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PaccmarpuBaerca cucrema n3 Tpex OJHOHAIIPABIEHHO CBI3aHHBIX CHHTYJISIPHO
BOBMYIIIEHHBIX CKAJISIPHBIX HEJIUHEHHBIX I depeHnnaabHO-pa3HOCTHLIX YpaBHe-
HUH C ABYMS 3aIa3/bIBAHUSAME, MOJAETUPYIONINAX JIEKTPUIECKYIO AaKTUBHOCTH KOJTb-
1eBoil HelipoHHO# acconmanuu. [Ipejmosaraercs, 9To JJjisi KaXKJIOr0 U3 ypaBHEHUM
[IpU KPUTUIECKUX 3HAYCHUSX [MaPAMETPOB Peanu3yeTcs Caydail 6eCKOHEITHOMEPHO-
ro BeIpOXKaeHus. JaJjee, mpu ycjioBun, 9T0 6u(ypKaIMOHHbIE TapaMeTPhl OJIN3KN K
KPUATHUIECKUM, 8 KOIPPUIINEHT CBA3H MOIXOISIINM 00Pa30M MaJl, CTPOUTCS KBa3H-
HOpMaJibHast (popMa, JAHHON CHUCTeMbl. AHAIU3UPYS 3Ty KBA3UHOPMAJIBHYIO (DOPMY,
Ha OCHOBE TEOPEMBI O COOTBETCTBHUU, YAAETCsI YCTAHOBUTH, UTO IPHU IHOIXOISIIEM
BBIOOpE MapaMeTpoB B (pa30BOM IIPOCTPAHCTBE MCXOIHON CHCTEMBI MOXKET COCYIIe-
CTBOBaTH JII0OOE HaIlepesl 3aJIaHHOEe KOHEUHOEe YHUCJIO0 YCTOWYIUBBIX MEPUOITICCKIX
JIBU2KEHUI.

Juddepennnaibuble ypaBHEHNS C 3ala3/IbIBAIOIIIM apI'yMEHTOM IIPEICTaBJIsAOT CO-
OO0l MMPOKMIT KJIACC JIMHAMUYECKUX CUCTEM CO CJIOZKHBIM ToBejieHneM pertennii. Herpu-
BUAJIbHOCTh CBOWCTB TaKWX ypaBHEHHUI OOyC/IOBJIEHA B IMEPBYIO OvYepeb OeCKOHETHO-
MEpPHOCTBIO MX (PAa30BOr0 MPOCTPaHCTBa. B 3ajiade 00 yCTONYMBOCTH STUX ypaBHEHUI
MOXKET HabJII0aThCs OECKOHETHOMEPHOE BBIPOXKIEHNE, U B KAadeCTBE WX HOPMAaJIbHBIX
dopM TakxKe HPUXOIUTCA PACCMATPUBATHL OECKOHEYHOMEPHBIE CUCTEMbI CIIEIUAJIHLHOIO
BHU1a. B HEKOTOPBLIX CJIydasAX TaKne CHUCTeMbl MOT'YyT 6bITI) IpeacTaBJ/ICHbI B BUAE Kpae-
BBIX 33124 (cM., Hanpumep, [1-4]). B nHacrosiieit pabore paccmarpusaercs Kiace udde-
PEHITNAJILHBIX YPaBHEHUI ¢ JBYMs 3ala3/IbIBAHUSME, IPUMEHIEMbIX B HEHPOIMHAMUKE
U TIOIYJISIIUOHHON OMOJIOrnd, JjIs KOTOPOIO0 B CHHIYJIAPHOM CJIy9dae MOYKHO IIOCTPOUTD
KBa3MHOpMaJIbHYyIo (bopmy. s mosrydeHHoli KBa3MHOPMAaJIbLHOM (POPMBI JOKA3bIBAIOTCS
YTBEP2XKJACHUA O COOTBETCTBHU, a 3aTEM OHa N3ydaeTCAd aHAJIUTUICCKUMU U YUCJICHHBIMU

