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Annomayus. PaccmarpuBaeTcss cucTeMa, cocCTosIas M3 2n ypaBHEHUH C OBICTPBIMHU
MEPEMEHHBIMH U OJJHOTO YPaBHEHHs C MEIJICHHOM MepeMeHHOH. MaTpuia nepBoro npuOImKeHus
CUCTEMBI OBICTPBIX NEPEMEHHBIX MMEET 21 IOMAPHO KOMIUIEKCHO-CONPSDKEHHBIX COOCTBEHHBIX
3HaueHui. Ha ycTOHYMBOCTh MOJT0KEHHUSI pABHOBECHS CUCTEMBI OBICTPBIX MEPEMEHHBIX BIUSAIOT BCE
COOCTBEHHbIE 3HaYeHUsA. B paHHUX HCCIEOBaHUIX PACCMOTPEHBI CIy4au, KOIjla Ha yCTOWYMBOCTh
MOJIOKEHUSI PABHOBECHS BIHUSET TOJNBKO OJHA Tapa KOMIUIEKCHO-COIPSDKEHHBIX COOCTBEHHBIX
3HaueHUi. Pemena 3amaua Ha 3aJ€pKKy PpEILIEHHMS] CHUCTEMbI OBICTPHIX NEPEMEHHBIX, BOJIM3U
BO3HUKILErO HEYCTOMYMBOIO IOJIOXKEHMs paBHOBecus. ONpeneseH OTpe30K BPEMEHHU 3aJEPiKKH
peLeHHUS.

Abstract. Considers a system consisting of 2n equations with fast variables and one equation
with a slow variable. The first approximation matrix of the system of fast variables has 2n pairwise
complex conjugate eigenvalues. The stability of the equilibrium position, a system of fast variables,
is influenced by all eigenvalues. Early studies considered cases where the stability of
the equilibrium position is affected by only one pair of complex conjugate eigenvalues.
The problem of delaying the solution of a system of fast variables near an unstable equilibrium
position has been solved. The delay time for the decision is determined.

Kniouesvie cnosa: CUHTYISPHO BO3MYILEHHBIE YypPaBHEHHUs, IIOJOXKEHUE PpaBHOBECHS,
YCTOMYMBOCTb, OrPAaHUYEHHOCTb, CXOAMMOCTb, aHAJUTHUECKHE (DYHKUMU, TapMOHHUYECKHUE
(GYHKIUY, TMHAN YPOBHS, 3a/IeP’KKa peIIeHusl.
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Ilocmanoexa 3a0auqu. HYCTB paccMarpuBacTCd CICAYHOIIad CUCTCMa

expj_4(t, &) = (3’ - aj)(xzj—l(t' g) — )’) —x2;(t, &) + (D
+V? (x1 (t, &) =y, x2(L, €), o, Xon—1 (£, &) — ¥, X2 (¢, 5))(x2j—1(t' ) — Y)
ex3i(t,€) = xp5_1(t, ) + (v — j)xz(t, &) +
+V2 (xl(t: &) =¥, x(t, &), e, X1 (t, &) — ¥, X200 (t, 5))x2j(t» £),
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y'(®)=1j=12,..,n (2)

rne 0 < € — Masblil BEIECTBEHHBIM MapameTp; a; € R — MHOX€ECTBO BEIIECTBEHHEIX YUCEI U
0=, <a,< .. <a,; teD ={t € C— MHOKECTBO KOMILUIEKCHBIX YHceJ, |[t| < r, €
_ 2 2 2 2
Roay, <1}, V(X1 =¥, X3 e, Xon-1 — Vi Xon) = (X1 —¥)* + x5 + o + (Xon—1 —¥)° + x5,

C HaYaJIbHBIM yCIIOBHEM
X2j_1(to, €) —y(to) = x3,_4,  x;(t,€) = x3; 3)

cucrema (1), B mpocTpaHCTBe OBICTPHIX mepeMeHHBIX, B Touke (Y,0,...,y,0) umeer
MOJIOKEHHE paBHOBecue. Marpuia nepBoro mnpuOmmkeHus cucremsl (1), umeer coOCTBEHHBIE
sHaveHua Ay () =y —aj+ i, ;) =y—a;—1i, j=1,2,..,n

