1
Bu(ypxawyu B IMHAMHYECKHX CHCTEMaX.
—— ]| TePMUIHAPOBAHHbIN Xa0c. KBaHTOBBII Xaoc

W3Bectus BeIcIMX yueOHBIX 3aBeneHui. [Ipuxiannas HenuHeiHas quHamuka. 2023. T. 31, Ne 5
Izvestiya Vysshikh Uchebnykh Zavedeniy. Applied Nonlinear Dynamics. 2023;31(5)

Hayunas ctares DOI: 10.18500/0869-6632-003061
VK 517.9 EDN: KVIJVOV

MyabTHCTA0NIBLHOCTH BOIM3H IPAHMIBI HHAYIMPOBAHHONH IYMOM CHHXPOHM3AIUH
B aHCaAMOJIAX HECBSI3AHHBIX XA0THYECKHUX CHCTEM

E.JI. Unnapuonosa, O. U. Mockanenxo™
CapaToBCKHl HAIIMOHAIBHBIN UCCIEIOBATEIBCKHIHA
rocynapcTBeHHblll yHHBepcuTeT uMenu H. I. Uepnsiesckoro, Poccus
E-mail: k3524114@yandex.ru, X< o0.i.moskalenko@gmail.com
Tocmynuna 6 pedaxyuro 20.06.2023, npunsma k nyéonuxayuu 13.07.2023,
onybnuxogana ounaiin 14.09.2023, onybnuxosana 29.09.2023

Annomauus. [Jens HacTosIIIEH pabOTHI — UCCICIOBAHUE BOSMOXKHOCTH CYIIIECTBOBAHHUS MYJIBTHCTAOUIBHOCTH BOJNU3U rpa-
HHLBI HHIYLMPOBAHHON IIyMOM CHHXPOHM3AllMH B XaOTHMYECKHX CHCTEMaxX C HEMPEPHIBHBIM M JUCKPETHBIM BPEMEHEM.
B kauecTBe 00BEKTOB HCCIIEAOBAHMS BBIOPAHBI aHCAMOIN OCIMILUIATOPOB JIOpEHIIa M JTOTHCTHYECKUX OTOOpaKeHUH, HaXo-
JIIEecs MOA NeWCTBHEM OOLIEero MCTOYHHMKA Oenoro mryma. Memoowl. JIMarHOCTHKAa CHHXPOHU3AIMH, WHAYLIHPOBAHHOMN
LIyMOM, OCYIIECTBIISUIACh PH MTOMOIHM HEMOCPEICTBEHHOTO CPABHEHHUSI COCTOSIHUI CUCTEM, HAXOMSIIMXCS M0/ JeHCTBHEM
001Iero UCTOYHKKA IIyMa, U pacdyeTa OMIMOKH CHHXPOHM3AUUH. J{J1s ONpeiesieHUsI HAINYUs MYJIBTHCTaOMIbHOCTH BOJIU3H
TPaHHUIBI ATOTO PEXKUMA MIPOU3BEACH pacyeT Mepbl MyJbTUCTAOWILHOCTH U MOCTPOEHA €€ 3aBUCHMOCTh OT HHTEHCHUBHOCTH
LIIyMOBOTO BO3/eiicTBUs Ha cucTeMbl. Kpome Toro, B pUKCHpPOBaHHBIE MOMEHTHI BPEMEHH ITOJTy4YeHbl 0aCCeHHbI MPUTIKEHUS
CHHXPOHHBIX M aCHHXPOHHBIX PEXHUMOB JUIsl OIHOIT M3 CHCTEM, HaXOIAIINXCS O] ACHCTBUEM IIyMa, IPH (QGUKCUPOBAHHBIX
Ha4yaJIbHBIX YCIIOBUSX JAPYTOM CHUCTEMBI. Pe3ynomamom paboThl SBISETCS A0KAa3aTebCTBO HAIMYHSI MYJIBTUCTaOMIBHOCTH
BOJIM3M FPaHULBI CHHXPOHH3AIMH, HHIYLIUPOBAHHON LIyMOM. 3akiouenue. TIokazaHo, 9TO I PEeXUMA IIEepeMeKaroIIeics
CHHXPOHU3ALM1, HHAYLIMPOBAHHON LIIyMOM, TaK e, KaK M JUIS PeKUMa IepeMexaronieics 0000MeHHOH CHHXPOHN3ALUH,
XapaKkTepHa MyJbTUCTAOWIBHOCTD, MPOSBISIOMIAsICS B JAHHOM Cllydae KaK CYIECTBOBAHUE B OJHUH M TOT )K€ IPOMEKYTOK
BPEMEHH CHHXPOHHOTO MOBEJCHHUS y OTHOM Mapbl CHCTEM, HAXOMSAIIMXCS MOJ IeHCTBHEM OOIIEero HCTOYHHKA IIyMa, B TO BPeMs
Kak y Apyroil mapsl HaOmonaeTcsi aCHHXpOHHOe noBeaeHne. OOHapyKeHHbIH 3G PEeKT XapaKTepeH Kak Ui MOTOKOBBIX CHCTEM,
TaK ¥ JUIsL JUCKPETHBIX 0TOOpaXKeHNH, HaXOAIIUXCs TI0A JeiicTBUeM 001ero ucTouHnka nryma. OH MOXET HaiiTH MpUMEHEeHHe
B MH(OPMAIIMOHHO-TEICKOMMYHHKAIMOHHBIX CHCTEMaX IIPU COBEPLICHCTBOBAHUM CIIOCOOOB CKPBITOM mepenadu nHpOpMaluy,
OCHOBaHHBIX Ha SIBJICHUHM Xa0THYECKOH CHHXPOHU3ALMH.

