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Pabora noceseHa H3y4eHHI0 HHAYIHPOBAHHOTO LITyMOM MIEPEMEKAIOIIETOCS MOBECHHUS B
MYJIBTHCTaOUIBHBIX CHcTeMaX. JlaHHas 3aaua SBISETCS JOCTAaTOYHO BaXKHOMU, TaK KaK, HECMOT-
P Ha 3HAYUTENBHBIM HHTEPEC CO CTOPOHBI HCCIIEA0BATENCH K N3YUEHHIO MYJIBTUCTA0MIBHOCTH
U TIEPEMEKaeMOCTH, B HACTOAIIMN MOMEHT BPEMEHHU J0 CHUX HOP OCTAeTCs HepEIICHHBIM BO-
HPOC, CBSI3aHHBIHA C JICTaJIbHBIM OHMMAaHHEM IIPOLECCOB, MPOUCXOASIINX B MYJIBTUCTAOUIIb-
HBIX CHCTeMax IpH BO3JEWCTBUM HAa HUX LIYMOB, U TEOPETHUECKHM ONMCAHHEM BO3HHKAIO-
Lero NpU 3TOM INepeMeskaronierocs nosenexHus. IlposenaeHo uccienoBaHue HHAYLUPOBAHHON
LIyMOM HEPEMEKaeMOCTH B MYJIBTUCTAOWIIBHBIX CHCTEMax Ha IpuMepe: MOJENbHOIl Oucra-
OWJIBHOHM CHCTEMBI, HaXOIIEHCs MO/ BHEIIHMM IIYMOBBIM BO3JEHCTBHEM, H CHCTEMBI JBYX
JMCCUIIATHBHO CBS3aHHBIX MEXJy COOOW JIOTHCTHYECKUX OTOOpPa)KCHHH, HAXOJSIIUXCS ITOZ
BHEIITHUM IIyMOBBEIM BO3ZeicTBHEM. B pamkax paOoThl yCTaHOBIICHO, YTO HMPH BO3IEHCTBUH
IIyMa Ha MyJIBTHCTa0WIBHYIO CUCTEMY M IIPH OIPEIETEeHHBIX 3HAYCHHAX YIPABISIONMX I1a-
paMeTpoB MOXKHO HaOIIOAaTh MHAYLHMPOBAHHOE IIyMOM IepeMerxaromeecs rnosenenue. [Ipu
9TOM ISl JAHHOTO THIA MOBEACHUS OBIIM IOTYyYCHBI aHATUTHYECKHE 3aKOHOMEPHOCTH I
pacnpeneneHus JTHTEIbHOCTEH yJacTKOB, COOTBETCTBYIONINX KaXKIOMY M3 COCYIIECTBYIOIINX
THUIIOB MOBEJICHHS, a TAKKEe HaleHa TeOpeTHIECKas 3aBUCUMOCTSD JUTS CPEHEH IITHTETbHOCTH
MIpeOBIBAaHUS HCCIEAYEMOI CHCTEeMBI BOMHM3M YCTOWYHBOTO MOJIOKEHUS] PABHOBECHS OT Tapa-
MeTpa HaJKPUTHYHOCTH. B XoIe NMpoBEAEHHBIX UYHCIEHHBIX HCCIEIOBAHUN OBUTH ITOIYyY€HBI
CTAaTHCTUYECKHE XaPAKTEPUCTUKH JAHHOTO THUIA TOBEICHUS ISl 00EMX CHCTEM, a MMEHHO:
pacnpeseneHne JTUTETbHOCTEH TpeObIBaHUS UCCIIeLyeMOM CHCTEMBI BOITM3H KaXKIOTO U3 COCY-
IIECTBYIOIIUX YCTOWUMBBIX COCTOSHHMH, a TaKxkKe 3aBHCHMOCTh CPEAHEH AMUTETBHOCTH MPEOHI-
BaHUS UCCIIENYeMOM CHCTEMBI BOIM3H KaXI0TO U3 COCYLIECTBYIOIINX YCTOWYHUBBIX COCTOSHUM
OT MapameTpa HaJAKPUTUYHOCTHU. Pe3ynbTaThl YMCIEHHOTO HUCCIIEOBAaHHS IEPEMEKAIOIEerocs
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MOBEJCHHUS ISl JAaHHBIX CHCTEeM OBUIM CONOCTABJIEHBI C MONTYyYEHHBIMH AHATUTHYECKUMH 3a-
KOHOMEPHOCTSIMH JUT MHAYLHUPOBAHHOI HIyMOM MEPEMEKAEMOCTH B MYIBTHCTAOMIBHBIX CH-
cremax. ITokazaHo, 4TO YHCIEHHBIE PE3yNbTaThl U TEOPETUUECKUE 3aBUCUMOCTH HAXOSTCS B
XOpOLIEM COOTBETCTBUH JPYT C IPYTOM.
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The paper is devoted to the study of noise-induced intermittent behavior in multistable
systems. Such task is an important enough because despite of a great interest of investigators
to the study of multistability and intermittency, the problem connected with the detailed
understanding of the processes taking place in the multistable dynamical systems in the
presence of noise and theoretical description of arising at that intermittent behavior is still
remain unsolved. In present paper we analyze the noise-induced intermittency in multistable
systems using the examples of model bistable system being under influence of external noise
and two dissipatively coupled logistic maps subjected to additional noise. We have shown
that the influence of noise on multistable system for certain values of the control parameters
results in the appearance of noise-induced intermittent behavior. At that, for the found type of
intermittent behavior the analytical relations for residence time distributions and dependence
of the mean length of the residence times on the criticality parameter have been obtained.
During the numerical simulations carried out we have found statistical characteristics for such
type of intermittency for both systems, i.e. the distributions of the residence times for both
coexisting stable states as well as the dependence of the mean length of the residence times for
both regimes on the criticality parameter. The results of numerical simulation of intermittent
behavior for systems under study have been compared with the obtained analytical regularities
for noise-induced intermittency in multistable systems. At that, we have shown that numerical
results and theoretical regularities are in a good agreement with each other.

