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ACUMIITOTUYHE PO3B’AA3YBAHHSA 3AJAYI OIITUMAJIBHOT'O KEPYBAHHSA
JIHIMHUMU CUCTEMAMMU JUPEPEHIIAJILHUX PIBHSIHD
3 BUPOJKEHHAMU

Cuneynsapno 30ypeni cucmemy ONMUMATLHOZ0 KEPYBAHHA, WO MICHIAMb 3MIHHI NAPAMEMpPY, THMESPYIOMbCs aACUMNIMO-
IMUYHUMU MemoOamu. ACUMRMOMUYHULL PO38 30K 32A0AHOI CUCTEMU 3AIeHCUMb 810 CNeKmpY 207108HOI Mampuyi cucmemu. /{1
cucmem JIHILHUX aneeOpaidHO-OuGhepenyianbHUX PiHAHb ACUMNIMOMUYHE PO36 SI3KU 3AAeHCAMNb 610 CNEKMPY SPAHUYHOL 8 SI3KU
mampuys., OnmumizayiviHi 3a0ayi Kepy8arHsl CUCMEMAMU CUHSYTISPHO 30)PEHUX aneeOpaidHO-0UpepeHyianbHux PIGHsIHb NOYAIU
00CTOAHCYBAMUCH Y HUHIWHbOMY cmonimmi. Teopito acuMnmomuuHo20 IHMeSPy8ants CUCIEM 3 UPOOICEHHAMU PO3PODIEHO
y npaysax A.M. Camotinenka, M I Llxina, I'C. JKykosoi, B.I1. Axosysa nanpuxinyi murynoeo cmonimms. Po3pobneni memoou oanu
MOANCTUBICID NOOYOYBAMU ACUMNIMOMUYHI PO36 A3KU CUCTIEM 3 BUPOOICEHHAMU OS1 BUNAOKY CIADITLHO20 CHEKMP)Y SPAHUUHOT
6 sizku mampuypb. Poze sizku 32adanux cucmem xepysarisi nodyoosaro y npaysix B.I1 Axoeys ma O.B. Tapacenxo.

Baoicausumu y npakmuunux 3acmocy8antax € cucmemu CUHZYIAPHO 30ypeHux pieHsans i3 moukamu nogopomy. /s
cucmem 38UYAIHUX OUpepPeHYIanbHUX PIBHAHDb i3 MOYKAMU NOBOPOMY ACUMNMOMUYHI PO38 S3KU NOOYOOBAHO Y NPAYSX
M. Iséano, A. Cubyiis, B. Bazosa. Acumnmomuuni po38 sa3Ku cucmem i3 moukamu nogopomy € 6aeamomacuimadHumu.
Jleomacumadui acumnmomuyHi po36 s3Ku cucmem aneedpaiuno-ougepenyiarpHux pisHsns nooyoosa-no A.M. Camoii-
aenkom ma I1.®. Camycenxom. Cucmemu ONMUMATLHO20 KEPYBAHHS 36UHAUHUMU OUDEPEeHYIANbHUMU DIGHAHHAMU 13
HecmabinbHumM cnekmpom docuiodxcysas B.M. Jletigypa.

Y yiti cmammi ompumani 3eadanumu agmopamu pe3yibmamu 3acmocogylomucsa 00 po3se A3Y8aHHs 3a0adi onmu-
MATbHO2O KEPYBAHHSL CUCMEMOIO CUHZYIAPHO 30YPeHux aneedpaidno-oupepenyianvhux pieHsanb i3 NpOCmoio mouKoo
nogsopomy. Ilobyoosano acumnmomuyne 300padiceniss Mampuyi iMIYIbCHUX NePexiOHux GYHKYIU cucmemu piHsaHb i3
NPOCMON MOYKOK NOBOPONY, OAHO ACUMNIMOMUYHI OYIHKU NOOYO0BAHUX HAOIUdCEHb. Y 3a2anbHill NOCMAHO8YI 3a0aud
ONMUMATLHO2O KEPYBAHHSA PO321A0AEMbCA 6€3 OMPUMAHHI KOHKpemHux oyiHok. Ha oyinky noxubku eniusae ax Kpam-
nicmo, max i mun mouxu nosopomy. Cucmema, wjo ymeopioemvbcs 3aCmocy8anam npunyuny maxcumymy Ilonmpszina
MaKodic mamume HecmadiibHull CNeKmp, aie mun mouKyu NOGOPONY modice sminumucs. Tomy KOHKpemHi oyinku nompe-
oyroms okpemoeo posensdy. Lle oyoe 3adauero ManOymHix 00cioxHceHs.