Takum o00pa3zoM, Ha YCTOMYMBOCTH IOJIOKEHUS PABHOBECHS BIMSIOT BCE COOCTBEHHbIE
3HAYEHHUS, IPUUYEM yCTOMUMBOCTh MOJOXKEHUs paBHOBecHs Hapymaercs npuy = 0,a_1,...,a_n, T
€. B M TOUKax. PsjioM aBTOPOB paccMOTPEHBI Cily4aH, KOIrja yCTOMUUBOCTD IOJIOKEHUSI PABHOBECHS
OTIPENeNIICTCSl ONHOW TMapod, a B JBYMS IapaMH KOMIUJIEKCHO-COTPSKEHHBIX, COOCTBEHHBIX
3HAYEHUI, TIPUYEM YCTOWYMBOCTD MOJIOKEHUSI PABHOBECHS TEPAETCA TOJIBKO B OfHOM Touke (y = 0).
[1-6].

Onpeoenenue. Ecnu MpOUCXOIUT CMEHA YCTOMYMBOCTH TMOJOKEHHUS PaBHOBECUS U MPU ITOM
pElIeHNEe CHUCTEMBbl OBICTPBIX IEPEMEHHBIX HE Ccpa3y IIOKHWJAeT BO3HUKIIEE HEYCTOWYMBOE
IIOJIOKEHUE DPABHOBECHE, a B TEUEHHWE KOHEYHOIO BPEMEHHU OCTaeTcsi BONM3M HEro, To Oyaem
TOBOPUTH O TOM, 4YTO MPOU3OILIA 3aJepKKa peHIeHUs BOJIM3M HEYCTOWYMUBOTO IOJOKEHUS
paBHOBecHsI, kpaTko 3P.

3aoaua. Uccnenosars pemenue 3anadu (1), (3) na 3P.

Jly1st pertieHust MOCTaBIEHHOM 3a/1a4ui BOCIIONB3YEMCsl METOaMU U3JI0KEHHOTO B [5—8].

Pewenue 3aoauu:

Crnenys, pelieHue 3aa4u pa3eiuM Ha 4acTu:

1. IIpeobpazoBanme UCXOAHOTO YpaBHEHUS

2. 'eomeTpuueckue MoCTpoeHus U BIOOp MyTell HHTETPUPOBAHUS

3. AHanutuueckas [6].

1. Ilpeobpazosanue ucxoono2o ypagHeHus.
Hanee, 1isi MpPOCTOTHI, apryMEHTbl HEWU3BECTHOW (YHKIMM Oygem omnyckarb. PemeHue
ypaBHeHUs (2) Bo3bMEM B Buae y =t U B (1) BBeieM HOBBbIE HEM3BECTHBIE (QYHKIMH CIEIYIOIIUM
00pasoM Xp;_1 — Y = Uyj_1,X2j = Upj, j = 1,2,...,n. Iomyunm

EUyj_q = (t —aj)ugjor — uzj + V2(Uy, Up, ., Upn)Upjog — &, 4)

— 0 _ 0
Uzj-1(t0, €) = Xgj_1 — to, Uzj (Lo, &) = X3; )
B (4) nepBoe ypaBHeHHe YMHOKUB Ha (+1), 3aTeM CKJIaabiBas Ha BTOPOE YPABHEHHUE TIOTYYMM

ezy; 1= (t—a; +1)25_1 + V2(21, ., Z2n)Z2j-1 — &, (6)

€z,; = (t- a — i)zzj +V2(21, e, Z2n) 225 — &,
VYcnosuem

Zj-1(to, &) = Zgj—pzzj(to. €)= Zgj (7
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rac V(Zl, Zy, ""ZZTI.) =712y + ... + Zoyn—-1"Zon-

