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PaccmarpuBaeTcs joKanbHasi IMHAMMKA CUCTEM JIBYX ypaBHeHUIt ¢ 3ana3abiBaHueM. OCHOBHOE TIPEAIIO-
JIOXEHHUE 3aKJII0YaeTCsI B TOM, YTO IapaMeTp 3alla3ablBaHUs SIBJISIETCS JOCTATOYHO OOJIBIIMM. BoiaeneHbl
KpUTUYECKUE CJTydau B 3a1a4e 00 yCTOMYMBOCTU COCTOSTHUSI pABHOBECUS I TOKA3aHO, YTO OHU UMEIOT Oec-
KOHEUYHYIO pa3sMepHOCTh. MICIioab30BaHbI 1 MOJIyYWIN JaJbHEHIIee pa3BUTHE METOIbI 0€CKOHEYHOMEPHOI
HopMaJiM3aluu. B KauecTBe OCHOBHBIX PE3YJIbTATOB MIOCTPOEHBI CIIeLIMaIbHbIC HEJIMHEMHBIC KpaeBble 3a-
a4, KOTOPBIE UIPAIOT POJIb HOPMAJIbHBIX (popM. VX HeloKaabHasl AUHAMUKA OIIpeneliseT MOBeIeHUE
BCeX pelLIeHUII UCXOIHOM CUCTEMbI B OKPECTHOCTU COCTOSIHUSI pABHOBECHSI.
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1. BBEAEHHE

PaccmarpuBaeTcsl HeTMHelHAs cucTeMa U3 OBYX
nruddepeHInaIbHBIX YpaBHEHUH ¢ 3aMa3IbIBAaHUEM

i = Au+bBu(t — T)+ Fu(t - T)). (1)

3necbu € R ,An B— 2 X 2 MmaTpullbl, 3aI1a31bIBaHUC
T > 0, b = 0 — HexkoTopHIit mapameTp. Henmmueiinas
BeKTOP-(pyHKIIMS F(#) B OKPECTHOCTU HYJIEBOTO CO-
CTOSTHUSI paBHOBECUSI JOCTATOYHO INIaAKasi U UMEET
BU/I

Fu) = B(u,u) + Fu,u,u) + Fyu),

rie  Fyu) = O(lu’]).

BekTop-dyHkiumn F, ; — TMHEHHBI 10 KaXKIOMY apry-
MeHTy. B KagecTBe (pa3oBOro mpocrpaHcTBa (pUKCH-

pyeM IpOCTPaHCTBO C[_T,O]([R{z).

HccnenmyeTcst BOIpoc o ToBeAeHUM BeeX pelleHUit
(1) c HaYaTbHBIMHU YCJIOBUSIMU M3 HEKOTOPOIi TOCTa-
TOYHO MajJOil OKPECTHOCTU HYJICBOIO COCTOSIHUS
paBHOBecHsi. OCHOBHOE MPEAIIONIOKEHNUE, OTKPhIBA-
ol1ee IyTh K TPUMEHEHUIO0 aCUMITTOTUYECKNX METO-

! Pecuonanvrotii HayuHo-o6pazosamensHolii
mamemamuueckuil yenmp “ILlenmp unmeepupyemuoix
cucmem”, Spocraeckuii eocydapcmeenHuili yHugepcumem
um. I1.I. Jlemudosa, fpocaaens, Poccus

*E-mail: kasch@uniyar.ac.ru

** F-mail: a.tolbey@uniyar.ac.ru

OB, 3aKJII04acTCAad B TOM, YTO ImapaMeETp T sBasieTcs
JOCTAaTOYHO 6OJIBH_II/IM, a 3HA4YMT,

0<e=T"'<1. )

Cucremnl Bua (1) usydyanuce B paboTax MHOTUX aB-
TOpoB (cM., Harpumep, [1—14]). B paborax [15—17]
paccMaTpMBaloCh ypaBHEHHE BTOPOTO MOPSIIKA C
GOJIBIITVM 3ama3IbIBAaHUEM.