IPaora BbImosHeHa mpu (DUHAHCOBOH HOImep:KKe rpanTa IIpaBuresscra P® 110 HOCTAHOBIICHHIO
220, morosop 11.G34.31.0053.
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Merogamu. [ ypaBHeHuit yKa3aHHoOro Tuiia 0OJIbIIoe 3HAYCHNE UMEET 00beIMHEHUE X
B KaKkyIo-mmbo accormanuio. B pajgnodusnieckux n HeipoOHOJTOTHIECKAX TPUIOXKEHUTX
TaKhe acCOIUAIMKM YacTO IIPEJICTABJIAIOT COOOM OJIHOHAIPABICHHO CBA3AHHBIE B KOJIb-
1o cuctembl. [IpocTeiimm HETPUBUAIBHBIM KOJIBIIOM W3 OJHOHAIIPABJIEHHO CBI3aHHBIX
ABTOI'E€HEPATOPOB CJIe/IyeT CIUTATh CUCTEMY, BKJIIOUYAIONLYIO TPU jieMeHTa. B 1emom ps-
Jle CIy9aeB pacCMOTPEHMe TaKOH CUCTEeMBI MO3BOJIsIeT OOHAPYKUTH HEKOTOPbIE HOBBIE
5 deKThI, BOSHUKAIONME KaK Pe3yJIbTaT B3aUMOJEHCTBUS OCIUILIATOPOB (CM., HAIPU-
mep, [5-7]). Cpenu a3¢pdekToB, 06HAPYKEHHBIX B HACTOsAIIEH paboTe, OTMETHM HAJIUYUE Y
CUCTEMBI TIPU TOJIXOIAINM 00pa30M BBIOPAHHBIX ITApaMeTpax JIFO0ro Halepe/1 38/ I[aHHO-
r'0 KOJIMYECTBA COCYIECTBYIOMNX MePUOIUICCKIX PEKUMOB, T. €. HaOJII0IaeTCsl STBICHUE
oydepnocTn.

1. IlocranoBKa 3ajjaum u JUHENHBIA aHAJIN3

PaCCManI/IBaeTCH MO/IeJIbHasd CHUCTeMa, IIpuMEHAeMad B HGprO,ZLI/IHaMI/IKe u II0ITyJIdA-
HHOHHOﬁ 6I/IOJIOI‘I/II/I7 cocTodniad U3 TpexX CBA3aHHbIX B KOJIBIIO CUHI'YJIAPHO BOSMYHIIECHHBIX
OCHUJIJIATOPOB C JABYM{ 3alla3IbIBaHUAMN

uj:)\[—1—i—f1(uj(t—h1))+f2(Ug(t_h2))+V9(“J—1)]u37 ]:]"273’ (1)

rae u;(t) > 0 (j = 1,2,3) — cxansapusle dhysknun, npuaeM ug(t) = us(t), A > 0 mpo-
ITOPIMOHAJIBLHO CKOPOCTH IPOTEKAHUA IIPOIECCOB B CUCTEME U OOBITHO BeJIMKO, hi, hy —
IOJIOZKUTEIbHBIE TapaMeTphl, Oonpejessiomue 3anasapBanusd, g(u), f;(u), j = 1,2 —
JIOCTATOYHO TJIaAKue (PYHKIUH, U — KO3 (DUIUEHT CBIA3M MEXKLY OCIILISTOPAMHE.

[Ipu orcyrcreum cBsizu (v = 0) Kaxkjoe u3 ypaBHeHuii cucrembl (1) B ciyuae Jin-
HefiHbIX byHKImit fj(u) mpencrasiser coboit 06obIIeHHOE ypaBHEeHHE XaTUHHCOHA, B
KOTOPOM YYTeHbBI JiBe Bo3pacTHble rpymmbl (eM. [8,9]). Kpome Toro, nannoe ypaBHenue
MOZKET CJIY?KUTH (DEHOMEHOJIOIMYECKON MOJE/ILIO MMITYJILCHOIO HEAPOHA C YIETOM ABYX
sanazbiBanuii (cm. [10-12]), ormerum, uTo cirydail oJHOrO 3ana3/bIBaHus 00CY XK IAeTCs
B [13].

