H3IBECTHA BbLICHIHX YYEBHBIX 3ABEOEHH#t

Tom 32, N 1 PALHODHIHKA 1989

YIK 534.015; 537.86:519

MEPEXON OT CUMMETPUYHOIO K HECUMMETPHYHOMY
PEXHMY XAOTHYECKOH JHHAMHKH B CHCTEME
AHCCHNNATHBHO CBSI3AHHbIX PEKYPPEHTHBIX
OTOBPA)XEHHA

C. 1. Kysneyos, A. C. Hukosckuii

Hayuen nepexoa MOAeNBbHON CHCTEMH OT CHH(A3HOrO K HecuHdraaHoMmy
PEXHMY XAOTHUECKOR AWHAMHMKH NPH YMEHLIUCHHH BEJHYHHW QHCCHIATHBHORA
CBAA3H, Ilo/yueHB BBIPaXEHHS AAS NJAOTHOCTH DAchpEfleeHHA H MOMEHTOB
AHHAMHYECKHX MNepeMeHNbX BOJHM3H TOYKH Nepexola XaoC—XaoC H HPOAEMOH-
CTPHPOBAHO COOTBETCTBHE C Pe3yAbTAaTaMH YHCJIEHHOI'O IKCIEPHMEHTA.

B nacrosimee BpeMd, Korza HakomjeH GoabwWwoft o06beM HHpOpMaUHH
0 JHHAMHYeCKOM Xaoce B MPOCTHX HeJHHeHHHIX KoAe6GaTeJbHBLIX CHCTe-
Max, eCTeCTBEHHO OOpPaTHTbCA K 6oJlee CJOKHBIM 3ajauam, B KOTOpDHIX 3TH
CHCTEMb BHICTYNAIOT B KAaYeCTBe 3/IeMEHTapHBIX CTPOHTEJNLHHX GJIOKOB,
<KHPNHYKKOB». B Hactosiued pabore B pycae 3Toit nporpaMmm HCCoefyeTcst
CHCTEMA ABYX OJAHHAKOBHX CBA3aHHBX NOACHCTEM, KaX/Jas H3 KOTOPhIX Ae-
MOHCTDHPYeT Xaoc. ByaeM cuHTaTh, YTO NepeMeHHBE U H U ONHCHBAIOT CO-
CTOSIHMA ABYX MOACHCTEM, a MapaMeTp y onpelensieT BeJHYHHY CBA3H MeX-
Ay HHMH.

OTHOCHTEe/IbHO XapaKTepa CBA3H NPEANOJIONHM, YTO OHA ABJSETCH AHC-
CHNATHBHOH, T. €. CNOCOGCTBYET BHPABHHBAHHIO MTHOBEHHHX COCTOSHHR
MOACHCTEM, a NPH PABEHCTBE MIHOBEHHBIX COCTOSIHHI He BJHSET HAa HX NH-
HaMHky. XapaKTep pexHMa, Hab/NIO1aeMOrO B CHCTeMe, ONpefeasteTcsl KOH-
KypeHuuei ABYX (aktopoB. [lepBhlil COCTOHT B pa3beranun a3oBHX TpaeK-
TOPHH, OOYC/JIOBJIEHHOM XaOTHYECKOH AHHAMHKOH MONCHCTEM: €CJH Hayab-
HHe COCTOSIHHS CJerKa pasnHyaloTces, TO pa30eraHHe TpPaeKTOPHi CTpe-
MHTCA yBeJIHUHTb 3TO pa3nHuue. Bropolt dpakTop — BausiHue AHCCHIAaTHBHOI
CBSI3H, KOTOpoOe, Kak OBJI0 CKa3aHO, cNOCOGCTBYET BLIPABHHBAHHIO COCTOA-
HHH. [Ipu 60osbIIO# CBA3H AOMHHHPYET BTOpOI (QaKTOp H B CHCTEME BO3HH-
KaeT cHHpa3HBiH XxaoTHueckHil pexxUM. [IpH 3TOM Ha NJIOCKOCTH nepeMes-
HHIX #, U H300paxalollas TOYKa COBEpLIAET XaOTHYecKHe KoueGaHHs, ocTa-
Basicb Bceraa Ha OHccektpuce (puc. la). TIpu yMeHblueHHH napamMertpa
CBA3H B HEKOTOPHIH MOMEHT HAYMHAeT JOMHHHMPOBAaTh nepsHil dakTop —
pa3beraHue TPaeKTOPHH, H Xa0C CTAHOBHTCA HeCHHPa3HHIM: H3obpaxalomas
TOYKA HA IVIOCKOCTH u, U yXKe He ocTaercss Ha GHCCEKTPHCe, a coBepilaer
ABHXEHHE B €e OKDeCTHOCTH (puc. 16). BmecTo mapamerpa cBs3k y HaM
VAo6HO OyleT HCMO.1b30BaTh BENHYHHY g, KOTOPasl XxapaKTepHayer HaaKpH-
THIHOCTb AHTHCHMMETPHYHOH cocTasasiowWell pewenns: e<0 cooTBercTByeT
cuidasnoMy xaocy, e>0 — HecHH(pa3HOMY, a e=0 — KPHTHYECKOH CHTYa-
UHH (MOMEHTY nepexofa). 3alada COCTOMT B TOM, YTOOH PaccMOTPETb BO3-
HHKHOBEHHe HeCHH(a3HOro xaoca NpH Mepexole € 4epes Hydb, OMHPafACh

