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Cexknusa 1

«AHAJIN3
IKCIICPUMEHTAJIBbHbBIX
TAHHBIX»

Serum-free
A ~  FBS B C FBS

FBS Serum-free
CHRNA1 CHRNA1+ 0 CHRNA1- 0
CHRNA3 s CHRNA3- CHRNA3-
CHRNA4 CHRNA4+ -5 CHRNA4+ -5
CHRNAS5 CHRNAS CHRNAS-
CHRNAG CHRNAG— CHRNAG—
CHRNA7T CHRNAT F e -10 CHRNAT 1-10
CHRNA9 o CHRNA9 CHRNA9
CHRNA10 CHRNA10 CHRNA10+
CHRNB1 CHRNB1+ r1-15 CHRNB1A -15
CHRNB2 CHRNB2- CHRNB2-
CHRNB3 . CHRNB3] L 120 CHRNB3 20
CHRNB4 CHRNB4- CHRNB4—
. N o> A log2 c-I: NI ,;)I, N -dcT cla NI ql, N -dcT
‘\@0 S L g e °g \-,‘9* N F o‘s\‘t‘ BRI
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3JIeKTpI/IquKaH AKTUBHOCTDb KJICTOK: MOJICKYJ/ISIDHbBIC MEXaHU3MBbI,
HHCTPYMEHTHBI HCCTI€AOBAHUA U OHOJIOrHYeCKHEe nmocJjaeacreuda
N.C. Kyapsiuent 2
YTabopamopus nueano-peyenmopnuix 63aumooeticmeuii omoena MoneKyisApHoL HetpOUMMYHHOT
cuenanuzayuu I'HI] UBX PAH
2 Kagpeopa 6uonozuu u obweii cenemuxu, Mucmumym yugpoeozo 6100u3aiina u Mooeiuposanus
JHCUBBIX CUCTEM HAYYHO-MEXHOL02UYecKko2o napka ouomeouyunsvt Ceuenosckoeo Ynusepcumema,
Mockea
E-mail: kudryavtsev@ibch.ru.

DneKkTpudecKas aKTUBHOCTh KJIETOK SBIIAETCS (QyHIAMEHTAIBHBIM aCTICKTOM
KJICTOYHOW (DYHKIMH, BIUSIONIAM HAa pa3IddHbIe OHOJIOTHYECKHE TPOIECCHl U
MEXaHU3MBl. JTa aKTUBHOCTh B OCHOBHOM CBOJHUTCS K IBIKEHHIO MOHOB depe3
KJICTOYHBIE MEMOpaHBI, Ha KOTOPBIX CO3MIA€TCS PA3HOCTh ITOTEHITUAJIOB,
MTO3BOJISIONIAS TEHEPUPOBATH AICKTPUUECKUE CUTHAIBI — MOTCHITHABI ICHCTBUS —
HEOOXOAMMBIC U CBS3U MEXKITY KICTKaMH B BO30YIMMBIX TKAHSIX (MBIIIIIEI, CEP/IIC
U HEpBHas cuctema). Ha MOJeKyIs[pHOM YpOBHE 3JIEKTpUYECKass aKTUBHOCTh KIJIETOK
pEeryJaupyercs MOHHBIMU KaHajlaMH, TPAaHCIOPTEpaMH M perenTopaMu. DTH OeNKH
CocoOCTBYIOT nepemelneHuo noHos Harpus (Nat), kamua (K¥), xaneuus (Ca?') u
xyiopa (Cl) yepes KIeTOuHyI0 MEMOpaHy.

JI1st u3ydeHust NEeKTPUIECKON aKTUBHOCTH KJIETOK OBLITH UCIIOJIb30BAHBI:

1. TIsTy-KnMamm: METOJl TO3BOJISIET M3MEPSATh MOHHBIC TOKH, MPOXOJAIINE Yepes3
OTJICTTbHBIC MOHHBIE KaHAJIBI, YTO MO3BOJISIET MOJYYHTh MPEICTaBICHHE 00 MX
(GYHKUIMOHUPOBAHUM U (PApMAKOJIOTMUYECKUX CBOWCTBAX.

2. AHamM3 DJKCIPECCMU TEHOB HWOHHBIX KAHAJIOB TIO3BOJIIET COCTABUTH
MIPEICTABJIICHUE O TOM, KaKOBa MPOBOJUMOCTh MEMOpaH UCCIIEAYEMbBIX KIIETOK:
K KaKUM XUMHUYECKHM BEIIECTBAM OHHM YYBCTBUTEIBHBI, JUISI KaKUX HUMEHHO
HMOHOB TIPOBOAMMOCTh MEMOpaH MakCUMabHa. [[J1s1 uccienoBanus SKCIPECCHH
FE€HOB MOAXOJAT METOAbI KOJUYECTBEHHOW MOJIMMEPA3HOM LEMHON PEAKUU U
CEKBEHUPOBAHUSI TPAHCKPHUIITOMA.

3. IlpoTeommka: MOAXOJ] TO3BOJISAECT TMOHSATHh, KaKUe OEIKHW MPUCYTCTBYIOT B
ucciaeayeMon kietke. [Ipu 3TOM CTaHOBHTHCS BO3MOKHBIM KOJUYECTBEHHO
CPaBHUTH W3MEHEHUS TMPEACTABICHHOCTH OEIKOB B OJWHAKOBBIX KJIETOUYHBIX
KyJbTypax (MOJYyYEeHHBIX OT OJIHOTO TMAIlMeHTa) MIPHU BO3JACHCTBUU PA3ITHMUHBIX
BEIIECTB, BIHUAIONIMX HAa AaKTUBHOCTh HOHHBIX KaHAJIOB (Hampumep,
JIEKapCTBEHHBIX TPEIapaToB).

buonornyeckue nocnencTBusi K3MEHEHHUS 3JIEKTPUUECKON aKTUBHOCTHU KIIETOK
MOTYT UMETh BECbMAa CYILECTBEHHBIEC MOCIEACTBUA. Tak, HaMU OBLIO MCCIIEOBaHbI
JUTaHA-yOpaBJsIeMble  WOHHBIE ~ KaHaJIbl M3  CEMEHWCTBA  HHUKOTHHOBBIX
alleTWJIXOJIMHOBBIX PELENTOPOB Ha KJIETKaX IEPBUYHBIX JIMHUM TIIMO0JIaCTOMBI
yenoBeka. MynbTU(QOpMHas raumodnacroma — OIUH U3 HauboJiee ONAacCHBIX BUIOB
OIlyXOJM T'OJIOBHOI'O MO3ra ¢ KpailHe HeOJaronpHusaTHbIM IPOTHO30M M MEIUaHHON
BBDKMBAEMOCTBIO B IIITHaAUATh MecsiueB [l1]. bepuim  mpoaHanm3upoBaHBI
0OLIE0CTYTHBIE JAHHBIE O MPOCTPAHCTBEHHOM PACIPEEICHUHN B OIYXOJIA YPOBHEN
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AKCIPECCUU T€HOB HUKOTUHOBBIX  PELIENTOPOB. [IponemoHcTprpOBaHa
HEOJHOPOJIHOCTh TAKOT'0 PACIpeNesICHUs: B JIUAUPYIOUIEM Kpae OMyXOJIH MOBBIIIECHA
AKCIIpeccHsi HUKOTHHOBOTO peLenTopa MOATHIA aibda7, a B MIyOMHE OIyXOJIeBOU
Maccel perentopa Tuma anbha9. Ha kieTkax MepBUYHBIX JTUHHUN TIHO0IACTOMBI
YEeJIOBEKAa M3 HECKOJIBKMX MAlMEHTOB MPOAHAIM3UPOBAHA pPEAKUUs YpPOBHEU
DKCIIPECCUN 3TUX T'€HOB HAa Pa3jIM4HBIC YCIOBHS CPElbl, HUMUTHPYIOIIUE OKPYKECHHE
omyxoJyid. IIpoTeoMHBII aHaIM3 NOKAa3aJl BO3MOJKHBIE MOJIEKYJSIPHBIE MEXaHU3MBI
takoil peakuuu (myTh kuHa3bl AKT). IIaru-knamn nmoarBepann (yHKIMOHAIbHYIO
aKTUBHOCTb PELIETITOPOB YKa3aHHBIX MMOATUIIOB Ha MeMOpaHax KieTok. [lomyueHHbie
JAHHBIE HCIIOJIB30BaHbl JUISI IOCTPOEHUS MOJEIM pOCTa OIyXOJIM Ha OCHOBE
KJIETOYHBIX aBTOMATOB, KOTOpas MOMOIJIa OOBSCHUTh HAIWYUE MPOCTPAHCTBEHHOU
HEOJHOPOJIHOCTH J3KCIIPECCUH T'€HOB PA3JIMYHBIX IOATHIIOB HCCIENYEMBIX HOHHBIX
KaHaJIOB.

