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IKKI O‘LCHOVLI ROMANOVSKIY TAQSIMOTI HAQIDA
O ABYMEPHOM PACNPEAENEHAN POMAHOBCKOIO
THE TWO-DIMENSIONAL ROMANOVSKY DISTRIBUTION

Yusupova Anora Karimovna
Farg’ona davlat universiteti matematika kafedrasi professori

Nabijonov ShaxzodbekXayrullayevich
Farg’ona davlat universiteti matematika yo’nalishi talabasi.

Annotatsiya
Maqolada ikki o‘lchovli Romanovskiy taqsimotining « va p parametrli polinomial tagsimotlarga variatsiya
bo’yicha yaqinlashishi haqidagi ikkita teorema va bu teoremalarning isbotlari keltirilgan.
AHHOMauus
B cmambe npedcmasneHbl 0ge meopembl 06 annpokcumayuu 08ymMepHo20 pacrpedesieHUss PomaHoecko20
MonnuHOMUasbHbIMU pacrpedeneHUsIMU ¢ napamempamu o U p u 0okazamernibcmea 3mux meopem.
Abstract
The article presents two theorems on the approximation of the two-dimensional Romanovsky distribution by
polynomial distributions through two-dimensional parameters o and p and proofs of these theorems.

Kalit so’zlar: Ikki o’lchovli Romanovskiy tagsimoti, variatsiya bo’yicha yaqinlashishi, ikki o’lchovli polinomial
tagsimot.

Knroyeenie croea: dsymepHoe pacripedeneHue PoMaHO8CKO20, 8apualyuoHHas annpokcumauyusi, 08yMmepHoe
ronuHomuarsnbHoe pacripedesieHue.

Key words: two-dimensional Romanovsky distribution, variational approximation, two-dimensional polynomial
distribution.

KIRISH
V.I.Romanovskiy [17] ikkita tanlanmaning bir jinsli ekanligini, ya’'ni bitta bosh to‘plamga
garashli ekanligini ko‘rsatish uchun quyidagi kriteriy (mezon)ni kiritgan.
Aytaylik,
X Sx,<...SXx
va

N

NEV, S-S Yy
ikkita tartiblangan N va M hajmli tanlanmalar berilgan bo'lsin. X, bilan birinchi
tanlanmaning 7 +1- hadini belgilaymiz (n=0,1,2,...,N —1). g shunday y, lar soniki, ular

orinli bo'lsin. u tasodifiy miqdor sifatida ikkinchi tanlamadagi x, ,

n+l

X,.,1dan kichik, yalni y <X
dan katta bo‘Imagan variantalar sonini belgilasak, u ning k ga teng giymat gabul gilish ehtimoli

P(u=k)=R(k)=R(k,n,N,M)=

n N-n—1
Cn+kC]\1/\;,_M_n—k—l , agar k = O,M
= C’N+M
O, agar k < 03 k >M

kabi topiladi. Bu tagsimot teskari gipergeometrik (Romanovskiy) tagsimotdir.
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ADABIYOTLAR TAHLILI VA METODLAR
Aytaylik, endi yuqoridagi ikkita tartiblangan N va M hajmli tanlanmalardan birinchisidan

X, ms+2 Variantalarni tanlab olamiz. U holda birinchi tanlamada Xx,,, dan kichik n ta variantalar

n+l? “n+m+

boladi. x,  dan katta va x

X

dan kichik variantalar soni m+1 ta va x dan katta variantalar

n+p+2 n+p+2

soni N-n-m-2 ta bo‘ladi. fl tasodifiy miqdor sifatida ikkinchi tanlamadagi x__,dan kichik bo‘lmagan

n+l

variantalar sonini, &, tasodifiy migdor sifatda x , dan katta, x dan kichik bo‘lgan

n+p+2

variantalarni sonini belgilaymiz. cfl,ﬁz tasodifiy migdorlarning £;v ga teng bo'lish ehtimoli

P(éZl = ,Ll,§2 = V) = R(,U,V,l’l,m,N,M) = R(luav) =
Cn C” CN+M—)1—m—y—2

n+u " n+y
= cV
N+M

0, agar uv>M, uv<O0

kabi topiladi. Ushbu tagsimotninig ba’zi asimptotik xususiyatlarini o’rganish ushbu
maqolada ko’rib o’tiladi.