[IpearmoaoKmM, 910 KaxK bl OTIeIbHBIH oCIIIATop (1) nMeeT eMHCTBEHHOE HEHY-
JIeBOe COCTOstHIe paBHOBecus U, > 0 Tak, 910 fi(uy) + fo(u.) = 1. IlycTs, Kpome ToroO,
dbyuKIwK npapoii dacty (1) packiaJbBalOTCsI B TOUKE Uy B PsIJI

fi(u) = ajo + anu.(u—1) + apui(u —1)* + apui(u —1)° + O((u = 1)"), j=1,2,

a (yHKUS CBsI3U JINHEHA U TpejicTaBisiercs B Bujie g(u) = u,(u — 1). Bynem unrepeco-
BaThCs 3ajadeil (1) B CHHIYIISIPHO BO3MYIIIEHHOM CJIydae, KOrja

h2 :E’}/hl, ay; = —1/2—/L, ag) — —1/2+/,L,
y=const >0, e=1/\ 0<e,p<l, v <L

(2)

[Topsiiok MaJsiocTn napameTpa v OyJ/ieT COIJIaCOBaH C IOPSIKaMU MAJIOCTH BEJINYHH € U
. Tem caMbiM, 0OBEKTOM HCCJIEIOBAHUI HaIleil paboThbl OYIET CIIyKUTH CUCTEMA

ev; = —[(1/2 + p)vj(t — 1) — arov? (t — 1) — agsv) (t — 1) + (1/2 — p)v;(t — ev)—
— agui(t —e7) — asvi(t —ey) + O(v]) +vvja] (1 +vy), j=1,2,3, (3)
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nosydatomasicsa u3 (1) mpu ycinosusx (2) mocte 3amen t/hy — ¢t n v; = u(u; — 1)
j = 1,2,3. OrmeruMm, 9T0, KaK ¥ BbIIIe, BBIIOJHEHO ycjoBue vg(t) = vz(t) KoJbIeBoil
CBSI3U MEXKJTy OCIIUJLIATOPAMU.

[TocraBuM BOIIPOC O CYIIECTBOBAHUU M YCTONYMBOCTH aBTOKOJIe€OAHWN cucTeMbl (3),
OudypIUPYIONIUX U3 HYJIA IPU YBEJIUIeHUH (. [IepBbIM 3TAIlOM B PeIeHr 9TO 3a/1a9u
ABJIIETCA aHAJIN3 YCTOWYIUBOCTU HYJIEBOTO COCTOSHUS PaBHOBECUs TAPIUAILHOTO YpaB-
HEHUs CUCTeMbI (3) Ipu OTCYTCTBUY B3auMojieiicTust. J1jist 370ro He0OXOUMO BBISICHUTE
PACIIOJIOZKEeHE KOPHE COOTBETCTBYIOIIETO STOMY COCTOSHUIO PABHOBECUS XaPAKTEPUCTH-
YeCKOr'0 YpaBHEHUS

2e A+ (1 4+ 2p) exp(—=A) + (1 — 2u) exp(—Aey) = 0. (4)

PesynbraThl 3TOTO aHaIN3a MO3BOJIAIOT COTTIACOBATH MOPSIKA MAJIOCTU ITaPaMeTPOB &, (i
U V, a TaKyKe YTOYHUTH BBIOOD HapameTpa 7.

s nomydennst nudopManuun o ToBeJeHUN KopHeii (4), 6Iu3KuXx K MHUMOW OCH,
HCIIOJIB3YIOTCS ACHMITOTHYIECKIE paBeHCTBa (cM. [9])

Mg, p) = iwy (L4+e(y —2) + (v —2)%) = 28%w2 (1 —7) +4p+ O(® +ep),  (5)
rie w, = 7(2n — 1), u J0Ka3bIBAETCS CIEIYIONIEe yTBEPK ICHHE.