B (1) ymobGHO mpou3BecTM 3aMeHy BpEeMEHU
t — Tt. B pe3yybTaTe NPUXOIUM K CUHTYJISIPHO BO3-
MYILIEHHOU CUCTEME

eu = Au+bBu(t—1)+ F(u(t —1)). 3)

OTMeTUM, 4TO BBIpOXIEHHAas nMpu € = 0 cucTteMa He
JaeT nH(pOopMalluM O TTOBEASCHUM PELICHUN CUCTEMBI
(3) ipu t — oo. ByAyT CyIIeCTBEHHO UCITOJb30BATHCS
¢dyHImaMeHTaJabHbIe pe3yabTaThl [19—21] 06 acumIi-
TOTMKE PEeLIeHU CUHTYISIPHO BO3MYILIEHHBIX YpaB-
HEHMIA.

BaxxHyto posb mpu M3ydyeHUU JIOKAJIbHOIM IUHa-
MUKU CUCTeMBI (3) UrpaeT IoBeIcHUE PeIleHU -
Heapru30BaHHOI (B HyJIe) CUCTEMBbI

eu = Au+ bBu(t —1). 4

IToBeneHue pemieHUid 3TOI CUCTEMBI ITOJHOCTBHIO
OIpENEIISIETCS PACIIONOXEHUEM KOPHEH ee XxapaKTe-
PUCTUYECKOTO KBAa3UTIOJITMHOMA

det(A4 + bexp(—A\)B —ell) = 0.
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_ 2 p_ 2 _
[lycte A = {a;}", B ={b;}", a = @, + ay 1 a; = detA,
b, = det B. Torna xapakTepuCTUYECKMI1 KBA3UITOIM-
HOM IIPUHUMAET BU/I

eN —eah+a =

i (5)
= b, exp(—20) + b(EXb, — by) exp(=A),

rae

by = by + by, by = ayby + anby — apby — aybys.

B ToMm ciyyae, korna Bce KOpHU (5) UMEIOT OTpuiia-
TeJIbHbIE€ BEIIECTBEHHbIE YaCTH U OTIEJ€HbI OT HYJIS
npu € — 0, Bce penieHust CUCTeMBbl (4) 1 Bce pelie-
HUS C JOCTaTOYHO MaJILIMU HayaJlbHBIMU YCIIOBUSIMU
cucteMsbl (3) IIpU MalbIX € CTPEMSTCS K HYIIO IIpU
t — oo. Ecnu e ypaBHeHUE (5) UMeeT KOPeHb C Mo~
JIOXKUTEIbHON U OTAEJIEHHOM OT HyJIs Ipu € — 0 Be-
IIECTBEHHOI YacThlO, TO HyJeBOe pelleHue B (4) u
(3) HEeyCTOMUYMBO M B MaJloii OKPECTHOCTU HYJISI HE
MOXeT ObITh arTpakTopa B (3). [ToaTomy 3amaya o au-
HamuKe (3) CTAaHOBUTCS HEJIOKAJIbHOIA.

PaccmoTpuM Borpoc 0 moBeIeHUH BCEeX pEelIeHUI
(3) 13 OKPECTHOCTH HYJIEBOTO COCTOSIHUSI paBHOBE-
cUusl B cllydasiX, OJIMBKUX K KPUTUUYECKUM, KOoTraa y
ypaBHeHUs (5) HET KOPHEU C MOJOXUTEIBHOI 1 OT-
IEJCHHOM OT HyJas npu € — ( BelleCTBEeHHOM 4Ya-
CThIO, HO €CTh KOPEHb, BEIIEeCTBEHHAs YaCTh KOTOPO-
ro cTpeMuTcs K Hyo tipu € — (. bynet nmokasaHo,
YTO B KPUTUUECKUX CIydassx 06 CKOHEUYHO MHOTO KOp-
Hel (5) cTpeMUuTCs K MHUMOM ocu ripu € — 0, moaTo-
My KpUTHMYECKHE CIydyald MMEIOT OECKOHEYHYIO pa3-
MEPHOCTb.