Knrwouegvie cnosa: MHIyIMPOBaHHAS IIYMOM CHHXPOHHU3AIMsI, 0000IIEHHAsT CHHXPOHHU3ALMSL, MYJIBTUCTAOMIEHOCTD, OeIbIi
IIyM, TIePEeMEeKaeMOCTb.
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Abstract. The aim of this work is to study the possibility of the existence of multistability near the boundary of noise-induced
synchronization in chaotic continuous and discrete systems. Ensembles of uncoupled Lorenz systems and logistic maps being
under influence of a common source of white noise have been chosen as an object under study. Methods. The noise-induced
synchronization regime detection has been performed by means of direct comparison of the system states being under influence
of the common noise source and by calculation of the synchronization error. To determine the presence of multistability near
the boundary of this regime, the multistability measure has been calculated and its dependence on the noise intensity has been
obtained. In addition, for fixed moments of time, the basins of attraction of the synchronous and asynchronous regimes have
been received for one of the systems driven by noise for fixed initial conditions of the other system. The result of the work is
a proof of the presence of multistability near the boundary of noise-induced synchronization. Conclusion. It is shown that the
regime of intermittent noise-induced synchronization, as well as the regime of intermittent generalized synchronization, is
characterized by multistability, which manifests itself in this case as the existence in the same time interval of the synchronous
behavior in one pair of systems being under influence of a common noise source, whereas in the other pair the asynchronous
behavior is observed. The found effect is typical for both flow systems and discrete maps being under influence of a common
noise source. It can find an application in the information and telecommunication systems for improvement the methods for
secure information transmission based on the phenomenon of chaotic synchronization.
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B coBpeMeHHOM Mupe SIBJICHHE CHHXPOHHU3AIUH, IPUHAJIeKAIee K YHCITY (PyHAAMEHTaIbHBIX
MOHATUH TEOPUU HENWHEHHON TMHAMUKYU M Xa0Ca, UTPAET HEMAJIOBAXKHYIO PONIb. ITOT ()EHOMEH IUPOKO
pacrpocTpaHeH B IPUPOJIE, HayKe, TEXHUKE U 00IIeCTBe, CM., HampuMmep, MoHorpaduu [ 1-4] u 0630pHbIE
crateu [5-9].

