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IL.A. TypcyHoB

ACHUMIITOTHKA PEHIEHUS CUHTYJISPHO BO3MYIIIEHHOM
3AIAYM KOIIH B CJIYYAE CMEHBI YCTOMUYMBOCTH,
KOT'IA COBCTBEHHBIE 3HAYEHUA UMEIOT HOJIFOCBI

Hccnemyercs aCHMITOTHYECKOE MTOBEICHUE PEIICHNUs] CHHTYIISIPHO BO3MYIIEHHOM
3agaun Kommw mpy HapymeHNH yCIOBHS aCHMITOTHYECKON yCTOHYMBOCTH, KOTa
KOMIUIEKCHO-CONIPSDKEHHBIE COOCTBEHHBIE 3HAUCHUs] MaTPHIBI-QYyHKINH KOd(-
¢unmenTa TMHEHHOH YacTH MMEIOT IMOJIOCH. JlOKa3bIBaeTCs aCHMIITOTHYECKas
OJIM30CTh pElIeHHs] CHHTYJIIPHO BO3MYIIEHHOW 3amaun Komm mpu HapymeHuH
ACHMIITOTHYECKON YCTOHYMBOCTH TOYKH IMOKOS B IIOCKOCTH «OBICTPBIX IBHKE-
HUID» K PELICHUIO IPEAEIbHON CHCTEMBI Ha JOCTATOYHO OOJIBIIOM MPOMEXYTKE.

KnroueBble ciioBa: acumnmomuueckoe nogeoeHue, CUHSYIAPHO BO3MYUJeHHAS
sa0aua Kowwu, cuneynspnoe sosmyujenue, manviii napamemp, cucmema 0ObiKHO-
BEHHBIX OUDDePeHYUATbHBIX YPAGHEHUTI ¢ MATLIM NAPAMEMPOM NPU NPOU3E00-
HOU, ACUMRMOMUYECKAsT YCMOUYUBOCMb, KOMIIAEKCHO-CONPANCEHHbIE COOCMEEH-
Hble 3HAYeHUsL.

Kak HaM n3BeCTHO, MHOTHE aKTyalbHBIE 33/1a4M TEOPHH KOJICOAHUH, TEOPUN PATHO-
TEXHHUYECKHUX MPHOOPOB, TEOPHH aBTOMATHUYECKOTO PETYIMPOBAHMWS, KBAHTOBOW MeXa-
HHUKH U JIp. CBOIATCA K M3YUYEHHIO CHCTEM OOBIKHOBEHHBIX IU((epeHINaNbHbIX ypaB-
HEHHMH C MaJIbIM TTapaMeTpoM IpH cTapiieil mpousBoxHor. Ciryyau, KOTAa CHHTYIISIPHO
BO3MYIIICHHBIE YPABHEHUsI UMEIOT SIBHBIE PEILLEHUs, KpaiiHe penku. [Jaxe st coBpe-
MCHHBIX KOMITIBIOTEPOB 3a/ia4ya ONPECACIUTDb MOBEACHUC PCIICHU B IOI'PAHUYHBIX CJIOSAX
U IIpU HapYLIEHUU yCIOBHUS aCUMITOTHUECKOW YCTOWYMBOCTH, NMPH AOCTATOYHO MAJbIX
3HAYEHUAX T1apaMeTpa, — BeCbMa TpyJoeMKas 3a/1a4ya. BaxKHbBIM HUHCTPYMEHTOM IIPH HUC-
CJIC/IOBaHUH TIOBEJICHNH PELIeHHH TOOOHBIX CHHTYJISIPHBIX 3a7a4 SBJISIOTCS aCHMIITO-
TUYECKUE METOJBL.