Key words: intermittency, multistability, noise.
DOI: 10.18500/0869-6632-2018-26-1-80-89

References: Zhuravlev M.O., Koronovskii A.A., Moskalenko O.I., Hramov A.E. Statistical
characteristics of noise-induced intermittency in multistable systems. Izvestiva VUZ, Applied
Nonlinear Dynamics, 2018, vol. 26, iss. 1, pp. 80-89. DOI: 10.18500/0869-6632-2018-26-1-
80-89

M.O. XKypaenes, A.A. Koponosckuii, O.U. Mockanenxo, A.E. Xpamog
U3B. By30B «I[THI», T. 26, Ne 1, 2018



1. [TepemerxaeMOCTh KaK HETIPEPBIBHBINA MEPEX0]] OT PETYISAPHOTO JABIKEHHS K Xa-
OTHYECKOMY TIMPOKO pacHpOoCTpaHEeHa B mpupoae W TexHuke [1]. Ona HaOmomaeTcs B
THUIPOJAMHAMUKE, XUMUYECKOW KUHETHKE, B (PM3MKE YaCTHUI] BBICOKHMX SHepruii [2], koc-
Monoruu [3] u ap. obnmactax Hayku. MIMET MecTo pa3jnyHbIe THIIBI MEPEMEKAIOIIETO-
Csl TIOBEICHUS CPEAHM KOTOPBIX BBIACIHM TPH THIIA TIEPEMEKAEMOCTH (nepemercaemocmu
munog 1-111 [1]), BO3HHKAOIIHE TP TIEPEX0e OT MEPUOTUICCKUX KoiaeOaHui K XaoTHde-
CKUM: on-off nepemesicaemocmo [4, 5], nepemesxcaemocms ueonvnozo yuika [6], nepeme-
arcaemocmo xonvya [7].

OTnenbHO CleAyeT OTMETHUTh, YTO IIyM (BHENIHWW WM BHYTPEHHUI) MOXET Tak-
JKe TIPUBOIUTH K TMepeMekaronieMycsl moBe/ieHuio [8, 9], B 0COOEHHOCTH, B MYJIBTHUCTA-
OmIbHEIX cructeMax [9, 10], korma nryMoBOE BO3ICHCTBUE BBI3BIBACT IEPEXO]] CUCTEMBI C
OJTHOTO COCYIIECTBYIOIIETO aTTPaKTOpa Ha APYrou (JTaHHBIN TUIT IEPEMEKAIOLIETOCS TTOBE-
JICHHS B JINTEPATYPE U3BECTEH TaKXKe KaK UHOYYUPOBAHHOE UWYMOM NEPEKTIOUEHUE MENCOY
ammpaxmopamu [11, 12] umu undyyuposannas wymom mMynemucmaduibHas nepemedicae-
mocms [9, 10, 13]). HecmoTps Ha 3HAYUTETHHBII HHTEPEC CO CTOPOHBI UCCIIENOBATENEH K
W3YYEHUIO TaHHOTO THIIA MIOBEACHIUS, B HACTOSIIINI MOMEHT BPEMEHH MO-TIPEKHEMY OCTa-
€TCSl MHOTO BOIIPOCOB, OOYCIIOBIIEHHBIX BO MHOTOM CJIIOKHOCTBIO M3y4aeMbIX CUCTEM, YTO
CWJIBHO 3aTpyIHsET (a B psAAe CIy4aeB JellaeT HEBO3MO)KHBIM) TEOPETUIECKOE OTFCAaHUE
MIPOUCXOIAIINX TTPOIIECCOB, OCTABIIASA MCCIIEIOBATENSIM BO3MOKHOCTD YHCIICHHOTO U IKC-
MEPUMEHTAIEHOTO U3yUEHUSI.