, agar uv=0M, u+v=0,M

NATIJA VA MUHOKAMA
M
1-teorema. Aytaylik P=————>0, 0, =+/npqg — o, u holda
N+M P
o0 o0 1
2 2| R(uv) =TI (w,v) | = Ap + py | min| 1 - ———
4=0 v=0 aOﬂOM
bo‘ladi. Bu yerda
(u,v)= M: alal(1—a, —a,)M ™
’ uWI\M —p—v)! b
ikki o‘lchovli polinomial tagsimot,
- 2
1 = :
A= T I 11-u’|e 2du=0,96788.... o, =min(e,,a,), f,=1—-a,
T —00

Isbot. Quyidagi belgilashlar kiritaylik:

Peut+v? y=u-"L eaz=yv-2Z
’ q q

Aytaylik g2,v indeksli yigindilar y*><o,, ¥’ >0, (o, =min(c,,0,)) shartlarni

ganoatlantirsin va mos ravishda ularni 51 va 52 lar bilan belgilaylik. 52 ni baholaylik.

o0 o0 4
ZZ( L —@] [(w,v) =3’ B2M> + (6 +12a° — T + )M
q

#—0 v—0
va
© o 4
ZZ[\»—QJ T, v) =302 BiM* + (60 + 1202 —Tak + a,)M
11—0 v—0 q
U holda

l 2025Nel 11 l
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o  © y4 2y222 Z4
< + II(u,v)=
D20’ b e e LG
© o y4 © 2y222
=22 ) [+ STy |+
1=0 v=0 O-Oo-,u #=0 v=0 O-O HV
© o 4
V4
+ZZ > 2H(,u,v)—0[—2](1)
H=0 v=0 Yo%y 0

Xuddi shuningdek

o0 0 4
ZZ[ - @j R(u,v)=a BiM* +(11a) +23a;’ +14a] +9a)M (1 + 0(%}}
q

#=0 v=0

4
Z (v pj R(u,v)= 50{2,6'22M2 +(1 10{2 +230{2 —|—140{2 +90{2)M0( ;]j
0 q

S Rums 3@ ;")R( e

u?+v? 20y u2+v2>0'0 0

0 00 4 4

y 2y°z° z

ZZ > A Tt 2 2o ot 4JR(ILI9V):
V=0

= 0,0, 0,0,0, 0,0,

> ( . 4R<ﬂ,V>+ii p_ R(ﬂ»V>+ZZ — R(m)B({%} )

4=0 v 1=0 v=0 0 u=0 v=0 GO
(1), dan
® 1
ZZW%V) ()| < Z R(uv)+ D, ()= 0[02j 3)
u+y >0§ u2+v2>0'8 0

ni hosil gilamiz. Endi u” +V* < &, uchun

DD ld(uv) =1, v)
#=0 v=0
ifodani o‘rganamiz. Bu yerda

_ R(uv)

)
_Nln+W)m+ ) (N+M-n-—m—-pu—v-2)!
B (N+m)!n!m!(N—-n—-m-2)!

al_ﬂazv (1 - = az)_(M_ﬂ_V)

(4)

Teorema shartiga ko‘ra
N —>w, n=aN >0, n=a,N >0, N-n-m=N(1-qa,—-a,) > »
U holda d(u,Vv) dagi barcha faktoriallar uchun Stirling formulasi
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12n n

n'=~2xnn"e™”" (1 + L + O(%D

ni qo‘IIay olamiz. Ya’'ni

/_ q—1 1
(N+M)' (N+M)N+M (1 12q(N+M)+O((N+M)2n ©

(n+v)!  e'n’ yp pﬂz (17 )2 ((ez+y4)lj y
RN P Py -

2
><exp{yO'V\/1—r2 +yzﬁ(\/l—r2)3} (6)
q

(m+p)!  e“m xp P B x+x’
1-r)2+0 X
m! \/_q [ 26;,Qﬂ1\/1_7'2 60 q ( ' ) ’ ( o, J]

2
X eXp {xaﬂx]l -’ + zqfé_p (N1-7? )} 7)
u

(N+M —-n—-—m-2)!
(N-n—m-2)!

3.2 2 3.2 2
| Xep __ yep  xpo . YpH o, Lz +0(L2j
20'Hq\/l—r2 2GVQ\/1—I"2 60'ﬂqr2\/1—r2 66Vq2\/1—r O, o,

(5)-(8) dan quyidagi tenglikni hosil gilamiz:

d(u,v) =1—§(1 —x7) —g(l—yz) + pO{LJ+
Oy

+P0(LJ+1?0(1 }LO[ ! j+0( ! j+0(p) 9)
G'u o, Gﬂ O-v
(4) va (9) dan ko'rinadiki,
> 2| Ry =) |=|(1 =) D —y2>£+p0( j“’o[ j
2 2 o, o
M — oo da polinomial taksimot ikki o‘lchovli normal tagsimotga yaginlashadi. Uni hisobga