OnHUM U3 TUIIOB XaOTUYECKOTO CHHXPOHHOI'O MOBEACHMS SIBISIETCS PEKUM CHUHXPOHM3ALUU,
MHIYIUPOBaHHON myMoM. OH Tojpa3yMeBaeT yCTAaHOBJICHUE UICHTUYHBIX KOJCOAHWN B JBYX WU
HECKOJIBKHUX HECBI3aHHBIX MEXKIY COOOH MICHTHUYHBIX IO YIIPABJIAIONIUM MTapaMeTpaM XaoTHUIECKHUX
CHUCTEMax 3a CUeT BO3ACHCTBHs Ha HUX 00mIero uctounuka myma [10, 11]. BOau3u rpaHuiisl 310ro0
peXIMa UMEET MECTO TEePEMEKAIOIIEeCs TIOBEACHHE, XapaKTEPUCTHKN KOTOPOTO TIOAYHHSIOTCS TEM JKe
caMbIM 3aKOHOMEPHOCTSIM, 4TO U JUIA peXuMa TepeMexaronielics 0000IeHHo cuHXpoHn3anuu [12].

OTHOCUTENBHO HEJTABHO OBLIO YCTAHOBIICHO, YTO IS PEXKUMa TIepeMeKaromIeiics: 0000IeHHOH
CHHXPOHH3AIMN XapaKTepHa MYJIbTUCTAOMIBHOCTD, MOApa3yMeBaromas B JaHHOM KOHTEKCTE CyIle-
CTBOBAaHHE B OJIMH M TOT € MPOMEXKYTOK BPEMEHHU CHHXPOHHOTO TOBEICHUS ¥ OMHOU Maphl CUCTEM,
HaXOJISIIUXCS IOl JeHCTBHEM OOIIEr0 XaoTHYeCKOro CHTHala, B TO BpeMs KakK y Apyroi mapbl Ha-
OmronaeTcst acuHXpoHHOe noBeneHue [ 13, 14]. Tak kak pexkuMbl 0000IEHHONW CUHXPOHHU3AIMH U CUH-
XPOHU3AINH, HHAYIMPOBAHHON IIIyMOM, 10 CBOEH CYTH MPEACTABIISIOT COOOW OIMH H TOT Ke PEeKUM
U OTJINYAIOTCS TOJIBKO XapaKTEepPOM BHEIIHETro CHUTHalla, BO3JEHCTBYIONIEro Ha cUcTeMSI [15], MOXKHO
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0)KHJATh, YTO BOJW3M TPaHULIBI CHHXPOHHU3ALWH, HHAYIHPOBAHHON IIyMOM, OYyIIeT TakKe UMETh MECTO
MYJIBTUCTaOMIBHOCTb.

B nactosmeit pabore BriepBble HCCIENYETCs BO3MOXHOCTD CYIIECTBOBAHUS MYJIBTUCTA0MIBHOCTH
BOJIM3M IpaHMIBl CHHXPOHU3AIUH, HHIYLIUPOBAaHHON IIyMOM. B kadecTBe OOBEKTOB HCCIIENOBAHUS BbI-
OpaHbl Xa0OTUUECKUE CUCTEMBI C HETIPEPBIBHBIM (OCcMILIATOPHI JIopeHna) 1 AUCKPETHBIM (JIOTHCTHUECKHUE
0TOOpaXCHHS) BpeMEHEM, HAXOMSAIIUECS IO ACUCTBUEM OOIIETO MCTOYHUKA IITyMa.