2. lllupokuM KaccoM OOBEKTOB, B KOTOPBIX BO3MOXKEH JAHHBIA THUI TTOBEICHUS
(¥ KOTOpBIE OCTAaBaINCh B JAHHOM BOIIPOCE MPAKTUIECCKU BHE ITOJIS 3PEHUS HCCIIeIOBaTe-
Tieit), SIBISIOTCSI CHCTEMBI B3aUMOJICHCTBYIONIUX OCIMIIISATOPOB. [10100HBIE CHCTEMBI TIPH
YBEIMUCHUU CHUIIBI CBSI3U MEPEXOIAT B CHHXPOHHBIN PEXUM, KOTOPBIH MOXKET XapaKTepH-
30BaTbCs MYJIBTHCTA0MIBHOCTHIO B BUE COCYIIECTBYIONMX CHH(A3HBIX W HECHH(a3HBIX
pexumoB [14, 15]. Bo3aeiicTBue nryma MOXKET NPUBOJUTH K MEPEKIIOUECHUSIM MEXIY CO-
CYIIECTBYIOIIMMHU PEXUMAMHU U, COOTBETCTBEHHO, K UHAYLIMPOBAaHHOMN IIYMOM IE€peMexa-
€MOCTH.

s u3ydeHus 3Toro sSBJIEHUS B paboTe paccMaTPHUBAIOTCS J(BA TUCCHITATHBHO CBS-
3aHHBIX JOTUCTHUECKUX OTOOpakeHus [15]

Tpy1 = A — 22 +e(x2 —y2) + DEy,
Yns1 = h—y2 +e(y2 — 22) + DEy,

rae §; u & — ciydaiiHble TayCCOBBI MPOLECCHI ¢ HYJICBBIM CPETHUM M €AWHUYHOU JUC-
nepcued, D — MHTEHCUBHOCTH IITyMOBOTO BO3JEHCTBUS, A — YIIPABISAIOIINH ITapaMeTp, € —
mapaMmerp cBs3u. B pabore [15] 6put0 mokazaHo, uro mpu DD = 0 (0e3 mryma) qaHHBIS
JIOTUCTHYECKHE OTOOPAKEHHS IIPU OTIPEENICHHBIX 3HAYCHUSX YIIPABISAIONINX TIapaMeTpOB
(0.75 < A < 1.25) MOryT HaxoAMTCS Kak B CHH(A3HOM, TaK U B IPOTHBOGA3ZHOM COCTOSI-
HHSX, YTO OIIPENEIIieTCs] BRIOOPOM HavdaJIbHBIX YCIOBHH B MCCIeayeMoi cucteme. B Tom
cllydyae, €CJIM Ha JIAHHYIO CHCTEMY OKa3blBacTCsl BHEIIHEE IIYyMOBOE BO3JCHCTBHE, B CH-
cTeMe OyleT MPOMCXOAMTH MEePeKITIoYeHIe MeX Ty CHH(A3HBIM U MPOTUBO(Aa3HBIM COCTO-
SHUSMH OTOOPa)KCHUI, KOTOPOE MOYKHO OXapaKTepPH30BaTh C MOMOIBIO MapameTpa

(1

Zn = I2n, IIpU YCIOBUU  Y2n < Yih, (2)

