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AHHoOTanus. PaccMaTpuBaeTcsl 0/jHa JIMHeHHasi HEOAHOPO/HAsl ByXNapaMeTpU4ecKas JUCKPeTHas CUCTeMa
ypaBHeHuUH Tuna Poccepa, mpuyeM rpaHUYHOE YCI0BUE SIBJSIETCS pellleHueM aHajiora 3aaud Kowwu ais iuHeitHoro
O0GBIKHOBEHHOI'0 pa3HOCTHOTO ypaBHeHUs. KoaddunpeHTaMu ypaBHeHHS SIBJSIOTCS 3aZjlaHHBIE JUCKPETHBIE MATPHII-
byHkiuu. PaccmaTpuBaeMasl 3aZjaua npesCcTaBsieT co60il JUCKPETHBINA aHaJIor 334U, OMKUChIBAEMOM JIMHEHHBIMU
JIByXNapaMeTpUYeCKUMHU AuddepeHINaNbHBIME YPAaBHEHUSIMA YacTHBIMU NPOU3BOJHBIMH THNa Poccepa. Beens
aHaJIOT MaTpUllbl PUMaHa, MoJyynd Npe/CTAaBJeHUs pPelleHni paccMaTprMBaeMoil KpaeBoi 3aja4yu. Kak n3BecTHoO,
JIMHeWHble JByXlapaMeTpU4YecKue pa3HOCTHble ypaBHEHUs] BOZHUKAIOT, HAPUMep, [IPH YHMCIeHHOM HHTerpupoBa-
HUHM YaCTHBIX NPOU3BOAHBIX AUPPepeHaNbHbIX YpaBHeHUH. KpoMe 3TOTro, oslyyeHHBIH pe3yJbTaT UI'PAET Cylle-
CTBEHHYI0 POJib B INHEWHOM cJy4ae /Jisl YCTaHOBJIEHUs] HEOOX0AMMOr0 U JOCTATOYHOTO YCJAOBUSI ONTUMAIbHOCTH B
¢dopMe npuHIMIA MaKCUMyMa [IOHTPATHHA, a TaKXKe B 001IeM C/Iydae JiJist UCCIeJOBaHUs 0COBOT0 YIIpaBJeHUs B JIUC-
KpPeTHBIX 3ajlauyax ONTHMa/bHOTO yNpaBJeHUs cucteMaMu Poccepa. [103TOMy yCTaHOBJIEHHBIH pe3yJbTaT MOXKHO
CYUTATh TaKXKe BKJIaIOM TEOPHH 33/ja4 ONTHMAJbHOIO yIpaBJieHus cucTeMaMu Poccepa.

KiroueBble cjI0Ba: cucTeMa THUIla Poccepa, npeacraBJIeHUA DEMEHHﬁ, JIMHelHOoe Pa3HOCTHOE YpaBHEHHE.

Kak u3BecTHO, IpH BbIBOJIe HEOOXOJUMBIX YCIOBUM ONTHMa/JbHOCTH CYIIECTBEHHYIO POJib UTPAIOT
dbopMyJIbl peCTaBIEHUS PellleHU COOTBETCTBYIOIIUX JIUHEAPU30BaHHBIX cUcTeM [1-5].

Hcxopns u3 atoro, paboTa MocBsiLieHA BONPOCAaM, CBSI3aHHBIM C NPEeJCTABJIEHUEM pellleHUH, IMHeH-
HBIX HEO/JTHOPO/IHBIX CUCTEM ypaBHeHMH Tuna Poccepa.

1. locmaHoeka 3adayvu. PaccMOTpUM CUCTEMY YpaBHEHUH

Z(¢ +1L,x +1) = A(t, x)z(t, x)+ B(t, x)z(t +1,x) +
+C(t,x)z(t,x +1)+ f(t,x),

z(to,x)z a(x), xX=x,,%, +L..,x,
2(t,x,)=b(t), t=t,.t, +1,..1,, )

a(x,)=b(t,).