Beenem eme omHo mipenmonoxeHue. Ilycth Bce
COOCTBEHHBIEC 3HAUYEHUSI MAaTPUIIBI A UMEIOT OTpUIIA-
TeJIbHbIE BEIICCTBEHHbIC YacTu. TeM caMbIM

a=a,+a, <0 u aq=detd>0. (6)

I1pu mocTaTouHO MajIbIX 3HAYECHUSIX ITapaMeTpa b Bce
KOPHM XapaKTepUCTUYECKOTO ypaBHeHUs (5) TOxe
MMEIOT OTpUIIaTe/IbHbIe BellleCTBeHHBIe YacTu. I1o-
STOMY peub IIOMIET O HAXOXICHUY TAKOIO 3HAYCHUSI
by (b, > 0), mpu koTopom Wist b € [0, by) Bce KopHHU (5)
MMEIOT OTPUIIATEIbHBIC BEIIECTBEHHbBIE YaCTH, a IIPU
b = b, peanu3yeTcs KpUTUUECKUIA C1ydail B 3agaye oo
YCTOMYMBOCTU HyJieBoro peiieHus (4) u (3).

2. JMHEWHBIN AHAJIN3

B nanHowMm paszaene ucciienyemM JMHENHYIO0 CUCTe-
My (4) ipu yciaoBum (2). CHavana onpeneanm Koah-
¢uneHTH B (4), IIpA KOTOPBIX Peanu3yeTcsl KpUTH-
YecKWI ciydail B 3agade 00 YCTOMYMBOCTH. 3aTeM
HaiiieM acUMIITOTUKY Mpu € — 0 Bcex TeX KOpHeH
(5), BeleCTBEHHbIE YACTU KOTOPBIX CTPEMSITCS K HY-
o nipu € — 0.

JOKJIAJIbI POCCUMCKOW AKAJEMUU HAVK. MATEMATUKA, UH®OPMATHUKA, TTPOLIECCHI YITPABJIEHMUS

I[OHOJ'IHI/ITCJ'ILHO npceamnojgaracm, 4To
b #0. (7)

Cinyuait, korna b = (0 Oyaet paccMOTpEH B pasaede 4.

PaccmorpumM ypaBHeHue (5) Kak KBaapaTUYHOE
ypaBHEHUE OTHOCHUTEIBHO BeJIMYUHBI b exp(—A). To-
ra IMojyyaeM, 9To

bexp(-A) = R*(eM), 8)
riue
R(eN) = (2b)'[b; — eAb, £ ((by — eNb,) +
+4b, - (A7 —agh + ).

B (8) mosoxuMm A = ioe ', tie @ = 0 — BelLeCTBEH-
HOE U ITyCTh

R (i) = p* (@) exp(iQ"(®),  (p*(®) = R (o).
HawnmMeHblee 3HaueHME pi(co) o BceM ( = (0 00o3Ha-
4iM epes py: minp (@) =p (@)=p, 1 min(p* (@),

p (0 )) = po(y) = py, T

o - ®, ecau Py =p,
’ O, ecau P, =P,
+,o +
p(®), ecmm py =<p,
Po = Pol@y) =4 _ 2 3
p(®), ecaua Py =_pPg,
Q' ("), ecomu py =<p,,
Q) = Qy(ay) = ‘ 0

Q(w), ecaum p; <p,.

HakoHen, uyepe3 Ry(®w) 0003HauUUMM BbIpaXeHUE
Ro(0) = po(e) exp(i€2(®))-

Jlemma 1. Ilycmo b < p,. Toedoa npu docmamouro
Manbix € 6ce KOpHU ypaeHenus (5) umerom ompuya-

meabHble U omdeneHHble om Hyas npu € — 0 eewe-
cmeeHHble uacmu.

Jlemma 2. Ilycmo b > p,. Toeoa npu docmamouro
Manvix € ypaenernue (5) umeem KOpeHs ¢ NOAOICUMENb-
Holl u omdenenHoil om Hyasa npu € — 0 ewjecmeenHoll
4acmoio.

ITpocThie, HO TPOMO3AKUE MOKA3ATEIBCTBA 3TUX
YTBEPKICHUIA OITYCTUM.

