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s nepemeopenv @yp’e wacmunnux po3noodinié po3e’sa3Kie GeKMOPHUX DISHUYEGUX JIHIUHUX DIGHAHL 3
sUNaokosuMu KoeQiyicumamu, wo € aauyioeamu Mapkosa i3 CKiHUeHHUM YUCIOM CMAHI8, BUBOOAMbCA
PEKYPEHMHI DIBHAHHS.

Krrouosi cnosa: nepemeopenns @yp’e, pisnuyege pisHanHs, 6Unadkogi koegiyienmu, ranyioe Mapxosa.

For the Fourier transform partial distributions of solutions vector linear difference equations with
random coefficients, which is a Markov chain with a finite number of states, derived recurrence equations. In
cases where there is partial density distributions shown that a recurrence equation for the Fourier transform
of distributions may receive partial recursive equation for the density. We study also the case when solutions
of difference equations with random coefficients exist moments. We also show that a recurrence equations
Fourier transform partial distributions of that solutions resulting equation for the first order moment of
sequences and recurrence equation for the dispersion matrices. The work received partial recursive equation
for characteristic functions of vector sequence of random variables that are solutions of linear difference
equations with Markov coefficients and recurrence equation for partial points of the first and second order
vector quantities that satisfy a linear difference equation of the general form of the coefficients dependent on
two consecutive values of random variables is a Markov chain with a finite number of states.

Key Words: Fourier transform, difference equation, random coefficients, Markov chain.

CratTiOo IpeacTaBuB A.¢.-M.H., ipod. Xycainos ..

HocmixenassM  mpomeciB, mo onucyorses KopeniBecekoro [1]. Jlns  miHIMHMX —pi3HUIEBHX
pPI3HMIIEBUMH  DIBHIHHSAMH 3  BHIIAAKOBUMH pIBHSHBb 3 MapKOBCBKMMH Koe(imieHTamu OTpHMaHi
koedinienramn 3aiimamucs K.I'. Banees [5], II. pexypentHi PiBHSHHS JULSL YMOBHUX
I'ixman, [LJI. [Ixxannanosa, JI.I'. KopeniBceknii [1] Ta  XapakTepucTHUHUX (QYHKIIH, MOKa3aHO, IO IIi

iami. B po6orax K.I'. BaneeBa oxepsxaHi pekypeHTHI
pIBHSHHS A7 YaCTHHHUX MOMEHTIB IIEpPIIOTO Ta
JPYTOTO TMOPSIKIB JUIS IESKNAX JIHIHHUX PiBHSIHB.

B nmamiii po6oTi AOCHIMKYIOTBCS MPOOIEeMHU
moOy/IOBM PEKYPEHTHHX pIBHSHb JJISI 3arajlbHUX
NiHIWHAX PIBHSIHB 3 BUMAAKOBUMH Koe]ilieHTammu.
Ilokazano, m0 A XapakTePUCTHYHUX (YHKIIH
JMHIAHUX PI3HUIEBUX PIBHSAHb MAlOTh MiCIle HEBHI
peKypeHTHi CIiBBiTHOLICHHS, K1 MOXKHA
BUKOPHCTATH JUISI OTPUMAHHS PEKyPEHTHHUX PiBHSIHb
MOMEHTHUX (YHKIIH BUIaIKOBUX BeKTOpiB. JIiHiiHI
nudepeHIiaNbHi 1 pi3HUIEBI  pIBHAHHA 3
BHUIIAJKOBUMH  KOE(]iIlieHTaMH  pO3TISAaINCh B
poborax K.I'. Baneesa [5], B.C Kopomroka [2], ..
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PEeKypeHTHI pIBHSHHS MOXXHA BUKOPHUCTATH IS
OTPHMaHHs PEKypEeHTHUX PIBHSIHD IS MOMEHTHHX
¢yHKIi  mepmioro  Ta  JAPYroro  MOPSAIKIB.
AHaJOTi{YHUM YHHOM MOXHA OTPHMATH PEKypPEHTHI
PIBHSHHS 171 MOMEHTIB BUIIUX MTOPSA/IKIB.
Hexaii mocninoBnicte X, ER™ 3HaXOAUTHCA i3
PO3B’ 3Ky PI3HHLIEBOTO PiBHSHHS
Xn+1 = A(§n+1:§n)Xn’ Xo =Z;os (1)
ne E,,k=0,..,n, MOCTIIOBHICTh BUIAJKOBUX
BEJIMYMH, 10 NMPHHMAIOTh CKiHUYEHE YUCIIO 3HAYEHb
0,,...8,, 1 yTBOPIOIOTH MapKOBCBKHMIl JAHIIOT 3

