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PO OAUH KJAC HEOJHOPIJHHUX BUTIAJJKOBUX I1OJIIB

VY crarTi BBeIEHO KJIaC HEOTHOPIMHUX BHIIAJKOBHX MOJIB, KM € aHAIOrOM Maibke CTalliOHApHHX B
IIMPOKOMY CeHCi BHmagkoBuX mponeciB UBLS. B poGoti peanizoBaHO omepaTopHHI MiIXix 10 BH-
BYCHHS OJHOTO KJIaCy HEOTHOPIMHUX BUMAIKOBHUX MOJiB. Po3pobka KopemsuiiiHoi Teopii Takoro Kiacy
HEOJHOPITHUX TOJIB MOXe OyTH MEpPCIEKTHBHO ISl PO3B’SI3aHHs 0araTOBUMIPHUX TPHKIIAJHHUX 3a-
Jay.

B craThe BBOAUTCS KiIacC HEOAHOPOIHBIX CIydalHBIX IOJEH, SIBIAIOIMXCS aHAJIOIOM IOYTH CTallUo-
HapHBIX B IHPOKOM CMBICIE cIydaiiHeIX mponeccoB UBLS. B pabote peann3oBaH onepaTOpHEIi IO-
JIXOJ1 K U3YYEHHUIO OIHOTO KJlacca HEOJHOPOAHBIX CIIydailHbIX ToJieid. Pa3paboTka KOppensuoHHON Te-
OpHH TaKOTo KJIacca HEOAHOPOAHBIX IOJeH MOXKeT OBITh MepCHEeKTHBHOM ISl PeIIeHHs] MHOTOMEPHBIX
3a7ad.

The paper is devoted to introduce the class of inhomogeneous discrete radom fields. This fields are cor-
respondered a wide sense stationary prcess UBLS. The way for the study of inhomogeneous discrete
radom fields based on the operator methods, was proposed.

Beryn. IcHye Benukuii xiac NpUKIATHUAX 3a1ad4, U SKUX € XapaKTepHOO
CTAQTUCTHYHA HecTalioOHapHiCTh. Hampukiaza, NOIIMPEHHS XBHIb Yy TYpOYJICHTHIN
aTMocdepi, Ipu JOCITiHKEHHI eIeKTPOMAarHiTHUX XBHIIb, SIKi TOMIAPIOIOTHCS TO-
Omu3y 3eMHOT KyJi a00 B i0HOC(epi, aHaIi31 3a/1a4i TaciHHA ab0 3pOCTaHHS ITOBEp-
XHEBHX XBHJIb CHJIBHOIO TYpOYJICHTHICTIO, IIIO CTBOPIOETHCS 00’ €KTOM, SKUH pyxa-
eTbes Ta iHmi. [Ipu po3B’s3aHHI TakMX 3aad BUKOPUCTaHHS MoOJeNel cTarioHap-
HHX BHIIAJKOBHX IPOLECiB a00 OMHOPIIHUX BHIAIKOBHX IIOJIB IPUBOIHUTH O Be-
JIMKHUX TTOXHOOK. ToMy moctae HEOOXiAHICTh Y PO3pOOII KOpEALifHOI Teopii mu-
POKOTO KJIaCy HECTallilOHAPHUX BHUMAIKOBHX (DYHKIIH, sika Oyia O MepCcreKTHBHOIO
IUIsL PO3B’I3aHHS MPUKIIAJHUX 3a]a4, I SKUX CTaTHCTUYHA HECTAlliOHAPHICTh a00
HEOJTHOPITHICTh BIATIOBIAHUX CTaTUCTUYHUX JaHUX ICTOTHA.