KynbTUBUpOBaHUE
KNeTokK, aHanus
9KCnNpeccun NOHHbIX

KaHanos /

FBS

[ - ot detectable

npasuna Ansa KNeToyHoro aBtomMmarta

value value value

o0 : %

o AR 15

025 1 3 T 05

™ "
Vart Vart

Vart

Puc.1. O61uas[ KOHICIIIHA UCCIICAOBAHUS JIMTAHA-YIIPABIACMbBIX HOHHBIX KaHAJIOB B ICPBUYHBIX
AU ECHTCKUX JIMHUAX TIIH00IaCTOMBI

[ToHnMaHWe >IEKTPUYECKON AKTUBHOCTH KIJIETOK MPEANOJaracT M3y4YeHHUE
CJI0KHBIX MOJIEKYJISIPHBIX MEXAHU3MOB, VICTIOJIb30BAHUE MEePEIOBBIX
HCCIIEIOBATEIIbCKUX MHCTPYMEHTOB U METOAOB MOJEIUPOBAHUA ISl WUIKOCTPALUU
MIPOUCXOJISIIINUX TPOIECCOB U MPECKa3aHus TOBEACHHUS TaKUX CHCTEM. JTa 00J1acTh
MIPOJIOJDKAET Pa3BUBATKLCS, MIpesiarasi HOBbIC MPEJCTABICHUS O (PYHKIIMOHUPOBAHUH
KJIETOK U MOTEHIHAIBHBIX TEPANIEBTUYECKUX MTPUIIOKEHHUSIX.

bubanorpaguyeckuii cnucok
1. I.LKH. Almadhoun M, Hattab A. Pediatric Glioblastoma Multiforme: A Challenging Case of Rapid
Growth and Clinical Deterioration in an 11-Year-Old Female Patient. Cureus 15(10): e47697.
doi:10.7759/cureus.47697
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BoIsiBJIeHHE XapaKTepa IMHAMUKH HeJTMHEHHBIX CHCTEM
NPH IOMOIIHU OLICTPBIX JSANYHOBCKHX HHINKATOPOB
I1.B. Kynuos!
1Ha1/ﬂ/l0Haﬂbel1j UCcne008amenbCKull YHUesepcumem «Bvicuas wkona >KkoHoMUKuy

Huoicnuii Hoseopoo
E-mail: kupav@mail.ru

[Ipn uccnegoBaHWM TOBEACHUS HEIMHEWHBIX CUCTEM OJHWH W3 TJIaBHBIX
BOIIPOCOB COCTOUT B TOM, YTOOBI YCTAHOBUTH OOIIUNA XapakTep 3TOrO IMOBEICHUS:
HEMOJIBIDKHOE paBHOBECHE, IMEPUOAMYECKHE KojeOaHUs, KBa3UIEPUOIUUYECKas
IUHAMHUKA, Xaoc wiH rumepxaoc. C MareMaTH4EeCKOW CTPOTOCTBIO 3TO yHAETCA
clenaTh JOCTATOYHO PEAKO, MOATOMY B OOJIBIIMHCTBE MPAKTUYECKH 3HAUUMBIX
CJIy4aeB IIPUMEHSIOTCS MOAXO0/bl HA OCHOBE YHMCIIEHHBIX METOJ0B. Cpeny HUX OJIHH
Y3 TJaBHBIX OCHOBAH HA BBIYMCIEHUH CIIEKTpa Mokasarenen Jlsmynosa [1]. Mx
KOJIMYECTBO COBHAAAET C Pa3MEPHOCTHIO (ha30BOr0 NPOCTPAHCTBA, U OHHU TIO
ONpENEICHUIO YIOPAIOYEeHbl B TOpsnke yObiBanus. Ilpu nBMO>KeHMH BIOJIb
TPAEKTOPUU CUCTEMBI, OHH XapaKTEPU3YIOT CKOPOCTh IKCIIOHEHIIMAIBHOTO POCTA WM
yOBIIM B MPOCTPAHCTBE MAaJbIX BO3MYUIEHUH TPAaeKTOPUU MEP TEeOMETPHUUYECKHUX
CTPYKTYp Pa3HOM pa3MEpHOCTH: MEPBbIM MOKa3aTeab — POCT WIH YObUIb JUIMH
OTPE3KOB, CyMMa JBYX MEpBBIX IMOKa3aTele — pocT Wik YObUIb IUIOLIAZACH,
Hanpumep, OKPYKHOCTEN WM MIPSAMOYTOJIBHUKOB U Tak aanee. Mimes nonHel ciekTp
nokaszaTtesnel, MOXKHO HACHTU(UUUPOBATh JTHOOOW W3 MEpeUYMCICHHBIX BBIIIE
pexuMoB. Jlake BBIYKMCIMB TOJBKO CTapIIui, caMblii OOJBINON, ITOKa3aTelb
JIssmyHOBa, MOHO HOJYYUTh MHOTO MH(GOpPMALMU O MOBEIEHUU CHUCTEMBbI: CTApIINNA
noka3zatesb OoJblle HYJIl JUHAMHKA XaOTHYeCKasi; HOJIb B CUCTEME C HEIPEPhIBHBIM
BPEMEHEM — MIEPUOINYECKOE JBIKEHUE; OTPULIATEIbHBIN — HENOABH)KHAS TOUKA.

OObIyHasl MpPaKTUKa COCTOMT B TOM, YTOOBI MOCTPOMUTH KapTy IMOKa3aTese
JIammyHOBa — HA IUIOCKOCTH JABYX YIPABILIIOIIMX IMapaMETPOB 3aJAETCA CETKA C
NOCTATOYHO MaJIbIM IIArOM, IOKA3aTENN BBIYUCIISIIOTCS B KaXKIOM y3JI€ CETH, U 3aTEM
pPa3HBIM XapaKTepHbIM KOHQUTYypalusM CIeKTpa (Hampumep, 3HAKy CTapIIero
MOKa3arelis) COMOCTABIISIETCS TOYKAa TOTO WM HHOro uBeta. i1 KOppPEKTHOro
BbIUMCIICHUS moka3arenedl JlsmyHoBa TpeOyeTcsi, 4YTOOBI TpPAEKTOpHUS ycCIena
npoOexaTh MO 3HAYUTETBHOM YacTW HUCCIENyeMOT0 WHBAPUAHTHOTO MHOKECTBA,
KOTOPOMY MNPHUHAIIEKHUT. [103TOMYy NOCTpOEHHE TAaKOW IIJIOCKOCTH Ja€T OYEHb
noApoOHYy0 HH(OpPMAIMI0O O XapakTepe IWHAMHUKH HO TpeOyeT J0CTaTOYHO
JUTUTEIbHBIX BBIYMCICHUMN.

BeICTpBIE JISIMYHOBCKME WHIMKATOPHI — 3TO XAPAKTEPUCTUYECKHE YMCIIA,
MO3BOJIAIOIINE TIOTYYUTh aHAJIOTUYHYIO JISSITYHOBCKUM MOKa3aTelsiM UHPOPMAIUIO O
XapakTepe IUHAMHKHU 3a 3HAUUTENBbHO Ooyiee KopoTkoe Bpems. OpHako cpasy
OTMETHM, YTO B OTJIMYME OT MOKa3zareyel ObICTPble MHIUKATOPBI MEHEE HAJEKHBI.

bynyTt paccmotrpennl cnenyromue ObicTpbie kputepuu: FLI, OFLI, OFLI2,
SALI u GALL

[lycTh UMeeTcss TMHaMUYeCKasi CUCTEMA

u=F(u)
a €€ ypaBHEHHE B BapUalUsIX UMEET BUI:
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v=J(u)v

beicTpeiii  nsimyHOBckuid uHaukatop FLI npenHasHauen s OwbicTporo
BBISIBJICHHSI XaOTUYECKOTO pexuma. Vjest ero BBIYMCIEHUS COCTOUT B TOM, YTOOBI
JieaTh TO K€ CaMOe, YTO U IPH BBIYMCIIEHUH CTapIIETo Mokasaresns JIamyHoBa, HO Ha
KOPOTKOM BPEMEHHOM HMHTEpBaJIe. OJTO OCHOBAHO HA IMPEANOJIOKEHUH, YTO
aTTpakTop oOsiajmaeT Oojiee WU MEHEEe OJHOPOJHON CTPYKTYpOHl M €Clid MMEeTcs
Xaoc, TO pas30OeraHue TpaeKTOpuil OyneT BUAHO YK€ Ha JOCTAaTOYHO KOPOTKOM
BpeMeHU [2].

FLI(t,u(0),v(0)) = sup In|v(z)|

O<z<t
HauanbHoe 3HaueHHWE BEKTOpa BO3MYIIEHUSI OEpETCS MO HOPME €AMHUIIA,
HV(O)H =1. Tak kak BpeMsl BbIYMCIICHUS KOHEUHO, BenuunHa FLI 3aBucut oT BBHIOOD

HamnpaBJE€HUs] HavyaJbHOro BekTopa. Jlig MHMHMMH3aIMM 3TOro, BenuuuHy FLI
PEKOMEHyE€TCSl BBIUMCIATh HECKOJIBKO Pa3, B3B B KaYECTBE CTAPTOBBIX HEKOTOPHIA
oproroHanbHbeii 0azuc BekTopoB V(0). 3areM B KaxIplii MOMEHT BpEMEHH

BbIOMpaeTcs MakcumanbHoe 3Hauenue FLI [2].