Kniovosi crnoea: cucmema onmumanbHO20 Kepy8awms, cucmemu OUepenyiaibHux pieHAHb 3 GUPOOICEHHIMU,
ACUMNIMOMUYHULL PO38 "A30K, MOUKA NOBOPONY.
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ASYMPTOTIC SOLUTION OF THE PROBLEM OF OPTIMAL CONTROL OF LINEAR
SYSTEMS OF DIFFERENTIAL EQUATIONS WITH DEGENERATIONS

Singularly perturbed optimal control systems with variable parameters are integrated by asymptotic methods.
The asymptotic solution of this system depends on the spectrum of the main matrix of the system. For systems of linear
algebraic-differential equations, the asymptotic solutions depend on the spectrum of the main matrix pencil. Optimization
problems of controlling systems of singularly perturbed algebraic-differential equations have been studied in the present
century. The theory of asymptotic integration of systems with degeneracies was developed in the works of A.M. Samoilenko,
M1 Shkil, G.S. Zhukova, and V.P. Yakovets at the end of the last century. The developed methods made it possible to
construct asymptotic solutions of systems with degeneracies for the case of a stable spectrum of the boundary value of
matrices. The solutions of these control systems were constructed in the works of V.P. Yakovets and O.V. Tarasenko.

Systems of singularly perturbed equations with turning points are important in practical applications. For systems
of ordinary differential equations with turning points, asymptotic solutions were constructed in the works of M. Iwano,
Y. Shibuya, and W. Wasow. Asymptotic solutions of systems with turning points are multiscale. Two-scale asymptotic
solutions of systems of algebraic-differential equations were constructed by A.M. Samoilenko and PF. Samusenko.
Optimal control systems for ordinary differential equations with unstable spectrum were studied by V.M. Leifura.
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In this article, the results obtained by the above-mentioned authors are applied to the problem of optimal control of a
system of singularly perturbed algebraic-differential equations with a simple turning point. An asymptotic representation of
the matrix of impulse transition functions of the system of equations with a simple turning point is constructed, and asymptotic
estimates of the constructed approximations are given. In the general post, the optimal control problem is considered without
obtaining specific estimates. The error estimate is affected by both the multiplicity and the type of pivot point. The system
formed by applying the Pontryagins maximum principle will also have an unstable spectrum, but the type of turning point
may change. Therefore, specific estimates need to be considered. This will be the task of future research.

Key words: system of automatic control, systems of differential equations with degenerations, asymptotic solution,
turning point.

IMocTanoBka npodiemMu
[Ipomecu, 1m0 OMHUCYIOTHCS CUCTEMOTO AU epeHITiaTbHO-anreOpuuHuX piBHIHB ([{AP)

e"B(t, 8)% = A(t,e)X + C(t,e)u , (1)

MPUBEPTAIN YyBary JIOCHIJHHUKIB Yy 3B’3Ky 13 IIMPOKMMH MPAKTUYHUMHU 3aCTOCYBAHHSIMH.
Tyt A(¢, €) Ta B(t, €) — xBaapaTHi MaTpulil n-ro nopanaky, C(¢, €) — (n x m)-marpuus, X(f,&) —
n-BUMIpDHUN BEKTOp CTaHy, i(f,e) — M-BUMIpHUN BEKTOp KepyBaHHs, € > (0 — manuii mapamertp,
h — marypasnbhe yucino, ¢ € [0; T]. 3agady mpo 3HAXOHKEHHS KepyBaHHsI, i1 Ai€to sikoro cuctema (1)
MEePEXOIUTH 31 CTaHy

X(0,) = X, (e) ()
JI0 CTaHy
X(T,e) = X,(e) 3)

17 .
HAJ[a104H MiHiMyMy (yHKI[OHAITY g! (D(t,e)u, wydt —> min ye D1, ) — cumeTprdHa (1 X m)-MaTPHIL,
po3B’sa3ano [1; 10; 11] y pi3HUX NPUIYLIEHHSX [P0 CHEKTP B’SI3KU MaTPHULb

A(1, 0) - LB(t, 0). 4)

[IpuHIIMTIOBOIO YMORBOIO, 110 HAKJIAIajach y 3rafjaHuX poOoTax Ha CIEKTp, Oysia Horo cTadiib-
HICTb.