AHaJIi3 ocTaHHIX T0CTiTKeHb. [0 1[bOro Yacy po3po0biieHa TOCTAaTHLO MOBHA
KOpeJIsiiiiHa Teopisl OJHOPIHMUX BUIIAIKOBHX IOJIIB, & TAKOXK IOJIB 3 OJHOPITHH-
mu npupocramu [1,2,3]. 1l{ono kopensiuidHOT Teopii iHIIMX KIIaciB HEOTHOPIAHUX
BUIIAJIKOBHUX IOJIiB, TO BOHA PO3BUHYTA Jjulie (parMeHTapHo. B [4] po3risiHyTO
KJIaC TaK 3BaHUX JUCHUIIATHBHUX CBOJIIONINHO 300pakKeHUX MOJIIB, BIAMOBIIHA KO-
pensilliiHa Teopisi 3aCHOBaHA Ha TPUKYTHHX Ta YHIBEPCAIBLHUX MOZENISX CHUCTEM
KOMYTYIOUHX JIMCHUIIATHBHUX orepaTopiB. B po6oTi [S] Oyno posrisiHyTo cremia-
JIBHUN KJIAC HEOJAHOPITHUX JUCKPETHUX IMOJIIB HECKIHYEHHOTO PaHTy HECTalioHap-
HocTi. B [6] po3risganucs Maiike CTaiioHapHi B IMHPOKOMY CEHCI BUIIAIKOBI MPO-
necu UBLS (uniformly bounded linearly stationary: omHOpinHO 0OMeX)eHi JIiHIHHO
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cramionapsi). Ciij BiI3HAYMTH, IO IEH KIac IMIMPINE, HIX KiIac JUCHIATHBHUX
BUIIAJIKOBUX TIPOIIECIB, KU po3risaaBcs B [7]. 3 ypaxyBaHHSIM OOMEKEHOCTI
orepaTopa 3CyBY, 0Jjpa3y MOXXHa OTPHUMATH, 110 KJIaC JUCUIIaTHBHUX BUIIAJJKOBUX
npoueciB BxoauTh 1o kiacy UBLS. Crnix Bia3HaunTH, 1O JiHIMHE NepeTBOPEHHS
JMCUITATHBHOI KPHBOI B TJIbOEPTOBOMY MPOCTOPI BUBOJIUTS II0 KPUBY 3 KJIacy JH-
CUMATUBHUX KPUBUX.

IocTranoBka 3agayi. Bukinkae 3aIikaBiIeHICTh pO3NOBCIOKEHHS pe3yabTa-
TiB poOoTH [6] Ha JesKi KJIacH HEOTHOPIIHUX BUTIIAIKOBHUX MOJIB. BBemeHHs Kitacy
HEOJHOPITHUX BHUITAIKOBHX IIOJIIB, SKUH € aHAJIOTOM Maiibke CTalliOHApHUX B IIH-
pokomy ceHci BumagkoBux mporecie UBLS moxe mpuBecTn A0 pe3yiabTaTHBHOL
KOpEJSALiHHOI Teopii HEOTHOPITHUX BHUIAJKOBUX IOJIB.

Po3p’s13anns. Hexaii u(x, y,a)) — BHIIQJKOBE TI0JIe 3 MaTeMAaTUIHUM OUiKY-
BaHHSAM Mu(x,y,a)) =0, x,yeR, abo x,ye€ZxZ (Z —MHOXWHA IIINX YH-
cem), weQ, ne (Q — IMOBIPHICHHA MPOCTiIp, 1 KOPEIAUIHHOIO (YHKIIEIO
K(ul,uz,vl » Vs ) = Mu(xl ,yl,a))u(xz,yz,a)). Sxmo y Bunaaky x,y € R, xopens-

uiitHa QyHKIls HenepepBHa, TO U (x, y,a)) MOJKHA 3aHYPUTH B TWIILOECPTIB TPOCTIp

H, = kVu (xk .5 ) , 1 Tomi KopersmiiHy (QyHKIIF0 MOKHA 300pa3uTH K CKaJSIPHIHA
N

106yToK y rusbeproBomy mpoctopi K (xi,Xy, ¥, ¥, ) = <u , e Uy,

A0 M0 >Hu
— JBOTIapaMeTPHYHa CiM s elIEMEHTIB Y Tib0epToBOMY MpocTopi /1, , 110 BiAMOBi-