Huxe paccMOTpyUM KpUTHUUYECKUIA Caydail, Korma
BBITTOJIHEHBI paBCHCTBA
by = b=b,+eb 9)
o = Po> o ,

e b° — Mpou3BoJbHBLA (PUKCUPOBAHHBIIA TApaMeTp.
Haiimem acummtoTuky mpu € — 0 Bcex TeX KOpHei
A, (E), X,,(s) (n=10,£1,£2,...) (5), BelleCTBEHHbIE Ya-
CTH KOTOPBIX CTPEMSITCS K HyII0 TIpu € — 0.
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BBenem o6osnauenme. Yepes 6 = 0(€) € [0,2m)
0003HAaYNM TaKyl0 BEJIUYHMHY, KOTOpas AOITOJTHSET

-1
IO TIeJIOTO KPaTHOTO 27t 3HAYEHUE (,€ .
Jlemma 3. [Iycmbo ebinonnenvt pasencmea (9). Toeoa

o151 A, (€) umerom mecmo acuMnmMOmMu4ecKue paceH-
cmea

A, (€) = i(oye " + &0 — Q, + 21n)) + (10)
+eh, +ENy, +...,

6 Komopbslx

;\’ln = _lQb(mo)po[e - QO + 2Tm].

HarmomHuM, 4T0 KOpHIO A,(€) ypaBHeHUs (5) OT-
BevaeT peleHue Ditnepa u,(t,€) cuctemsl (4)

u,(t,€) = g,(e)exp(A,(e)),

rne g,(8) = g, t &g, +...
MaTpULILI

— COOCTBEHHBII BEKTOP

C, () = A+ by expliQ, — €\, — €'\, —...1B,
OTBEYAIOIIUI COOCTBEHHOMY 3HAUEHUIO i, + €i(0 —
—Q, +2mn) + €Ay, + €y, + ... v st MaTpuLbl C =
=C,(0) = A+ byexp(i€2,) umeeM paseHcTBO (g, =
= iW,g,- Huxe noHagobuTcst COOCTBEHHBIN BEKTOD
go Matpuiiel C*: C*q, = —i®,q,. YIOOHO 3TOT BEKTOP
HOPMUPOBATh TakK, YTOOHI (g, q,) = 1.

Jluneiinas cucreMa ypaBHeHUi (4) Torga umeeT
COBOKYMHOCTb PEIIEHUI C MPOU3BOJBLHBIMU KO3(Dh-

duuventamu §,

u(t,e) = i E,u,(t,e) = E(t,¢) i €, exp[2nnix +

n=—eco

+€ My, + 0©)]- g,(e) = E(t,€)E(T, x)g, +

n=—oco

(1)

+te i E.(V (g1, + €8y, +...) - eXP(2MAiX).

n=-—oco

3nech T=¢t — “memyeHHoe” Bpems, E(f, €) =
= expli(,e " + 0 — Q) —eQ(0y)Po(0—Q))t], x= (1 —

—eQ(my)po)t, €,(1) = &, exp((Ay, + O(€))T) — KOID-
dummenTs Oyphbe 1-TIepruoaNIECcKOi 1Mo X QYHKIINN

&(1,x).

3. IOCTPOEHHME
KBA3MHOPMAIJIbHBIX ®OPM

Cpasy oTMeTHM, 9TO 0OOCHOBaHNE MPUBOIMUMBIX
HIDKE YTBEPKICHWI ClleayeT HEeOCPENCTBEHHO M3
aJIrOpUTMa MOCTPOEHUSI aCUMIITOTUKHU PEIIeHU nc-
XOITHOU KpaeBoii 3amauyu. bynem mpenmosiarars, 9To
BBITIOJIHEHBI paBeHCTBa (9). OcTaHOBUMCS Ha HAMOO-

Jiee BaXKHOU cUTyaluu, koraa o, # 0.

NOKJIAIbI POCCUMCKOMN AKAJJEMUU HAVK. MATEMATUKA, MH®OPMATHKA, TTPOLIECCHI YITPABJEHMUS

OCHOBBIBasICh Ha aCUMIITOTUYECKOM MPEICTaBIIe-
Huu (11), penreHUsT HEJIMHEMHOM CUCTEMBbI ypaBHE-
Huii (3) uiieM B BUAe

u(t,€) = e(E(T, ) E(t,€)g, + ) + € (1 (T, x) +

+ (T, X)E*(1,€) + cc) + € (uy (T, X)E(t,e) +  (12)

+cc + up(TX)EN(t,€) + cc) + ... .
Bce purypupytomue B (12) dynkimu 1-nepuoamaHbl

o x. 37ech U HIKE Yepe3 cc 0003HaYaeM cliaraemMoe,
COMPSKEHHOE K MPEIbIIyIIEMY.