N0 BO3MOXKHOCTH TOJIbKO Ha MaJjOCTb &€ H H30eras Kakux-JAH60 NONOJHHTEb-
HbiX HCKYCCTBEHHBIX NpeanoJoXXeHHH.

1. Mogeab. PaccMOTPHM MOMEJNBHYIO CHCTEMY ABYX CBS3aHHHX OMHO-
MEPHHX PEKYPPEHTHHX OTOOpaXKeHHH CJ/eAylolero BHAA:

Unp1=F(un) +9l[(Va) —F(un)],  vnni=F(vn) +y[f(a)—f(vn)], (1)
rie n — JHCKPETHO® BPCMS, Uy U Un — COCTOSHHS NOACHCTEM B MOMEHT I,
49



y € [0, 1] — koapdnument nuccunatuso cesisn. dyHKuHIO [ 3ananum

B BHOe
f(w) = 1 — 22, 2)

NpH 3TOM IQHHAMHKA HHAHBHAYAJbHOLO OTOGPAMKEHHS Unyy = [(in) Sio-
JfeTcs, KaK H3BECTHO, XaOTHYecKoi [1].
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Ecau nauanbHBle 3HAUEHHS! AMHAMHYECKHX NEPeMEHHHX U, U JexaT
B HHTepBane [—I1, 1], TO Npu ykasanHOM cnocoGe BBeIeHHSI CBA3H OHH
OCTAIOTC OFPaHHYEHHBIMH M AJIS BCEX NMOCJEAYIOUHX MOMEHTOB JHCKpeT-
HOTQ BpeMeHH. IleficTBUTCABHO, NPH |un| <1, |val <1 u3 (2) caenmyer, yro
|F(un) | <1, |f(vn)|<1, torma cormacro (1) |unsi|<(l— ) |flen) |+
+v|f(va) | <1 n, ananoruuso, |van|<<1.

Beenem BMecTo u M v HOBHE nepeMeHHBE X H y, XapaKTepH3YIOLIHe,
COOTBETCTBEHHO, CHMMETPHYHYIO H aHTHCHMMETPHUYHYIO 4acThb PelIeHHS:

x=1/2 (utv), y=1/2(u—v), (3)

H noJoXHM y = (l—e)/4. (Kak MOXHO MOKa3aTb, KPHTHUECKOH CHTYyalHH
BO3HHKHOBEHHA HCCHH(pa3HOro xaoca npH BHOpaHHOH ¢ yHKuMA f(u) coor-
BeTcTBYyeT ¢ = 1/4 [2].) Toraa cucrema (1) mepenuuiercs B BHAE

Xnt1 = 1’2";2; - 2)’;1, Ynpr = —2(1 4 &) Xnyn. (4)

0,002

500 4000 n
Pec. 2.