Janee Oynem cuuTarh |Z§j_1| < Mg, |zgj| < M,¢. 3nech u nanee OykBamu M, M, ... Oynem
0003HAa4YaTh TOJOXKUTEIBHBIX TOCTOSHHBIX, HE 3aBHCAIMX OT & .3amauy (6)-(7) 3ameHuM
CJIEYIOLUM

Fj-1(6) = Fpj-1(t) | 1 Fpj-1(8) = F5;-1(0) (®)

_ .0 2j-1 2j-1lo t 2 2j-1 2j-1

Zyj_1 = Zyj_1€XP 5 + Efto(V — &) exp 5 drt

F; () — Fpj(to) | 1 ¢ F,;(t) — Fp;(7)
Zpj = Z,j€xp 2 5z 2/20 +§fto(V2—£)exp 2 o 22 dr

2
rie obo3Hadensl Fyj_q (t) = (t —a; + i) JFi(t) = (t —a; — i)z.

2. ['eomempuueckue nocmpoenus u 8b100p nymeti UHMEZPUPOBAHUS

Jisi TeOMETPUYECKUX MOCTPOCHUH HCIONb3yeM JIMHUU YPOBHS M CBOMCTBAa (DyHKIMI
ReF,;(t), JmF,;(t),ReF,j_4(t), JmF,;_4(t) . ®ynxuuu F,;(t), F5j_1(t) COOTBETCTBEHHO B
Toukax t=@; —i,t =a; +i HMEIT [BYXKPAaTHbIE HYJIM M JIMHUM YPOBHA (QyHKIMHA
ReF,;_1(t),JmF,;_1(t), ReF,;(t), JmF,;(t) pa3BeTBIAIOTCA B ITHX TOUKAX.

BBeHeM 0003HaYEeHUS (po 2j_1) = {t € D, Rerj_l(t) = O}, (po 2]) = {t € D, Rerj(t) =
0} (Pucynox 1).

Pucynox 1. Pa3BeTBusttoniuecs TMHUN (po 2 j—1)' (po 2 j).

Omnpenenum npsmyto (Py): t, = %(tl — ty), KOTOpast MPOXOaAuT uepe3 Touku (ty; 0), (—1;0),
npuyeM Oyaem cuurtarh ty < —1.

Yacte (P;), coemunsronryio Touku (ty; 0),(—1;0) obo3nauum (K;). Yacts BerBU (Pg1),
coequusiomas Touku (0; —1), (1; 0) o603naunm (K,). Onpenenum (K;), (K,). Cummerpuio 6yaem
MOHMMaTh OTHOCUTENBHO AeHcTBUTeNnbHOM ocu. O6macts, orpanudenssii (K;), (K;), (Ky), (K5)
0003HauuM D,. C ydyeToMm JajabHEHIINX BhIYUCIEHUHN 00nacTh Dy pa3aenuM Ha HECKOJbKO YacTew.
Jlnst sToro onpenenum npsivbie (Py):{t € D, t; —t; — 1+ e =0},

(P3):{teD, t; —t, —1+q, = 0,0 K g; K 14 He 3aBUCHUT OT €},
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(P):{teD, t;+t,+1—+e=0},
(:Ps){tED, t1+t2+1_CI1=0}
U MIpsSIMbIC (3_’]) (j =2, ...,5) cummeTpuuHbIC K (iP]) (G =2,..5).

8% D
Q™
(Ky) $ > (K2)
»
&
Dy -1

Pucynok 2. lenenue obnactu Dy.

[TpsiMbivMu (P]), (33]) ( =2,..,5) obmacte D, pasmensercs Ha uactu D; (j =1,..,6),
D3, Dy, Ds.

Tenepr BbiOepeM mnyTtu wuHTerpupoBanus mns (8). Ilyrm uHTErpHpoBaHHs BBEIOMpPAIOTCS
COIVIACHO CJICIYIOIICH JIEMMBI.

