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IIpoBeneHo M3ydeHHE MPOLECCOB YCTAHOBJICHUA fABJICHUS OOOOIIEHHON XaoTH-
YECKOH CHHXPOHM3AIMM B CETH JIOTHCTUYECKHX OTOOPayKCHMid, CBS3aHHBIX B3aMM-
HO; PAacCMOTPCH XapaKTep B3aMMOICHCTBUS 3JICMCHTOB CCTH IIPH HEpexoie OT
ACHHXPOHHOH JMHAMHMKH K CHHXPOHHOH IIpU YBEJIMYCHHM IapameTpa cBs3u. s
BBISICHEHUS OCOOCHHOCTEl B3aMMOJICHCTBHS 3JIEMEHTOB CETH M BO3HMKHOBEHUS
pexnMa 0OOOIICHHOH XaOTHYECKOM CHHXPOHHM3AIMK HCIOJIB30BaH METON (ha3oBBIX

Tpy6oK [3].

Cpenyt pasjMYHBIX W3BECTHBIX TUIIOB XaOTHYECKOW CHHXpoHm3aiwmu [1],
TaKUX Kak (pa3oBas CHHXpPOHHM3ALMs, CAHXPOHU3aLKs C 3anasapiBanueM (lag-
CHHXPOHHM3ALWMA ), IOJIHAs CHHXPOHM3ALWs, N3y4eHne 0OOOIEeHHO! CHHXPO-
HU3ALMK TIPUBJICKaeT OoJIbIIoe BHUMaHKe uccirenosareseil [2-4]. O6obuieH-
Hasf XaOTHYCCKash CHHXPOHHM3AIMS MOXKCET BOSHHKATh MEKIY PasIMIHBIMU
OCHIIIIATOPAaMH, B TOM UHCJIC MEKIY OCHUJUIATOpaMH C PasHOH pasmep-
HOCTbIO (ha30BOro mpocTpaHcTBa. KputepueM ycTaHoBIIeHHs pexxuma 0606-
IIEHHON CHHXPOHU3ALMH ABJIAETCs HaM4ie (QYHKIMOHATIbHON 3aBUCHMOCTHU
M@Ky COCTOSHHSIMU B3aUMONCHCTBYIONIUX OCLIILIATOPOB [2,5]. Ha maHHbIi
MOMEHT sIBJICHHE OOOOIIEHHOI CHHXPOHHM3AIMH IOAPOOHO HM3YYCHO IS
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[OCTaTOYHO HIMPOKOTO KJIacca B3aMMOICHCTBYIOLIMX CHCTEM: MCCIICIOBAHEI
KaK CHCTEMBI C OUCKPETHBIM BPEMCHEM, CBSI3aHHBIC OJHOHAIPABJICHHO U
B3aUMHO (5], TaKk M MOTOKOBBIC CHCTEMBI C OJHOHAIPABJICHHON [6] u
B3aNMHOM [7] cBsi3bI0 (BKJIIOYast IPOCTPAHCTBECHHO-PACIIPECICHHbBIC CHCTE-
mel [8-10)).

CrnenyloliuM INaroM B H3YyYCHHWH SIBJICHHSI OOOOIICHHON CHHXPOHH-
3alMd CTajJ0 KCCJICHOBAHHE CETCH HEJMHEHHBIX 3JICMEHTOB, ONHAKO B
CWIy CHeUMGUKU U CIOKHOCTH PACCMATPUBACMBIX CHCTeM [7] B HaHHOM
HAIMPABJICHUH WCCJICMOBAHNl HA HACTOSIOMI MOMEHT CYIIECTBYET MHOTO
BompocoB. OIHOMY W3 TaKHX BOIPOCOB, CBSI3AHHBIX C YCTAHOBJICHHEM
pexxnMa 0GOOLICHHOM XAaOTUYECKOH CHHXPOHHM3ALMH B CETSX HEITHHCHHBIX
3JIEMEHTOB, U TOCBSILICHA [aHHas paboTa.