[Ipu wuccnenoBaHMM OJUHOYHBIX TPACKTOPUM JTUArHOCTHKA PEXHUMA
BBINOJHIETCS 1O Xapaktepy 3aBucumoctd FLI ot Bpemenu. B pexxuma xaoca sta
BEJIMUMHA HapacTaeT ObICTpee BCEro — MpPONOPLHUOHAIBHO t, Ha TOpax OHa BEAET
ceOsi TpomopIMOHanbHO INt, Ha TpeneIbHOM LUKIE BBIXOJUT HAa IOCTOSHHOE
3HaYeHWe, a B HEMOJBWKHOM Touke yObiBaeT kak —t. I[lpm moctpoeHum xkapt
pexuMoB Ha ocHOBe FLI quarnoctuky BeimonHsAOT no BenuuuHe FLI, nocturayroit k
3aJJaHHOMY, OOBIYHO HEOOJBIIIOMY, HHTepBady cuéra. OOBIYHO B clydyae xaoca 3Ta
BeIMUMHA OyeT MaKCUMAaIbHOM.

Opnako Ha HEOOJBIIUX BPEMEHAX BO3MOXKHO CHUTYyalusi, KOTJa JIMHEWHas
GyHKUIMS 32 CYET MAOTO KO3 (UIHMEHTAa OKa3bIBAETCS MEHbILE MO 3HAUYCHHUIO YeEM
norapudpm: at <bint rme a u b — HekoTOphIe KOAPPHUIIMEHTHI, 3HAUSHUST KOTOPHIX

3aBUCSIT OT CBOMCTB CUCTEMBI U KOTOpbIe HEM3BECTHHI. [10aTOMY Ha KapTax pexxumMax
FLI Mory Bo3Hukath apredakTsl —  OOJACTH  MEPUOAWYHOCTH WU
KBa3UIEPUOANYHOCTH, KOTOPBIE OMIMOOYHO MHTEPIIPETUPYIOTCSA KaK XaOTUYECKHE.
CymiecTBoBaHHE TakuX apTe(akToB MPUHIMIHUAILHO HE YCTPAHMMO M3 3a
KOHEUHOTO0 BpeMeHU BhiuuciieHus FLI, ogHako MOXXHO CHHU3UTH BEPOSITHOCTh UX
nosiByieHus1. C 3Toi 1ienbio Obuty npeaioxkenbl naaukatopel OFLI u OFLI2 [2]. Unes
OFLI ocHoBaHa Ha TOM, YTO BEKTOpa BO3MYILIEHHUS, HAIIPABJIECHHBIE 110 KaCATEIbHOM K
TpaeKTOpPHHU, B CPEIHEM HE HApacCTalOT W HE yOBIBAIOT BO BPEMEHM. 3HAUUT, YTOOBI
MaKCHMaJIbHO OBICTPO BBISBUTH Xa0C, IIPH BbIUKCICHUH V(1) HY)KHO HCKIIOYUTH ITY

MEJJICHHYIO COCTaBJISIIOIIETO BEKTOpAa W CIECIUTh 32 POCTOM BO BPEMEHH HOPM
KOMITOHEHT, HANpaBJIEHHBIX MO HOPMaJHM K TpaekTopuu. Mmes, Ha OCHOBE KOTOpOU
ctpoutcs meron Beuucienus OFLI2, cocrour B TOM, 4TO Xaoc — 3TO C
OYCBHIHOCTBIO MPUHIUITHAIBEHO HEJIMHEHHOE CBOMCTBO. [10ATOMY IpH BBIYHMCIICHUN
OFLI2 BmecTe ¢ ypaBHEHHEM B BapHallUsX IEPBOTO MOPSAKA CTPOST BapHAIIMOHHOE
ypaBHEHUE BTOPOr0 TIOpSJIKA, T.€. TaKOE, KOTOPOE YYHMTHIBACT KBaJIPATHUYHYIO
HEJTMHCHHOCTh TIPH BBIYHMCIICHUH BO3MYIIICHUI. BekTop, 3a poCTOM HOPMBI KOTOPOTO
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cnenat npu BerauciaeHun OFLI2 ctpouTtcs kak kKoMOMHAIHASI BO3MYIIICHUH TTEPBOTO U
BTOPOTO MOPSAKA U TaKkKe OEpETCA TONBKO €ro OPTOroHaIbHAsI KOMIIOHEHTA.

Beraucnenne OFLI u B oco6ennoctu OFLI2 Gonee Tpynoémko, HO mpu 3TOM
HET TrapaHTHH, YTO MOCTPOEHHBIE C HMX ITOMOIIBIO KapThl PEXUMOB HE OyayT
cojepxkath apredakToB. ECThb TONBKO KaueCTBEHHBIE COOOpa)KCHHs, MOYEMY HX
JOJKHO ObITh MeHblle. [loaToMy B oOlieM ciydae UX MpakTU4YecKas IoJib3a MOj
BonipocoM. [Ipumenenue FLI ompaBnano Tem, 4TO KapThl peXUMOB Ha UX OCHOBE
CTpOosATCS B pa3bl ObicTpee ueM KapThl Tokazarened JlamynoBa. IlosTomy
NPEACTABISCTCS MHTEPECHBIM HX HCMOJIb30BaTh HA MPEABAPUTENBHBIX 3Tamnax
UCCJIEIOBaHUSI — CHaudajla CTpouM KapTel FLI, BbIABIISIEM OCTOMHBIE BHUMAaHHE
cllydal M 3aTeéM aHajJu3upyeM ux Oojiee CTPOro Ha OCHOBE IIOCTPOCHMS KapT
rokasaresen JIsamyHoBa.

[IpyHIMONATBFHO WHOM MOJXOJl MCHOJIB3YETCS MPU BBIYUCICHUH OBICTPHIX
xapakrepuctrnaecknx uncen SALI m GALI. Kak m3BecTHO, BCe BEKTOpa MalIbIX
BO3MYILEHUN TPACKTOPHH CTPEMSITCS BBICTPOUTCS BAOJIb OJHOIO, CAMOIO OBICTPOIO
HaIlpaBJEHUs, KOTOpPOE OTBEYAeT cTapuieMy mokaszartento JlsnmyHoBa. MmeHHO
MIO3TOMY IPU BBIYMCIEHUH 00Jiee YeM OJHOTO MOKa3aress TpeOdyeTcsl MEPUOInIECKU
BBINIOJIHATh OPTOTOHAIM3ALMI0O BEKTOPOB BO3MYLIEHUH. OJHAKO, €CIU B CIEKTpPE
UMEIOTCA JBa MACHTUYHBIX TIOKa3aTeisl, TO BIOJb COOTBETCTBYIOUIUX WM
HampaBJICHU BbIpaBHUBaHHS He Oyner. Hampumep, y XaoTHMUeCKHX TpaeKTOpUN
raMUJIbTOHOBBIX CHUCTEM C HENPEPHIBHBIM BPEMEHEM BCErJa €CTh JBAa HYJIEBBIX
nokazarens JlsmyHosa. s mpoBepKHU Xxaoca B TaMUIIBTOHOBOM CUCTEME JIOCTATOYHO
OpOCIEIUTh 32 IUIOIIAJIbI0  MapajuieliorpaMma, IOCTPOCHHOTO Ha  ABYX
POU3BOJIbHBIX BEKTOpPAaX MalblX BO3MYyLIEHU. Ha XaoTHUeCKHMX TpaeKTOpHsIX
IIONAAh CTPEMUTCA K HYJIO, a Ha Topax oOHa OyaeT (QIyKTyupoBaTh OKOJIO
HEHYJIEBOTO 3HadyeHMs. Takyio MmpoBepkKy BbimoiHseT meroa SALI. Meroma GALI
00o001maer 3Ty uaewo — paccMmarpuBatorcss N BEKTOpPOB, Ha KOTOphIX cTtouTcss N -
MepHBI mapasuienenunen. Ecnu ero oO0ObEéM MNpu ABUKEHUH BIOJb TPACKTOPUU
CTpPEMHUTCS K HYJII0, 3HauuT nepBbie N mokazareneit JIsmyHoBa pasHbIe.

SALI u GALI He natoT B 001ieM ciiyyae BO3MOKHOCTh MIAECHTU(ULIIUPOBATH
Xa0C B JUCCUIATUBHBIX CHUCTEMax C HEMPEPHIBHBIM BPEMEHEM, Y KOTOPBIX OOBIYHO
TOJIbKO OJIMH TIOKa3aTenb JlsmyHoBa paBeH Hymnto. OgHAKO OHM MOTYT OBITh
3G (PEKTUBHBI JUIsI JAMATHOCTUKHA KBAa3UTIEPUOJUYHOCTU. TakkKe HMX MPUMECHECHHE
MOET OBITh TIOJIC3HBIM JIJISl BBISIBJICHUS XAaOTUUYECKHX PEXHUMOB C IBYMsl U Oolee
HYJIEBBIMU MMOKA3aTEIISIMHU.