Jlemma 1. Ilpednonootcum, wmo napamemp vy Purcuposarn u yYyodosaemeopaem Ycio8uio
v < 1. Tozda no awbomy namypasvromy N moocro yrazams maxoe g = £o(y, N) > 0,
umo npu e € [0,&¢], 6o-nepsvix, Kascdoe us ypasnernui Rel,(e,p) =0, n =1,...,N
donycraem eQUHCMBEHHOE PEWEHUE

1= p(e), pn(e) =wi(l—7)/2+ O(%), (6)

so-emopvix, npu 0 < p < py(e) 6ce kopru ypasuenua (4) umerom ompuuyamenvirvie
deticmeumenvrvie wacmu, a 6 cayuae fg(e) < o < pig41(€) npu nexomopom 1 < k < N—1
svinoanaomes nepasercmea Red, (e, 1) > 0, 1 <n < k; Rel, (e, 1) <0 Vn > k.

[Moapobuoe J10Ka3aTEIHLCTBO JIEMMbI MOXKET ObIThH HalijeHo B pabore [9].

2. Metoa kBa3zmHOPMAaJbHBIX POPM M Pe3yJbTAaThl €ro
IIpUMEeHEeHNS

BruimotHeHHbIi BhIITe JIMHEHHBIN aHAJIM3 TTOKA3BIBAET, UYTO ITOCTaB/IeHHad OndypKam-
oHHasd NpobyieMa OJM3Ka K OECKOHEYHOMEPHOI: TIpH &€, i1, — (0 K MHUMON OCH CTPEMUTCH
cueTHOE YMCJI0 KOpHeil (5) XapakTepueTudeckoro ypasHenus (4). DrTo o3HavYaer, 4TO
B JIAHHOW CUTYAIIMM HEBO3MOXKHO HAIIPAMYIO UCIIOJIb30BATh M3BECTHbIE KOHEYHOMEPHDIE
METOJIbI UCCJIE/IOBAHNS JTUHAMUKY, OA3UPYIONINecs Ha alapaTe WHTerPaJIbHBIX MHOIO-
obpasuit 1 HOpMaJIbHBIX (POPM, B CBA3U € YeM HCIIOJIb3YeTCs CHEIUAIbHBIN aCHMITOTH-
JecKuil MeToJ, BBEJIEHHBII B HaydHBIl 060poT B paborax [1,2| n Ha3bIBAEMBI METOIOM
KBasHHOPMAJIbHBIX hopM (cM. Takxke [3,4]). st ero npumeHeHusi HEOGXOAUMO COIIACO-
BaTh MOPSAJIKA MAJIOCTHU IMapaMeTposB €, p u V. CresraTh 9TO MOXKHO CJIETYIOIIIMU JIBYMSI
CIIOCODAMU.
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1) TIpeanonoxkum cHadasa, 9ro napamerp v GbUKCHPOBAH U yJIOBIETBOPsieT HEPABEH-
crBy v < 1. Torga B coorBercrBun ¢ acumnrorundeckumu dpopmynamu (6) st KpuTde-
CKUX 3HAYEHUH i YMECTHO IIOJI0XKUTh

p= B v=1ye’. (7)

Bynem canrarnb, uTo
B = const > (1 —~)/2. (8)

Yenosue (7) obecriednBaer HEyCTONYUBOCTD HYJIEBOTO pellieHus cucteMbr (3). B aroit cu-
TyaIli B COOTBETCTBUU C aJIrOPUTMaMu, npejyioxkenubivu B [14, 15|, perenne (3) Gyaem
UCKATb B BUJIC

v; = e&i(s,7) + uy(s, 7) + ugi(s, 7) + ... j=1,2,3. 9)

31ech

T=(1+co,+20)t, o1 =7 -2, 03 = (7 —2)% s=¢er,

E(s, 7+ 1) = —=&(s,7), ugj(s, 7+2) =ui(s,7), k=12,...,7=1,23. (10)