B kadectBe mpocreiimeil MOIENBbHON CETH CBSI3aHHBIX MEXKIy coOoi
HEJIMHEHHBIX DJIEMEHTOB BHIOpaHA CHCTeMa ISTH (Xp, ..., Xs) B3aHMHO
CBSI3AHHBIX APYT C IPYIOM JIOTHCTHYECKHX OTOOPaKCHHIA:

Xiny1 = f(Xin, ai) +8Cij Z(f(Xjn, aj) — f(Xin, aj)), (1)

roe f(x,a) =ax(l—x), i,j=1,...,5 — Homep amemeHTa cerd, Cjj —
marpuna cBasu (Cjj =0 — OTCyTCTBHE CBSI3M MEXIy SJIEMEHTaMu,
Cij =1 — KaXIBl 3JIEMEHT CETH B3aMMONICHCTBYET C OCTaJIbHBIMH),
& — Koa(uuueHT cBs3u. BenmunmHa mapamerpa CBA3M € OIMHAKOBA IS
BCEX JJIEMEHTOB CETH W SIBJISIETCS YIPABJSIONUM MAPaMETPOM, OIpere-
JSIIOIIAM  YCTAHABJIMBAIONINACSA PEKUM, B TO BPEMs KaK yIPABJISIOIIHE

napametpsl &; (i =1,...,5) Obmn BeOpaHbl pasiuynbiMu: a; = 3.75,
a, = 3.76, a3 = 3.77, a4 = 3.78, as = 3.79. Tonosorus cesA3eil B ceTu npu
paccMoTpeHnH Oblla BHIOpaHa B BHJIE ,Kaxiblil ¢ KaxapiM© (puc. 1), Cij = 1.

KitaccrmgecknM MeTomoM NETEKTHPOBAHUS PeXKuMa OOOOINECHHON CHH-
XPOHHM3AIMU B OIHOHANPABJICHHO CBSI3aHHBIX CHUCTEMaX SIBJISIETCSI METON
BCIIOMOTaTeJIbHOW CHCTeMBI [5], HO B CJIy4ae HCCJICHOBaHHs B3aMMOICii-
CTBHSI CUCTEM, CBSI3aHHBIX B3aMMHO, 0 HPUYHHAM, U3JIO)KEHHBIM B pabo-
tax [7,11,12], stor meron okasbiBaeTcs HempuMeHNMbIM. Kak crencreue,
HEoOXOMMMO WCIOJIb30BaTh OPYrMe METOHbl, HAlPUMEp pacueT CHEKTpa
nokasaresieit JIsamynosa [11,13]. B citydae mByX CBSI3aHHBIX OCLIJUISITOPOB
KpUTEpHEM HaJIN4UKs 000OIIEHHOM CHHXPOHU3AIIMH SIBJISIETCS TIepexoy Yyepe3
HYJIb B OO0JIACTh OTPHIATEIBHBIX 3HAYCHHH OJHOTO M3 MBYX CTapIIuX
TIOJIOKUTEIIbHBIX TIOKa3aTesieit JIsmyHoBa, B TO BpeMs KaK APYroil CTapIiuuii
nokasaresb JIAImyHOBa ocTaeTcst MOJIOKUTENTbHBIM [6,14] (cuTyarmst ¢ aBymst
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;

Puc. 1. Tomonorust paccMaTpuBaeMOil CETH U3 ISITH JIOTHCTHYECKUX OTOOPaKSHMUIA.