rae yin, = 0.6 — COOTBETCTBYET HEKOTOPOMY MOPOrOBOMY 3HA4Y€HHUI0. B 3TOM ciiydae ma-
pameTp z, OyImeT MpeacTaBIsATh cO00H (GaKTHICCKH BO3MYIIICHHBIH IITyMOM 3JIEMEHT CHH-
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(azHoro zj;, mmu acuH(pazHOro z{ LMKIA nepuona asa (z; < zi'), M paclpelcIeHue Ia-
pamertpa z, OyneT UMeTh JIBa MaKCHMyMa, COOTBETCTBYIOIIUX d3JIeMEHTaM CHH(A3HOTO
1 acuH(pa3HOTO LUKIA Tepuoja ABa. [lepexioueHrue MeXIy ABYMsI COCYIIECTBYIOIIH-
MU COCTOSIHUSMHU (CHMH(A3HBIM U acHH(DA3HBIM), MPOUCXOASIICE 3a CUET BIMSHUS IIy-
Ma, CBHJIETEIILCTBYET O TOM, YTO CHCTEMa HaXOmuTCs BOImM3M KaracTpodsl cOopkm [16].
3TO NO3BOJISIET OMHUCATH €€ MOBEJCHUE C MOMOIIBIO Oe3pa3MepHON IOTCHIIMATBHON (PyHK-
MU C ByMS MUHUMYMaMH, KOTOpas MpH BHIOOPE COOTBETCTBYIOUIMX HOPMHPOBOK [16]
MOXeT OBITh MpeJICTaBlIieHa B BUE

2t 22

U(z)zz—?+bz, 3)
e b — mapamerp acummMerpun. IIpu |b| < 2/(3+/3) norennmanshas ¢yukius U(z) co-
JEPXKUT J[BA JOKATbHBIX MUHUMYMa zgg, paslelieHHbIX KPUTHUECKOH TOYKOH 2*, COOTBET-
CTBYIOILIEH MaKCHMyMY.
[TockonbKy nepeMeHHas 2y, NpeaCTaBIsIomas co00i BO3MYIIEHHbIH 3JIEMEHT LIUK-
Jla Teprofa JiBa, Majo MEHAETCS 3a OIHY UTEpaluio, B JaHHOM cliydae, KaK M MpH pac-
CMOTpEHHUH KJIaccudyeckor mepemexaemoctu tuna I [1, 17], MOXXHO mepeiiTi OT AUCKpPET-
HOTO PacCMOTPEHHsI K HEMPEPHIBHOMY

. dU (2

2+ CE L pe o, @)
dz

rae E(t) — ciydvaiiHblil TaycCOB MpoLECcC ¢ HYJICBBIM CPEIHUM U CIMHUYHON JHCIIEPCUEH,

D — HHTEHCUBHOCTH IIyMOBOI'O BO3ACHCTBUS. A 3aTeM MOXHO IEPEUTH K CTOXaCTHYECKO-

My auddepeHnnanbHOMY ypaBHEHHIO (CM., Harpumep, [8, 18])

_ dU (z)

dZ
dz

dt + dWw, (5)
e Z(t) — cmydaiineiii mpouece, W (t) — omHOMepHBIH BHHEPOBCKHI mporecc. B cBoro
ouepens, ypaBHeHHE (5) 3KBUBaJIeHTHO ypaBHeHHIO Dokkepa—ILitanka

Opz (z,t) 0 [dU (2) D 0%z (z,t)
ot Oz

. Pz (2775)] +ET’ (0)

rne pz (z,t) — MIOTHOCTH BEPOSATHOCTH CiydaiiHoro mnpouecca Z(t). Jnst momydeHus
CTaTMCTHYECKUX XaPaKTEPUCTHK IIOBEIEHUS CHCTEMBI TaKuX, KaK PaclpeieleHus JJIH-
TCHLHOCTeﬁ COCYU.[CCTByIOH.II/IX pe)KI/IMOB U 3aBUCUMOCTHU CpeZ[HI/IX HJ’II/ITCHLHOCTGI\& COCY-
HICCTByIOHII/IX pe)KI/IMOB oT praBHHIOIIII/IX HapaMeTpOB, HCO6XOIII/IMO HpoaHaHI/I3I/IpOBaTI)
3BOJIIOLHIO IUIOTHOCTEH BEPOSTHOCTH P12 (2,¢) IS JBYX COCYLICCTBYIOLIMX PEXHMOB
OTZHENbHO, @ UMEHHO, p1 (z,t) B obmactn [} = —o0 < z < z* u p2(z,t) B obmactu
I, = 2* < z < 400. O6e MIOTHOCTH BEPOSITHOCTH P12 (2,1) MOIKHBI HOXYHHATHCS
ypaBHenuto Pokkepa-Ilnanka (6) B 00macTsx cBoero onpenencHus I o.