Paboma noozomoenena 6 pesynomame nposedenusi uccie0o8aHus 8 pamKax
npoexma «3epkanvuvie 1abopamopuuy HUY BIIID

bubaunorpaguyecknii cnucoxk
1. Kysueyoe C.11. lunamunueckuii xaoc. Mocksa: ®usmaraut, 2006. 356 C.
2. Skokos Ch., Gottwald G. A., Laskar J. (Eds). Chaos Detection and Predictability. Springer, 2016.
280 C.
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O]_[eHKa 3q)(l)eKTOB AHECTE3UH B IJECKTPOKOPTHUKOIpaMMax KpbIC € IOMOIIbIO
aHaJau3a UIyKTyaluii OTHOCHTEIbHO TPEeHIa
I'.A. I'yiio
Capamosckuil HaYUOHANbHBIU UCCIE008aAMENLCKUL 20CYOAPCMEeHHblll YyHUsepcumem um. H.I'.

YepHviwesckozo, Capamos
E-mail: guyo199814@gmail.com.

MHorue  mNpUpPOIHBIE  CUCTEMBI  JIEMOHCTPUPYIOT  JAIbHOJECUCTBYIOIINE
CTEIICHHBIE KOPPEISLIMY B CBOEH BpeMeHHOM auHaMuKe | 1]. KonnuecTBeHHas onieHka
ATUX KOpPEIALUN IIMPOKO HUCIIOJIB3YETCs Ul OINPENEIICHUS TEKYIIEro COCTOSHUS
CUCTEMbl WJIM €ro HM3MEHEHUH, BBI3BAHHBIX IEPEMECHHBIMH BHYTPEHHUMH WIIU
BHEIIHUMU YCIOBUAMM. [[1s BBIUMCIECHHS TaKUX OLEHOK JJISI HECTALMOHAPHBIX
HAOOpPOB JIaHHBIX TMPEIJIOKEHBI TOJAXOJbI, OCHOBaHHbIE Ha (IYKTyallMOHHOM
ananu3e. Cpenu Hux Quykryanuonnsiii aHanmu3 (DFA), BeposiTHo, siBisieTcs
HauOoJee NOMmyJIsIpHbIM [2].

HenaBHue paboThl paccMOTpelId OrpaHUYECHUST METoAa ISl Pa3IMYHBbIX THUIIOB
HECTAlMOHAPHOTO MOBEACHUS U MPEIIIOKUIN JONMOJTHEHHBIN MOJIXO0M, PACIIUPEHHBIN
DFA (EDFA), xkoropsiii oinieHuBaeT jABa mokazatenss ckeitnunra [3]. IlepBsiii
MoKa3aTelib KOJIMYECTBEHHO OIpeesieT 0COOCHHOCTH KOPPESIUA B COOTBETCTBUU
¢ wucxogHeiM wmetonoM DFA, a Bropol mnokasaTenp XapakTEpU3yeT, Kak
pacripeqiefieHde JIOKalbHbIX  (QIyKTyaluid mnpoduiis CHUTHalla U3MEHSAETCS B
3aBUCUMOCTH OT JuMHBI cermeHTa. C 3toi nenpo Mbl npuMeHsiim EDFA
anekTposHiedanorpammam (OKol') nByX rpymm >KUBOTHBIX, KaXKIas U3 KOTOPBIX
NoJydayia pa3juyHbId BHUJI aHECTE3UM B PEKOMEHIYEMBIX ISl OlEepaluy J03aX, a
UMEHHO WHBEKIIMOHHYI0 aHECTE3UI0 WIM WHTAISIUOHHYIO AaHECTE3HI0. ITO
UCCJICIOBAHUE HANpPABJICHO HAa TO, YTOOBI BBISBUTH paznuuusg B 3anucax OKol,
BBI3BAHHBIX  PAa3IMYHBIMM  TUIAMU  AHECTE3UH, M YCTAHOBUTh IOTEHIMAI
pacmmpeHHoro metona DFA st KOJIMYECTBEHHOW OLIGHKH TMEPEXO0JI0B MEXIY
COCTOSTHUSAIMH, OOJIPCTBOBAHNE—aHECTE3USI.

DFA ucxonnoro curnana x(i), i = 1,...,N BkiItouaer cienyroime OCHOBHbIC
mard. [lepBbIit Iar BEIYUCIEHUN — MOCTPOSHUE TTPOQUIIS:

k

y(k) = Z x (i) (1)
i=1
Paznenenne mpodwuns y(k) Ha CErMEHTBHl OJWHAKOBOW JIJTMHBI N C OIEHKOU
nokaneHOro TtpeHaa V,(k) mms kaxmoro u3 Hux. OOBIYHO paccMAaTPUBAETCH
JUHEUHBIM TPEHJ, XOTS MOXKET IMPUMEHSIThCS HCIOJb30BAaHUE JPYTUX (YHKIUH.
AHanmu3 GIyKTyaluui ¢ HCKJIFOUYEHHBIM TPEHJIOM JIJIs1 BHIOpaHHOTO N:

1 N
F(n) = E;[;f(m — 5. (]2 )
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[lIoBTOpsst 3TM MWArk B I[IMPOKOM JHAMA30HE 7N, MOJYy4aeM 3aBUCHMOCTb
F(n)~n®. OcunoBuas uges EDFA 3akmrodaercss B ONpENENEHUN TOTO, KAK Pa3IndHs
B JIOKaNbHBIX (uykTyauusx Fj,., OLICHEHHBIX B TMpelesaX CEerMEHTOB JJIMHBI T,
M3MEHAIOTCS ¢ u3MeHeHneM n. CrtaHaapTHbIe OTKIOHeHUs Fj,. BBIUMCISIIOTCS B
IIMPOKOM JHANa30He N IS NOJIyYEHUS 3aBUCUMOCTH:

a(F,.(m)~nf

DKcnepuMeHTAIbHbIE TPOLIETYPbl IPOBOAWINA HA KpbIcax-camuax JuHuu Bucrap.
JIBe rpymnmbl KpbIC, KaX/1ask U3 KOTOPBIX COCTOsIA U3 7 KUBOTHBIX, ObUTM HA3HAUEHBI
Ha JiBa BUJAA aHecTe3nu. JDxcnepumenTsl BKimovyann 30—40 mun peructpamuun 930 B
COCTOSIHUM OOJpPCTBOBaHUS, a 3aTeM cienytomme 30—40 MUH BO BpeMsi aHECTE3UU B
ONTHUMAJIBHOM J103€, T.€. J03€, PEKOMEHJOBAHHOW i omnepauuid. B kaxnom
AKCIIEPUMEHTE PErUCTPUPOBAIIM ABYXKaHAJIbHbIE KOPKOBBIE D] .

Paznuuust cOCTOAHUN 3aBHCAT OT aHAIU3UPYEMOIO JAMAana3oHa MaciiTadoB, U
BbIOOp ONTUMAJIBHOTO JMANa30Ha MOXET CYIIECTBEHHO YIYYIIUTh JAHArHOCTUKY
OPOUCXOMAIINX U3MEHEHU curHasioB OJI. C 3TOil TOYKM 3peHus, OLCHKa
JIOKAJbHBIX CKEMJIMHIOBBIX IIOKa3aTeledl NPEANOYTUTENIBHEE, YEM pacCMOTPEHHE
rJI00aNbHBIX BEJIMYMH BO BCEM JMalla30HE MAacIITa0OB, IMOCKOJIbKY YCpPEIHEHHE
MOXET CJeJIaTh HWHAWBUAYAJIBHBIE pPa3iu4usl MEHEE BbIpaKEHHbIMU. C LEJBIO
YUCJIICHHOIO CpPAaBHEHMSI TAaKUX PA3IMYANA MBI PAcCCUMUTAIM t-3HAYECHHS] KPUTEPHS
CrerogenTta ais 10 cermenToB D3I IIMTENBHOCTHIO | MUHYTY J171s1 OOJIPCTBOBAHUS U
10 aHaJIOTMYHBIX CErMEHTOB Ui aHECTe3Uu. Takoe cpaBHEHUE ObLIO MPOBEACHO IS
JOKAJIBHBIX TIOKa3aTelel, OIIeHWBaeMbIX B Tmpenenax «okHa»y Ign = 0.7.
CymectBennbie pazanuns (p < 0.05) umeror mecto He s Beex 3HaueHuit Ig n. J{is
PaccMOTPEHHOTO MpuMepa (MHBbEKIMOHHAS aHEeCTe31s) ONTUMAJIbHBINA Tuana3oH lg n
HAXOJUTCS MEXIy 2,6 U 3,2, B TO BpeMsl Kak Jydinasi UJeHTU(DUKAIUS pa3Induil ¢
UCIIOJIb30BaHUEM TMoKa3atens ckeimnara f wmeronma EDFA  nmocturaercs mpu
menbpmiux Ign (1.8 — 1.9). Ilostomy HeoOXOAMMO YYHTBIBATh Kak O00JacTH
OTHOCHUTEJIBHO KOPOTKOJIEMCTBYIOIINX, TaK U JaJbHOICUCTBYOIIUX KOPPEIALUH.

