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PaccmarpuBaercs onHa JMHENHAas HEONHOPOAHAs IByXNapaMEeTpU4ecKas AMCKPETHas CUCTEMa
JpoOHOTO MOpsAIKa, IPUYEM IPAaHUYHOE YCIOBHUE SBIAETCS pelleHueM aHanora 3agaun Komm qns
JIMHEHHOTO OOBIKHOBEHHOI'O pa3HOCTHOro ypaBHeHHs. KoadduumeHtamu ypaBHEHHs SIBISIFOTCS,
3aJjaHHble JUCKpETHbIe MaTpull-QyHKuMU. BBens ananor marpunpl PumMana moiydeHsl pejcTaB-
JICHHs pelIeHHi paccMaTpuBaeMoil kpaeBoi 3agauu. OTMETHM, 4TO MOJIyYEHHBIN pe3yapTaT urpa-
€T CYIIECTBEHHBIH POJIb B JTMHEHHOM Cilydae AJsl yCTAHOBIJICHHUS HEOOXOIMMOTO M JOCTATOYHOTO
YCIIOBUSI ONTHMAaJIBHOCTH B (hopMe MpUHIUIA MakcuMyMa [ToHTpsriHa, a Takxke B 00IeM cirydae
JUTSL MICCIIEIOBAHMUSI 0CO0O0TO YIPaBICHMS B JUCKPETHBIX 33/1a49aX ONTHMAJIbHOTO YNPABICHUS CH-

ctemamMu 2D npoOHBIMH TIOPSIIKaMHU.

Karwuesble cinoBa: 2D nunetinvix cucmem opobHoco nopsoka; 0podoHas cymma, anaioe Mampuy

Pumana; npeocmaenenus pewenuil.
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BBeaenue

K HacToseMy BpeMeHH psSIOM aBTOPOB
W3yYeHBl paszliudHble cBoiicTBa 2D mMHEHHBIX
CHCTEM, ONHCHIBAEMBIX Pa3HOCTHBIMH ypaB-
HEHHUsIMU JIpoOHOro Topsiaka [1-3] u ap.

B mpennaraemoii pabote HEKOTOpPHIE UAEU
pabot [4], ucronp3yroTCs A PeUIeHHs JTHHEH-
HBIX HEOJHOPOJHBIX pa3HOCTHBIX YpaBHEHUI
JIpOOHOrO MOpPSAKA U YCTAHOBJIEHBI HPE/ICTaBIIe-
HUS pElIeHU B IBHOM BUJIE.
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2. ITocTaHOBKA 3a1a4YU

Paccmotpum  cucremy 2D nmHeiHBIX
ypaBHEHUI IPOOHOTO MOPSAKA X :

A*z(t+1,x+1) = At x)z(t, x)+ B(t, x)z(t +1,x)+
+C(t, x)z(t, x+1)+ (t,x), (1)

2(ty, x)=a(x), x=Xg, %Xy +L00, X ,

2(t,x,)=b(t), t=ty,t, +1...t;,

a(x, )=bty). 2

3mecs A(t,x), B(t,x), C(t,x) — 3amannsre

(n X n) -MEpHBIE TUCKPETHBIE (YHKITIH, g(t, X)—
3amaHHas N-MepHas TUCKpeTHas (QyHKIW, b(t)
— 3aJaHHAasl TUCKPETHAs BEKTOpHAs (YHKIIWS, a
a(x)— N -MepHasi BEKTOP-QYHKIHSL, SBIISIOLIAICS
pelIeHrneM JTNHEHHOTO pa3HOCTHOTO YPaBHEHHS

a(x+1)=D(x)a(x)+ g(x), xe X,
a(x,)=a,.