[IpupaBuuBast KO3 HOUIUEHTDHI IPU OJIMHAKOBBIX CTEIEHSX £, HA TPETHEM Iare aJirOpuT-
Ma 13 YCJIOBHUIl Pa3PENNMOCTI NUMeEM CJIEIYIONIYIO TapaboInIecKyio KPaeByio 3a/1ady:

o,
0s

%¢;
or?2

=2(1—-7) + 4685 + dE + 21p€; 1,

(s, 7+ 1) =—¢€(s,7), 7=1,2,3, &fs,7)=&(s,7), (11)

JUIsl aMIUIATYIHBIX ItepeMeHHbIX &;(s, 7). 37ech § Urpaer pojib BPEMEHH, & T SABJIAeTCS
[IPOCTPAHCTBEHHON 1epeMenHoil. [lapamerp npu KyOudeckoil HEJIMHEHHOCTH OIIpeIe is-
ercst 10 popMyIIe

d= 2(&23 — a13) + 4(@%2 — an). (12)

Berogy nasiee 6yneM mpenosaraTh, 9To
d<0, (13)

HOCKOJIbKY JIJIsl TIOJIOKUTEJIbHBIX d KpaeBas 3ajada (11) He jquccunaTuBHA U PeIlleHUs
YXOJAT U3 00JIACTU IPUMEHUMOCTH JIOKAJbHBIX METOJIOB.

Heobxomumo noguepkuyTs, uro durypupyiomue B (9) dyuxmun &;(s,7) j = 1,2,3
npu ydere yciaoBus (10) aHTHIIEpHOIUYHOCTH TO T MOTLYT OBITH DA3JIOXKEHBI B DSIJIBI
Dypre BUIA

“+o0o
& = Zgjnexp (iwnT) + & exp (—iwnT), w, = (2n — 1), (14)

n=1

B KOTOPBIX UMEIOTCH BCE KPUTHUYECKUE HaCTOTHI, OTBEYAIONINe KOPHAM A = Fiw,, n =
1,2,... xapakrepuctudeckoro ypasHenus (5) npu ¢ = u = 0. Tem cambiM, cTaHOBHUT-
Cs1 BIIOJIHE OIPABJAHHBIM TpeGOBaHUE 2-IEPUOMMTHOCTH CJaraeMblx u;(s,7), k = 1,2,
j =1,2,3 u3 (9). B cBoto ouepejib, MOPSAIOK MAJOCTH MEPBOro u3 ciaaraeMbix (9), 1o
CTeleHsIM KOTOPOT'O BBINIOJIHAETCS Pas3J/IoyKeHne, TaK Ke KaK U B CJIydae KJIaCCUIeCKO
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oudyprarmonHoit Teopembl AHpoHOBa — Xorda, paBeH KBaJIpaTHOMY KOPHIO M3 HAa/l-
KPUTHIHOCTH

max Re A, (e, p) = (48 —2r*(1 —7))e* + O(e").

>
n>1 =Be?

Kpaesyto 3amaay (11) Gymem HasblBaTh KBasHHOPMaJbHOI (dhopMmoil ypaBHeHus (3).
DT0 HA3BAHKE OLPABIAHO TEM, YTO 3aja49a (11) MozkeT ObITH HOsTyUeHa u3 ypaBHeHu (3)
B pe3yJibTare IpUMeHeHrsI K HeMy (hopMaJIbHOl Tporie/lypbl HopMasm3aluu [lyankape —
ronaka u mocjie/ryionero “‘ceopaduBanus’ HOPMAaJIbHOW (POPMBI B CHCTEMY apadoJin-
qeckKux ypapaenwnii. Cjeayer oTMeTUTh, ITO ciaydait d = (), ecTecTBeHHBIM 00pa30M BO3-
HuKaomuii upu yciaosun fi(u) = fo(u), Tpebyer OTIeIBHOIO U3yUeHUsI U 3/1€Ch He PAc-
cMarpuBaercs. B pabore 9] sra curyanuns usydeHa B npeebHOM cirydae, Korjua GhyHK-
mun fj(u) comeprKar TOIBKO JIMHEHHbIe COCTaBIISIONHe, eCTECTBEHHO, 4TO BendnHa (12)
OKa3bIBACTCS TOTJA PABHOI HYJIIO U B pasjoxkenuu (9), KOTOPOE BBIMOJIHAIOCH YKe IO
CTEIIEeHAM \/g, YYIUTBIBaJIUCh JABa JOIIOJIHUTE/JIbHBIX CJlara€MbIX.

