Matrix algorithms for solving linear difference eguations with a small step
Imanaliev Z.%, Ashirbayev B.? (Republic Kyrgyzstan)
AJITOPUTM pelieHN sl JUHEHHOT0 MATPUYHOI0 PA3HOCTHOI0 YPABHEHMSI ¢ MAJIBIM IIATOM
Wmanammes 3. K.}, Ammpbaes b. bl .’ (Pecmy6auka KpIproizcTan)

YUnananues 3amupbex Kupeweesuy | Imanaliev Zamirbek Kiresheevich — kanouoam mexuuueckux nayx, npogeccop;
2 dwupbaes Betwembex blowiuesuy | Ashirbayev Beyshembek Ybyshevich — kanoudam ¢usuxo-mamemamuueckux nayx,
doyenm,

Kagedpa npukiaonoll Mamemamuxy U UHOOPMAMUKY,
¢haxynbmem uHgopmMayUOHHBIX MEXHON02UI,

Kuipevizckuii 2ocyoapcmeennviii mexuuueckuti yrugepcumem um. M. Pazzakosa, e. Buwikex
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ﬂaHHaﬂ pa6oma nocesAuena uccneo08anuio MaAMpPUYHO20 pA3HOCMHO20 YPABHEHUS C MATbIM UACOM.

Abstract: matrix differential equations are widely used in solving various problems in the theory of differential
equations. In addition, they are of considerable interest in connection with various applications in control
theory, the calculus of variations in circuit theory and other.

This work is devoted to the study of the matrix differential equation with a small step.
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[Ipr mocTpoeHMHM aITrOPUTMOB ONTHMAIBHOTO YIPABIECHHWS JUIA CTallHOHAPHOH CHCTEMBI C MalbIM

TapaMeTpoM paccMaTPUBAETCS CHHTYISIPHO-BO3MYILIEHHOE MaTpudHOe MU depeHInaIb-Hoe ypaBHeHne Buaa [ 1,
c.25,2,¢.5].

uX(t) = AX(t) + X(t)A', X(0) = X,. (1)
B pabote Oynem paccMaTpuBaTh ypaBHEHHE, KOTOPAS ABJSCTCS TUCKPETHRIM aHAJIOTOM ypaBHeHU (1) Buma
X+ =AX1) + XA, X(0) =X, @)

rie X,A—(nxn) marpuus, t €T, = {t:t =kp,k=0,1,--,N-1} cT={t:0<t <1}, N=i,u>

0 —maublii mar, mTpux 0003HAYaeT TPAHCTIOHUPOBAHKE.

UccnenoBanus ypaBHeHMH Buia (2) sBIsSETCS NPOJODKCHHEM HCCIEJOBAaHWN aBTOPOB MO JUCKPETHBIM
3a]a4aM ONTUMAIILHOTO YIIPABJICHUsI ¢ MaIbIM 1arom [3, ¢. 5512-5519, 4, c. 138-141, 5, ¢. 103-104].

Crenyer OTMETHTh, 9YTO ypaBHEHHE (2) MOXKHO 3amucaTh B BHIE CHUCTEMBl JIMHEWHBIX Pa3HOCTHBIX
ypaBuenuii. Eciiu Bce Marpuisl B (2) UMEIOT pasMepHocTH (N X 1), TO pa3MepHOCTh BEKTOPa pelleHuil Oymer
n?.

IIpeanonoxum, 4To:

1. Matpuna A sBisieTcst MaTpHIIEH MPOCTOi CTPYKTYpHI [6, ¢. 246], U OHa HE UMEET HYJIEBOrO COOCTBEHHOTO
snauenus A; (i = 1,n).

2. Bce coOcTBeHHBIE 3HaUEHHS A; MaTpHIBl A yIOBIETBOPSIOT YCIOBUIO [A] < g0 < 1.

ITpy BHITIOIHEHUH yCIOBHM | IPOCTYIO CTPYKTYpY OyyT MMeTh Takke MaTpuisl A’ u A™1, ux cobcTBEHHbIE
3HAUYCHUsI COBMANaroT [6, c. 253], u Marpuia A sBISETCS HEBBIPOXKICHHOM.

[pu BBITIONHEHUH YCIOBHH 2 [UTST MATPHUIIBI A ©IMEET MECTO orpaHudeHue mo Hopme [6, c. 255].

1A < Cogb (Co = 1,1=0,1,2,), ®)

TEOPEMA. Mampuunoe pewenue ypaguenus (2) oaemcs popmynoti

X(t) = (45X + X0A)", @)

U OHO umeem OYEeHKy
X < Mgk (M — const, k =1,2,3,-+). (5)
IIpu smom, Ons P KPAMHbIX MAAGIX WA2068 T = P CAPABEOUEHL COOMHOUIEHUS

X(t+1) = (44X + X)), ©)

lim, o X(t + 1) = X(¢). )




JHoxa3zarenbctBo. JlokakeMm mepByro yactb Teopemsbl. [Ipu k = 0,t =0 wu3 ypaBHeHus (2) Oynem MUMeTbh
X(u) = AX(0) + X(0)A" Mpu k = 1,t = p umeem:
X(2u) = AX(u) + X(w)A = A(AX(0) + X(0)A) + (AX(0) + X(0)A)A" =
= A2X(0) + 2AX(0)A’ + X(0)(4)?% = (A/X(0) + W/X(O)A')Z.
Mpuk =2,t = 2u:
X(Buw) = AX2w) + X2wA'
= A(A%X(0) + 2AX(0)A + X(0)(A)?) + +(A4%X(0) + 2AX(0)A" + X(0)(A)?)A’
= A3X(0) + 24%2X(0)A' + +A%X(0)A" + AX(0)(AN? + 2AX(0)(4")? + X(0)(4")3 =