Ocuumisitops! JIopeHIa OMUCHIBAIOTCS CIASIYIOUIMMH CHCTEMaMH YpaBHEHHI:

&y = o(y; — x;) + €&,
Ui = 1T — Y — iz + €€, (1)
2 = —bz; + 2;y; + €€,

e § — Genblii ['ayccoB mrym, MACHTHYHBIN 101 BeeX ypaBHeHui cucteMsl, (§;(t)) = 0, (§;(¢)E;(¢)) =
= 0;;0(t — '), Vi,j, € — UHTCHCHBHOCTB LIyMOBOTO BO3ICHCTBUS, X; = (&4, Y, ;) — BEKTODHI
COCTOSIHUM CHUCTEM, Ha KOTOpBIE BO3IEUCTBYET MIyM, ¢ = 1,2 B ciIy4yae KIacCHYE€CKOM CHHXPOHH3ALNY,
UHyIUPOBaHHO# mrymom, ¢ = 10, r = 28, b = 8/3 — ympasusiforine mapaMmerpsl. PerieHne cucteMsl
ypaBHeHHH (1) OCYLIECTBISIOCH YHMCICHHO NPH IOMOIIM MeToja Jiiepa, agalTUPOBAHHOIO JUIS
CTOXAaCTHYECKHUX AU PepeHINaIbHBIX YpaBHEeHHH, ¢ maroM 1o Bpemern h = 0.001, aHagoru4Ho Tomy,
KaK 3TO Jaenanock B pabote [10].
Hns noructudeckux oToOpaKeHUH ypaBHEHUS! UMEIOT CIICAYIOLIUNA BU:

why = (@l W) +e(f(En,h) — flah,N), )

rae &, — layccoB mym co cpemaum pu = 0.5 u craHmapTHbIM OTKIOHeHHeM 0 = 0.12, f(x,\) =
= (1 — x), A = 3.75 — ynpasisifoiuii mapamerp, ¢ = 1,2 B ciIydae KIaCCHYECKON CHHXPOHHU3AINH,
WHAYLHUPOBAHHON IIYMOM, € — UHTEHCUBHOCTH IIIyMOBOTO BO3JIEHCTBUSI.

[Ipu BEIOpaHHBIX 3HAYEHUX YIPABISIONINX MapaMeTPOB PeXXUM CHHXPOHHU3AINY, HHIYyIIHPOBaH-
HOMW IITyMOM, BO B3aMMOJCHCTBYIOIINX cHcTeMax JIopeHIa BO3HUKAET IPH MHTEHCUBHOCTH LIYMOBOTO
BO3JEHCTBHUA € = 6.5, a B JOTUCTHUECKNX oToOpakeHnsax — npu € = 0.1625. Hike rpaHUIlsl 3TOTO
CHUHXPOHHOT'O PEXMMa, KaK 0TMEYaJIoCh BBIIIE, UMEET MECTO IepeMeskarorieecs nopenenue. Ipu atom
CUTHAJI, IPEICTABIISIONINI CO00M PasHOCTh MEXIy COCTOSHUSIMU CHCTEM, Ha KOTOPHIE BO3IEHCTBYET
ITyM, BBIDISIUT KaK 4epeIOoBaHNE CHHXPOHHBIX (JTAMHUHAPHBIX) U aCHHXPOHHBIX (TypOyIeHTHBIX) (a3,
MIpUYeM HaJIW4Me TOH WM UHOH (a3sl MoBeAEHUS B (PMKCHPOBAHHBIH MOMEHT BPEMEHU MOXKET 3aBHCETh
OT BBIOOpa HaYaJIBHBIX YCJIOBHM aHAJINM3UPYEMBIX CHCTEM, YTO CBHUIETEIBCTBYET O HAJMYUU MYJIBTHU-
CTaOUIIBHOCTH B JaHHOM ciyd4ae. J[J1s JoKa3aTenbCTBa BhIMIECKa3aHHOTO B (DUKCHPOBAaHHBIE MOMEHTHI
BPEMEHHU OBIIM IOCTPOEHB! 0ACCEMHbI NPUTSDKEHUSI OOHOM U3 CUCTEM, HAaXOIIIIMXCS MO JeHCTBUEM
ryma, npu GUKCHPOBAaHHBIX HayaJIbHBIX YCIIOBHSIX IPYroil cucTeMbl. Takue OacceiHbl MPUTSHKEHUS
npuBeneHsl Ha puc. 1 mns cucrem Jlopenma (1) mpu € = 5.75 u Ha puc. 2 — IS JOTUCTHYECKHIX
otoOpaxxkenuii (2) mpu € = 0.153. CuHHii LBET COOTBETCTBYET (hazaM CHHXPOHHOTO MOBEAEHHs (Koraa
COCTOSTHUSI 00X CHCTEM, HaXOMNAIIUXCS MO ACHCTBHEM IIyMa, OKa3bIBAIOTCS MICHTHYHBIMH), 3€J1e-
HBIH — aCHHXPOHHBIM (a3aM MoBeAeHUs. benblil 1BeT oTBeYaeT BBUIETY M300paXkaromieil TOUKH Ha
6eckoHeuHOCTh. BuaHO, 94TO 111 06€MX pacCMOTPEHHBIX CHCTEM B (PUKCHpPOBaHHBIE MOMEHTHI BPEMEHH
B PEKUME NEpPEMEXKArOIIEHCs] CHHXPOHN3ALNH, HHAYLIUPOBAHHON IIyMOM, UMEET MECTO MYJIBTHCTA-
OupHOCTh. BaXKHO OTMETHTBH, YTO KOMIMYECTBO CHHXPOHHBIX M ACHHXPOHHBIX COCTOSHUM MEHSETCS CO
BPEMEHEM JI0CTATOYHO IUIABHO, OATBEPKACHUEM YETO SBIISIOTCS 3aBUCUMOCTH HOPMHUPOBAaHHBIX pa3Me-
POB CHHXPOHHBIX U aCHHXPOHHBIX KJIACTEpOB OT BPEMEHH, NMPUBEACHHbIE Ha puc. 1, e u 2, d. Bunno,
YTO Kak 11 cucteM JIopeHna, Tak U AJIs JJIOTUCTHYECKUX OTOOpa)KeHUH 00a Ki1acTepa COCYyLIECTBYIOT
BCEr/a, MPH 3TOM pa3Mep CUHXPOHHOTO KJIacTepa OKa3bIBaeTCs OOJIbLIE, YeM aCHHXPOHHOTO.