B paGote fiMOHCKAX aBTOPOB [3] G6H.IO MPOBeLEHO YHCIEHHOE HCCAeRo-
BaHHe JHHAMHKKH TAaKOH cHcTembl. Ha puc. 2 BocnpousseseHa noJiyyeHHas
HMH 32BHCHMOCTb AHTHCHMMETPHYHOH 4YacCTH DeIleHHS Y, OT AHCKPETHOro
BPEMEHH 711 NIPH MaJIOH HAAKPHTHYHOCTH e = 0,003. BuaHo, uTo pelenue
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npeAcTaBaseT co0oil MOC/JLAOBATENLHOCTh HapactaiolihX WLYros, NpojoJ-
AHTEABHOCTL KOTOPbIX MEHSeTCs pa3 OoT pasdy cayuaiiisiM obpaszom. Kaxk-
AR Nyr 3aKaHYHBAeTCA Pe3KUM cOpocoM aMMJHTYAb HeCHHpa3HoH co-
CTaBAAOLIEH N0 HEKOTOPOrO MAajoro ypoBHHA, IOCJEe Yero HauWHaeTcsi Ho-
BHHA IHKJ HapacTdHHSA. PassuBaemas TEOpPHA C H606X011HMOCTbIO AOJIZKHa
OGbACHHTL 3TH 0CcO0EHHOCTH npouecca.

2. Teopuss, B HyneBoM NpHOJHIKEHHH, CYHTAsd HAAKPHTHYHOCTb & H
AHTHCHMMETPHUYHYIO KOMIOHEHTY y GECKOHEeYHO MAaJIbiIMH, H3 ypaBHeHHS (4)
noAy9aeM

Xntr =1 — QX,?,: Yntt = —2XnYn . (5)

Ypapuennss (5) umelor «nepBulil uuTerpan» |yn| = CYl1 —x2, rae C —
OpOH3BOJAbHAN IOCTOSIHHAS, B 4YeM MOXHO YyOedMTbCS, HEeNoCPeACTBEHHO
101CTaBAsAS 3TO BHpaXkeHue B (). Ato HabaloeHHe HMEeT IPHHLUHNHAJAbHOE
3HavueHHe AJ51 AaabHelillero aHanusa. M3 Hero caelyer, urto uejecoo6pas-
BO BBeCTH BMECTO X5, Yn HOBYIO Mapy AHHAMHUECKHX MEePEMEHHHX Xn, Cq,
rae

Co = |4l NT— 2, ©)

IlpE 3TOM ypOBeHb aHTHCHMMETPHYHOH KOMNOHEHTH XapaKTepH3yeTCs BeJiH-
suBof Cp, KoTopas GyleT MeAJCHHO MCHATBCA BO BpeMeHH, TOTAa KakK Yn
COaepXKHUT OLICTPYIO KOMIOHEHTY, CBS3aHHYIO ¢ XaOTHUECKHMH KoJieGaHUAMH
nepeMeHHON Xn.

B HoBBIX mepeMeHHbIX ypaBHeHHs (4) MepenHcHBAlOTCA TaKHM 06pasom:

Xnpr=1—2x3 —2C2(1 —x3),

(7)

C‘n-H = Cn ! +e
VT +(xT-T) (1= )
OrpanHuHBasicb CHTyalHeH, 6JH3KOH K KpHTHUecKoH, koraa ek, Co <1,

anpenebpexeM BCEMH YJeHaMH KPOMe€ HEHCUe3alollHX B MEPBOM NOPALKe 110
g, C, H NOoNly4YHM H3 BTOpPOTO ypaBHeHus (7)

-

1 g
Cfl+] - Cn + » n/; = _L (8)