HMOBIpHOCTSIMHU nepexony
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m, =P{E =05 =07}, T, — Bumagkosuii BekTOp

i3 R™, mo He 3anexuts Bix Benuuud §,,k =0,...,n,
A(9,,6,) —Bigomi MaTpui.
Hexait
F;{(l’l,x) = P{Xn < x’%n = ek}a
Je X — BEKTOp i3 R" 3 KOMIIOHEHTaMH X,,...,X,,
oig moxmiero {X <x} OyaemMo pO3yMiTH MOZiI0
{X, <X, 4X,

n,
X,.

n

<x,}, X, — KOMIIOHEHTH BEKTOpa

IleperBopenns  Dyp’e  yHKmii

HO3HaYUMO 4epe3 ¢, (n,t), To0TO

@ (I’l,t) = fexp{i(t,x)} dF}{ (l’l,X).

R™

£ (n,x)

2)

q 7
@, (n+1,6) = Zn,mfcps (n,(A;t + EB;\_uj)t) dF, (u,,...,u,),
§= R J=1

Ae Ak\‘ = A(ek’es)i’ Bjks = B] (ek’es)’
F(uy,..,u,)=PM, <u,.m, <u}.

P{Xn+l < x,%

n+l

s
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Hexai pami nocmizoBHicTh X, € PO3B’A3KOM

PI3HUIIEBOTO PIBHAHHS
Xn+l = A(E:Hl ’En )Xn + E Bj (Erﬁl ’En )nann >
7=

Xo = C()a
ne §, — BUNAAKOBI BenM4MHHM, Taki xk sk i B (1).

3)

Bexropn 1,k =0,..,n, ne M =M, ,...M, ), €
MMOCHIIOBHICTG HE3AIEKHHX BEIWYHH, [0 HE
3alexaTh Bin §, 1 BiIl BHIAZKOBOrO BEKTOpa (.
A(6,,6,),B,(6,,0,) — matpuLi posmipHoCTi 7 X mn.

Teopema 1. Jlns meperBopenHs Pyp’e ¢yHKHiT
P{X,<x,§,=0,}=F,/(nx) mMac Micue peKypeHTHe
PIBHSIHHS

“

Jloseoenns.
OCKIIbKH

q
=ek} = EP{XU+1 <x’En+l =ek’§n =es} =

J=1

=2 IP{(A(EWE»H])"' sz(En’EnH)uj)Xn’%nH =ek’§n =6S}dF;l(u1"“’ur)7

P%«a@J+2&@£Mw»&<maemgfﬂ}=%P¥%+§%ﬂ»&<%,

TO

g —
F (n+1,x)= 2 T, [ PLA X, < X}dF, (uy.....0,),
S= R"

,
ne A, =4, + EBJ.AS u;, 3BIIKH
=

q

@, (n+1,x) = EthSfcpk(n,Z,fst)dﬂ (.t
=«

5

10 1 MoTpiOHO OyJI0 MOKa3aTH.
[Ipunyctumo, mo G — BHMipHa MHOXHHA i3

R", a byHKIis
w,(G)=P{x, EG,E, =6,} abcomoTHO HenepepBHa

OpoCTOpy

BisHOCHO Mipu JlebGera juis Beskoro n i k=1,q.