A.H. TuxoHOB COPMYIMPOBAI TOCTATOYHBIE YCIOBHS, IIPU BHIMTOJHEHUH KOTOPBIX
pelieHre BO3MYIIEHHOH 3a/ladil ¥ pelleHne HeBO3MYIIEHHOW CHCTEMBI aCHMITOTHYE-
cku Omusku [1, 2]. Jlanee 3Tu TOCTATOYHBIC YCIOBHUS CTalHM HA3bIBATh YCIOBHSAMH YC-
TOWYMBOCTH. 3aTeM, HCCIIEN0BATENCH NHTEPECOBAIO ACHMITOTHIECKOE MOBEIEHHE pe-
IISHUS 3a7jaddl TpW HapyIIEHHH YCIIOBHM ycToiumBocTH. IlepBoii pabotoii, korna Ha-
pylIaeTcsl yCIOBHUS yCTONUMBOCTH Ha oTpe3ke [—1, 1], HO BeImomHSAETCA HpeeTbHBII
nepexon, spusercs padota M.A. llIumkosoit [3], yuenuna JI.C. [Tontpsaruna. Benen 3a
3TON paboToii mosBWIKNCH PaboThl [4—16] u np. Bo Bcex 3THx paboTax HCCIIEIOBAaHBI
cilyyad, KOTJja COOCTBEHHbIE 3HAueHMs MMEIOT HyJiu. B nmanHoi pabore uccienyercs
CiTy4aid, KOTJ]a KOMIUIEKCHO-COTPSDKEHHbBIE COOCTBEHHBIE 3HAUSHUSI MAaTPHLBI-(DYHKIHN
Ko3(dunneHTa JUHEHHOW YacTH MMEIOT HOMIOCHl. JloKa3pIBaeTcsi acMMITOTHYECKas
OJIM30CTh pElIeHUs] CHHTYJISIPHO BO3MYIIEHHOH 3amaun Komm mpu HapymieHHH acuMm-
NTOTHYECKOH YCTOHYMBOCTH TOUKH MOKOSI B INTOCKOCTH «OBICTPBIX ABMKEHHI» K perie-
HUIO TIPE/ICNBbHON CHCTEMBI Ha IOCTATOYHO OOJBIIOM MIPOMEXKYTKE.
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IlocTaHoBKA 32724 ¥ OCHOBHOW pe3yabTaT
Paccmotpum 3anauy Komu
ex'(t,8) = Ax(t,e) + A1), x(10,€) = X', M

rae 0 < € — Manblii mapameTp, A(f) — KBaapaTHas MaTpUIla-QYHKIMS BTOPOTO MOPSIKA, C
anemeHTaMu a;(f), f(t) =colon{fi(¥), f(t)}, au(t), f(t) — anammTHuecKkHe GYHKIMH,
(,k=1,2), X = colon(e,e), tefty,Ty], ty = ctg(n/(2n-2)), ty< Ty — const, 3 < neN, mar-
puna-pyHKuus A(f) iMeeT KOMIUIEKCHO COTPSKEHHBIE COOCTBEHHBIE 3HAYECHUSL:

MO =+, ()= (=i)", 1 <neN.
Cuctemy (1) mpu € = 0 Ha3pIBaIOT HEBO3MYIICHHON WJIM MpeAeIbHON, 3Ta Mpeielib-

Hast CHCTEMa MMeeT e/IMHCTBenHoe permenne: ¥(1)=—A"" (1) £ (1).

TpeOyercst noka3arb Teopemy
Teopema. J{ns pemenns 3aqauu (1) crpaBeaaBa aCHMIITOTHYECCKAs OIICHKA

Ix(t,e) + A" (OAD)|| < ce, npu ctg(n/(2n-2)) < t < Ty,

rae 0 < ¢ — const, #y < Ty — const, 7y = ctg(n/(2n-2)), 3 < neN.
Joxka3zareabcrBo. Kak u B padore [14], B 3amgade (1) cnenaem 3ameny

x(1,€) = Bo(0)y(t,e) + g(0),
e g(f) = —A ' ()A1), y(t,€) — Hem3BecTHas BEKTOP-DYHKITH,

B, ()= ((711 (t)=axn (1) /ay (1) (O, (t)—azi (t)/ay, (t)j .

HerpyaHo yOemuThCst B CIpaBemIHBOCTH paBeHcTBa: By '(£)A(f)By(f) = D(f), rae
D(t) = diag(M1(1), 2(2))-
Torna noxyuum 3amaqy

8y'(1,8) = D(OY(1,8) + eBO(L,€) + eh(D), (toe) = ¥'(&), 2

rae B(r)==B,' (t)B'y (1), h(r)==By (1)g'(t). [D"()]| = O(e).e0.
Ot 3amaun (2) mepexoauM K SKBUBAICHTHOM 3a/1ade:

y(t,€)= E(t,to,s)y0(8)+_[E(t,r,s)(B(r)z(r,8)+h('c))dr , (3)

ty

e E(t,1,6)= exp{%j‘D(s)dsJ .