Tak Kak B pexHMe MEPEMEKAEMOCTH U300PAKAOIIAS TOUYKA CUCTEMBI HAXOMUTCS B
TCUCHHUC MJIUTCIIBHOTO BpeMeHI/I B OerCTHOCTI/I OOHOI'O U3 JIOKAJIBHBIX MI/IHI/IMyMOB, MOX-
HO TIPE/IOI0XKHUTh, YTO PEIICHUS Ul IUIOTHOCTEH BEPOSTHOCTHU P 2(%,1) HYXKHO HCKaTh
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B opMe MeTacTaOWIBHBIX pacIipeelieH i, MeJIEHHO YOBIBAIONINX C TEYEHHEM BPEMEHHU
(cM. Takxe [18]), To ecTh

pr2(z,t) = A2 (t)r (2), (7)
e (2) 2U(§)
R ON e (L2UE)Y

3nech g(E) — cranpoHapHas IUIOTHOCTb BEPOSTHOCTH, MONYYCHHAs U3 PEIICHHUs ypaBHe-
Hus (4) 11t crannoHapHoro ciayyvas [19]; ALQ(t) — ME/IJICHHO YOBIBAIOIIHE C YBEINICHUEM
BpeMenH ko3(GduienTs!. SIBHbIH BuI GyHKUMA Aj 2(f) MOXKHO HOTYYHTH IIyTEM PELICHHS
TudepeHIaTbHOTO ypaBHEHNS

dAvs K .
dt - EAI 2() ( )7 (9)
e k — ko3 UIUEHT TPONOPIMOHAILHOCTH, P = f r(E)dE, P, = z* *r(g)dE -

BEPOATHOCTH HAXOXKAEHUS N300paxkaroIiell TOUKH B6JII/I3I/I IIEPBOTO U BTOPOTO JIOKAIBHO-
r0 MHHHMYyMa, COOTBETCTBeHHO. [ToHsTHO, 4TO yObIBaHHE Aj2(t) ¢ TeueHHEM BpeMEeHH
OIMCBIBAETCS SKCIOHEHINAIBHBIM 3aKOHOM

ALQ(t) = ALQ(O) exp <_]C7“P(1:C;)t) y (10)

MpPUYEM TI0Ka3aTell SKCIIOHEHTH OKA3BIBAIOTCS PA3IMYHBIMH ISl IBYX JIOKAIHHBIX MH-
HAMYMOB. PacmipenerneHust IIUTeIEHOCTEH COCYIECTBYIOMMX PEXUMOB [ 18] MoryT OBITH
HaWJIeHbI U3 BBIpAXKEHUHN

*

o) =— [ 2200 i =- [ de an

—00 x*

KOTOPBIE C YIETOM YCJIOBHI HOPMHPOBKH ffoo p1(E,0)dE =1, [\ pa(E,0)dE = 1 3amm-
IIYTCS B BHIE

1 t
9 (t —exp|—=— ). 12
ma(® = 7o () (12)
3necy Tho = fo tp1,2(t)dt — cpenHne ANTUTENBHOCTH COCYIIECTBYIOLIUX PEXHMOB,
omnpenenseMbie Kak
Py btoov?
Tio=—"~=K +ab — 13

K m a — Hexkoropsle KOHCTaHTHL. CleayeT OTMETHTh, YTO HAXOXJIECHHUE paclpeeeHus
JUTATEIIEHOCTEH COCYIIECTBYIOIMX PEKUMOB TECHO CBSI3aHO C 3a/auell O JOCTIKEHHU
TpaHuIlbl, PACCMOTPEHHOH BIiepBbIie B [20].