#=0 v=0
olib, 1-lemmadan [4]
1 1
> IR - = | |- D2y L +p0[ j“’()(?j )
%o 0
—7(1 r?) —y—(1 )
xe e (10)

1=0 v=0 —00 =0
(10) dan teorema isboti kelib chigadi.
2-teorema. Aytaylik,

l 2025Nel \ 13 l
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o=Aaq, +a00(min{l, 1 D
JWN +M)pg

N! n m
I, (u,v) = 'm'(N—n—m—Z)aa (I-a,-a,

bo‘ladi. Bu yerda

)N—n—m—2

Il u'le 2a’u 0,96788... a, =min(a,,,), p,=1-«q,

m, n
Isbot. Aytaylik, ;(2 =u’ +v° y= ,u——p Ba Z= U——p

q q
bo'lsin. £ va indeksli yig'indilar
1’ <o, xy =20, (o,= min(c ,,0,))
shartni ganoatlantiruvchi summalarni mos ravishda o, va o, lar bilan belgilaymiz. o, ni
baholaymiz.

4
ZZ(,U —@J I, (1,0) = 36> B M +(6c +1202 — Tt + )M
q

1=0 v=0

o0 o] 4
ZZ(U —@j T, (1,0) = 32 M + (60 +120 T + )M
1=0 v=0 q
bundan ko‘rinadiki,

D O(mov)< ). %H( ,0) = 0( 1] (11)

u?+? >0 u? 220y 0 Oy

Xudd| shunlngdek

- 4ZZy4R(,Lz,U) 3’ BPM* + (6 +12a; — Tt} + o )M x

0~ u n=0v=0
x[1+0[ljj=0[izj )
N o,

> 4222413(#,0) 0[ ) (13)

O-O v u=0 v=0
ni xosil gilamiz. (11)-(13) dan quyidagini olamiz.

< Y Ruv)+ Y M(uv)= O( 1] (14)

Oxirgidan

u2+v 20 u?+v? 20

Endi u2 +v <0, uchun

:ii] d(ﬂ,U)_l [l_Iz(lu:U)

#=0 v=0
ifodadagi g va v larning giymatlarini garaymiz. Bu yerda

| 14 2025/Nel l
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R(u,0) Nl (n+v)(m+ ) 8

d(u,0)= =
) = )~ (N+mlnim!
cn—m—1u—0-2)!
X(N+M nTmTHRTO 2)'05[”05;’(1—051—az)*(M*”*”). (15)
(N-n—-m-2)!

Teorema shartiga ko‘ra N —> va n=dN —oo, m=a,N—>owo
N-m-n=N(1-a,—-a,) >x
(15) da d (1, L) dagi barcha faktoriallar uchun Stirling formulasini qo‘llaymiz.

n'=+2znn"e” (1 + L + O(%)j

12n n

S LS M(H - +o( 2]} (16)
(N+M) (N+M) 12g(N+ M) (N+M)

! e 4
(n+'z)) e ’n’ vp : 2p (147 )2+0[ +v j y
n: \/_q 20,qPN1=r 6qO'

2

xexp{uaﬂx/l—rz +U2ﬂlp(l—r2)} (17)

q

! —H o M 2 4
(’”+'ﬂ)': ¢ ”fWLH Up 2 P (1- r)2+0£ U ]]x
m. Ja q 20ﬂqﬂ1\/l—r 6‘1 O

3 n2
><exp{00ﬂ\/1—r2 +Ué‘j(l—r2)} (18)

q

(N+M-n-m—-u—-v-2)!
(N-n—-m-2)!

= M HVg(N + M) 7 x

3.2 2
(7104 uo ua
x[l _ 1P _ 2P " 1 P "

2Gﬂ\/l—r2q 2GU\/1—r2q 6g O'y\/l—r2

vl p® 1 ( 1 ]
+0 (19)
6q o N1-7° o,
(16)-(19) dan quyidagini olamlz
d(,u,u)=1—§(1—u2)+§(1—02)+

+p0[ij+p0( ! j+0[ ! ]+O(p ) (20)
Gﬂ Gv Gﬂ

(14)va (20) dan ko‘rinadiki,
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2
Oy Oy

02%(1—u2)+§(1—v2)+p0 Lol L

M — oo da polinomial tagsimot ikki olchovli normal gonun bo‘yicha yaginlashadi.

XULOSA
Buni hisobga olib, 1-lemmaga asosan quyidagi o'rinli bo‘ladi [4]

2 2
-3 a2

o= [|Ea-u)+L£a-v*)+po LliolLlvogpe" e @
2 2 loj (o}

2

R 0 0

(21) dan teorema isboti kelib chigadi.
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