Toni nns mipu p , (G) Mae Micue piBHICTb
14 (G) = [ 1,(n,2)d,
G

ne f,(n,x) — BumipHi 3a Jleberom QyHKIii, ki
Ha3B€MO YACTUHHUMH INIJTBHOCTAMH  PO3MOALTY

BEKTOPHOI BenuuuHu X . 3ayBaXHMO, LIO SKIIO

ICHYIOTh YaCTHHHI HIUIBHOCTI PO3MOAUTY, TO ICHYE i
IUIBHICTE PO3IOILTY BEKTOpa X, , AKy MO3HAYMMO

£(n,x),
fmw=§ﬂmm.

Teopema 2. [Ipumyctumo, mo iCHyIOTh YaCTHHHI
OIUTBHOCTI po3mofiry. Toai BOHH 3aT0BOJIBHSIOTH
PEKypEeHTHOMY PiBHSHHIO

fi(n+1,x)=

=S, [ £ A7) [det 4, | dF, (1.t
s=l R

yepes MpUYOMY Ma€ Micle piBHICTH

)

Jloseoenmns.
OCKIIbKH

¢, (n+1,0)= fexp {i(t, %)} f, (n+1,x)dx,

R™
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o, (n, A1) = fexp {i( A t,)} f.(n,x)dx =

= [expli(t, 4.x)}f, (n,x)dx,

R

TO MICJIS 3aMIiHM 3MIHHHX V = A, x OlepKUMO, 10

[ 0.0, ANdF, (1,n,) = [expli(t,2)} [ [(n, A x)|det 4,
R" R" R"

TO 13 PEKypeHTHOro piBHAHHI (5) oAepKHMO
HEOOXIIHE CITIBBIHOIIECHHS.

Hacaigok. Hexaii Bextop X, € po3B’sa3K0M
PIBHSIHHS

Xn+1 =Xn+A(§n+1’§n)Xn’ XO =C0’
Ta y BHIIQJKOBOTO BEKTOpa C, ICHY€ IIIIBHICTD

po3moIily, NPUYOMY MaTpuui A, HEBLI €MHO
Bu3HaueHi. Toxi ICHYIOTh YAaCTHHHI MIUIBHOCTI
po3moainy, fKi MOXyThb OyTH BH3HaueHi i3

PEKYPEHTHOTO PiBHSIHHS
q
fi(n+1,x)= Efs(n,(E +4,.)"'x)det(E + A,).
s=1

[Tosnauumo jami wepes m,(n) Ta D, (n)

BIZMMOBITHO BEIUYNHU

my (n)= fXdE( (n,x),

o
D,(n)= f xx"dF, (n,x).
o
Teepaxenns 1. [Ipunyctumo, mo y piBHAHHI (3)

JUISL BUNAJAKOBUX BEIMYHH 1), ., ] =1,7,C, icHyIOTh

MOMEHTH IIepIIoro Ta aApyroro mopsakiB. Toxi y
BeKTOpa X, TaKOX ICHyIOTb MOMEHTH IIEPIIOrO Ta

JPYTOTO MOPSIKIB, 716 MAaIOTh MiCIle PiBHOCTI

Ex(n) = imm),

Ex(n)x*(n) = ka (n).