6.0 T 6.0 T T T i

4.0 4.0

20 F 20 b7

00 L L i i i J 00 b L B8 L L 4
1.5 2.0 25 3.0 35 4.0 1.5 2.0 2.3 3.0 3.5 4.0

Ign (b) lgn

Puc. 1. 3aBucumoctu t-3HaueHuii kputepus CTbIOAEHTA OT IIKAJIbl BPEMEHU JJIsl CATHAJIOB
DKol npu nHBEKIMOHHO (a) ¥ UHTATSIIUOHHOM (0) aHecTe3nu.

Jlanee mbl mpoBenu OoJiee THIATENbHBIA aHAIU3 JUIsl TPYII >KUBOTHBIX U BCEX
3anuceil OOI W OLEHWIM JIOKaJbHBIE MOKA3aTeNM CKEHIMHIa, KOJIMYECTBEHHO
OnpeNennB HauOoJee BBIPAKEHHBIE pa3dyus Uil KaXJoW KpbIChl B 00JacTu
OTHOCHTEIBHO KOPOTKOAEHCTBYIOMMX Koppensuui  (muamason Ign < 2,5) u
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manpHOACHCTBYIOMMX Koppemsuii (Ign > 2,5). Jlnd KOpOTKOAECHCTBYIOIIMX
KOPPEJSIUI pa3iinuus MEXKAY COCTOSTHUSIMU BU3YaJIbHO PACIO3HAIOTCS HE MEHEE YEM
y 6 u3z 7 kpbic. B o0nact HalbHOJNEUCTBYIONMIMX KOPPEJSIUNA HAWIydllee
pacro3HaBaHHEe UMEET MECTO I MoKazaTessl TpaaulmoHHoro metona DFA (Takxke
He MeHee yeM y 6 u3 7 kpeic). [1o 3Tol mpuurHE MOKHO cIelaTh BBIBOJ, YTO aHAJIU3
pazmuuuii Mexny ODJI-curHanmamMu B pacCMaTpUBAEMBIX COCTOSHHUSIX HE CIEIyeT
OTpaHUYUBATh OJHON O0OJAcThiO, a MPEANOYTUTEIbHEE paccMaTpuBaTh Oolee
HIMPOKUH AMamna3oH Ig n.

1.6 — : . . . . . . — 15 — . ; , . . § . W

® wakefulness ® wakefulness
I A anesthesia A A anesthesia A

>
»>

B,
B

1.0 b . L L . L R s . J 0.0 b . L . L . L R L . J
0.6 0.8 1.0 1.2 1.4 1.6 0.6 0.8 1.0 12 14 1.6

‘ (b)

Puc. 2. Paznuuus Mexay noka3aTesnsiMi MaciTada, KOJIMYECTBEHHO XapaKTepU3yOIUMU
00J1aCTH OTHOCUTEIBHO KOPOTKOACHCTBYIOIUX KOPPEIALMiA (a) U JUTMHHOIEHCTBYIOIIMX
Koppemsiuii (0) 1uist 1-ro kaHalla perucTpaluy B 9KCIEPUMEHTaX ¢ MHBbEKIIMOHHOM aHecTe3nen.

(a)

CornacHO CTaTUCTUYECKOMY AaHAJIM3y IS TPYNIl KUBOTHBIX, TPATALIMOHHBIN
noaxon DFA mpeamoututenbHee, yacTo obecrnieunBasi 0osee BHICOKHE 3HaueHus t-
kputepust CThIOJIEHTa, KOTOPBIE€ KOJMWYECTBEHHO OLICHUBAIOT PAa3Inuus MEXKIY
coctosiHussiMU. Tem He wmeHee, EDFA Takxke J€MOHCTpPUPYET CYUIECTBEHHBIE
pazIUYusl MEXIY COCTOSHHUSMH OOJPCTBOBAHWS M AHECTE3UM, TOJTBEPKIas
3aKJIFOUYCHHUE, TOJIydeHHOE ¢ moMoulpt0 DFA, M B HEKOTOPBIX cllydasx YJIydllas
JTUArHOCTUKY, TPOBOJMMYIO B paMKax oOmenpuHstoro amroputma. [lo sToi
NpUYUHE  €ro  MPUMEHECHHE  MOJIE3HO Uil THIATEIbHOTO  U3Y4YCHUS
OKCIIEPUMEHTAJIbHBIX ~ HA0OpPOB  JaHHBIX, B  YaCTHOCTH, B  JUIUTEJbHBIX
(GU3UOIOTHYECKUX  OKCIIEPUMEHTaX,  Korja  TpeOylTCs  YyBCTBUTEIIbHBIC
JTMArHOCTUYECKUE MAPKEPHI.

Ilybnuxayus nooeomosnena 6 pamkax epauma Illpoepammer «Moszey AHO
«Hoes» Ne ACIT-09-2022/11.

Bubauorpaguyecknii Cnucok
1. G. Rangarajan, M. Ding (eds.), Processes with long-range correlations: theory and
applications (Springer, Berlin, Heidelberg, 2003)
2. C.-K. Peng, S. Havlin, H.E. Stanley, A.L. Goldberger, Chaos 5, 82 (1995)).
3. AN. Pavlov, A.l. Dubrovsky, A.A. Koronovskii Jr., O.N. Pavlova, O.V. Semyachkina-
Glushkovskaya, J. Kurths, Chaos 30, 073138 (2020)
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CTumyJiupoBaHNe HEHPOHHOI AKTMBHOCTH B cpe3e rHNIOKAMIIA MbIIIHU
CUTHAJIAMM, NIPeACKA3aHHBIMHU HelipoHHOH ceThi0 LSTM
A.B. Haymos!, .M. Kuneaxun !, M.U. Camoyposa’, B.B. Pasun', H.B.I'pomos’,

JI.A. Cmupnosl, T.A. Jlesanosal, C.A. I'epacumona’, A.B. JleGenenal?
Y Huocezopoockuii 2ocyoapcmeennviii yuueepcumem um. H.H. Jlo6auesckozo, Huscnuii Hoézopoo
2[Ipusonoicckuil ucciedosamenbekull meouyunckuil yuusepcumem, Huocnuti Hoeeopod
E-mail: alexandr.naumov@unn.ru

Co3nanue HOBBIX MEIUIIMHCKHAX TEXHOJIOTUI TUISt JICYEHUS
HEHpOJEeTeHEPaTUBHBIX 3a00JI€BaHUM SBJISIETCSl aKTyaJlbHOM 3ajqadyeld Ha CTHIKE
COBPEMEHHOM MEAMIIMHBI, OUOJIOTHH, XUMHUH, (HU3UKUA, MATEMATHUKU U WH)XCHEpUU
[1]. OgHuUM u3 NEPCHEKTUBHBIX HANpPaBICHUNA [UIsl pEUIeHHUs] 3TOM MpoOieMbl
ABJIIETCS ~ CO3/laHWE  HEHpoOuMrioB M HEWpoMHTep(eicoB,  CIHOCOOHBIX
BOCCTaHABJIMBATh yTPauyeHHbIC KOTHUTUBHBIC (DYHKIINH [2].

[lenpro umccienoBaHus ABISIETCS pa3padOTKa MOJX0Jd, XapaKTepU3yeMOro
n00aBJIECHUEM HCKYCCTBEHHOM HEMpPOHANbHOW aKTUBHOCTU B BHJIE€ NpPEICKa3aHHBIX
IIIyOOKOM HMCKYCCTBEHHOM HEWPOHHOW CEThIO pPAa3IUYHBIX THUIIOB CHUTHAJIOB IIO
MOJIyYEHHOMY 3apaHee MAacCUBY HEHWPOHANBHBIX JAaHHBIX C UEIbI0 IOTYYEHUS
OMOJIOTUYECKOTO OTBETa (JIOKAJIbHOTO MojeBoro noreHuuana, JIIIT) or nelipoHOB
runnokammna. JlaHHelii moaxox ObUT  MpPOBEpEH B  HEHPOPHUINOIOTMUECKUX
JKCIEpUMEHTax IN VItr0 ¢ WCIONBb30BaHUEM CpPE30B THUIIOKAMIIA MBIIICH H
anmapatHo# mardopmer B Buze miatel Arduino UNO.