= (Ai/X(O) +3 X(O)A’)3

Amnanornyno st grodoro k < N — 1,t = ku cipaBeiiBbI COOTHOIICHUS:
X(ku) = A¥X(0) + CLAF"IX(0)A'+ - + CPAK"™(AN™ + - +

+X(0)(4N* = (4%/X00) + ¥/x (04",

Takum oOpa3zom, B pe3ynbTare nonydum Gpopmyiy (4), T. e.

1 1 qk
X() = (A4X0) + YX04)" = [Ax(©0)% + (x(0)FA] . ®

Teneps nepexonum k cienyrouiemy srairy. C yaerom (8) u3 paBeHcTBa (2) nMeeM:

1 1 qk
X(e+ ) = X[Ce+ Dyl = 4 [AXO) + (x@)e4 ]| +

1 1 qk
+ [A(X(O))H(X(O))FA] A=
= A[A*X(0) + CLA*1X(0)A'+ -+ + CJPAF"™(AN™ + -+ +X (0) (AN*] +
+[A*X(0) + CEAKIX(0)A'+ - + CFAF"™(AY™ + - + +X(0)(ANF]A" =
= A*(AX(0) + X(0)A") + CLA* 1 (AX(0) + X(0)ANA'+ -+
+CMAR™(AX(0) + X(0)A)(A)™ + -+ (AX(0) + X(0)A)(A)k =

1 1ok
= [AGe@o)E + (x@oyeal .
Torma s marpunst X (t + 24) Honyqum

1 1 qk
X(¢ +2) = [AX@m)F + (X 2m)eA] . ©)
Hpouonxcaﬂ 3TOT HpOL[GCC JJI p KpaTHLIX MaJIBIX IIIArOB T = p/.l NUMEEM.

1 1 1k
X(t+71) = [A(X(T))F + (X(T))EA] = (44X + xma).

Ortcrona BuHO, uto mipu § — 0,7 — 0 umeer MecTo npenensHoe cooTHomenue (7) 4. T. 1.

ITomyueHHBIH pe3ynbTaT MO3BONIAET CGHOPMYIMPOBATH ANTOPHTM pPEIICHHS] MATPUYHOTO ypaBHeHHA (2),
KOTOPBIN COCTOUT B CIIEIYIOIIEM:

1. BBomuMm manubie: MaTpuily A, Hadanphbie yemoBust X (0), gwcro maros N.

2. IlpoBepuM BbImonHEHHs ycnoBus 1| u 2. Ecim 3TH ycIOBHS BBINONHSIOTCS, TO MEPEXOIUM K IIYHKTY 3,
uHa4e K 1.

3. Boruucium pettenus ypasuenus (2) o popmyne (4) mpu k =0,1,--,N — 1.

[Tpumep. Pemuts ypaBHenue (2) npu:

02 1 O 1 0 1
A= ( 0 02 0 >,X(0) = (—1 0 1).
-01 -01 0,1 0 -1 1

CobctBennbie 3HadeHUs marpunbl A: 0,1; 0,2; 0,2, ycmoBus 1 u 2 BBINONHAIOTCA. BEIUUCINM perieHus
ypaBuenust (2) npu N =5, k =0,1,--,4.
-0,6 0 2,1
Ipu: k =0,t =0, X(u) = AX(0) + X(0)A' = (—0,4 0 1,3);
-1 -12 19
k=1t=p X2 = (AyX(0) + yX©0)A) =
—0.96 + 1.88i 0.36i 0.4800 + 1.08i
= (—0.34 +0.44i 0.03+4+0.091 —0.01+ 0.45i );
—0.97 + 0.27i 0.03 —-0.1+ 1.17i

3
k=2t=2u X3 = (Ai/X(O) +3 X(())A’)
( 0195 0417 02554 )

0.3429 0.3995 0.2532
—0.3107 -0.3916 -0.2101

k=3t=3u X(4u) = (A4 X(0) +* X(O)A’)4



10401 11417  0.2416
—0.5062 —0.4733 —0.1549 ]
k=4,t=4u X(5u) = (AE/X(O) +4 X(O)A') =
( 09591  1.1460  0.2440 )

( 0.5983 0.6528  0.2238 >

1.0401 1.1417 0.2416

—0.5062 —0.5669 —0.1194
3aknouenue

Hpe)lﬂO)KeHHLIﬁ AITOPUTM  PCILICHUA JIMHEHHOTO MAaTpU4HOro pPasHOCTHOTO YPABHCHUSA NPUMCHACTCA B
HCCIICJOBAHUN MATPUYHOTO PA3HOCTHOTO YpaBHCHHA C MaJlbiIM IIarom. Pe3yJ'II)TaTI)I pa60T TaKXeC 6y)IyT
HCIIOJIB30BaHbI ITPU TOCTPOCHNUUN pCIHCHI/Iﬁ JAUCKPETHBIX 3aJa4 OUTUMAJIbHOI'O YIIPABJICHUS C MaJIbIM IIarom.
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