Jla€ IOYaTKOBOMY IIOJIIO u(x, y,a)). Hapami u, , Ha3suBaTUMEMO nogepxueio y 2i-

y
nwbepmosomy npocmopi H, .
IMone u (x, y,a)) HA3UBaTHUMEMO K8A3I00HOPIOHUM, SKIIIO

Ni,N, 2 NNy :

M Z aibju(xi-i-z'l,yj—i-rz) <xyM Z aibju(xl.,yj) , (1)

i,j=1 i,j=1
e 0< y <.
Skmo nosie oHOpiaHE, TO B (1) HEPIBHICTH NEPEXOAUTD B PiBHICTB, 1 ¥ =1.

B Tepminax kopessiuiiinux QyHkuii (1) mepexoauTs B HEPiBHICTh

N, Ny _
K(xl- TTL,Y; +T0,X, + T, +72)ai/-apq <
i,j,p,q=1
N, N _
<y Z K(xi,yj,xp,yq)aijapq. 2
i,j,p,q=1
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Knac takux npouecis nosxauatumemo G, .

Teopema 1. Hexaii u, , €G,

g X>YER,. Tooi v, ,=Bu,,eG,,, deu

qv’ Xy
8i0N08IOHA NosepxHa 6 2inbbepmogomy npocmopi H

., @ B — ninitinuti obopom-
HULL 0OMedceHUll onepamop.
Josedenns. 3 (1) Butikae, mo icHye crana y >0 Taka, 1Mo

Ni,N, 2 NN, ?

M Z aibju(xi+rl,yj+z'2) <M Z aibju(xi,yj)

i,j=lI i,j=1
3 Toro mo B € 00MeXeHHM 1 THIAHUM BUTIKAE, 110

NN, 2 NNy 2
M Z aiij(xi+rl,yj+z'2) =M Z aibjBu(xi+z'1,yj+z'2) <
i.j=1 ij=1
, e 2 5 NNy 2
<[BI" M| X aby(xvry, o) <|BI xM| X abu(x.y;)
i,j=1 i,j=1
e
Ane, u, , =B"v, , 1, 0mKe,
NNy NNy

M Z aibju(xi,yj) S“B_IHZM Z aiij(xi,yj) .

i,j=1 i,j=1
Toni v, , €G,, .
Buactusocrti (1) i (2) o3Ha4aroTh, WO iCHye ABONMapameTpuyHa rpyma 7; ¢

(Tt’su u

vy = Uyss yrs ) OOMEKCHHX ONIEPATOPIB 3CYBY B H, C ”7; dsx, tseR,.

Jema 1. Hexaii T, , — 0éonapamempuuna epyna niHiiHux obmediceHux one-

pamopis y einbbepmosomy npocmopi H, , axa 3adoseonvusc ymosi "Tm <x

Vt,s € R, mooi icuye ninitinuti obmeosicenuti camocnpadicenuii onepamop B,

u’

akuli die ¢ H,, 3 obmedcenum obepreHum B, makuii wo onepamop
-1 . o
U, =B T, (B — ynimapnuii onepamop ¢ H, Vit,seR,.
Hogedenns. Hexait E — MHOXMHA yciX JIIMCHHX OOMexeHHMX (DYHKIIH ABOX

3MiHHHX £,5 2> 0. Busnauumo QyHkiionan p(é (t,s)) :

Ny N
p(&(t.5))=min ELLiié(ak +1,7,+5) |,
ot o Ny N gy =1

e o = (0-130-23...30-N1 )3 T = (Tl,Tz,...,TNZ) — JIOBUJIBHI.
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DynKUis p (é (¢, s)) , 10 OYEBH/IHO, 3a/I0BOJILHSE YMOBAM:

D p(&+n)<p(&)+p(n).
2) p(a§)=ap(§), a>0,
3) a< p(&)<b, sxmo rineku a <&(t,5)<b.
3 1) i 2) Burikae, mwo icHye niniiinuii o6Mexennii pynxkuionan L (&) rtaxui,
mo L(&)< p(&). Kpim Toro, 3 3) orpumaemo, mo 3 ymosu & (1,5) >0 Butikae
p(&)201 p(-£)<0, L(-£)< p(-¢)<0, L(&)=-L(-¢)=0.
3 iHmoro 60Ky
L(é(t+t0,s+so))=L(§(t,s)), Viy,50 2 0.

Hacnpagrni, Hexaii n(t,s) = §(t+t0,s +s0)—§(t,s) . Toni VN,,N,
1 N N

1 -— 1 1
p(n)S——1lim——> > "n(o, +1,7,+s)=

" N, N, t>» N, N, =4
1 25%Oo 1 2 k=11=1

L lg—=11 N
= — — lim —— 1+, - 1, .
N NZZ%ONl N, ;§[§(6k+ +1y, T, +5+5y)—E (0 +1,7, +5)]

UYepes Te 1wo
E(op +t+1y,1+5+50)—E(o +1,1,+5) =& (0 +1+1,T, +5+5)) —
(o +t+1y,7+5)+E (o +i+1y,7,+5)—E (0 +1,7, +5),

TO
1 N Ny

p(n)SL—EZZ§(Gk g, Ty +S+S0 )= E(Op A1y, T +5)+
Ny N, I k=li=1

11 —q&
+——1im Y > E(oy +t+1y,7,+5)—E(0, +1,7,+5).
Ny N, (2 k=11=1
OGepemo oy =(k—1)ty, 7, =(I-1)s,, TOAi HEBAXKKO MOKA3ATH, IIIO
4max {N,, N,} max |
<
p(n)< N, :

Yepes crpaseumisicTs ouinku VN, N, Butikae p(17)<0.

AHAJIOTMYHO MOXKHA ITOKA3aTH, 10 p(—n) <0.Toxi

L(n)=-L(-n)2-p(-n)20, L(n)=0.
Oyuxuionan L (&) sagoonsnse ymosi L(1)=1. Hacnpasni, depes Te, 1m0
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p()=1, p(-1)=-1,10 L(1)<1i-L(-1)=L(1)=2-p(-1)=1.
3 TOHATTA ,,y3aranbHeHoi rpaHuui” Uit (QYHKIIH MOXHA BU3HAYHUTH ,,y3a-

rajbHEHY 'PaHuUII0” I OCIIIOBHOCTEH {f (n, m)} 3 BJIACTUBOCTSIMU:

a) L(aé(n,m)+b17(n,m)) = aL(§ (n,m)) +bL (n(n,m)) ,

6) L(é(n,m)) > 0, sIKIIO0 é(n,m) >0,

6) L(é(n+n0,m+m0)) =L(§(n,m)), ng,my 20,

2) L(1)=1.

3ayeasicenns. MoxHa ~ BU3HAYMTU L(§ (n,m)) K L(§ (t,s)) ,  ze
é(t,s) =§([l],[s]), [¢],[s] — 1inmi wacTuHU ¢,s BiAMOBITHO.

Hexait f,g —enementn 3 H , TOHI TOCTiJOBHICTb

é‘(n,m) = (T(n,m)f,T(n,m)g) oOMekeHa, |§ (n,m)| <c? ||f||||g|| ,c>0.
BusnaunMo epMiToBO-OiLMiHIHHY (QopMy <f,g> = L(T(n,m)f,T(n,m)g).

Tonxi MaeMo

1, remys _freems]

¢ Jrn-mr(nmy] 1]

3 yMOB @), 6), 8) OTpEMaEMO, IO

1
 UIRE

3acTOCOBYIOUH BiIOMY TeopeMy Ipo oOMekeHi OuiHilHI Gopmu, OTpUMaeMo,
IO iCHyE caMoCIpshKeHHH oOMekeHHH omneparop A, skuil aie B H 1 Takuii, mo

(f.g)=(4f.2).