ITycts
(-0 2 (20

t
E; (t,r,s):exp[l.[ki(s)dsJ ,j=1,2;
. el

P,w,f) = bii(v(t,e) + bia(Ow(t,e), O(v,w,t) = bai()V(8,€) + bn(H)w(t,€).
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3anauy (3) 3anuineM B CKaJISIPHOM BHJIE:

t t
v(t,e) =V E, (1,1y,€) + J.E1 (t, e (t)dt+ _[El (#,7,€)P(v,w,1)dr,

t t ) t (4)
w(t,e) = w'E, (t,15,€) + _[Ez (t,t,e)hy (t)dt+ IEZ (t,7,e)0(v,w,1)d1,
1o f
HMeeM V] =P (10.8) = Oe), W] = [w'(10,€)] = O(e), 0.

3anauy (4) Oyaem peratb METOJIOM TOCIEIOBATENbHBIX TPUOIKEHUH
VO(tyg) = 05 WO(tsg) = O,

v (6,8) = 0(e) E, (t,t,€) + [ E, (t,7,8) Iy () d,

ly

w (1,8) = 0(&) E, (t.15,8) + [ B, (t,7,8) I, (1) d,,

)

t
v, (t,€)=v (t,€)+ IEI (t,1,8) P(Vyy_ys Wyy-T)dT,

ty

t
Win (t78) =W (t’8)+ _I.E2 (t’ng)Q(mel’Wmfl ,T)d’t’ >

0
rne P(vm’wm’l) = b]l (t)vm (t’8)+b12 (t)wm (I,S) H

O (Vs Wyyst) = by (1) v, (2,€) + by (1) W, (1,€) , [bii(0)] < c0/2, (kj =1, 2).

Janee npu onenke QyHKIMA Vv, (1,€), w,(t,€) IepeMeHHy10 ¢ OyJeM CUHTaTh KOM-
MJIEKCHBIM TIEPEMEHHBIM, CIEIOBATENBHO, V,(1,€), W,(1,€) — KOMIUIEKCHBIMY BEITUIHHA-
MH. 3aTeM MBI HCITOJIB3yEeM CBOMCTBA aHATUTHYECKOH (yHKImH [17]:

3HaveHHe MHTerpajia OT aHAIUTHYECKOW (YHKIMHM B OJHOCBS3HOH obiactu H He
HU3MEHSICTCS, €CIIM KOHTYP MHTETPUPOBAHUS HEMPEPHIBHO Ne(hOPMHUPYETCS TaK, UYTO €ro
KOHIIBI OCTAIOTCSI HETIOABM)KHBIMH M OH BCE BpeMs OCTaeTcs BHyTpU H.

[lyctb t=1t +it, T="1T,+iTy THE t, b, T1, To — JACHUCTBUTEIbHbIC NEPEMEHHEIE,
i=+-1. Haum cilenyeT paccMaTpuBaTh 00JIACTh T€X TOYEK (Z;f), ST KOTOPBIX OJIHO-
BPEMEHHO CIIPABEAJIMBbLI HEPABEHCTBA

1y +ity 1y +ity
u(t,t,)=Re '[ (s+i)"ds<0, u(f,-t,)=Re I (s—i)"ds<0.
N L

[IpoBenem mccieoBaHNE MOCIEAOBATEIBHBIX IPUOIIDKEHUH V,,(2,€) B W, (2,€).
Nmerot MecTa HepaBEHCTBA:!

Wi(t,2,8)| < PUE1(t1,12,8)] + [i(t1:128));
|Vm(t1,t2,8)| < |V](t1,t2,8)| + |Jm(t15t2,8)|; (5)
Jy (’1’t2’8)|§

W (t1:1,8)| <[wi (41,15, €)| +|jm (’13’273)| ; (6)

i (t1.15,8)| < |WOE2 (4 ,t2,£)| +
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rae

u(ty,ty)—u(ty,t5)

|1 (11,15,)| < ZI ¢ Iy (1,0 T +d75 5

I]/

u(ty,—ty)-u(1,-15)

|J1 (flstng)| ZI ¢ |y (1,7 Wt} +d75 ;

/1/

u(tyty)-u(1,75)

| (fptz’g)lgz.[ ¢ 1Bt Vs W15 T T N T +dT5

J I

u(ty,—ty)—u(t,~15)

(tl’t2’8)| ZJ. ¢ (o (Vm—l,Wm—nTlaTz)l\/dle+dT§ ;

i

l,,l, — TyTH HHTETPUPOBAHUS M-TO MPUOIIKEHNUS, COSAUHSIOmUE TOUKH (%) ;0) (f1;5),
J =
[} — OTpe3KH ITHUX IMyTeH.