Ha nepBoM stamne padotsl Obuta ipoBenena peructparus JIIIT. Mbr coopanu
HaOOp maHHBIX, coaepkammii 3amucu JIIII, 3apeructpupoBaHHBIE CO CpPE30B
runmokammna (400 Mxm) y wbimeid guaun C57BL/6 B Bospacte 2-3 MecsIieB.
Crumynupyrommii - 3JIeKTpoa  ObUT  pacmlojiokeH B 3yOuaroi Qacuuu, JBa
peructpupyronmx — B obmactsax CAl u CA3 runmokamira. Ha BTopom 3tare paboTb
C WCIIOJB30BAHUEM PEKYPPEHTHOM HWCKYCCTBEHHOM HEUPOHHOM CETH HOJITOM
KkpaTkocpouHoil mamatu (LSTM) Oblmum mpeackazaHbl HeMpOHalIbHbIE CUTHANBI B
obmactu CAl runmokamma wmbeimedd mo Bxoay. Cets LSTM paccmarpuBaercs Kak
apXUTEKTypa TIyOOKOTOo OOydYeHHsI TMEepBOrO BbIOOpa [Isi TMPOTHO3UPOBAHUS
BPEMEHHBIX PSAJOB M3-3a CBOEH CIIOCOOHOCTH U3y4aTh JOJTOCPOYHBIE 3aBUCUMOCTH B
naHHBIX. Ha TpeTbeM sTame mpeacka3aHHbIil HEMPOHHOUW CeThIO MU(PPOBON CUTHAI B
ob6nmactu CA1 runmokammna (BBIXOJAHOW CHUTHAJ B THUIIOKAMIIC) KOIUPOBAJICS B BHJIC
TOYEK IyTEM IMEPEBOJA M3 OTpe3Ka B MHWUIMBOJIBTAX B OTPE30K C JIMANMA30HOM
[0,4095]. Tlocne »TOrOo CMTHAN B aHAJIOTOBOM BHJE OTOOpaXkaJicsi Ha ammapaTHOMN
wtate Arduino UNO uepes mporpammy s DBM. Ha nocneaHem 3tare ¢ moMOIIbI0
YKAa3aHHOW IUIaThl OCYIIECTBISJICA CXEMOTEXHUYECKUH MEPEHOC MPEICKa3aHHOTO
TUNIOKaMIIaIbHOTO curHaia st oonactu CAl depe3 onepaliMOHHbIN YCUITUTENb Ha
IPOBOJIa CTUMYJIMPYIOIIETO 3JIEKTPOa, KOTOPhIM ycTaHaBinuBaics B obnactu CA2
runnokammna  (Haxoautcs — HemocpenctBeHHo mepen  CAl  obOnacteio), a
PETUCTPUPYIOLIUI 3JIEKTPOJ YCTAHABIMBAJICA ACHAPUTAX NUPAMUIHBIX HEUPOHOB B
obnactu CAl.
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Pe3yabTaThl

Bt ipoBeieH psii SKCIIEPUMEHTOB € BapHalMeld aMIUIUTYAbI, ATUTEILHOCTH U
Y4acTOTHI [I0JIABAEMOT0 MPEACKa3aHHOIO CUTHAJA.

[lepBoHauasibHO, B JAHHOW CE€pUU HE OBUIO IMOJYYEHO IMOJOKUTEIBHOIO
sddekTa OT MOAaBaeMOro CHrHaja C IENbI0 TMOJYYUTh KOPPEKTHBIM BBIXOJHOU
curHan B CAl o6Gmactu runmokammna wmeimed (cMm. puc. 1). Ilo Hamemy
MPEANOI0KEHHUIO, 3TO CBA3aHO C TEM, UTO MO/IaBAEMBbIN MpeCKa3aHHbI CUTHAT UMEI
OOJIBIIYIO JUIMTEILHOCTh 110 CPABHEHUIO C OOBIYHBIM CTUMYJIUPYIOUIUM CUTHAJIOM OT
IPOMBIIIEHHOTO CTUMYJIsiTOpa. [Ipu 3TOM mosydaeMblii CUTHAT TEPSUICS B «XBOCTE
[I0JJaBa€MOT0 MPeACKa3aHHOTO CUTHAJIA.

| .

1 =

| e

1 mis

Puc. 1. Cnesa: OcumiiorpaMMa IporHO3UpyEeMOro CUTHaja TMIIOKaMIIa, BIIEJIEHHOTO
0O0JIBIINMM 3aIITPUXOBAHHBIM MPSIMOYTOJbHUKOM HIbKe. CripaBa: Pe3ynbTupyromuii oTBeT,
BBIJICJICHHBIA MAJIEHBKUM 3alITPUXOBAHHBIM IIPSMOYTOJIBHUKOM BBIILIE.

B cBsi3u ¢ 3TUM OBUTO MPUHATO peIIEHUE CHAeNaTh MpPeICKa3aHHbINA CHTHAJ
0oJiee «CrIaKEHHBIM», YTOOBI CHIeNaTh MOJy4aeMblid OTBET Oojiee pa3uYMMBbIM Ha
ero ¢one. [Ipu cxxaTn CcriaXeHHOTO CHTHAJIA U MoJlaue ero Ha aMILTATYAe B 4V ObLI
nonyyeH MakcuManbHblid JIIIIT (cMm. puc. 2), MOXOXWl Ha peanbHbIl CUTHAI B
obnactu CAl. DTO CBHIIETENBCTBYET O HAIMYUU PEATBHOIO OTKIMKA OT JEHAPHUTOB
nupaMuIHbIX HeHpoHOB B CA1 oOnacTu B OTBET Ha MOJAABAEMYIO JOMOJHUTEIbHYIO
HEHPOHAJIBHYIO AaKTHBHOCTH, 3aKOJMpPOBaHHyr0 Ha tuiare Arduin0 ¢ momolibko
aHaj0ro-uu@poBbIX MpeoOpa3oBaHMUS.

=

Puc. 2. IlpencraBnenre nporHo3upyeMoro CUrHasia pa3anyHol aMIuinTy el (2-4 B) B
peanbHOM 3KcriepuMeHTe. Kaxkaplid CUTHAIT COAEPKUT y3KUM, TPOAOJIKUTEIbHBIA «CTIaKEHHBIN
apredakT OT moJaBaeMoro BO3JICHCTBUS, 32 KOTOPBIM Cpasy cieayet pe3ynbrupyromuit JITIIL.
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Takum o00pazom, ObUIO MPOBENEHO TEPBOE HCCIEIOBaHHE MO J100aBICHUIO
PA3TUYHBIX TUIIOB MPEICKA3aHHBIX CHUTHAJIOB B CPE3axX THUMIOKAMIIA ISl TIOTyYICHHSI
KOPPEKTHOTO BbIxogHOro curHama B CAl ob0macth W TpH  HCTIOJIH30BAHHUH
MEXIUCITUTUTMHAPHOTO TOJX0Ja — OJHOBPEMEHHOTO TMPUMEHEHUS TEXHOJOTHMA
HMCKYCCTBEHHOT'O MHTEJIJICKTA, CXeMOTEXHUKHA U HEUPOOUOIOTHH.

Ilposedenue sKCNEPUMEHMATLHLIX pabom No pecucmpayuu HeupoHAIbHOU
AKMUBHOCMU 8 CPe3ax SUNNOKAMNA U NPeOdbsBleHUI0 NpedCKA3aHHO20 CUSHANA 8
buonocuueckom aIKcnepumenme Ovli0 noooepaicarno epanmom PH®D (coenawenue
No23-75-10099). IIposedenue gviuucienutl 0 noaydeHus npeocKa3aHHo2o0 CUSHALd

HEeUpoHHOU cemvlo Obll0 noddepiicano epawmom Munucmepemea HayKu u
obpazosanusi PO (coenawenue FSWR-2024-0005).

bubanorpadguyeckuii cnucok
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2. Maksimenko V. A. Pisarchik A.N.. Hramov A. E. Physical principles of brain-computer interfaces
and their applications for rehabilitation, robotics and control of human brain states. Physics Reports,
918:1-133, 2021.
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MyJabTudpakraibHas napaMeTpu3alnus CHUMKOB
KOMIILIOTEPHOH TOMOrpauu JIerkux B MOHOXPOMHOM NpeACTABJICHUHU

B.O. Caamusinos!, A.I'. MacJioBckas’
YAmypexuii 2ocyoapemeennviii ynusepcumemn,
2. bnacoseuwenck
2Vuueepcumem Mnnononuc,

2. nnononuc
E-mail: svsalmiyanov@mail.ru

MeTtoapl MHTEIJIEKTYalbHOTO aHallu3a MPEACTABIISIIOT MOIIHBIA UHCTPYMEHT
IUIA pELICHUs] pa3jM4YHBbIX HCCIENOBAaTENbCKUX MPoOJeM, B TOM YHUCIE M 3aj]ad,
CBS3aHHBIX C Kiaccudukanueit oObekToB. IlogoOHBIE MeTOABI aganTHPYIOT U
OPUMEHSIOT B KIMHUYECKOM MPAKTUKE [UIs IPEABAPUTEIIBHONW JHATHOCTHKU
3abosieBanuii. Kak mpaBuio, B MOJOOHBIX CilydasiX TpeOyeTcsl YCTaHOBUTH HESIBHBIE
OCOOCHHOCTH IO JaHHBIM MEAMIMHCKHX IOKa3aTeslel, MPEACTABICHHBIX B BHJE
BPEMEHHBIX Ps10B WK HU(POBBIX M300paxeHuil. bnarogaps aBToMaTn3upoBaHHBIM
METO/laM HEWHBA3WBHOW JMArHOCTUKH OOJIErdaercs MpoLecC MPUHATUS PEIICHUS B
[IOCTAHOBKE JAMArHo3a W CHWXXAETCS BEPOSTHOCTh BO3HUKHOBEHHMS YE€JIOBEYECKOU
OIIINOKHU.