MIOJIOKUTEIIBHBIME  TTOKa3aTeIsiMi JISImyHOBa aBTOHOMHBIX OCIHJUIATOPOB,
T.€. PeXAM TMIEePXaOTHICCKUX KOJIeOaHNi, B TaHHON paboTe He paccMaTpu-
Baercsi). B ciydae ke cetu, cocrosimieit u3 N HeJIMHEHHBIX 3JIEMEHTOB, [IPH
MaJIbIX 3Ha4YeHMsX [lapaMeTpa CBA3U CIIEKTP Mokas3aresieil JlamyHoBa Oyner
xapakTepu3oBaTbcd N IOJIOKUTESIBHBIMU BEJIMYMHAMHU, KOTOPBIE C YBEJIH-
YeHHEM MapaMeTpa CBsSi3H OyIyT IOCJIeNOBATEIbHO MEPEXOIUTh B 00JIaCTb
OTpHULATE/IbHBIX 3HAYCHNU [7]. Iyl ceTH U3 IsATH CBSI3aHHBIX JIOTUCTHIECKUX
OTOOpa)KeHU KpUTEpPHUEeM BO3HUKHOBEHHUS peXUMa OOOOIIEHHOH CHHXPO-
HHM3aIlUd B CHCTeMe OyHeT CIIy)KUTb Iepexol B 00J1acTb OTpPHLATEIbHBIX
3HAYCHUII YeTHIpeX W3 MATH IoKasareneil JIsmyHoBa (HEpBHIi HOKa3aTeNlb
OCTaeTCs TOJIOKUTEIIbHBIM).

Ha puc. 2,a npencrapieHa 3aBUCUMOCTb NATH IOKa3aTesieil JlsamyHoBa
IJIS1 paccMaTpUBaeMOIl CHCTEMBl B3aUMHO CBS3aHHBIX JIOTHCTHYECKHX OTOO-
paxennit (1) or BermumHB KO3(duImenTa cBsi3u &. M3 pHCyHKA BHIHO,
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Puc. 2. a — 3aBucuMocTb NATH HOKa3aresieil JIAmyHoBa oT Ko3(puImeHTa CBS3Y €,
b — ob6unactb 3nauenuii 111 B Gosiee xpynHoM MaciuTabe.
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YTO 3aBHCUMOCTb A(€) MOXKeT ObITh pasuesieHa Ha Tpu obsactu (puc. 2,a):
e € [0,0.023) — o6nacte acuuxponHnoii quaamuku (1); € € [0.023;0.054] —
oxna nepuoguynoctn (II); & € (0.054;0.071] — obmacTe mepexoma K
pexkumy 06061ennol cuaxponusanuu (I11). B obmactu mepexona Kk pexxumy
000O0IIICHHON XaO0THYECKON CHHXPOHW3ALMK YeThpe mokasaTens JlamyHoBa
OC/ICI0BATESIbHO MEHSIIOT 3HaK, epecekast och abeuucc (puc. 2, b). MomeHT
OKOHYATEJIPHOTO TIEepexoa K peKuMy 0OOOIIEHHOM CHHXPOHM3AIMK (CMEHa
3HaKa BTOPHIM [0 CTapIIMHCTBY MOKasarejieM JISmyHOBa) OpH 3HAYCHHN
napametpa cBs3u egs ~ 0.0703 ormeuen Ha puc. 2,b crpenkoit. Takum
obpasomM, Ha rpanmnax obsactu (III) cucrema meMOHCTPHPYET COOTBET-
CTBCHHO acMHXpOHHYIO (¢ < 0.054) u curxponHyo (¢ > 0.071) nuHaMUKY.
B TO e camoe Bpems B OTVIMYHE OT CJIy4asl IBYX OCLHJUIATOPOB pe3Kast
IPaHUIIa MEXIYy CHHXPOHHBIM W ACHHXPOHHBIM MOBCACHHEM B TaHHOM
Clly4ae OTCYTCTBYET, M MMEET MeCTO IIOCTeIeHHas MepecTpoiika AUHAMUKH
3JIEMEHTOB CETH, OCHOBHbIE MEXaHU3Mbl U 3aKOHOMEPHOCTH KOTOPO# Ha
HACTOSIIINIA MOMEHT BPEMEHH HEU3BECTHBL