CoOcrBeHHbIe 3HaYeHHS A(f) B KOMIUIEKCHOH IIOCKOCTH, COOTBETCTBEHHO B TOYKAX
(£f) UMETOT n-KpaTHEIHA MOIIOC U

Re};,(1)=Re (t7i) =Y (t),, , v, (t)=Re(tFi)",
(t 4—1) (t2 +—1)
rae

v ()= { ol g (- CH2 (<) CX, n=2k, keN,

k2 2k-4.3 k12k2
CMlt -h"+( )" Gyt +(-1)" G5t n=2k-1,

nostoMy Re A »(7) <0, ecin y,(¢) < 0; Re Ay 2(¢) > 0, ecim y,()>0; Re A, 5(f) =0, ecnu
y,(¢) = 0 mm t—oo0,
Ecnu nepeiitu K MoJIIpHBIM KOOpAUHATAM

t+i=p(coso+ising), p=vi*+1, ¢=arctg(l/1),

To moydum Re A1 ,(p, @) = p "cos(ne).
[Hoatomy

+1 4k +3
T<Q<

Re A2(p, ¢) <0 ipu 4k
2n

+3 4k +5
T <—T
2n

Re Ay 2(p, ©)>0 mpu 4k

2k +1
Re Ai2(p, @) =0mpu ¢ = hl T WIH P—>00.

B momspHBIX KOOpAMHATaX HadaslbHas TOUKa (Zp;0) mepexoanT B TOUKY (Po,Po), TAC

—TI: l< <3_TC
2(n-1)" 20 7 '

po =N1+15, @)= o
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BBenem B paccMOTpeHHE QYHKITUIO

u(t)—u(to)zRej'(SJrl')—"dS:_ v, (1) + v, (k)

o (n-1)(2+1)" (n=1)(1> +1)’

V() = Re(t-i)"", m>1

B IOJISIPHBIX KOOpAMHATAX (QyHKIN u(f) — u(fy) IMEeT BU

_l’

u(ps ) —u(py:y) = - cos(n-1)¢ COS(”_I)(PO.

-1 pil
Ilpu @, = ﬁ umeeM cos(n—1)@y = 0, moaTomy
u(p,cp)—u(po,cpo)=—m(’,’,—__ll)(p-
p
Ipu ¢, =ﬁ u q)e|: ( ) 2 (e )} u(p,@)<0. B nexkapToBbIX KOOp-

JIuHaTax fy = ctg(n/(2n-2)), u moaromy u(f) < 0 tipu t€(ty, + ).
OreHUM TOCTIeIOBaTEIbHBIC MPUOIIKeHus. MccnenoBanue npoBeneM B 00JacTd
H,:

Hy = {(ti;t2): u(tr,t) < c(a), u(ti,~1) < c(a)},
v, (41)

(n— 1)(t12 +(1, +1) )H

e u(ty,t,)=-

c(a) =u(ty + 0,0), 1 <, 0 <a << 1, (0 — ZOCTATOYHO MAIOE YUCIIO).

3amerum, uto ecuu u(t;,h) <0 wu u(t;,—)<0 10 ||E(t,ht0,€)|| = O(1) wnnm
(112,108 ()] = Oe).
Ilycts

H = {(t;;t2): u(tr,t) < u(To,0), u(ti;—12) < u(To,0)},
Hy = {(t;;tp): u(ty,t0) < c(a), u(t,—t) <c(a), ty < Tyt + 1), 1) < To(1-12)},
Hy = {(ti;0): u(ti,—1) < c(a), To(1-1) < 11},
Hy = {(t1;00): u(th,t) < c(a), To(1 + 1) <t}
rae u(7,,0) < c(a), Ty < T,, — abcrpicca TOUKU mepecedeHus THHUH u(t),t) = c(a) u u(t,

—1) = c(a), o < Ty — const.
PaccMoTpuM JTMHMU yPOBHS

u(ty,t,)=—¢ nu(ty,—t,)=—-¢, 0<¢ —const,
I B TIOJISIPHOM CHCTEMe KOOPJMHAT

cos(n 1)(p _(n-1)G, cos(n 1)(p _(n-1)z.