370 COOTHOUMIEHHE MOXKHO PacCMaTpHBaTh KaK ypaBHeHHE [/ ONpeAe/eHHs
Ln, COAEpXKalliee CAydaHHBIH KOIPQPHUHEHT mn,. [Ipu Manbix e cTaTHCTHKY
CAYYaAHOR BeJHUYHHH 7)n, MOXXHO, MO-BHAUMOMY, CYHTATb He 3aBHCAILEH OT
Ca H H3aXOAHTb €€, HCNO/b3YH AJS X, HeBO3MYLIEHHOE YPABHEHHE Xnipy =
=1—2x2. H3 dopmyan (8) cTaHoBHTCA MOHATHON cneuHpHKa AeficTBAA
HeJIHHeHHOCTH CHCTeMBl Ha AWMHAMHKY AHTHCHMMETPHUHON COCTaBJAKIIEN:
HEJIHHEHHBH uJsieH mMaJg B cHay madocTH Cp, A0 Tex mop, NokKa nepeMeHHas
X, He OKaXkeTcs OJIH3Ka K HY.110. B 3TOT MOMEHT 1, CTAHOBHTCA GOJIbIIOH,
pPOAL HeAHHEHHOCTH Pe3KO BO3PAacTaeT W IPOHCXOAHT CHJIBHOE YMeHblue-
HBE YPOBHSi AaHTHCHMMETPHUHOH KOMMOHEHTH. FIMeHHO B 3TOM H COCTOHT Me-
XaHH3M Bab/101aBIIerocs B YHCJeHHBIX pacyetax [3] o6puniBaHUA HapacTalo-
[IHX 1YTOB KoJebGaHuM.

3ameHolt Zn = 1/C} ypasnenue (8) cBoaMTCS K ;MHeHHOMY ypaBHe-
HHIO C aJAHTHBHOH CJY4aiHOH 106aBKOWH

Znt1= (1—2e)Zn + nn. (9)

Hekoropoe ocsoXHeHHe COCTOMT B TOM, 4YTO CJlyuailHasi BeJMUHHA 1 He
HMEeeT KOHeYHHX MOMEHTOB, H NO03TOMY ypaBHeHue (9) He peuraercsi Tpa-
AALHOHHBIM MeTtonoM Pokkepa—Ilnauka.

[TprMeHHM A peleHHs 3ald4H MeTO] XapaKTePHCTHYeCKHX QyHKUHI.
XapaxkTepuCTHYECKYI0 (QYHKIHIO /5 BeJHUHHB 1), BHIYHC/IAEM C HCNOJb3O-
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BaHAHEM H3BECTHOTO COOTHOLIEHHS RJA HHBAPHaHTHOIO pacnpelesJeHHA BeJH-

yHHH x B dopme 1/ny¥1—x2 [!]. CooTBeTcTByOUIHii HHTerpa, npeicras-
Jgercia B BHAE

1
1 [ etwr 1 (1 . [@|
= (el —n- dx=—T|—, i l/— 2
Pr(w)=(e!*n) “S, Ve x v (2 tw) 2 —+0(w*)(10)

rae I' — HenosHasi raMMa- yHKIHA.

ChyuvafiHble TONYKH B ypaBHeHHH (9) B pacCMaTPHBAaEMOM aCHMIITOTH-
YeCKOM cJyyYyae MaJbX & MOXHO CUHTATh CTATHCTHYECKH HE3aBHCHMHMH MO
TOH TMpHYKHHE, YTO CYLIECTBEHHblE TONYKH GOJILIIOrO YPOBHS IPOHCXOAAT
CPaBHHTEJbHO PEAKO, TAK uTo 6/1arofapsi XaoTHYECKOMY XapaKTepy AHHa-
MHKH NMepeMeHHON X5, CTATHCTHYCKAs CBSi3b MEXKJy HHMH ycneBaeT NponacThb.
YuuthiBasi 310 06CTOATENbCTBO, MOJyuaeMm cJeayloulee ypaBHeHHe AJs Xxa-
PaKTEPHCTHUECKOH (PYHKUHH BEJHYHHB Z:

Pnt+1 (@) = @a (@ (1—2¢) ) pn(®@), @n(w) = (e™%n). (11)