31ech A(t, x), B(t, x), C(t,x) - 3a/laHHbIe (n X I’l)-MeprIe JUCKPETHbIE QYHKIIMH, f(t,x) -

(1)

3aZlaHHas N-MepHas JUCKpeTHas QYHKIuS, b(l‘) - 33/laHHAas IMCKpeTHas BeKTOpHasA QYHKLHMS, a a(x) —
n-MepHasi BEKTOp-QYHKILMS, IBJISIOIIASACSA PellIeHHeM JIMHEHHOTO Pa3HOCTHOTO YpaBHEHUS

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

a(xo ) =4,
rae D(x) - 3azanHad (n X n)-MaTpuyHas GyHKIHH, g(x)— 3a/laHHad N-MepHas BeKTOp-PpyHKIHA.

(3)

TpebyeTcs HAUTH NpeJICTaBJIEHUS pellleHUs1 CUCTEMbI ypaBHeHHUH (1)-(3).

2. OcHo8HOll pe3yasmam. Yepe3 R(t, X, Z’,S) U (D(X;S) 0603HaYUM NOKa HEU3BECTHBIE (n X n)
MaTpUyHble QYHKIUU.
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[lycTb Z(Z‘,X) - pemenue cucteMmsbl (1)-(2). Torga sicHo, 4TO
y(r+1Ls+1)= A(z,s)y(z,s)+ B(z,s)y(r +1,5)+ C(z,s)y(z,s +1)+ f(z,s).
YMHOXUM 060 4aCTH 3TOTO COOTHOILEHUE CJieBa Ha R(t,x;Z',S) Y IPOCYMMUPYEM IO T OT t; 10
t—1lumno S ot X, A0 x — 1. B pesysnbrare nosayynm

i xiR(t,x;r,s)z(r +1,s+1)= i xiR(t,x;r,s)A(r,s)z(r,sH

T=ty §=X 7=ty 5=X

-1 x-1 t—1 x-1

+> 3 R(t,x;7,5)B(z,5)z(z +1,5)+ > Y R(t, x;7,5)C(,5)z(7,5s +1)+ 4)

7=ty §=X 7=ty 5=X

+§§R(i,x;r,s)f(r,s).

T=t) s=X,

Mcnosib3ysi 3aMeHy nepeMenneix 7+1=a, s+1= ﬂ, JIOKQXKEM CIPaBeJIMBOCTh CJIEAYIONINUX

S S RE st ls )= ¥ Y R(Exz-Ls-1(r.s)=
Rt L Vtr)— Rt - Lo~ et ) -
—R(t,x;t, —1,x —1)z(¢,,x)+ R(t, x;t, —1,x, = 1)z(t,,x, )+
" ZR(t it —1s—1)z(t,s) ij(t,x;to s —1)(,,5)+
+ ZR(t,x;T —1,x —1)z(z,x) - iR(t,x;r ~1,x, —1)z(z,x, )+
" iiza(t,x;f “s—1)(rs), ”
jR(t x;7,5)B(z,5)2(r +1,8) = iliR(t v —1,8)B(r —1,5)z(z,s) =
. "_‘1 R, 37 —1,5)B(z = 1,5)z(r,s)+ )‘_‘1 R, w0 —1,5)B( —1,5)2(t,5)—
S R(txt, ~1s)Bt, ~1,5)(t,05), ©
S Rtxiz.5)Clr.s)o(ras +1) = z ZIR x5 —1)C(,s —1)z(z,s) =
_S R(t xirx~)C(rx—1)z(ex) = S R xi 7ty ~1)C(rxy ~ 1)z, )+
@ER (tx:,5-1)C(e5—1)(z,s). )

