>u=0

11 1
Demak, M, (—,—,—
373’3

Endi ikkinchi topilgan qo‘zg‘almas nuqtada hisoblaymiz:
M,(0,0,1)

d0x; dx, dax, dx,
— (M) =0—M,)=0—M,)=0—(M,) =
axl( 2) =0 axz( 2) =10 axl( 2) =0 axz( 2)=0 =

- O 1 . . . .
( O,U —‘l.l) matritsa determinantini gqaraymiz

—H
0
Bundan ko‘rinadiki, M,(0,0,1) qo‘zg‘almas nuqta ham tortuvchi ekan.

Shunday qilib quyidagi teorema isbotlandi:

111

Teorema. (1) operatop M, (5,5,5) qo’zg'almas nuqtaga ega va u tortuvchi.

det _0'u=0:>;12=0=>y=0.

g <a< % bo'lsa, yana bitta M,(0,0,1) qo'zg'almas nuqta hosil bo’ladi ~ va

uning tipi ham tortuvchi bo‘ladi.
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