Jyist 3acTOCYBaHHS METOJy MaJIOro apaMeTpa CTaHJapTHUMU € TaKy BUMOTH:

1) Marpumi A(¢, €), B(t, €), C(¢, €) Ta D(, €) 300paxkyt0ThbCsl 301>KHUMH CTETICHEBUMH PsIaMU
BUTJISITY

Alte) = Y e A,(1); Blt,e) = 3 & B, (1), . (5)
k=0 p
2) Koediuientn 4 (1), B,(¢), C () Ta D (f) po3BuHEHD (5) BIAMOBIIHAX MaTPHLb € HECKIHYEHHO

nudepenuiiioBHuMu Ha Biapizky [0; T].
3) Bekropu 1mo4aTkoBOTo Ta KiHIIEBOTO CTaHIB MAIOTh 300payKECHHS, aHATIOT19HI 300paskeHHSIM (5):

x(2) =Y e x"; x,(e) = Y &" % . (6)
k=0 k=0
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4) Marpunsa D(t, €) HeocoONIHMBa Ha TOCTIHKYBAaHOMY TIPOMIXKKY.
5) OO6nacTtp [MOMyCTMMHUX 3HAYeHb A KepyBaHHA u(f, €) 30iraerbcs 3 ycCiM 3aJaHUM
Mm-BUMIPHUM IIPOCTOPOM.

AHAaJIi3 0CTaHHIX J0CTIIKeHb Ta MyOaiKamii

ChopmynboBana 3anada (1)—(3) moennye B co01 A1BaH HAMPSMKH TOCIIHKEHb Y CydacHIl Teopii
ACHMITTOTHYHOTO aHaTi3y cucTeM audepeHmianbHux piBHIHBL. CucteMa (1) € nudepenmianpHO-a-
reOpUYHOI0, TEOPist TAKMX CHUCTEM y MaTeMaTHIll pO3BUBAJIACS Yy 3B’SI3KYy 3 IXHIM HIMPOKHM BHKO-
PUCTaHHSM SIK Yy 33/1a4ax BJacHe Teopil AudepeHLiaJbHUX PIBHSIHb, TaK 1 B IHIIUX PO3Jiiax: Teopii
ONTHUMAJILHOTO KePYBaHHSA, TEOPii eNEeKTPUYHUX KiJl, XIMIUHIN KiHeTHii Tomo [1; 5; 6; 7]. PiBHsAHHS
CHCTEMH MaIOTh 3MiHHI KOe(ILi€HTH, 1 TOMY, SIK IPABHUJIO, HE IHTETPYIOThCA y KBajparypax. 31e01i1b-
II0TO JTOCTIKYIOTHCSI TaKl CUCTEMU ACUMIITOTHUYHUMH METOJaMH. ACHMIITOTHYHI METOIU TPUH-
IIUTIOBO 3aJIeKaTh BiJl XapaKTepy CHEKTPy IpaHu4yHoOro omeparopa (4). Jias cTaGinbHOTrO CHEKTpy
PO3BHHEHHS 33 CTENCHSIMH MaJIOTO MapaMeTpa 3aMucyloThCsl Ha BChOMY IPOMIDKKY 3MiHHM HE3aJIex-
HO1 3MiHHOI. HecTalinpHICTh y CIIEKTPl TPaHUYHOTO OTEPaTOpa, 1, 30KpeMa, HasIBHICTh TaK 3BaHUX
touok noBoporty (TII) [1-4, 12] npu3BoAUTH 10 HEOOMEKEHOCTI PO3B’SI3KY IIPU MPSMYBaHH1 10 HYJIs
MaJIoro rnapameTpa, Ha 1o Brepiie Oyio BkazaHo y nociuipkeHHsx C.A. Jlomosa. 3rajana HeoOMexe-
HICTh Y peAIbHUX TEXHIYHUX CUCTEMaX MOXKE MPU3BECTH JI0 HECTIMKOCTI poOoTH abo 10 aBapiiHUX
cutyauiid. HasBHICTh TOUOK MOBOPOTY YACTO JIEXKUTH B OCHOBI SIBHILL, III0 BUBYAIOTHCS Y KOHKPETHHUX
cucremax. Tak, y rizpogunamini TII — me MOMEHT mepexoay JaMiHapHOI Tedii 1O TypOylIeHTHOI,
y Teopii MexaHi3MIB — 3HUKHECHHsI [ICHTPOO1KHOI CHJIM Y KpaiHbOMY PO3THHI JIOTACTI.