JloBeeHHS 1IOTO TBEPXKEHHS JIETKO OJepXKaTh
13 THX MIpKyBaHb, III0 PIBHAHHSA € JIHIHHUM Ta HOTO
PO3B’SI30K Ma€ BUTIIS

X, - H(A(a 2+ PG, )co,

a TaKOX 13 pIBHOCTI
q
PLY, <x}= 3 F (1.0).
=

my (n)

cepenniMu, a D, (n) — 9aCTUHHMMH JUCHEPCIHHUMU

BeKTOpI/I Ha3BEMO YaCTUHHHUMHU

MaTpuiiaMu.
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o, (n, A1) = fexp {i(t, A, x)} f.(n,x)dx =

= fexp{i(t,v)}fs(n,z,:v)‘detst‘dv.
H
Bpaxosyrouu, 1o

dF (u,,...,u, )dx,

Teopema 3. Hexaii X, € po3B’sA3KOM DPiBHSAHHS
(3) Ta En,, = 0. Toxi yacTuHHI cepenHi Ta YaCTHHHI

JVCTIEPCiifHI MaTpHIli 33JOBOJBHIIOTh PEKyPEHTHUM
PIBHSHHSIM

my(n+1) = iA,mms (). m(0)=ECyp,,  (6)

q
D (n+1)= E 7, (A, D (n) A4 +
s=1

(7)
+EBi,‘,SDs (n)B;ﬁ Enmnjn’ Dk (0) = ECOCSPV
-
Jloseoenmns.
OCKIIbKH
d .
—Cpk (n,t+'[7V) = l(mk(n),v),
d‘c t=0,t=0
82
nt+T Vv +TV =—(D (n)v,,v,),
e BT AT =D

TO 13 peKypeHTHOT0 piBHAHHSA (4) 0JIepKUMO, 1110
d
—@, (n+1t+tv)=
1Ol )

q f—
=Y, dicpk(n,A;(t+‘cv)dE1(u],...,ur),
. .

s=1 R"
2

g (n+Lt+Ty +7T,v,) =
Jt, 0T,

q 2
=27 f o,

s=1 R
3ayBaxuMo, 110

@, (n,Z,; (t+TV, +rzv2))dﬂ (U yeentt).

L n A+ )
dT =0

= (¢, (n, A1), Av) = (A0 (1, AL0),v).
I3 ymoBu @) (n,0) =im (n) omepxumo HOTPiOHY

PIBHICTB ISl YaCTHHHUX cepeHiX. OCKITbKU
2

®, (n,Z;(t +TV, +T,V,)) =

dt,dt,
= (cp;’(n,Z;(t +TV, + tzvz))Z/;vl,Z;vz) =
=(A4,9.(n, 4, (t +TV, +T,v,) A4V, V,)
i @/(n,0)=-D,(n), To BpaxoByw4YH Wi BHpa3U
OJIEpP’)KUMO peKypeHTHE piBHSIHHSA (7).
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3ayBaXeHHSA. AHAJOTIYHHM UYHHOM MOXHa
OTPUMATH PEKYPEHTHI PiBHAHHS IS HEOTHOPIIHUX
JHIAHUX PIBHSIHD 3 MAPKOBCHKUMH KOe(illi€HTaMH.
B poGori Oyno oTpuMaHO pPEKypeHTHi
PIBHSHHS I YacTKOBHX XapaKTePUCTHYHUX
(GYHKIIH MOCTiIOBHOCTI BEKTOPHUX BHITQIKOBHX
BEIWYNH, IO €  PO3B’S3KaMU  JHIHHUX
Pi3HUIIEBUX piBHSHB 3 MapKOBCBKUMH
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KoeQillieHTaMH Ta pPEeKypPeHTHI pIBHSHHA A
YaCTKOBHX MOMEHTIB IEepHIOro Ta JAPYroro
MOPAIKY BEKTOPHHUX BEJIMYUH, 10
3aJ0BOJILHIIOTE JHHIAHAM pi3HHIIEBUM
PIBHSHHSM 3arajlbHOTO BUTJISAY 3 Koe(ilieHTaMH
3aJeKHUMH Big JBOX TIOCHIJIOBHMX 3HA4€Hb
BUIMAJAKOBUX BEJIMYMH, M0 € JIAHIFOTaMu
MapxkoBa 3 KiHIIEBUM YHCJIIOM CTaHIB.
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