Jlunmsimu ypoBHS siBisiercst (n—1)-nenectkoBast posa. O6nacte H, MOTHOCTBIO TO-
KPBIBAETCSI TIMHUSIMU YPOBHSI.
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OnpenenuM IMyTH HHTETPUPOBAHUS:
1) ecru (t136,)€Hy, 10 1, =1L U2UL, [ =I'UI2UI> . Tlpu stom [, cammer-
PUYHO /,, OTHOCHTEIIBHO AEHCTBUTENBHON OCH 1
Voo (1,0)
(n=1)(zf + )" '
l,i . BEPXHss YacTh JIMHUM YPOBHA u(T),T2) = u(ty + a,0), f{H+a <1, < t1* , tl* — abc-

LCCa TOYKH [IEPECEYCHHs] IMHHH YPOBHSI C IPSIMOH T, + 1 = (6, + 1)11/t;
n-1
3. _ * _ .
Lo(tn+ ) =(6+D)1,6 <1, <t, u(t,1,)= u(tl,tz)T’H ;
1
) 2B T ST 17273174175
2) ecmu (ty;)eH,, o 1, =1, Ul UL, 1 =1 Ul Ul Ul Ul . 3amerum, 4o

[,, HECUMMETPHYHO [, OTHOCHTEIBHO NEHCTBUTENBbHOH ocu. 3xech [, Ta ke /,, 9To B

1
L,:1,=0, t <7 <ty+o;u(r,0)=—

H,, moatomy onpenenum [, :

\ljn—l (‘cl) .
(n —1)(1:12 +1)"! ’

l,j : HIDKHSIS 9acTh JIMHUM YPOBHS u(T1,—Ts) = u(ty + a,0), tr + o < t; < Ty

71
l,:1,=0,1 <1, <t +o;u(t,0)=-

tn—l
Ty, u(rl,—tz)zu(tl,—tz)%,to+0cS H < Ty
1 T

_tz

1
1,3 . OTpe30K mpsamoil 1-1, =

[, : b9acTb JIMHUM YPOBHSA u(T),—T,)=u| t;+ay,l+=—(f;+0) |, t; <1, <t +05 8] —
4

f,-1

abcrpcca TOUKH epecedeH st IMHUU YPOBHS u (T),—T, ) =u [tl +0o,1+ (4, + o, )j
1
copsamoiic 1-1, =(1-14,)7,/1;
- —~t . q!
I° : orpesok mpsamoit 1 -1, =—21,, 1, <1, <1, , u(7,~7, ) =u(t,,~t, %;
1 T
3) ecnu (ty;,)€H,, 1O [, = l,ln Ul,i Ulfn Ul:, Ul;, le — Ta xKe im , uro U B Hy. Onpe-

JIETIAM [,,,:

\Vn—l (Tl )
(n=1)( +1)"

l,i . BEPXHSSA YACTh JMHUHU YPOBHS u(T),Ty) = u(ty + a,0), tr + o < 1) < Ty

Ity =0, 1) <1, <ty +o; u(t,,0)=—

n—1
T, ht+o<t T, u(tl,rz):u(tl,tz)%
1 T

3 . t+1
[5, © OTpe30K NpsAMOH T, +1=

>

*

4 tz+1
[: dacte smHMH YpoBHS u(T),T,)=u|t+0g,—l+=——(t,+0,) |, 4 <1, <H+0y;
4

* t2 +1
f, — abcuucca TOYKH IIePecedeH s JIMHUM YPOBHS u(T,T, )=u| t, +0ly,—1+=—(t; +0,)
4