IMoncrasnsist (12) B (3) u coBepiiasi cTaHIapTHBIE
NeiicTBUSI, OyIeM Tocien0BaTeIbHO OINpPenesiTh KO-
adounuenTs! B (12). I1pu € B nepBoii cTeneHn MOJy-
yaeM BepHoe paBeHCTBO. Cobupast KoaPpUuimeHTol

2 o
IIPU €, IPUXOIUM K CUCTEME YPABHEHWM IS Uy (T, X)
U U,,(T, X), U3 KOTOPOM HaXOAMM, YTO

0 2 02
Uy (T, x) = U20|§(T, XN, uy(tx) = ”21‘: (T, x),

Uz = (A + byB) ' [Fx(g0,80) + F>(Zo»80)1,

Uy = (A + byB — 2i 1) F(gy, 8)-
Ha caenyiomem mare codbepem Ko3(hOUIIMEHTHI IIPU

3 o
€. B pesynbTare nojgyyaeM CUCTEMY YpaBHEHUN IS
OIpeleNeHUs Us (T, X) Y Uz (T, X).

W3 Hee cpady HaXOoUM U, (T, X):
Usy(T,x) = =& (A + byB = 3ien D) (Fy(uy), &) +

+ Fz(goﬂé)l) + F(&0, 805 &0))-

YcnoBue pasp€mMmmMoCTn HOJIy‘-ICHHOﬁ CUCTEMBI OT-

HOCHUTEIBHO LI31(’C, x) COCTOMT B BBIIIOJTHCHHUU paBCH-
CTBa

P 9 P)
a—%_: Ala—x§+Aza—E+A3§+
+(d, ) [by(Bgy, 40) 1 "EJE]

u utst §(T, x) BBIMOJHEHBI EPUOIUYECKUE KPaeBbie
YCIIOBUS

(13)

E(nx+1)=§&(T,x).

Hnst K0abbUIMEHTOB 4, , ; BEpHBI PaBEHCTBA

(14)

4 = %(p;;(wo) — Q5 (@p)Po(®y)),

Ay = L (@y)po () — 2i4,(6 — Qo (),

Ay = by = iQ(@p)Po() (6 — Qp(w)).
IIpexne yemM chopMyIpOBaTH OCHOBHOM pe3yJbTaT,
BBEIEM €llle HECKOJIbKO 0003HaueHuil. dDukcupyem
npousBoibHO 6, € [0,2m). Yepes €, = €,(0,) Oynem
0003HaYaTh TaKyl0 IIOC/IE€AOBATEIIbBHOCTb, YTO
€,(0,) > 0pu r — oo 1 6(,(0,)) = 6.
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Teopema 1. [lycms ebinoanens ycaosus (6), (7), (9)
u @, #0. Quxcupyem npoussosvho 6, € [0,2m).
Iyems §(T,x) — oepanuuennoe npu T — o, x € [0,1]
peuterue kpaeeoii 3adaqu (13), (14) npu 6 = 0,. Toeoda
dyuxyus

u(t,€) = e(&(t, x)E(1,€)g, + cc) +
+ €ty (T, X) + (T, X) E*(1,€) + cc) +
+ € (uy, (T, X)E(t,€) + cc + us, (T, x) E*(1,€) + cc)

mpu T=¢*t, x=(1—eQy(®)Po(0)), €=¢,(6,)
YIOBIIETBOPSIET CUCTEMe YpaBHEHMI (3) ¢ TOYHOCTHIO
10 O(e").

DTO yTBEpXKIEHNE TOBOPUT O TOM, YTO TIpA chop-
MYJMPOBAHHBIX YCIOBUSIX KpaeBas 3amada (13), (14)
SIBJISIETCS KBA3MHOPMAJIbHOM (POPMOIL 1151 CUCTEMBI
ypaBHeHuit (3). Ilpu BeimonHeHuUM paBeHCTB (13),
(14) dbyHxkuus us,(T, x) onpenensiercs. COOTBETCTBY-
OIIIyI0 (hOPMYITYy U3-3a TPOMO3IKOCTH IIPUBOINUTH HE
oymem.