CrauHOHapHOe pelleHHe 3TOro ypaBHeHHS HMeeT BHJ

?@) = Hoa((1 —2¢)™) . (12)

B npubauxenun (10) monydaem

o (@) =exp(—§-|/£”‘}-'). (13)

OTKyZa myTeM o6paTHOro npeo6pa3oBanus Pypbe HaXOAHM NJOTHOCTb pac-
npele/ieHHs BelHYdEH Z — TaK HaspBaemoe pacnpedenense Jlesu [4]:

g 1

e—l/u’z , (14)

a u3 (14) nonyuaeM NJIOTHOCTb pacnpelefedus BeJHYnHH C, XapaxTepH-
3ylolled YpoBeHb aHTHCHMMETPHYHON KOMIOHEHTHI:

2 Cill
= e, C>0
F(C) = m—:e > :

0, cC<o

OtmeTtuMm, uto QyHKuus F 3aBHCHT oT KoMGHHauuu C/e, oTKyna cie-
AyeT HaJHYHE CKeAJHHra: TNPH yMeHbLIEHHH HAJKPHTHYHOCTH ¢ B HEKO-
TOpOe YHCJO Pas xapakTepHas aMILIHTyAa HecHH(}a3HOH cocTaB/AIOLLEH
yMeHbIIAeTCsl B TaKoe Xe WYHC/I0 pa3, a B (YHKUHM pacnpejeseHHA
ocraercs nopoGer ucxoaHomy. Ucnoabsys (15), noayuaem caelyiouiue co-
OTHOLIEHHS AJS MOMEHTOB BejiHuHHH C:

(C)=¢, {(C?) = ne?/2. (16)

IMockonbKy BeauunHH X U C 06.1a42a10T COBEPLIEHHO Pa3HBIMH Xapak-
TepHBMH BPEMEHAMH H3MEHeHHs (AJs X NOPAAKA eNHHHUb, A9 C nopsa-
Ka g~!), TO HX MOXHO CUHTATh HE3aBHCHMbIMH M 3allHCaTb COBMECTHYIO
MJIOTHOCTb pacnpefle/ieHHs B BHAE NPOH3BEAEHHS

(15)

1
Vl—-xi.

BoaBpallasch K NEPeMEHHHM X, y, nojyuaem AJs IBYMepPHOH MJIOTHOCTH
BhipaXKeHHe

F(x, y) = (1 — 3! exp(—-—l- Y ) (17)

F(x, C) =2 exp (— C?aet)
L 4 ®

me we? 1 — x?
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B npeaene e—0 u3 (17) nonyuaercs pacnpegenenue Ha OTpe3Ke
[—1,1] ocn x uaH, B TepMHHA HCXONHHX NEPEMEHHHX 4, U, HA GHCCEKT-
pace u=v. C poCTOM € WIHPHHA pacnpeleseHHst B HATpPAaBAEHHH § DACTeT
nponopuxoHansio . Ha (17) moxHo HaliTH, 4To AuCHepcHS BeJHYHHH y

me2  ———
DpH QHKCHPOBAHHOM X BeleT cebsl Kak (y > = -?Vl—xz. B xauecTBeHHOM

COOTBETCTBHH C pHC. 16 AHCNEPCHA MAKCHMAaJbHA B CcepeHHe HHTEepBaJa
H3MeHECHHA BEJHYHHH X K Cnagaet 1O HYJ#f K €r0 KpasM.

3. Yucnennne skcnepumeHTnl. [las MPOBEPKH MOJYYEHHBX pe3yJbTa-
TOB OpOBeAEHH YHCJEHHbIE SKCHEDHMEHTHl, B X0/Je KOTOPHX BHNOJHAJNHCH
MHOTOKpaTHHeE HTepalWH LABYMePHOro oToOpaKeHus (4) mpH MaJjbix 3Ha
HYEHHAX & H BHYHCJSJIHCD CTATHCTHUECKHE XAPAKTEPHCTHKH BeJHYHHL
C= |yl /¥1—2