2) Bropoii crocob cornmacoBaHus MOPSIIKOB MAJOCTH BXOMSIMX B cucremy (3) mma-
paMeTpoB BO3HUKAET MPHU YCJIOBUH, 9TO 7 OTJIUIAETCS OT CBOETO IMMOPOTOBOIO 3HAYEHMUSI
~v = 1 Ha BeJIMYUHY MOPSIJIKA €, T. €.

=1—e, 7= const> 0. (15)
B aroM ciydae caeayer cumTaeM BBITOJTHEHHBIM COOTHOIICHHE

1= Boe®, Bo=const > m /2, (16)

¥ COOTBETCTBEHHO
v =12, (17)

Pemenust 3amaun (3) npu ycnosusx (15) — (17) Gyjer pack/iajblBaTbCs B Psijibl O
crenenam £%/2 u nacT Kpaesyio 3a1aay amajornanyio (11), HO ¢ TPETHUME ITPON3BOIHBIMM
110 [IPOCTPAHCTBEHHOM 1epeMenHoii. Takas 3a/1a4a Tpebyer OTIeJIbHOr0 PACCMOTPEHUS U
3JIeCh He MIPUBOJIUTCH.

OcTaHOBHMCS Ha €CTECTBEHHO BO3HHUKAIONIEM BOIPOCE O COOTBETCTBUM MEXKJY ABTO-
KOJIe6ATE/ILHBIMU PEKUMaMI KBa3HHOPMaJsIbHO# dhopmbl (11) u nexomHoro ypasHeHUst
(3). B dopmysnmpyemom HuKe OCHOBHOM YTBEDXKJECHUH B KauecTBe (ha30BOrO MPOCTPAH-
crBa Kpaeoii 3asa4u (11) BosbMem mpocTpancTBo Ey X Fy X Ey, cocrosiue n3 anTuire-
PUOMIECKUX (DYHKITHI (fl (1), &(7), & (7’)), rae Kaxkjaasg u3 bynkumit £;(7) npuHae-
xut kiaaccy W3[0, 1]. @a30BbIM IPOCTPAHCTBOM CaMoro ypapHenus (3) Gyjem cuuraThb

C]—-1,0] x C[-1,0] x C[-1,0].

Teopema 1. ITycmv p = e, B > 72(1 —7)/2, v = e, v < 1, a x6asunopmanvnas
dopma (11) donyckaem nepuoduveckoe pewenue muna beeyuiets 60AHbL

gj - 50](y) LY =0aQps + T, 503(9 + 1) = _50](y)7 j - ]-7 27 37 Qo = COTLSt, (18)

IKCNOHEHUUANLHO 0POUMaALHO Yemotivusoe usu duzomomuyunoe. Toeda natidemes ma-
Koe €9 > 0, wmo npu scex 0 < & < gy pewenuro (18) omeewaem yuxa cucmemv, (3) ¢
memu ofce ce0licmeamu yemotinusocmu. TAasHas aCuUMNMOMUKG 9M0o20 YUKAQ 3a0aemcs
pasercmeom (9).
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3. IIpocreiinme ycToiiunBbie PeXKUMbI
KBa3THOPMAJILHOI (POPMBI