Unnapuonosa E. J[., Mockanenxo O. U.
568 W3Bectus By3os. [TH/, 2023, T. 31, Ne 5



Y

500
250
0
-250
-500
-750 e : )
-250 0 250 ™ -250 0 250
a b
y2 yZ
500 500
250 250
0 ()
-250 -250
-500 -500
-750 -750
-250 0 250 T2
c d
N e
— Synchronous states
— Asynchronous states
0.25 ¢
0.20 -
0.15
0.10
0.05
0 . . . . -
0 1000 2000 3000 4000 Time

e

Puc. 1. a-d — BacceiHbI IpUTSHKEHHST CHHXPOHHBIX U aCHHXPOHHBIX COCTOSIHHMI ofHOM 13 cucteM JlopeHna (1), Haxomsmuxcst
B PEXXUME TIePEMEKAIOIIEHCsT CHHXPOHU3AINHI, HHAYIINPOBAaHHON ITyMOM, NIPH 3HAY€HHN MHTEHCHBHOCTH HIyMa € = 5.75
Ha IUIOCKOCTH Ha4ajbHBIX YCIOBHH (2,Yy2) (22 = 1.1), monydeHHsle B pasinyHble MOMeHTHI Bpemenu: ¢ = 1000 (a),
2000 (b), 3000 (c), 4000 (d). Cunuii BET COOTBETCTBYET pealin3alliil B (UKCUPOBAHHBIII MOMEHT BPEMEHHU UIACHTUYHOTO
noBezieHus cucteM JlopeHma, HaxomsImmXcs Moj JeHCTBHEM OOIIEro HCTOYHHKA IIyMa, 3€JICHBIH I[BET OTHOCHTCS K HEHJICHTHY-
HOMY (aCHHXPOHHOMY) HOBEIEHHIO 3THX CUCTEM. belblii IIBET 0TBEYaeT BhUIETY M300paXKalolel TOUKH Ha OECKOHEUHOCTb.
e — BpemeHHBIe 3aBUCHMOCTH HOPMHPOBAHHBIX PAa3MEPOB CHHXPOHHBIX M aCHHXPOHHBIX KJIACTEPOB, MOJIyYEHHBIE JUIS TEX JKe
cucrem Jlopenna npu € = 5.75 (IBeT OHIIAKH)