Cucrtemu KepyBaHHsI 13 HECTaOIILHUM CIIEKTPOM ITOYAIM BUBYATHUCS TAKOXK HEIIOJaBHO, yTepIie
B po6oTi [1]. OCHOBHMM METOOM PO3B’sI3yBaHHS TAKUX CUCTEM € OararoMacmraOHuil Merof [1; 3;
6; 7; 12]. Tinbku B OKpeMHX BUITaJIKaX MOYKHA TTOOYIyBaTH PO3B’ 30K CUCTEMH €JMHUM BHpa3zoMm [3].

3acTocyBaHHs /10 OMMCAHOI 3aa4l IpUHUUITY MakcuMyMy [oHTpsTiHa, 111 40r0 BBOIUTHCS 10
po3msiny gyHkuisg ['aminbrona

H(t,x,p,u) =" (A(t,e)X, p) + " (B(t,e)id, p) — " (D(t, )i, il
Ta TOAAJIBII MipKyBaHHS 3ri1HO 3 [8, 10], 3BoasSTh chopMyIIbOBaHY 3aaqy 10 TaKOi CHCTEMH PiBHSHB
e"B(t,€) % = A(t,e)x + C(t, )i

s”%(B*(t,s)-ﬁ):—A*(t,a)-Z)+C*(t,s)-ﬁ; (7
0=C*(t,e)- p— D(t,e)u.

VY nosnadennax y(t,e) = colon(x(t,¢), p(t,¢), l(t,&)) OCTAaHHSA CUCTEMA 3AITUIICTLCS TAK:

" B(t, g)% = A(t,e)y . (8)

Tyt B(t,¢) = diag {B(t,¢), B*(t,¢), 0}, Hanani norpumyBaTtuMemMocs nozHadess [5, 11].

A(t,€) 0 Ct,e)
Ate)=| 0 —A*(te)-¢" (B*(e) 0
0 Ct,c) ~d(t,¢)
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Po3B’sa30k cuctemu OyayeTbes 3a CTENEHAMHU MaJIoro apaMeTpa 3aj1eKHO BiJl KPATHOCTI Ta K1Jb-
KOCTI KOPEHIB XapaKTepUCTUIHOTO piBHAHHA det(A(z,0) —AB(f,e)) = 0.
Jns cuctemu (8) Kol 3 ypaxyBaHHSIM yMOB (2), (3) MaTuMeMo KpaiioBy 3aj1auy

5(0,6) 0 0 0 0 0) (%) .
( 0 0 0j+[f(T,s) 0 OJ‘(%J‘%(E) )

Orxe, 3a/1a9a ONTUMATLHOTO KepyBaHHS (1) — (3) 3BOAMTHCS 10 ABOTOYKOBOI KpaiioBoi 3a1aui (8), (9).

HecrabinpHicTs y cnektpi cuctemu (1) mnpu3BOAMTH 10 HECTaOUIBHOCTI y CHEKTpi
cucteMu (8), MOXKITMBO iHIIOrO BUAY. [IuTaHHs 1Mpo BUA HECTAOLTHLHOCTI HE € TPUBIAIBHUM, 1 TIOTpE-
Oye okpemoro nociimkeHHs. Ha tenepiiniil yac 3amponoHoBaHo [2; 6; 7] Metoq moOyI0BU acUMII-
TOTUYHOI'O PO3B’A3KYy cucTeM 13 npoctoro TII y nBox Bunaakax:

1) A(0,0) = diagi{E,, J,}; B(0,0)) = diagl{J,, E,} ;

1) A(0,0) = diag{E,, O,}; B(0,0)) = diag{J,, O,} .