OmnepaTtop A , OYEBHUIHO, 33I0BOJIbHSE YMOBI

1
—21£ASczl.
C

3 inmoro 60Ky, 3 8) BUTIKae, M0
(AT (hy,hy) f.T (hohy) g )= L(T (B +nhy +m) £, (h +n,hy +m) g ) =
:L(T(n,m)f,T(n,m)g) :(Af,g) s
TOOTO

[T (h.hy)] AT ()= 4. 3)
1

5 o1 1 _
Hexaii B= A2, tomi —I <B<cl i —1<B™' <cI.3(3) orpumaemo, mo
¢ ¢
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B! ([T(hl,hz )T BBT(hl,hz))B’l =B"'(BB)B' =

= (BT (1) B™'Y (BT (1) B ) =1
Lie o3nauae, mo oneparop U (fy,hy, )= BT (h,h,)B™" ynitapnuii.
BayBaxumo, o My joenu ynitapuicts U (hy,hy), xoma hy,hy >0 . Skmo

hy,h, <0, TO
-1

U (hy,hy) =BT (hy,h,) B~ = BT (<hy,~h,) B~ = (BT (<, ~h,) B ) " ;
OTXe, B IIboMY BUIAIKy U (hl , hz) TaKOX YHITapHHU.

Sxmo # 20,4k, <0, 10
U (h,hy)= BT (h,0)T(0,h,) B~ =[ BT (h,0)B™" |[ BT(0,,) B |,

TOOTO i B IbOMY BHIIAAKY oniepatop U (hl, hz) yHiTapHUi. JlemMa noBeneHa.

Teopema 2. Hexaii v, , €G,

o %Yy €R,. Tooi icnye oonopione none u, , i

N
NiHIHUL 0O Medicenuli camocnpsadicenuil onepamop B, axuii die 6 H,,, 3 obmedice-

-1 o _
Hum ooepnenum B, makuii wo v, , = Bu, .

Hosedenna. Yepes te wo v, , € G

4v » TO JIBOTIApDaMETPHYHA CiM’s OIIepaTopiB

3cyBy 1, ; YTBOPIOIOTh JBOMAPAMETPUYHY IPYITy JiHIHHMX OOMEKEHUX ONEPATOPiB
y rims6eproBomy mpoctopi H, i v, , =T, v, (0). Toxi 3a nemoro, icHye miHiii-
HUI oOMeXeHul camoclpsbkeHuil onepatop B, skuil nie B H, , 3 o0MexeHUM
obOepHEeHIM B!, Takuit mo oreparop U, ¢ :Bfth’sB — yHITapHHH omepaTop B

H, Vt,seR,. Hexaii u,, BU3HAYAETBCA  HACTYNIHUM  YHHOM:

Ury = Ut,sB_lvxﬂy (0). Toxi
v, =T, v, (0)=BU, B v, (0)=Bu

t,sVx,y X,y

Jema 2. Hexau z(n,m) — bine ouckpemue noze, moomo Mz(n,m) =0, a

Mz(m,n)z(p,q)=5mn “0, - Hexau B — ninitinuii onepamop 6 L, =V z(n,m)

(L, ninitina obononka z(n,m)) i B|z(n,m)|2 :B"z(n,m)"2 <C, C>0. Tooi

B mooice bymu poswupenum 0o odomedxcenozo onepamopa 6 L: = H _ .
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n,m
Hoeeoenns. Hexaii z(n,m)z Z al-’jz(i,j) e enementoM L_. Toxi TBep-
i,j=1
JOKEHHS JIEMH BUTIKa€ 3 HEPIBHOCTI
2

n,m

Zal/Ble
i,j=1

nZ‘:M|a Ble| <CZ| 11| —CM|Z|

i,j=1 i,j=1

M|Bz(n m |2 =M

1 oOMexXeHicTeb B o4yeBHIHA.