Fig. 1. a-d — Basins of attraction of synchronous and asynchronous states of one Lorenz system from (1) being in the
intermittent noise-induced synchronization regime for the value of noise intensity € = 5.75 on the plane of initial conditions
(z2,y2) (z2 = 1.1) obtained in different moments of time: ¢ = 1000 (a), 2000 (b), 3000 (c), 4000 (d). Blue color corresponds
to the realization for a fixed moment of time the identical behavior in Lorenz systems being under influence of the common
noise, green color refers to the nonidentical (asynchronous) behavior of such systems. White color corresponds to the going the
representation point to infinity. e — Time dependences of the normalized sizes of the synchronous and asynchronous clusters
obtained for the same Lorenz systems for € = 5.75 (color online)
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Puc. 2. a—c — Jluneiinble GaccefHBI NPUTSHKEHUS CHHXPOHHBIX M aCHHXPOHHBIX COCTOSHHH OJHOTO W3 JIOTHCTUYECKUX
oToOparkeHHH (2), HAXOQAIMIUXCS B PEKIME TIEPEMEKAIOMICHC CHHXPOHU3AINH, HHAYNPOBAHHON IIIyMOM, NPH 3HAYCHUH
WHTEHCUBHOCTH IrymMa € = (0.153 Ha JIMHUM HaYaJbHBIX YCIOBHMH T2, NOJTYyYCHHbIC B Pa3JIMYHbIC MOMEHTHI BPEMCHH:
t = 10000 (a), 500000 (b), 1000000 (c). CuHHII TBET COOTBETCTBYET peallu3alliil B (PUKCHPOBAHHBIH MOMEHT BPEMCHH
U/ICHTHYHBIX COCTOSHHI JIOTUCTHYECKUX OTOOpayKeHHH, HaXOAAIIMXCs O/ ICHCTBUEM O0LIero HCTOYHMKA LIyMa, 3€JICHBII
L[BET OTHOCHUTCS K HEUJACHTHYHOMY (ACHHXPOHHOMY) ITOBEJICHHIO ITHX CHCTeM. benblil BeT oTBeuaeT BbUIETY M300paxaromei
TOYKH Ha GECKOHEYHOCTh. d — BpeMeHHBIE 3aBHCHMOCTH HOPMHPOBAHHBIX Pa3MEPOB CUHXPOHHBIX M ACHHXPOHHBIX KIIACTEPOB,
TIOTyYEeHHbIE IS TeX 7K€ JIOTHCTUYECKHX oToOpaskeHui npu € = 0.153 (uBeT oHIaliH)