Martpuii, mo Bxomath 10 yMoB I, Il omucano mani. Ilpukmamom mocnimkyBaHoi cuctemu 0e3
HAsBHOCTI KEPyBaHHs € Taka cucrema [6; 7]:

0 100 10 0 O

8t+s000ﬁ_0 1 0 O}
0 01 0|d |00 0 1] °
0 001 0 0 r+e O

DopMyTIOBAHHS METH J0C/iIKEeHHS

VY mpomy pocmiukeHHI MeToau [2; 6; 7] BUKOPUCTOBYIOTBCS Ul TOOYJOBH ABOMAcCIITaOHOTO
ACUMITTOTHYHOTO PO3B’SI3Ky OINMMCAHOI BHUINE 3a7adi ONTHMAJIBHOTO KepyBaHHs cuctemoro (1) i3
HEeCTaOIIBHICTIO y CHEKTpi TpaHUYHOI B’s13kM Marpulb. Cucrema BUIIAAY (1) € TOCUTH CKIIaTHOIO
JUTSL TOCITIIPKEHHSI, TOMY Y LIl poOOTi pO3IITHEMO MUTAaHHS TOOYI0BY MaTPHUII IMITYTbCHUX TIepeXi-
HUX QYHKIIIH 111€7 CHCTeMH.

OOroBOpIOETHCS TAKOXK B 3arajibHOMY BHUIIaJKy CXeMa pO3B’si3yBaHHs KpaiioBoi 3amaui. [Ipore
KOHKPETHI OIIIHKHU Ta pO3paxyHKOB1 pOpPMyNIH NOTPEOYIOTh OKPEMOTO JOCI1KEHHS.

Bukisiaag ocHOBHOrO Marepiany
Posmsinemo cucremy JIAP, mo Bianosinae cucremi (1) 6e3 ypaxyBaHHSI KepyBaHHS:

eB(t, a)d—x = A(t,8)X (10)
dt
[ToGyyeMO aCHMITOTHYHE 300paKEHHS 3aralbHOTO PO3B’A3Ky CHCTEMH [P YMOBI, 1110
6) A(0,0) = diag{E,, J ,}; B(0,0)) = diag{J ,, E,} ; p + q=n.

d d
7) 2 (det A0, # 0; = (det B.0)|_, #0.

YMOBHU BKa3ylOTh Ha Te, 110 Touka t = 0 € mpocroro TII. V Bumanky Bincyrnocti TIT acummnro-
TUYHE 300paxkeHHsI po3B 3Ky cuctemi (10) OynyeTbest metonamu [5, 10]. Jlume B oxomi TII acumn-
TOTHYHE 300pa)k€HHsI CTa€ PO3PUBHUM, 1110 CHPUYMHEHE 3MIHOIO XapakTepy (pi3MUHOrO sBUIIA IpU
Nepexo/Ii 3raJjaHol TOUKH.
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}. 3 1i€r0 METOI0 3aCTOCYEMO JIBOMACIITA0OHUI METOT

[To6yayeMo PO3B’A30K Ha BifPi3Ky LO;k,s"j‘
JIMBI JJOCTAaTHRO IajKi Marputl P(t, €), Q(¢, €), o crpas-

[1; 11]. 3rigHo 3 [8] iCHYIOTH TaKi HEOCO
JOKYFOTBCSI PIBHOCTI:

P(t,e)A(t,e)0(t,¢) = Qt,¢) = diag{E (1,¢), J ,(1,8)};

P(t,e)B(t,e)0(t,¢) = H(t,¢) = diag{J (t,¢), E,(1,e)}.

Tyt Q(, 0) = Q1) = diag(E, (1), J,(0)}; H(1, 0) = H(t) = diag{J, (1), E, (1)} ,

0 1 0 0 0
0 0 1 0 0
J,(t,e) =
0 0 0 0 1

b,(t,e) b, ,(te) b ,(te) - b(te)
BukoHnaBIm miIcTaHOBKY X(7,¢) = Q(t,€)y(t, ) , AICTAHEMO CHCTEMY BUIIISIILY
8H(I,8)%=S(1,8))7. (11)

Tyt S(t,e) = Q(t,¢) — eH(1,6)Q ' (1,e)Q'(t,¢); Q'(¢,0) = 0 . [Tnst 3amuicy HeoOXiqHUX HOPMYIT, pO3KIIa-
JIEMO 3aIMCaHl MaTpUIll y psay BULIsALY (5):

H(t o) = 3 e H,(0; St €)= 3 S, (7).
k=0 k=0
Toni H,(t) = H(t), H,(1) = diag {H,,(t); H,, (1)},
S, (1) = (), S, (¢) = diag {S1 JD; S p(t)}, ne Hlq ta S1q — kBaapaTHi MaTpHIl TOPSIKY .