B HacTosiee BpeMs B aCIeKTe MEIULMHCKUX MPHIIOKEHUN (POKYC BHUMaHUS
MHOTHMX HCCIEAOBaTeNeld COCPEIOTOUYEH HAa MPUMEHEHUU HIMPOKOro psga METO/I0B
MHTEJUICKTYJIbHOTO aHAJIN3a PacTPOBBIX N300pakenuit [1-3].

B pamkax maHHOW pabOTHl HCIOJNB3YEeTCS METOA MYJIbTU(paKTAIbHON
napaMeTpHu3alul A UCCIeN0BaHUsT MOP(OJIOTUYECKUX OCOOEHHOCTEW CTPYKTYpPbI
JeTKMX 4YeloBeKa B ClyyasX MHEBMOHHMU. MynbTu(paKTalbHbIl  aHAIW3
OCHOBBIBAETCS Ha KJIACCUUECKOM METOJIE OIpeseseHus (PpakTalbHON pa3MEpHOCTH C
nomonipto «box-counting» anroputma. CylnieCTBEHHBIM OTIMYUEM OT MPEIbIAYIINX
pabot [3-4] sBIAeTCA NPUMEHEHHE MYJIbTU(PAKTAIBLHON TapamMeTpu3aluu s
pPacTpOBBIX HM300paXeHH B rpajalusx cepbix OTTeHKOB. Cnenuduka MeTOA0B
MYyJIbTU(QPAKTAIBHOIO  aHajdM3a  3aKJI0YaeTcs B OLIGHKE  CTaTHCTHYECKHUX
(dpakTadbHBIX XapPAaKTEPUCTUK HAa OCHOBE OIEHKM HWHTEHCHUBHOCTH MEPHI B
OKPECTHOCTAX KaXKIOT0 MUKCEJIS.

ANTOpUTM MYJIbTU(GPAKTAILHOTO aHalu3a MOHOXPOMHBIX H300paKeHU
CXO0X C aJropuTMaMu MYJbTU(PAKTAIBHOIO aHalW3a B MCCIEIOBAaHUU OMHAPHBIX
n3o0paxxenuii [S5]. B oriauune or MynbTU(dpaKTATIbHON MapaMeTpu3alnud OWHApHBIX
M300paXeHH, T/Ie TOJICYUTHIBAIOTCS KOJIMYECTBO KJIACTEPOB, COACPKAIIUX XOTS Obl
OJIHY TOYKY MCCIEAYEeMOU CTPYKTYpPhl, MyJbTU(PAKTAIbHBIN aHAJIN3 MOHOXPOMHBIX
M300paXeHU OCHOBBIBAETCS HA IOJCYETE SAPKOCTH IMHUKCENEHl B HCCIETyeMOM

KJIacTepeC € UCIOJBb30BaHNCM CIICAYIOIICTO COOTHOMICHUA:
Z;
]]

Pij(g):zzr 1 (1)

rac, Zij MpCACTABJIACT CPCAHCC 3HAYCHUC APKOCTH ITMKCCIIA B KJIACTCPE pasMepa &, a

Z Z; CyMMa 3HaYCHHUH SPKOCTH B KJIACTEPE.

[lamee Beruucusercs Mepa:
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k 0, d> r(q),
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R By @
3aTeM B3BCIHICHHOC YHCJIO KJICTOK 3a4a€TCA BBIpa)KCHI/IeM:
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N(a,l)=2> P oc 17719, (3)
ij=1
'€ IOKa3aTcCJIb MAaCChI:

(@ =—tim| TN (@D (4)

(q) =— —\v )

9 1-0 Inl

B 3aBepmienun Bapuarus ko3 UIIMEHTa ( IMO3BOJISACT BBIYUCIUTH CIEKTP
000011IeHHBIX (PpaKTAIBHBIX pa3MepHOcTel PeHbu:

o(a)=9, (5)
q-1

B naHHOM MeTo/i€ yUUTHIBAETCS SIPKOCTh MUKCENS, KOTOPasi B KOMIIBIOTEPHOM
BUJE HUMEET 3aKOHOMEPHOCTb: YE€M BBIIIE 3HAUYEHHWE, TEM CBETJEE JJIEMEHT
n3o00paxenus. [loaToMy npeanporeccopHble alrOpUTMbl T0JKHBI ObITh HAPABJICHbI
Ha 3&JIMBKY HE HMHTEPECYIOIIMX oO0yiacTell 4YepHbIM IBETOM, a HHTEPECYIOIINe
00JacT! JOJHKHBI BU3YyAJIU3UPOBATHCS B 00JIee CBETIIBIX OTTEHKAX.

Jlnst ananu3a ObUTM BBHIOpAHBI CHUMKHU KOMITBIOTEPHOU TOMOTrpaduu JETKUX
yenoBeka. B mpouecce uccrnenoBaHHWS ~CHUMKOB — ObUIO  BBISIBJICHO, YTO
MaJOKOHTPACTHBIE CHUMKH SIBJISIFOTCSI MEHEE UyBCTBUTEIBHBIMU AJIs KiIacCU(DUKAIINN
HOpMBI M Tatosioruu. Ilo3ToMy mpeamnponeccopHbie anropuTMbl 00pabOTKU ObLIN
HAmpaBJIeHBl Ha CErMEHTAlWI0 W300paXeHWId TyTEeM BBIJCICHUS OOBEKTOB
MCCIIEIOBaHM M YBEIMYCHHE KOHTpacTa MPEACTaBICHUS W300paKeHWl Ha OCHOBE
paciMpeHusl [uana3oHa SpKOCTH H300paKeHUsI.

AJroput™ paszfenieH Ha JiBa IOCJeOoBaTenbHBIX Imara. Ha mepBom stame
n300pakeHHe 3arpyaercs B pacTpoBOM ¢opMaTe U B aBTOMATUYECKOM PEXHUME
OPOU3BOAATCS NpPeoOpa3oBaHus, HANpPaBJICHHbIE HAa BBIACJICHHUS OOBEKTOB,
OTHOCSIIUXCS K 4enoBeky. Ha BTopom miare nisi mpeoOpa3oBaHHOTO M300pakeHUs
NPUMEHSIETCA MOX0XKasi MPOLEAypa, HO YK€ BBIICISAIOTCS OOBEKThl UCCIECTOBAHUS —
YesloBeYEeCKHe JIeTKHe. OJTambl alropuTMa aBTOMAaTU3MPOBAHHOM CETMEHTAlUU
IIpEeICTaBIICHBI HAa PUCYHKE 1.

Puc.1. Dransl BBIACICHUA JICTKUX MCTOAaMU aBTOMATHYECKOM CCrMCHTaIIuu
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PesynpraTamMyn aHamu3a SIBISIOTCA pPACCUUTAHHBIE CHEKTPbl PeHbn. Mel
MOXEM HaOIIoAaTh, YIIUPEHUE CIEKTpa Ha CHUMKax C JUarHOCTUPOBAHHOU
natosiorueii (puc. 2). CTOUT OTMETUTh, YTO 3HaueHHe npu (=0 cooTBEeTCTBYyeT

dbpakTaabHON pa3MEpPHOCTH, ONPENEIeMON KIIaCCUYECKUM METOJIOM MOKPBITHM. J{7st
CHUMKOB JIETKMX C JUarHOCTUPOBAaHHOM HOpPMOW M TaTOJIOTHEeHW (dpakTaibHas
Pa3MEpPHOCTh YCTAaHOBWJIACH MPUMEPHO HA OJHOM 3HAYEHHH M COOTBETCTBYeT 1.414
st Hopmbl W 1.418 s maronoruu (I KOHKPETHOTO Mpumepa). ITo
CBHUJICTEIILCTBYET O HECOCTOSITEILHOCTH MPUMEHEHUS METOJIMKU KJIAaCCUYECKOTrO
dbpakTaapHOTO aHANMM3a I KiIacCH(DUKAIMU W300pKCHUM YETTOBEYCCKUX JIETKHX,
TaK KakK 3HA4eHUs Pa3sMEPHOCTH MOTYT TEpeceKaTbCs ISl  Pa3IMUYHBIX
paccMaTpUBaEMBbIX CITy4YaeB.