Fig. 2. a—c — Linear basins of attraction of synchronous and asynchronous states of one logistic map from (2) being in the
intermittent noise-induced synchronization regime for the value of noise intensity € = 0.153 on the line of initial conditions
T2 obtained in different moments of time: ¢ = 10000 (a), 500000 (b), 1000000 (c). Blue color corresponds to the realization
for a fixed moment of time the identical states in logistic maps being under influence of the common noise, green color refers
to the nonidentical (asynchronous) behavior of such systems. White color corresponds to the going the representation point to
infinity. d — Time dependences of the normalized sizes of the synchronous and asynchronous clusters obtained for the same
logistic maps for € = 0.153 (color online)
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151 KOTMYEeCTBEHHON XapaKTEPUCTUKU CTEICHU MYIBTHUCTAOMIBHOCTH MO aHAJOTHH ¢ pabo-
Tamu [13, 14] HEOOXOOUMO TMEPEUTH OT PACCMOTPEHHsSI IBYX CHUCTEM K aHCAMOII0 HUACHTUYHBIX II0
YIPaBJISIOIUM MMapaMeTpaM CUCTEM, CTAPTYIOIIUX C Pa3TUYHBIX HAYAIBHBIX YCIOBUM, PABHOMEPHO
pacrpeseseHHbIX 110 aTTPaKTOpaM B3aWMOJICHCTBYIONINX CHCTEM, HAXOAAIINXCS MOA IeiicTBHEM 00IIero
mryma. Takue ancamOnun onuceiBarorcs cucremamu (1) u (2) mpu ¢ = 1,2... N, rge N — 4mcIO 3ieMeH-
TOB aHcaMOJs. JIJisl TUarHOCTUKH CHHXPOHHOTO PEKHMMa B JAaHHOM CIIydae HEOOXOMUMO MPOU3BECTH
CPaBHEHUE COCTOSHHN CHUCTEM, HaXOISIIMXCS MOJ] ACHCTBUEM IIIyMa, 110 MPUHIUIY «KKAAs C KaXIon»,
Y IS KQKIIOH TTaphl B3aMMOACHCTBYIONUX CUCTEM B KaXXIBId MOMEHT BPEMEHH PAacCUUTATh Pa3HOCTh
WX COCTOSHUI 10 popmyre

D:\/(xj_$Z)2+(y]_yz)2+(zj_zz)27 Z)]:]-?Na Z#]v (3)
nocie 4ero no ¢opmyie N
n
P,=1- —_ 4
“ Z} N(N —1) @)

(Tme n — YuCIO cucTeM, HAaXOIAIIMXCS B OAMHAKOBOM COCTOSIHHUU C %-M OCITHUIISITOPOM) OLIEHHUTH
BEPOATHOCTh OOHAPY)KEHUsI aCHHXPOHHOTO peXuMa. B ponu Mepbl MynbTUCTAOMILHOCTH B JTAHHOM
ciydae OyaeT BBICTYIIaTh yCPEAHEHHAs 10 BPEMEHH BEPOSITHOCTh OOHAPYKEHUS TypOylIeHTHOU (a3bl,
paccunTaHHas B COOTBETCTBUU € (popMyoit

T

P= P,(t)dt (%)

lim
T—o00

0
MPY U3MEHEHWH WHTCHCHBHOCTHU IIIYMOBOTO BO3JIEHCTBUsA. JTa Mepa paBHa (), Korja Bce B3auMOJCH-
CTBYIOIIIME CHCTEMBI B KQXKIBIi MOMEHT BPEMEHH HAXOJSITCS B CHHXPOHHOM PEKUME, U paBHa 1, Korma
B KaXJIbIi MOMEHT BPEMEHH BCE CUCTEMBI IEMOHCTPUPYIOT HenaeHTuuHoe noeeaeHue [13]. Ecnu xe
P € (0,1) npu naHHOM 3HAYEHHH WHTEHCHBHOCTH IIyMOBOTO BO3/ICHCTBHS BO B3aHMMOJICHCTBYFOIIHNX
CHCTEMaX UMEET MECTO MYJIBTHCTAOMIBHOCTE [13, 14].

Ha puc. 3, 4 npencraBieHbl 3aBUCUMOCTH MEPhI MYJIBTUCTAOMIBHOCTH OT MHTEHCUBHOCTH IITy-
MOBOTO BO3IICHCTBUS, MOMydeHHBIC I aHcamOneit 3 N = 50 cucrem Jlopernma (1) u N = 50
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Puc. 3. 3aBHcHMOCTD MepBl MYNIBTHCTAOMIBHOCTH P oT nH-
TEHCHBHOCTH IIYMOBOTO BO3ICHCTBUS €, MONMyYCHHAs s
ancamb6ns cucrem Jlopenna (1), HaxoAsIUXCS MO AeHCTBHEM
00I1ero NCTOYHMUKA IIyMa