HosnaunBmm K (1, &) = diag {E, +&S,,(t); E, +eH, (1)}, Ta nomuoxmpmm cuctemy (11) Ha
Matpuiro K'(z, €) , TicTaHEMO TaKy CHCTEMY PiBHSHb:

&y )
SG(t,S)E—W(f,S)y. (12)
3a 106yn0B0I0 [6; 7] G(t, &) = 3 G, (0); W (t, &) = 3 e W, (1) ,
Wi (1) = Sy(1), W, (1) = diag {0; W, (1)} = diag{0; S,,(1) - H,,(t)J ()} ,

Gy(t) = Hy(1), G,(t) = diag |G, (t); 0} = diag { H,,(1) - S,,(t)J,(1); 0} .

m
[lincranoBkoro y = U(t,€)Z = Y &*U,(t,€)7 iCTaHEMO TaKy CUCTEMY PiBHSHb!
k=0

eG(t,e)U(t,¢) % =W (t,e)U(t,e) —eG(t,e)U'(t,¢))Z .
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Matpuiiro Mo>kHa OOy IyBaTH TaKo, 00 CIIpaBIHKyBasiacs PiBHICTb:
W (t,e)U(t,e) - eG(t,e)U'(t,€) = G(t,e)U(t,e)(A(t,e) + €™ A(t,€)) ,

ne A(t,e) = diag {1, (1,€),1,(t,2),.... 1, (t,e)} = > €“A, (t,€) , a A(f,e)— HEB sI3Ka.

k=0

IHTerpyBaHHs OCTaHHBOI CHCTEMM METOAOM [6; 7] mae n JIiHIHHO HE3aJEKHUX PO3B’S3KIB,
a came:

_ m(p+l) t
X;(t,e) = 0(t, UL, a){éj + O[m‘lk1 ’ N exp {8_1 I A(, S)d’t}, j=1n.

J
OTpumaHi JIHIHHO HE3aJeKHI PO3B’SI3KH CKIANYyTh (YHIAMEHTAIbHY MATPUIIO0 CHCTEMH Ha
BKa3aHOMY ITPOMIDXKKY.
3rigHo 13 anropuTMoM OararoMaciiTabHOro MeToay, y cuctemi (11) BUKOHAEMO MiICTaHOBKY

t=¢ 't 1Ha BIAPI3KY { 0:k p’jl} MeToioM [4]-[6] MaTEMEeMO pO3B’S30K y BUIIISII
skie

Vine) =Y eV, (),
k=0

JIe €JIEMEHTH PsiIy OOYHCIIOIOTHCS PEKYPEHTHO SIK PO3B’SI3KH CUCTEM PIBHSHb:

@, (r,e) 0 v, E, 0 v
0  E,Jdv (0 -K'O oK +@,(te)E,)°”

o, (ve) 0)\gv, (E 0
q Ve _| "
( 0 E) d (0 K@, (x,0)K, +<D,,(r,8)EpJV° +h(we), k=1

k k
F;( (T5 8) = Z Ms (Ts 8)%75 (T’ 8) - Z Ns (Ts 8)1//!75(1’ 8) .
s=1 s=2
I3 ocTaHHBOI CHCTEMH MAaTPUYHUX PIBHSIHb OTPUMAEMO:

I/()(‘l:a 8) = dlag {I/OI(TJ 8): I/02 (‘C, 8)} 1)
V, (x,¢) = diag {exp U o, (s, s)ds] seees €XP {j‘ o, (s,€)ds, ,]} ,
h b,

ne V,,(t,e) — QpyHaaMeHTallbHa MaTPUI CUCTEMH

dVe

T - (-K['®y(1,0)K, + @ (1,8))Vyy

V,(t,¢) = j Vy(t,e)V, ' (s,e) R, (s,e)ds, k> 1.
b

CD;'(r, g) 0
0 E

P

L)

Tyt R (t,¢) :[ Jﬂ(t,s). -, b=(,by,....b ke ", .. ke™)

https://doi.org/10.32782/mathematical-modelling/2023-6-2-4
35



ITPUKIIA/THI ITHNTAHHA MATEMATHYHOI' O MOJAEJIFOBAHHA T. 6, Ne 2, 2023

2n 2n
X(t, €) = [Zq)liai’ I zq)niaij;
i-1 i-1
2n 2n
y(t, ) = (Z D,1is s Zq)Zn iaij‘
i=1 i=1

Po3riisstHeMO UTaHHS PO 3pOIYBaHHS PO3B’SI3KIB.
OT1xe, Maemo 1B1 pyHIaMEHTAIbHI MAaTPHIL Ha BIAMOBITHUX MPOMIKKAX

_m(p+1) t n
X,(t, ¢) =0, e)U(t, s)[En + O[m'k1 ? D exp {SIIA(r, S)d’t}, te {kzs"”;T},

1
my+
€

X, (1, &) = 0@, )T(x, &)U, €)1, 8){V(”’)(r, £) + 0{ PZ_WH, te {0; kla"n*‘}.