JIJ1st orcka MpocTeHInuX IepHOINIeCKUX aBTOMOIEILHBIX PelleHnii KBa3nHOPMaJIb-
Hoit opmbl (11) BeImOMHEM B Heil 3ameny (14), B pesysbrare 4ero mojyduM OecKo-
HEYHOMEPHYIO CHCTEeMY OOBLIKHOBEHHBIX (b DepeHIuagibHbIX YPABHEHUHA OTHOCHTEIHLHO
Ein(s) j=1,2,3,n=1,2,... Haiinem ycoBus CyIecTBOBaHNS OZHOMOIOBBIX PEIIeHN
JIAHHOM CHCTEMBI, T. €. TaKWX, JJIsi KOTOPLIX O0pAlaioTcs B HOJIb BCE, KPOME OJHOTO,
ciaraemble passioxkenus (14). Cauraem, 4To JJIi HEKOTOPOTO T°

§ir 70, & n(s) =0, mam#r (j=1,2,3). (19)
J11s1 HeHyJIeBbIX aMILIHTYJL HOJIydaeM CJIe/LyIoNylo CHCTeMy:
Er=(48 = 2(1 = Nw2)&r + 3d|&; %50 + 2008210, §=1,2,3, (20)
By/em 1pejnonarars, 4To
Y =48 —2(1 = y)w; > 0, (21)

Tor/1a BBITOJHAM B (20) HOJSIPHYIO 3aMEHYy [epeMeHHBIX

O
22
U HOPMHUDYIOIIYIO 3aM€Hy BPEMEHU S —> 7S, KpOME TOro, 0OO3HAUYMM @ = (] — (o,
2v,
UV =y — 3 U Q, = =2 B sroit curyarpu u3 (20) moydaeM CJIeLyoILyo IaTUMEPHY O
Yk

CUCTEMY:
= + a,n3cos(p + 1) — 77%
T2 = N2 + Q1) COS © — 77%;
i3 = 13 + i cO8 Y — 173,

p=— (@ sin (¢ 4 1) + — sin go) (23)
U T2

i i
Y =q,| —sinp — —smw
T2 13
Cpasy ormernm, 9TO B CHJIy 3aMeHbI (22) umeeM 1)1,72,m3 > 0, Kpome Toro, cucrema
(23) 2m-niepuoyuHa MO @ U ). YUUTBIBasi 9TO, PACCMOTDPHUM YCJIOBHs CYIIECTBOBAHUS
U yCTOHYUBOCTU MPOCTEHIINX COCTOAHMN PABHOBECHS CUCTEMBI (23), JIJIs KOTOPBIX 7)] =
72 = 13. BblesmM ciieyiomnme jBa ciydast.
B nmepBom u3 nux

1 2T
771:7]2:77325\/4—20% 80:1/12?- (24)

s uccsieioBanns yCTOMYUBOCTHU JIAHHOTO COCTOSTHUSI PaBHOBeCUs JIMHEAPU3YEM Ha HEM
cucremy (23). HerpyiHo yOeauThest, 9T0 MOy IUBIIAsICA MATPHIA YCTOHIUBOCTH UMEET



164 Modesruposanue u ananrusd ungopmayuonnvxr cucmem T.20, Ne5 (2013)

COOCTBEHHOE YHCJIO A\| = —2 + ., IPUYEM OCTaJbHbIE COOCTBEHHBIE YUC/IA ABJIAIOTCS
KOPHSIMU CJIETYIOIIEr0 MHOTOYJICHA:
)\4 —+ CL1A3 + ag)\z + CL3>\ + ay, (25)
rjie
a; = (47 — ba,) /m,
43 5 9
as =4 + Zar — 13c, + Kar\/él - 2ay,
7
9 21 45 26
as = 8—04?(2@ — V4 —2a, + 302 — ?af + Iaf, (26)
s
9 57 33
as = Eai’@ — 3, )V4 — 20, — 6o, — Zoz;gf + 2—04;93.
s

YenoBueM rypsurieBoctn MuorodaeHa (25) ¢ koaddurmentamn (26) okasslBaeTcs Hepa-
BEHCTBO
a, < 0. (27)

VYauTBIBas, 9TO IEPBOE U3 COOCTBEHHBIX YUCET A\| = —24,. B 9TOM CJIydae TaKKe OKa3bl-
BAETCs OTPUIATETHHBIM, 3aK/I0UaeM, YTO TPU BBITOTHEHNH (27) COCTOSIHIE PABHOBECHSI
(24) ycroitauso.