Fig. 3. Dependence of the multistability measure P on the
noise intensity ¢ obtained for the ensemble of Lorenz systems
(1) being under influence of the common noise source
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Puc. 4. 3aBucuMOCTb MepHl MyNBTHCTa0MIBHOCTH P OT nH-
TEHCUBHOCTH IIyMOBOTO BO3JCWUCTBHS €, MOJy4CHHAs IS
aHcaMOJIsl JIOTHCTHYECKUX OTOOpakeHMH (2), HaXOIIIUXCS
0] ISHCTBHEM OOLIEro MCTOYHHKA LIyMa

Fig. 4. Dependence of the multistability measure P on the
noise intensity € obtained for the ensemble of logistic maps
(2) being under influence of the common noise source
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JOTUCTUYECKUX OTOOpakeHU# (2), HaXOMSAIIUXCA MON AcicTBUEM Imyma. M3 pUCYHKOB BHIHO, YTO
[0 Mepe YBEeIHYeHUs] WHTEHCHBHOCTH ITyMOBOTO BO3JIEHCTBUS Mepa MYJIBTUCTAOMILHOCTH B 00e-
X CHUCTeMaX IOYTH BCE BpeMs IUIABHO yMeHbInaercs oT 1 go 0%, 94TO COOTBETCTBYET MEpPEeXOiy
OT aCHHXPOHHOTO COCTOSTHHS K PEXXUMY WHAYIIMPOBAHHOW IITyMOM CHHXPOHH3AINH. BakHO OTMETHTS,
YTO BOJM3H IPaHUIIBI CAHXPOHHOTO PEXKMMa MEpa MYJIBTHCTAOUIBHOCTA B 00OUX CIy4asX OKa3bIBACTCS
MOJIOKUTEIIBHOM, YTO CBUACTEILCTBYET O HAIMYMU MYJIBTUCTAOMIBHOCTH B PEKUME MIEPEMEIKAIOIICHCS
CUHXPOHU3AINH, UHAYITUPOBAHHOM IITyMOM.

Taxum oOpa3om, B HacTosmei pabore Ha mpuMepe cucteM JIopeHIla U TOTHCTHISCKUX OTOOpaxke-
HUH, HAXOSIIUXCS O] ICHCTBUEM OOINEro UCTOYHUKA [TyMa, TTOKa3aHo, YTO I peKUMa IepeMeka-
FOIIEHCSl CHHXPOHU3AINH, HHIYIIUPOBAHHON IIIYMOM, TaK ke, KaK M JUIsl peKuMa IepeMeKaroneics
0000IICHHON CHHXPOHU3AIINHU, XapaKTEPHA MYJIBTUCTAOMILHOCTD. [10JTyYeHHBIC PE3yabTaThl MOITBEP-
KJIEHBI TIPY TIOMOIIN MOCTPOCHUS KapT 0acCEHHOB MPUTSHKEHHUSI CHHXPOHHBIX U ACHHXPOHHBIX PEKHMOB
U IyTEM pacueTa Mepbl MYJIBTUCTA0MIBHOCTH B 3aBUCUMOCTH OT BEJIMYMHBI ITapaMeTpa CBI3H. BakHo
OTMETHUTb, YTO HECMOTPS Ha TO, YTO OCHOBHBIC PE3YNIbTaThl paOOTHI MOJYYCHbI HA MOJICIBHBIX CHCTEMAX,
MOXXHO OKHJATh, YTO aHAJIOTHYHBIE 3aKOHOMEPHOCTH OyAyT HaOMIOMAaThCS M B PEaTbHBIX PaJHOTEXHUYIE-
CKHUX CHCTEMaX, YTO [O3BOJIUT UCIIOIB30BaTh OOHAPYKEHHBIN (D PEKT JIJIsl COBEPLICHCTBOBAHUS CIIOCOOOB
CKPBITOM Tepenadyn WHGOPMAIMH, B OCHOBE KOTOPBIX JISKHUT SIBIICHUE XaOTHYECKOW CHHXPOHHU3AIUH.
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