C mpAMOH ¢ T, +1=(¢, +1)1, /1, ;
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n—1
I otpesok T, +1=(t, + 1)1, /8, 1, <, <4y, u(1,,7,) = u(tl,tz)%.
1
Jliist Bcex MOCNEN0BATeNbHBIX NPUOIMKEHUH MyTh MHTETPUPOBAHHS HE MEHSETCS
COOTBETCTBEHHO B obnactax Hy, H,, H,.
[Tpou3BenieM BBIYUCICHUS MTOCIEIOBATENbHBIX TPUOTHKESHHIA.
Iycrts (#1;t,) € Hy, TOTOA
V(1)

o VIR u(t; t)
e () dtv; K(t.,t,,e)=e ¢

thH+
i (t,1,8) =0() K (4,15,) _[

)
6 u(ty+o.0) 0 _“(Il’fzziln_l
2 (h1:15,8) = O() K (41,15, €) I e ¢ dy; j13(t1,t2,8)=0(1)'|.e Tdry,
ty+a f

|{1 (t:12,8) < iy (B1s15,8) + g (81:1558) + iz (11,12,8);
|J1 (tl’t2’8)| < i (tsty8) + Jia (4512,8) + iz (8,1,).

OLeHUM 3TH UHTETPaIbL:
_“(Tlao)
— €
to+o u(ty,0) to+o edie

iin(tt8) = OMK (pty.e) [ e ¢ dy=OMK (tty.6) [ —Fte==
fH fo v

u(ty+0.,0) u(ty,0)

to+o (11,0)

€

e ¢ e ¢ u"(1,,0) e_u

|
u'(ty+a,0) —u'(t,,0) (u'('fl’o))z

ty

ZO(S)K(tl,tz,S) T
TaK KaK u(ty,tr) — u(ty + 0,0) <0, u(ty + ,0) < 0, u(ty,0) = 0; u/'(t1,0) = 0
npu to £ Ty <ty + a < ctg(n/2n), u(t,t) — u(t1,0) < 0.
CrnenoBatenbHO, AJis UHTETpana ji(¢1,t,€) MOXYIHM OEHKY j1(Z1,t2,€) = O(€), e—0.

4 u(ty+o0) u(ty 1y )—u(tg+0.,0)
Ji(0,10,€)=O(MK (hpty8) [ e & dy=0(e ¢
ty+o
i u(t ) i uly Jz)('ffil‘flnil)
Ji3 (t17t2’8)=0(1)K(t15t278)J.e a dy =0(1)J.e i dvy =
h h
ooua ,tz)(ri”' —t{”') ooula ,tz)(t] -1 )(n—l)t{”2

1 * - 1 * n—
o(fe " ay=oMmfe Wy =
4 ]

*\n—1 ¢
=0(1) €h) [l—e SJzO(g), e —0.

_”(tlstz)(”_l)f{kz
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Tak kak f, =ctg >1,n>3,m t, <t <, TO CIpaBeJIUBBl HEPABEHCTBA

2(n-1)

n n
o I
S < <ot
= j=1

-(4 _Tl)”(tl’tz)ztln_]té '< —(4 _Tl)”(tlvtz)ztln 1] f<—(4 —t)u(ty,ty)ntf "
J= =
rae u(t,t) < 0.
[onyunm
u(ty,ty )—u(ty+0.,0)
|1 (t.0,,€)| < ¢ | e+e e ,

u(ty,—ty )—u(ty+a,0) (7)
|j] (tl,tz,z-:)|ﬁc1 et+e &

2) Ilycrts (#1;t,) e H,, TOT A
u(ty,—ty )-u(ty+a,0)
|J1 (t1,12,8)| <¢le+e e ; OLEHHM Ji(11,6,)|:

Y1 (1)

s(n—l)(rlzﬂ)ni] ulfi12)

dv;; K(t,t,,e)=e ¢

to+o
in(t:1,€) = 0() K (4,1,2) _[ e
)
T,  u(ty+a,0)

o

iz (t:15,8) = O() K (4,15, €) J. e ¢ dy;

to+o.

-1
T _u(yp)y
n—1

i3 (4:15,8) = O() K (1,15, €) _[ e T ody;

f+a
H+ag €
; e ~ t+1
Jia (t,15,€) = O(1) K (8,,1,,€) J. e 8dtl;c:u[t]+oco,—l+ (t1+oto)j;
g 1
gl

-1
t _u(tt)

Jis (t151,8) = O(I)K(tl,tzs)J.e il dy .
4

Torma

1(t,12,8)| < J11(t1,t,8) + J12(t,8,€) + J13(t1,12,€) + J1a(t1,t2,€) + J15(t1,t2,€)-
OLeHUM 3TH UHTETPaIbL:

Ju(tih.e) = 0(e), e0;
T, _u(to+(x,0) u(ty,ty)—u(ty+0.,0)

Jia (t1,1,8) = O() K (1,15,2) J. e ° dy=0(l)e ¢ ;

fo+a
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, Cu(n)g! , 7u(f17f2)(T771*f1"71)
n-1 n—1
Ji3 (1:15,8) = O(1) K (4,15, 8) J. e T dy=0() J. e gt] dr, =
H+og f+ay
u(tn)(w =) ;) (m—n oDy
=o() [ e W dy=o0() [ e W ay=
f+a t+0o
e(1,)"" ;

=0(1) l-e ¢ |=0(g), e > 0;

—u(ty,ty) (=)~
f+og _é
Jia (t1,15,8) = O() K (1.1, €) j e tdy =0(e").e > 0.

gl
o ~ *
JefcTBUTENBHO Ty CTh ¢, = u(t),t,), Torga ¢, —¢ <0 Tak Kak #; <f; <f +0,.

—1_ -1
i Cu( ) Py 7“(’1 i )(Tfl = )
1

— 1 n
Js(hbe)=0(K[e = dy=o1)fe dr, =
h

4

P A ) RPN (e
=0(1)J.€ e(f)) d‘tl =O(1).[e e(1) drl =
f 4
*\n—1 4
‘ _c
- o(1)— 1) —e 't |=0(s).

—u(t,ty)(n=1)t

B oGmacti H, cripaBemuBa oreHka (7).
3) Ilycts (t;t,)€H), Torna cupaBemiuBa oneHka (7). Tak kak u(ty,t) = u(ty + o,0) u

u(ti,—t) =u(ty + o,0), I, u [, cUMMETpUYHBI OTHOCHTEIBHO JAEHCTBUTENBHOH ocH

(3mecw 1, Ta xe 1, uto u B H,) TO uMeeM

u(ty,—ty )—u(ty+a,0)
|j] (11,12,8)|SC ete e

s mepBoro mpubmmxenus B oonactu Hy, = H\U H,U H, cripaBeINBEI OIIEHKH

u(ty,ty)—u(ty+0,0) u(ty,—ty )—u(ty+a,0)
v (1.t,,8)|<c|e+e e . m(f.n.e) <clete e ,

a B obmactu Hc H,, cripaBeNTUBBI OLICHKU
[vi(t1,t2,8)| < ci8, wi(t,5,€)| < €1€, TaK Kak B oOmacT H
M(tl,tz) < M(T(),O) < u(t() + (1,,0), M(tl,—tz) < M(T(),O) < M(t() + (1,0).

ITosToMy mMeem
[P(vi,wit,h)| < cicog; [O(viwisth)| < cicoe.
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JI1g ocTanbHBIX MOCIeI0BATENbHBIX MPUOIMKEHUH My Th HHTETPUPOBAHHS HE MEHSI-
€TCsl COOTBETCTBEHHO B oOnactax Hy, Hy, H,. Yuutsiai (5), (6), B obnactu H nmeem

a(t1,12,8)| < ca(€)e, [Walt1,12,8)| < ca(€)e, () = c1(1 + coe);

[v3(t1,12,€)| < c3(e)e, [wi(t1,12,€)] < c3(e), c3(€) = ci(1 + ca(€)coe);

‘Vm(tlst278)| < cm(g)ga |Wm(l1,lz,8)| < Cm(S)S, Cm(g) = cl(1 + cm—l(S)COS)a

m—2
rae en(e)=c| Y, (cicoe) +c" 2 (cove)™ " | < L, ¢, (e)<c;
0 1—cicpe
CJIeJIOBaTeNIbHO, B 00MacTH H mociaenoBaTenbHOCTUH {V,(f1,6,€)}, {Wu(t1,t2,€)} paBHO-
MEPHO OTPaHUYECHBI.
PaccmoTpum psizibl
m—1
vy (t,3,8) + D (v (6152,8) = v, (11,15,
Jj=1
m—1
wi (1,1,€) + Z(W(t]’t278)j+1 W (t17t2=8)) ,
j=1
OHH CXOJISATCS, TaK KaK JUIS KOKIOTO WICHA psia UMEIOT MECTO OLICHKH:
|Vm(t1,t2,8)— Vm,l(tl,t2,8)| < C‘Sm, |Wm(t1,tz,8)— Wm,l(tl,tz,{i)‘ < CSm, m = 1,2,...