[IpuHuMas Bo BHUMaHUe ToxAecTBa (5)-(7) B paBeHCTBO (4), 6yaeM UMEThb
t—1 x—1

> N R(t,x;r 1,5 —1)z(z,5)+ iR(t,x;r —1,x—1)z(z,x) -

- iR(t,x;r ~1,x, —1)z(z,x,) + xiR(t,x;t -1,5— l)z(t,s)—
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- xiR(t,x;to —1,s —1)z(t,,s)+ R(t,x;t = 1,x = 1)z(¢,x) -
—R(t,x;t —1,x, —1)z (t x,)—R(t,x;t, - L,x—1)z ( ,X)+

F R xst, ~ L, —Dz(t,,x,)= 5 S R(t,x57,5) Az, 5)z(z,5) +

T=t) =X

~

s iR(t x;7—1,8)B(r —1,5)z(z,5)+ ZR(z,x;t—l,s)B(t—I,S)Z(I,S)—

S§=Xg

Il
~

j R x5, —1,5)B(t, —1,8)z(t,,5) +
(8)

+ S S R xrs —1)Cle,s —Dz(e,s)+ SR % 7,5~ 1)C(e,x = 1)z(z, %)~

r=t,

=ty =X,

iR(t,x;r,xo - I)C(r,xo - 1)z(r,x0)+ ti SR(t,x;T,S)f(T,S).

7=t 7=ty S=X

Teneppb NpeAnoIOXKUM, UTO R(l‘, X, T, S) SIBJISIETCS pellleHHeM CJeAyIolel 3a/ja4uH.
R(t,x;z' —-1,s— 1) = R(t,x; T,S)A(T,S)-i— R(t,x; T—1, S)B(T -1, S)+
+R(t,x;z',s —1)C(z',s —1),2’ =t—1...,t,s=x— 1, Xy,

R(t,x;7—1,x-1)=R(t,x;7,x—-1)C (r x—1)7=
R(t,x;t—1,s —1)=R(t,x;t —1,5)B(t —1,5),5 = x — 1 X,
R(t,x;t—1,x—1)=E.

Toraa mo ToxecTBy (8) cieayeT, 4To
z(t,x)= R(t, x;t = 1,x, —1)z(t,x, )+ R(t,x;2, — 1, x = 1)z(t,,x) -

—R(l‘,x;z‘0 -1x, - 1) (to,x0)+
+ i[R(t,x;r -1,x, —1)=R(t,x;7,x, —1)C(z,x, —1)]z(z,x,) +

r=t,

+ S R(Lxst, -1,s 1) = R(e,xst, —1,) B, —1,s)|2(t,,5) +

+ i XZ_iR(t,x;T,S)f(z',s),

T=IO S§=Xo
MaTtpuna R(t X, T S) SIBJISIETCS IMCKPETHBIM aHAJIOTOM MaTpHIbI i1 3aga4u ['ypca — Jap6y [5]

[IpyHUMasi Bo BHUMaHUe (2) npejcTaBieHus (8), MOXKHO 3anucaTh B BUJE:
D(e)-

Z(t,x) = R(t,x;t, —1,x — 1)a(x)+ R(t,x;t —Lx, -
- R(t, x;t, —1,x, — 1)a(x0 ) +
+ Z[R(t x;7-1,x, = 1)~ R(t,x;7,x, —1)C(r,x, — 1)]b(r)+

=t

x—1

+ 3 [R(t,x;t, = 1,5 —=1) = R(t,x3t, — 1,5)B(t, — 1,5)]a(s) )

+ 2 2 R(x7.5)f (7,5)



ISSN: 2307-0536, © VyatSU, 2020 Is. 4, Advanced science

fAcHo, uTo a(x) pelieHust TUHEHHBIX HEOJHOPO/IHbIX ypaHeHUsX B BU/Jie (3) U 3TO pelieHUs omnpe-

AeJIddeTCd B Cﬂeﬂymmeﬁ c])opMe
x—1

a(x) = d(x,x, —a(x, )+ SZt:‘OCD(x, s)g(s) (10)

rje MaTpuyHasi GyHKOUsA CD(x, S) SIBJISIETCS PELIEHUEM CIeAyIollel 3a/aun:
D(x,s —1) = D(x,5)D(s)
D(x,x—1)=E
E — n X n— vepHas efuH14YHast MaTpUIa.
[Togctaass (10) B (9), 6yieM UMETh:

A(tox) = R(t.xct, —1x— 1)[@(x,xo D, )+ xz”@(x,s)g(s)} s Rlext—1x, —1{t)—

S§=X,

- R(t,x;t0 -1,x, —1)a(x0)+
+ ZZ_I:[R(t,X;r-l,XO —1)— R(t,x;r,xo —I)C(z',xo —1)]b(r)+

_[0

+ S Rwst, ~1s 1) Rexit, = Ls)Bl, _1,3)]{@(% ax, )+ xi@(x,a)g(a)}

a=x,
-1 x-1

+ ZZR(t,x;z',s)g(z',s) =(R(t,x;t, —1,x = 1)®(x,x, 1)+ R(t,x;t, —1,x, — 1)+

T=[O §=Xq

S5 TR(xst, — s —1)= Rlexit, —1.5) B, — 1s)D(s,x )]j(o)+

§=Xq

£ R x5, —1x— 1) ®(x, ) () + R xst — 1,x, — ble) +

+§[R(t,x;2'-1,xO —1)—R(t,x;2',x0 —I)C(T,xO —1)]b(2')+

x-1 x-1

+3 Y o(x,a)g(a)R(t,x;t, 1,5 —1)=R(t,x3¢, —1,5)B(z, —1,5)] (11)

=1 x-1

+> ZR(t,x; T,S)f(T,S).
T=ly §=X
[Tosaras

0,(t,x)=(R(t,x;t, — 1,x = 1)®(x,x, — 1)+ R(t,x;t, — 1,x, — 1)
+ xi[R(t,x;to —1,s —1)=R(t,x;t, —1,5)B(t, — 1,5)D(s,x, —1)]},
0.(t,) = R(t,x:t, —1L,x ~1)3 (x,5)g(s) + R, x50 — 1, x, —1)b(t) +

§=xg

+ i[R(t,X;T -1,x, —1)— R(t,x;r,x0 —I)C(r,xo —1)]b(r)+
+ i iq)(x,a)g(a)[R(t,x;to —1s 1) R(t,x;t, - 1,s)B(z, — L,s)].

cooTHolieHus (11) 3anucbiBalOTCA B BU/I€:



ISSN: 2307-0536, © BamI'Y, 2020 Ne 4, Advanced science

t—1 x-1

z(t,x)=Q,(t,x)a(x,)+ O, (t,x)+ Y. Y R(t,x;7,5)g(z,s). (12)

T=[O §=Xq
Teopema. Pemienne Z(t,x) KpaeBo# 3aaui (1)-(3) gonyckaeT npefcraBjeHue B Buje (12).
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Representations of solutions of linear inhomogeneous discrete
two-parameter systems

S. T. Alieva
PhD in Physical and Mathematical Sciences, associate professor, Baku State University.
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Abstract. One linear inhomogeneous two-parameter discrete system of Rosser-type equations is considered,
and the boundary condition is the solution of an analog of the Cauchy problem for a linear ordinary difference equa-
tion. The coefficients of the equation are given discrete matrix functions. The problem under consideration is a discrete
analog of the problem described by linear two-parameter partial differential equations of the Rosser type. By introduc-
ing an analog of the Riemann matrix, we obtained representations of solutions to the boundary value problem under
consideration. As is well known, linear two-parameter difference equations arise, for example, in the numerical inte-
gration of partial derivatives of differential equations. In addition, the obtained result plays an essential role in the lin-
ear case for establishing a necessary and sufficient optimality condition in the form of the Pontryagin maximum prin-
ciple, as well as in the general case for studying special control in discrete problems of optimal control of Rosser sys-
tems. Therefore, the established result can also be considered a contribution of the theory of optimal control problems
of Rosser systems.

Keywords: Rosser type system, solution representations, linear difference equation.
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