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136 TALAB, TAKLIF VA TAHLIL

KO*“P TIPLI GALTON - VATSON TARMOQLANUVCHI
TASODIFIY JARAYONLARI

1. A. Ergashyev, Toshkent viloyati Chirchiq davlat pedagogika
universiteti o ‘qituvchisi

B. Z. Usmonov, Toshkent viloyati Chirchiq davlat pedagogika
universiteti katta o ‘qituvchisi

Ushbu magqgolada biologiya, gen muhandisligi, kimyo, atom
fizikasi,virusologiyavaboshqako ‘plabsohalardao ‘ziningamaliy hamda
nazariy tadbiqglariga ega bo ‘Igan tarmoglanuvchi tasodifiy jarayonlar
ayrim tiplari yoritilgan. Ikki tipli galton-vatson tarmoglanuvchi
tasodifiy jarayonlari uchun yuqori vaqt momentlaridagi holatlari
tavsiflangan.

Kalit so‘zlar: Tarmoqlanuvchi jarayonlar, ikki tipli Galton Vatson
tarmoqlanuvchi jarayoni, limit teoremalar.

This article describes some types of branching random processes
that have practical and theoretical applications in biology, genetic
engineering, chemistry, nuclear physics, virology and many other fields.
Two types of Galton-Watson branching random processes at high time
moments are described.

Key words: Branching processes, Two types of Galton-Watson
branching processes, limit theorems.

B oOannoti cmamve onucambi Hekomopvle Munvl BemeAUSUXCS
CYUAUHBIX — NPOYEecco8,  KOmMopvle — uUMelom  Npakmuyeckoe U
meopemuyeckoe npuUMeHeHue 8 OUON02UU, 2eHHOU UHICEHEPUU, XUMUU,
A0epHOU uzuKe, BUPYCONOUU U MHO2UX Opyeux obracmsax. Onucamnvl
06a Muna 8emeauuxcs CIyyainvix npoyeccos I aremona - Bamcona 6
OONbUIUE MOMEHMbL BDEMEHU.

Knroueswie cnosa: Bemesawuecs npoyeccol, 0864 muna 6emesaujuxcsi
cayuatinwix npoyeccos I anemona-Bamcona, npedenvhvie meopembi.
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jarayonlari

Ko‘ptipliGalton—Vatsonjarayonlari XIXasro‘rtalarida Kolmogorov,
Sevastyanov va boshqa bir gator olimlar tomonidan o‘rganilgan [1]-[3].

Faraz qgilaylik, Z, Sanoqli tipdagi Galton — Vatson jarayonlari bo‘lsin.
Z, holatlari sanoglita bo‘lgan Markov zanjiridir.
Z =(Z,72,,..) (1)

buyerda Z cheksiz o‘lchovli Markov zanjirini hosil giladi.

Z, i-tipdagi t-vaqt momentidagi zarralar sonini anglatadi.
Vatson jarayoni bo‘lIsin.

Y

1- chizma

2 - chizma
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138 TALAB, TAKLIF VA TAHLIL

Bu jarayon ikta holatdan iborat bo‘lib 1- holatda jarayon birinchi
vaqt momentida quyidagi qonuniyatga ega bo‘Isin.

h s
=h, + =
fl(S) o " —rs

buyerda hy,+hy; = 1,7 =0 hy, 1-holat uchun avlodlar bo‘lmaslik

ehtimoli, h;; 1-holatda jarayon kamida bitta avlodga ega bo‘lish
ehtimoli.

2- holatda jarayon birinchi vaqt momentida quyidagi qonuniyatga
ega bo‘lsin: hy,s

L(8)=hy +———

l+r,—rs

buyerda hy,+hy;; = 1,7 = 0,h,, 2-holatuchun avlodlar bo‘Imas-

lik ehtimoli, k4, 2-holatda jarayon kamida bitta avlodga ega bo‘lish
ehtimoli.

Birinchi va ikkinchi holatda jarayon uchun birinchi vaqt momen-
tidagi matematik kutilmalarni aniqlaymiz.

f1'(1):M1 :(1"'”1)}%1’ fz'(l):Mz :(1+V2)}L12'

1-holat n, avlod, 2-holat n, avlodga ega bo‘lsin. n =n; +n, va

{m}
S
fl{"l}(s) - hm{"]} + hll

1+’,.1{”1} _},i{nl}s’
{ny}
h,"s

s

1+’,.2{”2} _rz{”z}s

f‘z{”z}(s) — hoz{nz} +

{n}
fl{nl}(fz{nz}(s)) — ho{n} + h‘l s

147" —ping
{n} _ . {m} {m} n
buyerda r' =p," + 1" M,"

| FIZIKA, MATEMATIKA va INFORMATIKA &R

SO
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pin = MM, @)
1+ ’,.2{”2} _I,i{"l}Mz”z
Yugqoridagilardan
{m} {m}
TR TR e ®)
P(Z #60) M"M,” M"M,” M"

bulardan

n 1,
{ny} {m} ny _ n j-1 j-1
R M, =MLY MU Y M &)

J=1 J=1

u holda (3) (3,2,8) va (4) (3,2,9) munosabatdan quyidagi munosabat
o‘rinli [3]:

M nlM n,
P(Z,+6)= PEEE— (5)
L+7M2 > M+ ) MY
j=l =l

Z_ uchun maxsus holatlarni qaraylik .
I-hol: My =1, M, =1, ny » 00, n, > ®

M"M," M, -1
P(Z, +0)= L — —
n ny r
n Jj-1 j-1 1
1+7M" > M +1,) M
I I=
r—M +1
bundan P(Z =6)—>-1—"—
h
2-hol: My <1, M, <1, ny 00 n, —+ 00
R FIZIKA, MATEMATIKA va INFORMATIKA o
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140 TALAB, TAKLIF VA TAHLIL

P(Z,#0)= MM, . My M,

LI o w1 1
l+nM,"™" M1”1+1’ZZ:M2’71 1+”1M221_M +r21—M
2

J=l J=l !
M/"M," . M"M,>(1-M,)
1 e 1 7,
1-M,

1+nM," .y

2

uholda  P(Z,=@)~1 - M M"A=M,)

r

n—sown>e P(Z =0)=1
3-hol: My <1 M, >1 n, = const, N, & @

P(Z, +60)= ‘2/11 M, - =
L+7M" > M+ M]™
j=1 j=1
Mlnlenz Mlnl
%
1-M" M, -1 1-M" 1

1+nM," +r,—32 r +7,
1-M, M, -1 1-M,  °M,-1

1 2

M
1-M" 1

L+ 7,
1-M,  *M,-1

u holda P(Z,=0)—>1-

h
n, = 00,1, — 0 P(Z =0)=1.

4-hol: My =1,M; =1, ny » 00, n, > 0w
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M"M," 1
P(Z,#0)= EEE— = .
T+ M, M Y gt TR
j=1 j=1
Agar 21 L 4 0<a<1 ;_)k_a
l+nn +rn, n
3 1
“an+(l-a)r
1
P(Z,=0)>1-————
1+#n, +rn,
mny, = 00, M, —+ 0O N —>00 P(ang)zl,

Demak bu keltirilgan tasdiglardan quyidagi teoremani keltirishimiz
mumkin.

Teorema: Faraz qilaylik, tasodifiy jarayon bir jinsli bo‘lmagan
2 tipli kasr — chiziqli jarayon bo‘lib boshlang‘ich vaqtda Z, va Z,
holatlardan iborat bo‘lsin Z, holat n, avlodga va Z, holat n, avlodga

ega bo‘lib boshlang‘ich vaqtda har bir holat turli parametrli geometrik
tagsimot bilan tagsimlangan bo‘lib ushbu kasr — chiziqli hosil qiluvchi
funksiyalarga ega bo‘lsa

fZl :(1_%1)8’ fZ _(1_q21)S , -n_:-n_l—|- mn,.

l—q“S : l_qzls

Bunday tasodifiy jarayon yetarlicha yuqori vaqt momentida kamida
bitta avlodga ega bo‘ladi.
Isbot: O‘z navbatida Z, holat va Z, holatning 14 va 71, avlod-

FIZIKA, MATEMATIKA va INFORMATIKA 2022/6




142 TALAB, TAKLIF VA TAHLIL

lardagi hosil qiluvchi funksiyasini quyidagi ko‘rinishda belgilab
olamiz: @
%nl %nl

_qlnl

Sy (5)= £ =

q {1} —q {2}

{n,} 2n 2n

fzg’z(s):fz 2 :C] 2{3} 2
2n,

{4}
_q2n2
{1} {2}
{m} o o} 9 T, S
u holda LG (s) = l’1{3} 1n{4}
1n +q1n S
Shrederning funksiyalar itteratsiyasiga  doir  ishlari-

da keltirilgan kasr chizigli funksiyalar t-tartibli  iteratsi-
yalaridan  foydalanilanib qln{l},qln{2}»qln{3},qln{“} larni  to-

pish mumkin va bu jarayonning tugash ehtimolligini topaylik.
Yuqoridagi (5) munosabatga ko‘ra boshlang‘ich vaqtda 2 tipli bir jinsli
bo‘lmagan Galton — Vatson jarayoni Z, va Z, holatlari avlodlar hosil
qilishi geometrik tagsimot qununiga bo‘ysunsa jarayonning tugash
ehtimoli quyidagiga teng bo‘ladi:

n n
[ 1 Jl[ 1 Jz
I-q I-g
P(Z #0)= 11 21 :
n "y n Jj—1 n j—1
9 1 L1 91 | & 1
1 1 Z 19 M= 1z
T ) T91) =1 921 )j=1U""921

1
keltirilgandan tenglikdan >1, >1 bo‘lganligi uchun
1-g, 1-g,,
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1—1

n, — 00,M, = 00 P(Zniﬁ)—)l_%zl
1

1-gq,

n, = oo,n, =0, P(Z,=0)=0.

Demak, bunday jarayonlar bir ehtimollik bilan tugamas ekan ya’ni
bu tasodifiy jarayon yetarlicha yuqori vaqt momentida kamida bitta
avlodga ega bo‘lar ekan.
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