3. B pamkax Bepu(uKauuu NOTYyYEHHBIX TeopeTHYecKux oueHoK (5)—(13) mepro-
HavYaJbHO OBUTH MPOBEACHBI YHCIICHHBIC MCCIECIOBAHHUS MHAYIIHMPOBAHHOW LIYMOM TIepe-
Me)KaeMOCTH B MOJENBbHON OncTtadbmipHON cucteme (3)—(4) 1 MOITy4eHBI CTaTUCTHYECKUE
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XapaKTEepUCTHKH NIl JaHHOro Thmna nosefeHusa. Ha puc. 1, a npexncrasneHsl pacnpene-
JICHUS JJTUTENBbHOCTEH IpeObIBaHUS HCCIIeLyeMOl MOAETbHOM cucTeMsl (4) BOIM3H OIHO-
T0 YCTOWYHMBOTO COCTOSIHUSI PaBHOBECHS NMPU (HUKCUPOBAHHBIX 3HAYCHUSX YIPABIISIOMINX
napameTpoB. Kpome Toro, ans uccienyeMoid MOAETbHON CHCTeMBI Obliia MojlyuyeHa 3aBH-
CHUMOCTB CPEIHEH UINTENIbHOCTH NMPeObIBaHUS BOIU3M TOTO XK€ COCTOSHHS PaBHOBECHS OT
3HaYCHU mapameTpa b, KoTopas mpeacTaBiieHa Ha puc. 1, b. I3 puc. 1 xopoIo BUIHO, YTO
TEOpPHs, ONUCHIBAIOIIAS] MHIYLIUPOBAHHYIO IIIyMOM [IEPEMEXAEMOCTh B MYJIBTUCTA0UIIBHON
CHCTEME, U YHCIICHHBIE PE3ybTaThl XOPOILIO COMIACYIOTCS APYT € JPYTOM.
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Puc. 1. a — pacnipesenenyst JIUTEIFHOCTEH MPEOBIBAHUS UCCICYyeMOM CHCTEMBI (4) (MapKepsl) BOIH3HU Iep-
BOT0 YCTOHYHMBOTO TOJIOKEHHSI PAaBHOBECHS M aHAJIMTHYECKas 3aBUCUMOCTH (12) (CrulomIHble JIMHUU), COOT-
BETCTBYIOMIAs 3TOMY pacnpeneneHunto: [ —b =0.05,D =0.1;2-b=0,D =0.1;3-b = —0.05, D = 0.1.
b — 3aBUCHMMOCTB OT mapamerpa b cpemHell JUIMTENBHOCTH NpeObIBaHUs MCCIeayeMoil cucteMsl (4) (Mapke-
PBI) BONMM3U MEPBOTO YCTOHYMBOTO MOJIOKEHUS PAaBHOBECHS M aHAIUTHYECKas 3aBUCUMOCTH (13) (mrpuxoBas
JIMHUS), COOTBETCTBYIOIas 3Toi 3aBucuMmoctd, pu D = 0.1. Ilapamerps! ammpokcumaruu: K = 867,
o = 18.85. Ha rpadukax och OpAUHAT B JOrapu(MHUCCKOM MaciiTade

Fig. 1. a — distributions of the residence times for the system (4) in the vicinity of the first stable state and
analytical regularity (12) corresponding to such distribution. Theoretical curves are shown by solid lines,
numericaly obtained data are indicated by points. Ordibate axis is shown in logariphmic scale: / — b = 0.05,
D=01;2-b=0,D=0.1;3-b=—0.05, D = 0.1. b — dependence of the mean length of the residence
times for the system (4) in the vicinity of the first stable state on the control parameter b and analytical
regularity (13), corresponding to such dependence for D = 0.1. Theoretical curve is shown by solid line,
numericaly obtained data are indicated by points. Parameters of approximation are the following: K = 867,
o = 18.85. Ordibate axis is shown in logariphmic scale

4. CnenyromuM 3TaloM B paMKaxX HacTosIIWii paboThl CTajo PacCMOTPEHHUE Iie-
peMesKaloIIerocss MOBEACHUS B MCXOAHOM CHUCTeMe ABYyX IMCCHUIIATHBHO CBA3aHHBIX JIO-
ructruecknx otobpaxkenuit (1). IlomydeHHbIe pacnpeneieHnus IIUTEIFHOCTEH TpeOhiBa-
HUS UCCIIETYyEeMOM CHCTeMBbl B CHH(pAa3HOM M MPOTHBO(A3ZHOM (acHH(pa3HOM) COCTOSHHIX
py (PUKCUPOBAHHBIX 3HAYCHUSX YNPABILIONIMX IIapaMeTPOB IPEICTABICHBI HA PUC. 2, d.
Taxxe i nccnenyemoil cucteMsl (1) 4MCIEHHO MONTydYeHa 3aBUCHMMOCTD CpPEIOHEH AJH-
TENBHOCTH NpeObIBaHUS CUCTEMBI B CHH(A3HOM M acHH(a3HOM COCTOSHHAX OT 3HAYCHHS
napameTpa CBsI3H €, O3BOJISIOIIETO BAPbUPOBATh BEPOSITHOCTh NMPEOBIBAHUS UCCIIEAYEMOM
CHCTeMbI B CHH(a3HOM M HPOTHUBO(GA3HOM COCTOSHHSX M UTPAIOLIEr0, COOTBETCTBEHHO,
poOJb MapaMeTpa acUMMeTpHH. JlaHHas 3aBHCHMOCTH IIPUBEACHA Ha pHC. 2, b, BUIHO XO-
poliiee COOTBETCTBHE YMCIEHHBIX PE3YABTaTOB TEOPETHUECKUM.
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Puc. 2. a — pacnpeneneHus anuTeNpHOCTEH MpeObIBaHUS HccienyeMoil cucteMmsl (1) (Mapkepsl) B cuHpas-
HOM ¥ TIPOTUBO(A3HOM COCTOSHHUY IPH (PUKCHPOBAHHBIX 3HAUCHUSX YHPABIAIOMNX MapaMeTpoB, Ao = 1.05,
D = 0.06 u ananmuTHyeckas 3aBUCUMOCTH (12) (CrutomIHbIe JIMHUM), COOTBETCTBYIOIIAS 3TOMY pacrpeaee-
Huto: [ — cuHdasHeli caydai pu € = 0.002, 2 — nportuBodazuelii caydail pu € = 0.002, 3 — cunda3HbIi
ciyqait pu € = 0.012, 4 — nporuBodasubii ciaydait npu € = 0.012; b — 3aBHCUMOCTH CpPEeRHEH JINTENb-
HOCTH npeObIBaHMs UccaenyeMoil cuctemsl (1) (Mapkepsl) B cHH()Aa3HOM U HNPOTHUBOGA3HOM COCTOSHHSX OT
HapameTpa £ U aHaJIUTHYeCcKast 3aBUCUMOCTD (13) (CIuIomniHas JMHUS), COOTBETCTBYIOIIAS STOH 3aBUCHMOCTH,
npu A = 1.05, Ao = 1.05, D = 0.06: / — cundasHblii cnydyaii; 2 — npotrBodaszuelii ciayyaid. [lapamerpsl
armmpokcumanun: K = 2350.0, a = £40.0. Ocp opauHAar B norapudMUIEcKoM MacmTabe