4. IPUMEPDBI

B aTOoM pasnene npuBeneM SIBHbIN BUI Koahhu-
LIMEeHTOB, (urypupytomux B (13). B mepBbIX aByX
MpUMeEpPAX CACNAHO YIIPOLIAIOLIEE MPEATIOTI0XKEHUE O
TOM, 4TO

b =detB=0.

B sToM ciydae ypaBHeHUE (5) mpMHUMAET BULL,

(15)

behb, — by)exp(—\) = €A% —eak + q,. (16)

PaccMotpum otaenpHO citydau, korna b, = (0 1 korna
b, #0.

4.1. Caywai b =0u b, =0
OTtMeTuM, 4TO Ipu ycjioBusx (15) n
b, =>b,+b,=0 (17)

00a cOOCTBEHHBIX 3HAUCHMSI MATpUIIbI B HyJIeBHIC.
Bynem mipenriojiaraTh, 4YTO BBIIIOJIHEHO YCIIOBHE HE-
BBIPOXIEHHOCTU

by = ay\by, + aybyy — apby — ayby; # 0. (18)
PaBeHcTBO (16) TOrma mpMHUMAET BUJI

—b - byexp(-\) = €\’ —ea\ + a,. (19)

[onoxum 3xeck A = ime ' (®= 0) ¥ PacCMOTPUM
BbIpaXKeHHE

p(®) = b byexp(—iwe ™),

e p(®) =g, — o —iam = |p(o)|exp(iQ(w)). U3 (19)
rosy4aeMm, 4to [p(®) = b - |b|.

JOKJIAJIbI POCCUMCKOW AKAJEMUU HAVK. MATEMATUKA, UH®OPMATHUKA, TTPOLIECCHI YITPABJIEHMUS

[Tycth min, |p(w) = [p(®, ). Toroa Haxognm, 4TO

o = 0, a = 2a,,
’ 2a, - a)?, d < 2ay,
2 (20)

po = lp(oy)| =

[pu b < py|by|" Bce xkopru (19) MMEIOT OTPHUIIATEb-
HbIE U OTIEJeHHBIE OT HyJIs TIpU € — () BelleCTBEeH-

—1
Hble yacTu, anpu b > pylby| B (19) ecTh KOPEHB C TIO-
JIOXUTEIbHOMN U OTHEASHHOM OT HYJIsI ITpu € — 0 Be-
LIECTBEHHO 4acThlO.

Kputnyeckuii ciyydaii peaiusyeTcs Ipu
_ -1
by = Po|b3| .

[pu yciosuu a° = 2a, umeeMm py(0) = 2, Q,(0) =0,

b=by+€b’ m

Q,(0) = a. Ecmn a’ < 2a,u (d,q,) # 0, TO KBa3UHOP-
MaJbHOIT (opMoii sIBIsgeTcs KpaeBas 3amada (13),

(14), B koTOpOI1 py(0))) = polby|', a py 1 @, onpenensi-
oTcs B (20).

4.2. Caynait by =0ub, #0

IIpu 3THX YCIOBUSX TOJBKO OOHO COOGCTBEHHOE
3HaYeHue MaTpullbl B HyneBoe. M3 ypaBHeHus (16)
TOTHA II0JIy4yaeM, 4To

bexp(—\) = (e°A% —eak + a,)(eb, — by) .
[MonoxuM 31ech A = iwe ' (® = 0). Torza

bexp(—ime™) = p(w)(ib,o— b;)".

Kputnueckue BeTMYUHBI py U (), OTIPEIEIISIOTCS U3
paBeHCTBa

méﬂ(lp(ﬂ)ﬂ - |ibyo — b3|_1) = po = lpo(@y)| - |ibyoy, — b3|_1-

ITocne Toro Kak 3Ha4eHHUs py U (), ONPEIEIIECHBI, TTO-
BTOPSIEM M3JI0XKEHHBIN BBILIIE aJITOPUTM HAXOXKICHUS
K03 duIreHTOB KBa3nHOpMaibHOI hopmel (13), (14).