3a mo6y0B010 3riaHo 3 [6] k1 > k2, ToMy Ha Binpisky [ ke'*; ke | moGynosano 1si hyHmamen-
TajabH1 MaTpuli cucteMu (1). A ToMy icHye Taka crana marpuis N(g), 1o

X,(t, &) = X,(t, e)N(e), t € [ kpe' P ke P .

100 11 BU3HAYMTH, Bi3bMEMO (PIKCOBAHE YHCIIO #, € [kze““;kls““] , 131 CIIIBBIAHOILICHHS
X,(t,, €) = X,(t, &)N(e) nicranemo: N(e) = X;'(4, &) - X,(t,, €) .

Hexaii #, = k,e' " . Toni

a

ke mpe \Y !
X, (ke €) :exp{—al J- A(r,g)dr}[En +0(mlk1 ’ D x

xU " (kye' ", £)0 " (kye'™*, €);

L
X, (kg™ ) = O(kye"™?, )T (kye"™, 8)[V(’”)(k081‘3, €)+ 0(8 TR e D

Takum ynHOM, IOOYI0BaHO (yHIAMEHTAIBHY MaTpHIio cucteMu (10), IKy MOXKHA 3aIlicaTH 3a
JIOTIOMOTOF0 PO3OUTTS OMHMIIL:

X(t,€) = (DX, (t, )+ ()X, (1, 8) + O(&°)
[ToBTOpHuBIIM MipKyBaHHS [3], Ta 3anucaBiy GyHIaMEHTAIbHY MaTpHIlo cuctem# (1):
X(t,€) = X(t,e)C + J'X (t,€) X' (s5,8)B'(s,8)C(s, £)ii(s, €)ds , HECKJIa{HO 3aIKMCATH
0

MaTPHIIIO IMITYTbCHUX MEPEXiTHUX (QYHKIIN 3raaHOi CHCTEMH.

3ayBa)xuMo, 110 3aCTOCYBaTH onucaHi i cuctemu (10) MipkyBaHHS 10 cUCTeMHU (8) HE 3aBXK U
MOXJIUBO, OCKUIbKM cucTeMa (8), sIK MpaBuilo, MaTUME 1HIIUI XapakTep HECTaOUIbHOCTI, IPUKIIa
TaKoi 3MiHHM HaBe/leHO y [3], ToMy y pa3i moOyJ0BH aCUMIITOTHYHOTO pO3B’sI3Ky cuctemH (8), 3amaqy
(9) mpu BukoHaHHI YMOB 1—5 MOkHA po3B’s3aT MipKyBaHHsIMU [10].
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BucHoBKkH
HecTabinpHICTh y CHEKTpi TrOJIOBHOI MaTpPUIll CHCTEMH IMPH3BOIAMTH J0 TOTO, L0 MOOYI0Ba

ACUMITTOTHYHOTO 300paXe€HHS PO3B’SI3Ky € 3HAYHO CKJIAIHIIINM, 1 TOTpeOy€e TPOMI3AKUX MPOIEAYP
IIPU KOHCTPYIOBaHHI (yHIaMEHTaIbHOI MaTpulll. K10, KpiM 11bOTO, HAsIBHE BUPOIXKEHHSI OCHOBHOI
MaTpHIll MPH MOX1THUX, TO HABITh TEOPis aCHMIITOTUYHOTO 1HTETPYBAHHS TaKUX CHCTEM IOTpedye
PO3BUTKY Mepe 3aCTOCYBaHHSIM JI0 CCTeM KepyBaHHs. [IpoTe 11e BIAHOCUTBCS A0 CyTO MareMaTruy-
HOT YaCTHHHM AOCIiKeHHs. PeanbHicTh 1 Qi3udHMIA 3MICT TOUOK HECTAOUTLHOCTI MOTpedye aHaTI3y
JUISL KOJKHOI KOHKPETHOI CUCTEMU KEPyBaHHS.
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