19 moHMMaHMA IHpoleccoB, npoucxonamux B obsmactu III, roe 4acth
nokasareneil JIAmyHoBa yke CMEHWIa 3HAaK, HEOOXOMMMO HCIIOIb30BaTh
Mmeron (aszoBbix Tpybok [5,12]. Vnes meroma COCTOMT B TOM, YTO IpH
PAcCMOTPECHNH AWHAMHKH CBSI3aHHBIX OCLIJUIATOPOB B OTHOM M3 HHX
HEOOXOMMO BHIGPATh OTOPHYIO TOUKY X, M 3a(pMKCHPOBATh MPEILICTOPHIO
3ToM Toyku Ha K mmaroB Haszang X'n_k(k =0,...,K). danee Heob6xommmo
HalTH OJKaiiero coceia BEIOPAHHON OTOPHOHN TOYKH X']- HA TPOCJIEAUTD
3a TeM, 4TO0HI (pasoBbie TpaekTopuH X, 4 u X; (k= 0, ..., K) Ha mpots-
JKeHUH Bcero mHTepBasia npensicropun K Obumn 6mmskw, T.e. o0e dasosble
TPACKTOPHH IOJDKHBI HAXOMUTHCSI BHYTpH (ha3oBoit TpyOku mmmHoi K [5,12].
[Ipu BBIONHEHNH YCIOBHSA OJM30CTH (DA3OBBIX TPACKTOPHI HEOOXOIHMO
3adukcpoBaTh 00pa3bl OIIMHKAUIINX COCENCi x’jn B (ha30BBIX MTPOCTPAHCTBAX
OCTAJIBHBIX OCLMJUIAITOPOB, @ B KauecTBE YMCJICHHON XapaKTepHCTHKU CHUH-
XpOHU3Ma CJIeAyeT paccMaTpUBaTh BEJIMYMHY JUCIIEPCHM 3HaYeHUH 00pa3oB
Omwrkaiimmx coceneit X'

B xone ucciienoBanust ObUTM BBHIOPAHB! IBa 3HAYCHUS ITapaMeTpa CBSI3U
&1 = 0.058 u &, = 0.068, xak npencrapsAOIKe HanbobIIMiA uHTEpec. [1pu
3HAYCHUHU €| JIMIIb ONUH IOKa3aTesb JIAIyHOBa ABJIACTCS OTpHULATEIbHbIM,
TOra KaK P 3HAYCHUH MapaMeTpa CBSI3M £ Y)Ke TPH ITOKa3aTeIs SABJISIOTCS
oTpunaresibHbME (puc. 2, b). B cOOTBETCTBHM € TEOpHUEi OMMCAHHOTO BHIIIIE
Metozia (a30BbIX TPYOOK Bce Y3JIbI paccMaTpUBAaeMOil ceTH ObLIM MOIAapHO
HCCJICIOBAHBI [T COCTABJICHHSI YSTKOU KAPTHUHBI XapaKkTepa MX B3anMOJIeii-
cTBUSl. 3HAYCHHSI BEJIMYMH JUCIICPCHH PACIIPEICIICHAN PACCTOSHUN MEKITY
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Ta6bnuua 1. 3HaveHus BEJIMYMH IUCIEPCHHN I apaMerpa cBssu &1 = 0.058
X1 X2 X3 X4 X3

X1 - 3.021-1077 | 3.788-10"7 | 2.005-10~7 | 6.002- 10~

X, | 1.232-107°¢ — 4.622-107% | 1.103-10°¢ | 1.061-107¢

X3 | 2.402-107° | 2.310-107° - 2.190-107% | 3.133-10°°¢

X4 | 5.664-107% | 3.724-107% | 1.232-107° - 7.023-107°
Xs | 2.891-107% | 5.152-107¢ | 7.617-10~° | 3.686-10~° -

Tabnuua 2. 3HaveHus BEJIMYMH IUCIIEPCHHN I MTapaMeTpa cBsasu &, = 0.068

X1 X2 X3 X4 X3
X1 - 1.326-1077 | 1.533-1077 | 2.513-1077 | 2.763 - 10~
X2 | 1.099 - 1077 - 1.592-1077 | 2.990-1077 | 3.102- 10’
X3 | 2.264-1077 | 1.278 - 1077 - 49081077 | 3.565-1077
X4 | 8.002-1077 | 7.393-1077 | 6.773 - 1077 - 5.745-1077
Xs | 3.348 -107% | 3.960 - 10® | 3.496-107° | 3.841-10° -

OTMKANIIMMKI COCETISIMU JIJIST Pas3/IMYHbIX Y3JIOB CE€THU IPUBCACHBI B Tabn. 1
u 2 1s ABYX 3HA4YCHUN napaMeTpa CBA3U COOTBETCTBCHHO.