Teopema 3. Hexaii duckpemue unaokoge noie mMae u2isio

u(n,m)= i h(n—p,m-q)g(p.q)w(p.q), )

Prg=—o

de w(n,m) — ouckpemuuii 6inuil wym ma icuyloms 06i koncmanmu C; i C,
. 2 .
maxi, wo C1S|g(p,q)| <GC,. Tooi u(n,m)equ.

,ZZOGQ()@HH}I. 3a 03HaYCHHAM u(n,m) MaeEMO

NNy 2 NNy NN — -
M|y abu(n+pm+q) =D apa,bqbsMu (n+pm+q)u(n+r.m+s)=
p.q=1 p.q=l r.s=1
© 5 NN NNy .
= 2 |g(p+n,q+m| Z Z aparbqbsh n— p,m—q)h(n—r,m—s).
Psq=—o p.q=1 r,s=1
Yepes Te, 1110
Ni,Np Ni,N, MLV 2
z aparbqbgh n—p,m—q)h(n—r,m—s)= z a,b,h(n-p,m-q) 20,
p.q=l rs=1 p.q=1
Ta

2 _ lg(p+mg+m)|g(p.q)’

|g(p+n,q+m)| > SC2C1_1|g(P,C])|2,
l2(p.9)|
MaeMo
NNy ?
M Z a,bu(n+p,m+q) <
P.q=1
Nl Ny NNy -
SCsz Z |g D, q| Z aparbqbsh n— p,m—q)h(n—r,m—s):
P,g=—0 p.q=l r,s=1
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Ni,Ny 2

=C,C'M z apbqu(n+p,m+q)
Pq=1
Orxe, u(n,m)e qu.

Teopema 4. Hexatl none mac euensno
u(x,y)=[[h(x=&y-n)2(&n)dz(En),

oe Z(f,n) — noze 3 opmo2oHarbHuMu npupicmamu 3 M |Z(§,17)|2 =dxdy ma ic-

Hytomo 06i koucmawmu C, i C, maki, wo C1§|g(§’n)|2 <C,. Tooi

u(x,y) € qu.
Jlosedenns. Maemo
NNy ? ® 5 |NNa :
M|y a,bu(x+p,y+q) =.”|g(§+p,7]+q)| > a,b,h(x—=p,y—q)| dpdg.
p-q=1 —© pyq=l

[Monanpuii MipKyBaHHS aHaJIOTi4HI MipKYBaHHSIM NP JJOBE/ICHHI TEOpeMH 3.

BucHOBKH. Y CTaTTi BBEIEHO KJIaC HEOJHOPIAHUX BHITAIKOBHX MOJIB, SIKUH €
aHAJIOTOM MaiDKe CTaliOHApHHUX B IMIMPOKOMY CEHCi BHMaakoBuX mporecis UBLS.
B poboTi peamizoBaHO onepaTOpHUI MiAXix 10 BUBUYEHHS OTHOTO KJIacy HEOIHOPI-
THUX BHUITAKOBHX TONiB. Bimznaunmo, skmio asa UBLS mons HekopenboBaHi, TO
cyMma i 1oOyTok Takux moiiB Takox € UBLS monem. Ha mpoMy muisixy MoKIHBO
OTpPUMAaHHS KaHOHIYHHUX 300pa’keHb IOJIB Yy BHTIISNAI CYNEpPHO3HIIH ,.elleMeHTap-
HUX” HekopenboBaHuX UBLS momiB. Po3poOka kopersmiiiHoi Teopii Takoro Kiacy
HEOJHOPITHUX TOJIB MOXE OYTH IEpCIIeKTHBHOIO IJISi PO3B’SI3aHHA OaraToOBUMIp-
HUX MPUKIAJHUX 3aad.
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