Jlemma. Tlycte cymectByet MHOXecTBO I1 = {p(t,, t), (p(to, t)) — aHaJIMTUYeCKasi KpUBas,
coeJIMHsSIOIAsA TOYKH ty,t € D} . Ecmu V(p(ty,t)) €, dbyuxkumu ReF,(t) (k =1,...,2n) He
BO3pacTaroT, U ¢(7) € Q(D), TO UHTETPAITBI

Gt = [ p@en O g

(p(to.1))
orpaHuueHsl ipu € = 0.
JoxazarensctBo. Ilycth mO (p(to, t)) dyuxius ReF, (1) ctporo y6biBaer. Io ycnosuio
(p(to, t)) aHaJTIMTHYECKasl KpHUBas, TOINa YpaBHEHHE (p (to, t)) npejcTaBUMa B BHJE T; =
7,(8), 7, = 15(S), TIE S — ITMHA KPUBOIA (p(to, t)) n0<s<sy< oo,

Tenepy Ji(to,t,€) mpeactaBum Ttak Ji(0,s,¢€) = f;<p(r(§))expw(ri(§) +

ReF (t(5))—ReFk(t(3)) ds
£

it5(8))ds. Orciona umeem |Ji| < M fOS exp

®yukius ReFy (7(8)) crporo yosiBaer, To (ReFk(T(§)))’ <0.

Torna | J,| < My&,0 < M; — He 3aBUCHT OT E&.

Cuyuaii, korna ReF, (T) mocTosiHHA paccMaTpuBaeTCst aHAJIOTHYHO. JleMMa oKa3aHa.

Mycrs (p(to,t)) mna z,;_, cocrour: ecm t € D;UD;UD,UD;UD, , 10 u3 wacrm
(Ky) [to, t]; wactu mpsimoii (Py):{t; —t, — 1+ G, =0,0<G, <1-—ty};

ecmu t € D,UDsUDUDs, To u3 xpusoit (K;) [to, (0; —1)]; wactu (K,) [(0; —1); £], wactn
Pt +t,+1-G, =0,Ve < §, <2} [E¢].
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ITytn anst z,; BIOMPAOTCA CUMMETPHYHBIMM, K IYTSAM JUIS Zp;_;. HeTpyaHo mpoBeputs,
BbIOpaHHBIEC IYTH YOBJIETBOPSAIOT YCIOBHUIO JIEMMBI.

3. Aunanumuueckasn. K (8) mpuMeHHMM MeTOA TOCIEIOBAaTENbHBIX MPHOIMKEHUH, KOTOpHIE
OIIPEEIUM CIIEIYIOMNM 00pa3oM

Fpj 1(t) = Foj_1(to) | 1 (¢ Fpj 1 (t) — Fp54(7) 9)
Zyj-1m = 2 exp—L= > 2120 +Eft0(V,$l_1—s)exp 21 5 22 dr
Fi(t)—Fi(ty) 1 .t Fyi(t) — F,;(1)
Zajm = Zj€XP 2] 57 220 +Eft0(V,$l_1—£)exp 2 P 27 dr

Zj_10=0,250=0,m=12,..,

eV 1 =Zimo1 " Zame1 t o FZano11 " Zon1-

Jlanee, kak 1 B [6], IPOBOAMUTCS OIIEHKA M J0KA3aTEIhCTBO paBHOMEPHOU cxomumMocTH (9) B
obnactu Dy. [locnenoBarensHbie pubIMKEeHUs B Dy paBHOMEPHO CXOIATCS K HEKOTOPOU (PyHKIIUU
z(t, €), KoTOpast ABJISETCS pereHreM (8) U I 3TOr0 PEIICHUs CIIPaBEIIMBa OIICHKA

e, teD,UD,, (10)
Ve, t € D;UD,UDsUD,UD;UD,UDs

5

te U(Dj uD;) |uDs

j=3

ot )l < M, |

Onenky (10) paccmorpum nns t € R. Torna

gto <t <1-— (11)
Ve l—-+Ve< t<1

N3 (11) BeiTekaet, uto pewenue (1) ¢ ycnosuem (3) 3aaepxuBaeTcst BOJIU3M HEYCTONUYHUBOIO
MOJIOKEHHUS paBHOBecHs Ha orpeske [0; 1].

(¢, ol < Mz{
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