Homepa cTOJIOLOB COOTBETCTBYIOT HOMEpaM Y3JI0B, B KOTOPBHIX ObLIa
dukcupoBaHa onopHas Touka X}, Homepa e CTpoK COOTBETCTBYIOT HOMepaM
TeX Yy3JIOB, B OTHOLICHUN KOTOPBIX BBISICHAETCA XapakTep B3auMOHEUCTBUSL
[Ipu paccMOTpeHNH BHECEHHBIX B TaOJIAIIBI JAHHBIX HETPYIHO 3aMETHTD, 9TO
3HAYCHUS JUCICPCHH JJISi HEKOTOPHIX Iap y3JIOB CETH PE3KO OTIMYAIOTCS
OT OCTAJIBHBIX. B COOTBETCTBMM C METOHOM OMIDKaiIMX coceneil MOKHO
CHeNATh BBIBOX O TOM, YTO IPH Majloil BEJMYMHE AUCIEPCHU (B paccMaTpu-
BaeMoM citydae ~ 1077) paccmaTpuBaeMble 3JIEMEHThl CMHXPOHM30BAHBI C
TOYKH 3peHHs 00OONICHHON CHHXPOHH3AIMH, TOTIa KaK B ciiydae OoJbIIeit
macniepenn (~ 107°) a7eMeHTHI ellle He HAXOAATCS B PEKUME CHHXPOHM3MA.
B TakoM citydae MOXKHO clieJIaTh BBIBOJI O TOM, YTO IPH 3HAYCHUH ITapaMeTpa
cBa3u € = 0.058 ueThpe cucTEeMBl U3 HATH OEMOHCTPUPYIOT IOBEEHHE,
CHHXPOHHOE C IIepBOil CHUCTEMOi, B TO BpeMs Kak IlepBas cHCTeMa He
CHHXpOHHa ¢ ocTaBmmMMucd. OOpaTHYIO CUTYallMI0 MOXXHO OTMETHTb NpH
3HaUYCHUN napaMmeTpa cBs3u € = 0.068, roe msATas cuctemMa JeMOHCTPUPYET
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ACHHXPOHHYIO MTWUHAMUKY, TOI'Ta KaK OCTAaJIbHBIC 3JIEMCHTBI CETH CUHXPOHU-

30BaHbL APYT C APYTOM.

Takum oOpas3oM, B HaHHOH paboTe MPOBENEHO HCCIIENOBAHUE SBJICHUS
000OIIEeHHON CHHXPOHM3AIMM B CETH CBSI3aHHBIX B3aMMHO JIOTHCTHYECKUX
OTOOpaXKEHUIi, C UCIIOJIb30BAaHUEM METOMIOB pacdeTa CIEKTpa IMoKasaTesiei
JIsimyHoBa 1 (pa30BBIX TPYOOK BBISIBJIEH XapaKTep B3aMMOJEHCTBUA HEIMHEN-
HBIX DJIEMEHTOB CETH B OOJIACTH Iepexofa OT aCMHXPOHHOH OWHAMUKU K
CHUHXPOHHOM.

Pabora BbmonHeHa npu mnoamepxke Poccuiickoro HaydHoro ¢oHpaa
(mpoekt 14-12-00224). Hayunast nesitensHOCTh A. XpamoBa MofjepxaHa
TaKxKe rpanToM MunuctepcrBa obpasoBanust 1 Haykun PP (Ne 931).
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