Fig. 2. a - distributions of the residence times for the system (1) in in-phase and antiphase states for
fixed values of the control parameters Ay = 1.05, A, = 1.05, D = 0.06 and analytical regularity (12),
corresponding to such distributions. Theoretical curves are shown by solid lines, numerically obtained data
are indicated by points. Ordibate axis is shown in logariphmic scale: / — in-phase case for ¢ = 0.002;
2 — antiphase case for ¢ = 0.002; 3 — in-pahse case for ¢ = 0.012; 4 — antiphase case for ¢ = 0.012.
b — dependencies of the mean length of the residence times for the system (1) in in-pahse and antiphase
states on the parameter ¢ and analytical regularity (13), corresponding to such dependence for Ay = 1.05,
A2 = 1.05, D = 0.06. Theoretical curve is shown by solid line, numerically obtained data are indicated
by points. Ordibate axis is shown in logariphmic scale: / — in-pase case; 2 — antiphase case. Parameters of
approximation are the following: K = 2350.0, a = £40.0

BoeiBoasl. B pabote npoBeneHo nccienoBaHUE MHIYLUPOBAHHON IIyMOM IepeMe-
’)KAeMOCTH B MYJIBTUCTAOMIBHBIX CHUCTEMaxX Ha mpumepe (4) MoneiabHOH OUCTaOUIBHOM
CHCTEMBI, HaXOIIeHCs 10T BHEIIHUM IITyMOBBIM BO3/I€HCTBHEM, U CUCTEMBI IBYX JTUCCH-
MIATHBHO CBS3aHHBIX MEXIY CO0OH Joructuieckux oroOpaxkenui (1). Ciaemyer OTMETHTS,
YTO TPOBENIEHHOE PACCMOTPEHHE Al cUcTeMBI (1) OKa3bIBaeTCs CIpaBeINBLEIM B OIpe-
JIEJICHHOM [IMaIla30He 3HAUCHUH YIPaBIIAIOMINX IapaMeTpoB, IPH KOTOPBIX B PacCMaTpH-
BaeMOM CHCTEME B OTCYTCTBHUE IIyMa COCYILECTBYIOT [[Ba, CHHXPOHHBIH ¥ aCUHXPOHHBIMH,
LUKJIA Ieprofa 1Ba. [Ipy n3MeHeHNH 3HaUCHUH YIPaBIIOMINX HapaMeTPpOB, MPUBOAIILICM
K YBEJIMYEHHIO NEPHOJIa COCYIECTBYIOUINX PEKUMOB, MoJIeNbHas cucTteMa (4) oka3biBa-
€TCsl HePUMEHHUMOM 7151 aHaJIM3a JaHHOM CHCTEMBI U TpebyeT JalbHEeHIIero yroqHeHusl.