Tpebyercss HalTH TpeACTaBlICHHE pellie-
HHSI CHCTEMBI YpaBHEHU#t ApoOHOro mopsiaka (1)—
(3) uepe3 ananor marpuia Pumana.
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3. IIpeacraBieHne pemieHUs

I[lyctp O0<a<l um pu=1-«@, mpuUMEeHUM

A™* obeum croporam ypasHeHus (1).
A‘“( “7(t+1,x +1)):
A (Al x)z(t, x)+ A (Bt x)z(t +1x)+  (4)
A (C(t, x)z(t, x +1)+ f(t,x)).
Tenepb paccMOTPHM BBIPAXKEHHE
AN 2(t+1,x +1)

YuuThiBas CBOMCTBa ONEpaTOpPOB APOOHOM
CyMMBI W JApOOHOW pa3HOCTH  TPOBEIEM
crenyrolye npeodpa3oBaHus:
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[Ipuaumast B0 BHUMaHHE ToxaecTBa (5)—
(7) B (4) 6ynem umeth
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Ter[epb MpEAIOJIOXKUM, 4qTo

R, (t—l,x—l; j,s) SBJIIETCA PELIEHUEM CIIENYIO-
IIeu 3a1a4u.
R, (t-1,x-1 j,s)A(j,s)=
=R, (t-1x-1j-1s)B(j-1s)-
~-R,(t-1,x-1 j,s-1)C(j,s-1),
j=t-1...t,,s=x-1..,%,
R,(t,xt-1,x-1)=E.

Torma u3 Toxaectsa (8) ciaenyer yro,

) (jvxo —1)Z(j,X0)+

SR (t-1x-1; j, % —

[IpuruMas Bo BHUMaHue (2) mpeacTaBiie-
Hus (8) MOXKHO 3aIIMCaTh B BUJIE:

2(t,x)=a(x, )+

+§Ra(t—1,x—1; J:%=1)C(i. % ~1b(j)+
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H3zBecTHO, 4TO a(x) pelleHus JIMHEHHBIX

HEOJTHOPOJHBIX ypaBHeHMH B Buje (3) U 3TO pe-
IICHUE OTPeIesIeTCs B ClIeayIomeM Bue [5—6]:

Z@xs

S=X,

a(x)=d(x,x, ~1)a ) (10)

GyHKIHS (D(X, S)
SIBJIICTCS PEIICHUEM CIIE/yIOIIeH 3aJauH:
®(x,s —1)=(x,s)D(s),
®(x,x-1)=E.
E — nxn-mepHas eIMHUYHAS MATPHUIIA.
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Otcrofa, MCHONb3ys JUCKPETHBIM aHaJor
JIByMepHBIN teMMbl OyOuHu [7], umeeM
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2(t,x)=a(x, )+

t-1
+ZRa(t—1, X1 j,% ~1)C(j,%, ~1p(j) +

it

X-1
+ )R, (t-1x=Lt, -1 5)B(t, L s)o(s,x, ~Lalx, )+

X-1 x-1

+ Y'Y R (t-1x-Lit, ~1)Blt, ~L ol S)als)+

§=Xo 7=5
t-1 x-1
+3 YR (t-1x-1 j,s)f(j,s) (12)
j=to =Xq
Takum 00pa3om, 10Ka3aHO ClIETyIOIIEE:
Teopema. Pemenue Z(t,x) CHUCTEMBI JIH-

HelHbIX 2D-pa3HOCTHBIX ypaBHEHHI IPOOHOTO
nopsiaka (1)—(3) momyckaer mpejicTaBiIeHHE B
Buze (11).
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Representation of a solution for a system
of linear inhomogeneous two-dimensional
difference equations of fractional order
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One linear inhomogeneous two-parameter discrete fractional system is considered, and the
boundary condition is a solution of an analogue of the Cauchy problem for a linear ordinary
difference equation. Equation coefficients are given by discrete matrix functions. By introduc-
ing an analogue of the Riemann matrix, representations of solutions of the considered bounda-
ry value problem are obtained. Note that the result obtained plays an essential role in the line-
ar case for establishing a necessary and sufficient optimality condition in the form of the
Pontryagin maximum principle, and also in the general case for studying special control in
discrete optimal control problems for systems of 2D fractional orders.

Keywords: 2D-linear fractional order system; fractional sum; analogue of Riemann matri-

ces; representation of solutions.