B obmactu H mocnenoBaTenbHOCTD {V,(f,5,€)} UMeeT npeaen v(t,t,€), a mocaeno-
BaTENBHOCTE {W,,(?1,15,€)} mMeeT mpenen w(t,t,e), mpuueM {v,(t1,6,€)}, {Wn(t,6,€)}
MPEICTaBIIOT CcOOON pemeHus 3amaun (4), mpu n>1, W CHpaBeATINBHl OICHKH
[v(t1,5,€)| < ce, [W(t,t,€)| < ce mmm

Ix(t,€) + A" (OAD)|| < ce, npu ctg(n/(2n-2)) < t < Ty,
rae 0 < ¢, ty < Ty — MOCTOSIHHBIC YHCIA, f) = ctg(n/(2n-2)), 3 <neN.

3akJa4uenue

HccnenoBanue moka3ano, yTo B 3ajade Komm Uit CHHTYJISIPHO BO3MYIICHHBIX
muddepeHInanbHbIX YPaBHEHUH 3aTATMBaHUE MOTEPU yCTOWYNBOCTH CYIIECTBEHHO 3a-
BUCHT OT COOCTBEHHBIX 3HAYEHHUH MaTpHIBl KO3()(HUIIMEHTOB JIMHEHHO!H YacTh CHCTe-
Mbl. Ecin KOMIUIEKCHO conpshKeHHbIE COOCTBEHHBIE 3HAUEHHsI UMEIOT HYJIH, TO 3aTSITH-
BaHHE IOTEPU yCTONUMBOCTU MPOUCXOJUT Ha KOHEYHOM oTpeske [3—7, 10, 11, 13-16].
A eciy KOMIUIEKCHO COTPSDKEHHBIE COOCTBEHHBIC 3HAUEHUSI HMEIOT IOJIOCHI, TO 3aTs-
THBaHHE OTEPH yCTOHYMBOCTH IPOUCXOUT HA TOCTATOYHO OOJBIIOM OTPE3KE.
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Tursunov D.A. ASYMPTOTICS OF THE SOLUTION OF THE SINGULARLY PERTURBED
CAUCHY PROBLEM IN THE CASE OF A CHANGE IN THE STABILITY, WHEN THE
EIGENVALUES HAVE POLES Vestnik Tomskogo gosudarstvennogo universiteta. Matematika i
mekhanika [Tomsk State University Journal of Mathematics and Mechanics]. 59. pp. 16-28

DOI10.17223/19988621/59/3

Keywords: asymptotic behavior, singularly perturbed Cauchy problem, singular perturbation,
small parameter, system of ordinary differential equations with a small parameter at the
derivative, asymptotic stability, complex conjugate eigenvalues.

In this paper, the Cauchy problem for a normal system of two linear inhomogeneous ordinary
differential equations with a small parameter at the derivative is considered. The coefficient
matrix of the linear part of the system has complex conjugate eigenvalues. These eigenvalues
have poles in the complex plane. The real parts of the complex conjugate eigenvalues in the
considered interval change signs from negative to positive ones. A singularly perturbed Cauchy
problem is investigated in the case of instability, i.e., when the asymptotic stability condition is
violated.

The aim of the research is to construct the principal term of the asymptotic behavior of the
Cauchy problem solution when the asymptotic stability condition is violated and to prove that the
solution of the singularly perturbed Cauchy problem is asymptotically close to the solution of the
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limit system on a sufficiently large interval when the asymptotic stability of the stationary point in
the plane of “rapid motions” is violated.

In the study, methods of the stationary phase, saddle point, successive approximations, and
L.S. Pontryagin’s idea — the transition to a complex plane — are applied.

An asymptotic estimate is obtained for the solution of a singularly perturbed Cauchy problem
in the case where the asymptotic stability of a stationary point in the plane of “rapid motions” is
violated. The principal term of the asymptotic expansion of the solution is constructed. It has a
positive power with respect to a small parameter. The asymptotic proximity of the solution of the
singularly perturbed Cauchy problem to the solution of the limit system on a sufficiently large
interval is proved when the asymptotic stability of the stationary point in the plane of “rapid
motions” is violated.

The obtained results can find applications in chemical kinetics, in the study of Ziegler's
pendulum, etc.
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