Paboma evinonuena npu noddepocxe PODOU (npoexm Ne 16-32-60078).
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JKypasnes Maxcum Onecosuu — pomuicsi B bpecte (1988), okonumn dakyib-
TeT HemuHeHHbIX mpoueccoB CI'Y (2011), kanaumar GpU3HKO-MaTeMaTHYCCKUX Ha-
yk (2014). Houent xadenpsl Gpuznku oTKpbITEIX cucteM CI'Y, crapmmii Hay4YHBIH
COTPYIHUK J1aboparopuu (pU3NKN HETMHEHHBIX SBICHHN OTHENCHHUS (PU3UKU HEIH-
HeitHpix cucteM HUU ecrectBennbix Hayk CI'Y. O0nacTh HaydHBIX UHTEPECOB —
HCCIIEI0OBAaHNE KIIACCHYECKOH M XaOTHYECKOH CHHXPOHU3ALUH B HEIMHEIHBIX CHCTe-
Max; IpUMEHEHHE HEeNPephIBHOTO BEeHBIET-aHaIM3a K MpoblieMe XaOTHYEeCKOH CHH-
XPOHU3AIMK; U3YUYEHHE MepeMerKaromerocs noseaeHus. Asrop 6onee 40 crareil B
LEHTPAIBHBIX peeprupyeMBIX OTEUECTBEHHBIX U 3apYOSKHBIX HAYUHBIX JKypHATaX.

Poccus, 410012 Caparos, yn. ActpaxaHckasi, 83
CapatoBckuii rocygapcTBeHHbI yHuBepcuteT umenu H.I. UepHslieBckoro
E-mail: zhuravlevmo@gmail.com

Koponoscxuii Anexceii Anexcanoposuu — poguicst B Caparose (1972). Oxon-
yu pusuueckuii paxynsrer CapaToBCKOTro rocynapcTBeHHOroO yHuBepeuteTa (1995),
JOKTOp (u3uKOo-MaTemMaTHdeckux Hayk (2007), 3aBenyromuii kadenpoil GU3HKu OT-
kpeIThIX cucteM PI'BOY BO «CaparoBckuii HalMOHAIBHBIIN HCCIIE0BATEIECKUH T0-
cynmapcTBeHHbIH yHHBepcuTeT uMeHn H.I. UepHbimesckoro». O0nacTs HayYHBIX UH-
TEPeCcoB — JMHAMUYECKHH Xaoc, HeJIMHEeHHas TUHAMUKA U €€ MPOSBICHUS B pa3iIHi-
HBIX chepax 4eIoBeUeCKOl NeITeIbHOCTH. ABTOp HAayYHBIX MOHOTpaduii ¥ cTatel B
OTEUECTBEHHBIX U 3apyOeKHBIX PELIEH3UPYEMBbIX XKypHalax.
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CaparoBckuil rocynapctBeHHbIi yHuBepcureT umenu H.I. UepHbleBckoro
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Mocxkanenxo Onvea Heopesna — ponunack B Caparose (1984), okonumna ¢a-
KyJbTeT HemMHeHHbIX npoueccoB CI'Y (2006), kanauaaT Gpu3NKO-MaTeMaTHUECKUX
Hayk (2008), moment (2012). B 2017 romy 3ammuriia IUCCEpPTAIMIO Ha COMCKa-
HHE YYEHOH CTeNeHH IOKTOpa (hU3MKO-MAaTeMaTHYECKUX HAyK I10 CIIELHAIBHOCTH
«01.04.03 — pannodusuxay. JoueHt kapenaps! pusuku oTkpeIThiX cucteM CI'Y, Ha-
YaJbHHUK YNpaBieHHs HayqdHo# gestensHOCTH CI'Y. O6nacTs HaydIHBIX HHTEPECOB —
HCCIIEJOBaHHE KIACCUYECKON U Xa0TU4E€CKOM CUHXPOHHU3AaLUH B HETMHEHHBIX CHCTE-
Max; IPIMEHEHNE HEIPEPHIBHOTO BEUBIICT- U (yphe-aHalli3a K IpodiemMe XaoTHde-
CKOM CHHXPOHM3AINY; U3ydeHHe 0000NIeHHOH CHHXPOHU3AUH B CHCTEMaX C OIHO-
HalpaBJICHHON U B3aHMHOM CBS3bI0 U €€ BO3MOXKHBIX IPUJIOKEHHH; BIUSHUE LIyMa
Ha yCTAaHOBJEHHE CHHXPOHHBIX PEKHMOB; MPHUMEHEHNE XaOTHUECKON CHHXPOHH3a-
IUX JUIS CKPBITOHM Iepenadd nHQOpManuy; aHaJIN3 XaoTHIECKOH CHHXPOHHU3ALUH B
CIIOKHBIX ceTax. ABTop Oomee 130 crareil B IEHTPANBHBIX peepHpyeMbIX OTede-
CTBEHHBIX W 3apyOeXHBIX HAayYHBIX KypHAJIaX.
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Xpamoe Anexcandp Escenvesuu oxoHUMI Kadenpy SMEKTPOHHBIX M BOJTHOBBIX
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nat ¢usuko-MareMarndeckux Hayk (1999), moxrop ¢m3mKo-mMareMaTHYECKHX Ha-
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