Ha prc. 3 npoBoaurcs cpaBHeHHe 3aBHCHMOCTeH nepBoro H BTOPOTO
MoMeHTOB {(C)> H (C?) OT HAAKPUTHUYHOCTH e. TOYKAMH TNOKA3AHH pe-
3YJbTaTH YHCJAEHHOTO 3KCNEPHMEHTa, CIJOUIHON JHHHeH — TeopeTHYeCKHe
3aBucumoctd (16). Ha puc. 4 cpaBHHBaloTcs 3MnupHueckass M TeopeTHue-
CKasi IL3OTHOCTH paclnpelleieHHs Be-

[ )
auunBnl C npH e == 0,01: cnaom- - e®
Has JIHAHA COOTBETCTBYET YMCJIEeH-
HOMY 3KCIIEPHMEHTY, a NMYHKTHp- 15
Has — TeopeTHYecKOR ¢opmyne
-indt>
10}
8t
s -
4 5k
a) 5
2L
0 2 4 6 6 -me 0 2 4 & 1 e
Prc. 3.
£(C)

0 0,01

0,02

Pxue. 4.

(15). Tloayuennoe COOTBETCTBHE  CJeAyeT  CUMTAaTh  BecbMa xopo-
wHM. Hekotopoe pacxoxpenue npossaseTcss B dbopMe 3IMIHPHYEcKol
H TeOpeTHUeCKOH QYHKUMI pacnpelenenus. O6paboTka NAaHHHX 1O KpHTe-
pHIO ¥? MOKa3HBaeT, YTO TO PACXOKAEHHE HOCHT He CTaTHCTHYECKHH, a
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CHCTEMAaTHYeCKHH XapaKrep, T.e. CBA3aHO, OUEBHHO, ¢ NPHUGIHKEHHAMH
CAEJAHHHMH NDH TEOPETHUECKOM aHajH3e. MOXKHO NpeANONOKHTb, YTO
pacxoxaeHHe OylleT yMeHbIUATbCs NMPH yMeHbIUEHHH e.

PaccMoTpeHHas KOHKDeTHasi CHcTeMa HMeeT JBe CYLIECTBEHHHX 0CO-
GeHHocTH. Bo-niepBHX, HHBapHaHTHasf TIJIOTHOCTb pacrpefeseHHs AAS HH-
RHBHAYaJIbHOH NOACHCTEMBI BHUHC/ISAETCH SIBHO, BO-BTOPHX, Xa0C B KHAHBH-
AYyaJbHOH TMOLCHCTEME XapaKTepH3yeTCHd HYJNEBHM (DAKTOPOM HEOHO-
POLHOCTH (XapaKTEPHCTHKA CTPAHHHX aTTPAKTODPOB, BBeleHHas B paborax
[*8]). Tlo 3Toit mpHUHHE NOJyueHHHe Pe3y/AbTaTH He MOTYT NPETEHAOBATh
Ha YHHBepCaNbHOCTb. TeM He MeHee OHH IPEACTABASAIOT MO HALIEMY MHEHHIO,
OTMpeneJIeHHB i HHTepeC KaK MepBbiii NPHMep aHAJIHTHUECKOTO pPelleHHS
3ajauM 0 mepexoje XaoC—XaoC H MOTYT MOCAYXKHTb OTNPABHHM MYHKTOM
ANl AaabHEAUIEro Pa3sBHTHA TEOPHH TAKHX TePeXOl0B.
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CapaToBCKHHl TrOCYZAapCTBEHHMIH [Tocrynrna B pegakuw
YHHBepCHTET 25 despans 1987 r.

SYMMETRY BREAKING BIFURCATION IN THE SYSTEM
OF DISSIPATIVELY COUPLED RECURRENT MAPPINGS

S. P. Kuznetsov, A. S. Pikouskij

Transition from homogeneous to inhomogeneous regime in the system of two
coupled one-dimensional mappings as the coupling constant decreases is investigated.
Expressions are obtained for the distribution function and the moments of the dyna-
mical variables near the point of the transition chaos—chaos. Analytical results are con-
firmed by numerical experiments,