4.3. Caywai B=1

Ilpu ycioBum B = [ BBHINOJIHEHO HEPABEHCTBO
b, = det B # 0. Ilyctps Matpuuia A MMeeT napy KOM-
TUIEKCHBIX COOCTBEHHBIX 3HaUeHMit oL £ i3, tne o < 0,
B> 0. Torma KopHM XapaKTepUCTUIECKOTO YpaBHe-
HUS IJIs1 CUCTEMBI

eu= Au+ bu(t —1)
VIOBJIETBOPSIOT PABEHCTBAM
el = o i+ bexp(—A).
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[Tonoxum 3nech

L=ioe' (W20 u b=bh+eb"

Kputnueckue 3HaueHust AJjisi NapaMmeTpoB @, U b,
OMPEAESIOTCS U3 COOTHOUICHUIA
. -1 . —
bexp(—ioe ) = i(®F P) — o

Ortciona (yuuTsiBas, uto ® > 0, B > 0) moaydaem pa-
BEHCTBA

1/2
/ w, =B.

KBasmnopManpHas ¢popma B 3TOM ciIydae MMeeT B

by = min[(@~B)’ +o’]”* = ol

0 407 . - -1, 0
a—§= (b)) ‘87%—(19(21;3) 1+b01)£+

+ 08, —0°(2b)) " + b8 HE +

+(d, o) [by(Bgo, 40) 1 "EJEF,
E(t,x+1)=&(T,x).

BbIBOJbI

st cucteMbl U3 IBYX YpaBHEHUN C 3ara3biBa-
HUEM BBIAEJIeHbl KpUTUYECKHE CIydan B 3amgade o0
YCTOMYMBOCTH COCTOsSIHUSI paBHoBecus. IlokasaHo,
YTO 3TU KPUTUYECKUE CIIydau UMEIOT OECKOHEUHYIO
pa3MepHOCTb. B KaxImoM 13 HMX NOCTPOEHBI KBa3M-
HOpMaJibHbIE (POPMBI, HEJIOKaJbHasI TMHAMMUKA KO-
TOPBIX OMNpeNesieT acCUMIITOTUYECKOE ITOBEIeHUE
pelIeH’T UICXOOTHOM CUCTEMBI B OKPECTHOCTH COCTO-
SHUSA paBHOBecusl. KBasmHoOpMaJlbHBEIMU (opMaMU
SIBJISIIOTCS KpaeBble 3amadyu Turia [wH30ypra—JlaH-
may. Orcioma MOXHO cIejiaThb BBIBOO O TOM, 4YTO
CTPYKTYpa pelleHUid B MOJyYEHHBIX KBa3MHOPMAaJlb-
HBbIX (popMax, a 3HAYMUT, U B UICXOAHON CUCTEME, MO-
XKeT OBITh JOCTATOYHO CI0XHOM. Bo MHOTIMX cirydasix
KBa3snMHOpPMaJIbHbIE (POPMBI colepKaT “BHYTpPEH-
HUi1” mapameTp 0, KOTOpbIii 6ECKOHEYHO MHOTO pa3
npooderaet 3HadeHus ot () 70 1 Tpu CTpEeMIIEHUHN K HY-
JIIO MaJIOTro MapaMeTpa. OTO TOBOPUT O BHICOKOM UyB-
CTBUTEIBHOCTU JMHAMMUYECKNX CBOMCTB MCXOOHOM
CUCTEMBI K U3MEHEHMIO €€ ITapaMeTPOB.

NCTOYHUK OPMMHAHCUPOBAHMUA

HWccnenoBaHue BBIIOJIHEHO 3a cYeT rpaHTa Poccuiickoro
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DYNAMICS OF A SYSTEM OF TWO EQUATIONS WITH A LARGE DELAY

S. A. Kashchenko* and A. O. Tolbey*

% Regional Scientific and Educational Mathematical Center “Centre of Integrable Systems”,
P.G. Demidov Yaroslavl State University, Yaroslavl, Russian Federation

Presented by Academician of the RAS V.V. Kozlov

The local dynamics of systems of two equations with delay is considered. The main assumption is that the de-
lay parameter is large enough. Critical cases in the problem of the stability of the equilibrium state are high-
lighted and it is shown that they have infinite dimension. Methods of infinite-dimensional normalisation
were used and further developed. The main result is the construction of special nonlinear boundary value
problems which play the role of normal forms. Their nonlocal dynamics determines the behaviour of all solu-
tions of the original system in a neighbourhood of the equilibrium state.

Keywords: dynamics, stability, delay, quasi-normal forms, singular perturbations
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