Bropoe cocrostnue paBHOBeCHsI, UMEIOIee PaBHBIE APYT APYTY aMILIATYIHbIE COCTaB-
JIATOIIIE, UMEET BU]

m=m=m=vV1lt+a, =¢=0. (28)
Marpuia yeTofiuMBOCTH 3TOIO COCTOSIHAS PaBHOBECUS PACIaIaeTcs Ha JiBa 0JI0Ka:
—2 = 3a, 0 Q.
A= Q. -2 — 3a, 0 (29)
0 Q. -2 — 3a,
u
—20a, —o
e (2 ) w0

Cobersennble uncsta Marpur (29), (30) umeror BuL

7 V3. 3, V3.
)\1 = —2CYT — 2, )\ng = —5047« — 24+ 72047:, )\4,5 = —5 + 72 [67°N
OTKYyda cJieayeT, 9TO YCJIOBUEM yCTOfI‘HJBOCTH COCTOAHUA pPaBHOBECHUA (28) ABJIAETCA
HEpaBEeHCTBO

a, > 0. (31)

B 3akiiodenne oTMeTHM, 9TO JIUIA CYIIECTBOBAHUSA y KBasHHOPMasbHO dhopmbl (11)
OJIHOMOJIOBBIX PEXKMMOB HEOOXOMMO BBIMOJIHEHHE yeaoBus (21), KOTopoe cripaBe/jinBo
JIIsi CKOJIb YTOJIHO GOJIBIIIONO KOHEYTHOI'O YUCJIa HOMEPOB T IIPH TOJIXO/IAIIEM BbIGOPE BXO-
JIAIIAX B HEPABEHCTBO ITAPAMETPOB [3 U Y, TEM CAMBIM, PEATH3YETCsT XOPOIIO U3BECTHOE
sipjierne Oydeproctu. C apyroif cTOPOHBI, BHIOODP 3HAKA ITapaMerpa (., KOTOPBIA B CHITY
coornomtennii (7) u (21) coBmasaer co 3HAKOM BETUIHHBI V, OLPEIENSICT PACIPE/ICICHIE
KoJIe6aHUiT 110 OJJHOHAIIPABJICHHO CBA3aHHBIM OCIUILIATOpaM. B mepsom cirydae (yciaoBue

2
(27)) xoJsiebaHmsi TPOUCXOJST C PA3HOCTBHIO a3 paBHOIL ?ﬂ, a Bo BrOpoM (ycsioBue (31))

pasHocThb a3 paBHa 7. [IpuBeieHHbIE BBIBO/IBI B CUIY T€OPEMBbI 1 O COOTBETCTBUU MOTYT
OBbITH [IEpEeHeCEeHbl Ha UCXOHYTO cucteMy (3).
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The Quasi-Normal Form of a System of Three Unidirectionally
Coupled Singularly Perturbed Equations with Two Delays

Bobok A.S., Glyzin S.D., Kolesov A. Yu.

P.G. Demidov Yaroslavl State University,
Sovetskaya str., 14, Yaroslavl, 150000, Russia

Keywords: differential-difference equation, bifurcation, quasinormal form, buffering

We consider a system of three unidirectionally coupled singularly perturbed scalar
nonlinear differential-difference equations with two delays that simulate the electrical
activity of the ring neural associations. It is assumed that for each equation at critical
values of the parameters there is a case of an infinite dimensional degeneration. Further,
we constructed a quasi-normal form of this system, provided that the bifurcation pa-
rameters are close to the critical values and the coupling coefficient is suitably small. In
analyzing this quasi-normal form, we can state on the base of the accordance theorem,
that any preassigned finite number of stable periodic motions can co-exist in the original
system under the appropriate choice of the parameters in the phase space.
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