-20 -10 0 10 20 -20 -10 0 10 20
q q
a) 6)
Puc.2. MynbTrdpaKkTaabHbIA aHATH3 CHUMKOB JITKHUX, COOTBETCTBYIOIINX: HOpME — (a) U
natosoruu — (6)

Takum o00pa3oMm, TpUMEHEHHWE MYJIbTU(PpPAKTAIBHOW TapaMeTpu3aIuu
ABJISIETCST 00Jiee YYyBCTBUTEIBHOW METOJIUKOW (IO CPaBHEHHIO C KIACCUYECKUM
dbpakTadbHBIM aHAIU30B) IS KiIacCU(UKAIIMN U300PKEHUN YETOBEYECKUX JIETKUX
U MOXXET OBITh NMPUMEHEHA B KaueCTBE BCIIOMOTATEILHOW METOMUKHU JJIsS PEIICHUS
3a/1a4 MPeIBApUTEIIHHON TUArHOCTUKY — BBISBICHUU OCOOCHHOCTEH M300pakeHUM 1Mo
JTAHHBIM KOMIIBIOTEPHON TOMOTpaduH.

Paboma ewvinonnena npu noooepoicke Munucmepcmea Hayku U 6blcuie2o
oopazosanus Poccutickoti @edepayuu, npoexm Nel22082400001-8
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Cexknus 2

«CJ0xKHOE moBeaeHue
AMHAMHUYECKHUX
CUCTEM»
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The theory of hidden oscillations: global stability boundary,
hidden attractors and multistability

N. V. Kuznetsov!?
1St. Petersburg State University, St. Petershurg,
?Institute for Problems in Mechanical Engineering RAS, St. Petersburg,
E-mail: n.v.kuznetsov@spbu.ru

The development of the theory of global stability, the theory of bifurcations,
the theory of chaos, and new computing technologies made it possible to take a fresh
look at a number of well-known theoretical and practical problems in the analysis of
multidimensional dynamical systems and led to the emergence of the theory of
hidden oscillations which represents the genesis of the modern era of Andronov’s
theory of oscillations.

The theory of hidden oscillations is based on a new classification of
oscillations and attractors as self-excited or hidden. By analogy with the notions
“global attractor” and “local attractor”, the notions “hidden attractor” (or “hidden
oscillation) reflect the property of attractor’s (oscillations’) basin of attraction: the
basin of attraction does not touch the equilibrium states of the system. The nonlocal
birth through global bifurcations of hidden oscillations (e.g., the birth of a periodic
trajectory via nonlocal bifurcation that preserves the stability in large of the only
equilibrium) determines the hidden parts of the boundary of global stability in the
parameter space, while the explicit parts of the boundary are determined by local
bifurcations (e.g., by the bifurcation of the loss of local stability of the only
equilibrium state).

In general the approach based on the existing methods of bifurcation theory
and the numerical packages is effective in studying possible scenarios for the birth of
attractors and for the analysis of already discovered attractors (e.g., as it happened
historically with hidden Chua attractors). However, when solving problems of
multistability or global stability, where it is necessary to find all nontrivial attractors
or to establish their absence, often the key problem of this approach is inability to
guarantee the absence of other attractors in the phase space than those found (see the
history of 16th Hilbert problem on the maximum number of limit cycles of
polynomial systems on the plane). Outer estimations of the global stability boundary
in the space of parameters and the birth of self-excited oscillations in the phase space
can be obtained by the linearization around equilibria and the analysis of local
bifurcations and are related to various well-known conjectures on global stability by
the first approximation (see, e.g. Andronov’s proof of the conjecture on the Watt
regulator global stability by the first approximation, Aizerman’s and Kalman’s
conjectures on the global stability of control systems). Inner estimations of the global
stability boundary can be obtained by classical sufficient criteria of global stability. In
the gap between outer and inner estimations, there is an exact boundary of global
stability which study requires the analysis of nonlocal bifurcations and hidden
oscillations.
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In various well-known theoretical and practical problems, the hidden
attractors (their absence or presence and disposition) and the global stability
boundary play an important role [1-8]. For example, in the control system, the
transition of the system’s state to a hidden attractor, caused by external disturbances,
may result in undesirable behavior and is often the cause of accidents and
catastrophes.

Pioneering works of N. Kuznetsov, laying out the foundations of the hidden
oscillation theory, have attracted attention from the world scientific community and
been recognized by the International Afraimovich Award from the NSC society
(2021) and the Andronov prize from the Russian Academy of Science (2024).
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T'uGpuanbie moAXoabI s in Silico ncceqoBanmii NPoLECcOB KOMMYHHKALUH
B 3BOJIIOLHOHUPYIOLIIMX MHKPOOHBIX MOILYJISIIUSIX
A.T. Macuosckas !, U. Illyaii®, U.A. lleskyn?, C. K. Capyxausin?

' Vuusepcumem HUnnononuc,
HUnnononuc
2 Amypckuil 2ocyoapcmeennbiil yHugepcumen,
brazosewenck
E-mail: a.maslovskaya@innopolis.ru.

B coBpeMeHHOM TmpeincTaBiIeHUM OakTEepUM —HE MPOCTO COBOKYIHOCTb
WHJVMBUAYAJIbHBIX MUKPOOPTaHU3MOB, UMEIOIINX MPUMHUTUBHYIO OPTraHHU3aLMIO, 3TH
MHUKPOOBI CIIOCOOHBI MPOSIBIISITH CJIOKHOE KOJIJIEKTUBHOE MOBEJECHUE B COOOIIECTBE.
bakrepuanbHble TOMYJIAIUU, TEMOHCTPUPYS BBICOKHWA YPOBEHb CAMOOpraHU3aluHu,
BO3MO>KHOCTh 00pa30BaHUs IJIEHOK UM (QOpMHUpOBaHUE (PAKTOPOB PE3UCTEHTHOCTH,
CTaHOBSITCA BaXHBIM OOBEKTOM MEXIMCUUIUIMHAPHBIX HccheaoBaHuil. OgHOM u3
KOHIICTIINH, MPUMEHSIEMOW IPH HM3YYCHUU OOBEKTOB MHUKPOMHUpA, SBISETCS ““in
silico” — uccnemoBanus, MpeANOIaralIe H3ydeHUe ONOCHCTEMbI B ITOJTHOM ITHKJIC
BBIYMCIIUTEIBHOTO AKCIIEPUMEHTA C UCIOJb30BAHUEM TEXHOJOTUN KOMITBIOTEPHOIO
MOJEIIUPOBAHUS.

Ha mHacTosdimeM »5Tame yCTaHOBJIEHO, YTO MHOTHE OHOIpOIeCChl B
OakTepHabHBIX MOMYJALMIX (MaTypanusi 1 00pa3oBaHHE CTPYKTYp, MOABUKHOCTb,
OMOJIOMHHECIICHITNS, PE3UCTEHTHOCTh K aHTHOMOTUKAM, U Jp.) ISl IIUPOKOTO psijia
OaKTepHabHBIX BUJIOB PETYJIHUPYIOTCA TpolleccaMi OaKTepHabHOW KOMMYHUKAIIUH,
B YHMCJIC BOXHEHIINX U3 KOTOPBIX — «IyBCTBO KBOpyMay» (quorum sensing). YyscTBo
KBOpyMa TO3BOJISIET OakTepusiM BOCHPUHHUMATH TMPUCYTCTBUE JPYr JpyTa,
dbopMHpOBaTh OTKJIMK HA BHEIIHHE PAa3IpaKUTENH, NEHCTBYS KOJIJIEKTUBHO 3a CUET
BBIPAOOTKH CHCIUAILHON XUMHUECKON CyOCTaHIIMM (ayTOMHIYKTOPOB) MOCPEICTBOM
3KCIIpeccuu TreHoB [1].

Jns  uccnepoBaHMs  MPOLIECCOB,  PETYJUPYEMBIX  KBOPYMOM, U
IPOCTPAHCTBEHHO-BPEMEHHBIX  XapaKTEPUCTHK OaKkTepuaibHOM KOMMYHHUKALUU
AKTUBHO IPUMEHSIIOT CPECTBAa U METOAbl MAaTEMATHYECKOTO MoJenupoBanus [2]. B
¢doKyce Hamero BHUMaHUA — NPOLECCHl OaKTepuaIbHOrO KBOpyMa Uil poja
Oaktepuii  «[lceBgomonans»y (Pseudomonas) u aeTepMUHUPOBAHHBIA MMOIXO,
KOTOpbIA  MO3BoJileT  (popManu3oBaTh  IpOLIECCHl  JAMHAMHUKH,  AUPy3uH,
MPOIYITUPOBAHMS, BIUSHUS OOpPATHOW CBSI3W MJIsi JIByX OCHOBHBIX XHMHYECKHX
cyOcTaHIUil — ayTOMHIYKTOPOB (aMuHOKHUCIOTH AHL) u cnenmansHoro depmenta
nakToHasbl. basoBas monens [3] dopmanusyercs Kak HadalbHO-KpaeBas 3ajada Jiis
CUCTEMBI MOTYJIMHEHHBIX YPaBHEHUHN THUTIA «peakiusi-Tuddy3us»:

Z_Ltj =DAU—-yU—y LU+ F

o . xeQ, 0<t<t, (1)
—=DAL-y L+F,
u(x,0)=uy, L(x,0)=L,, xe; u :O,QE =0, O<t<t, (2)

on|- on|-
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rae U(X,t) — mpocTpaHCTBEHHO-BPEMEHHOE paclpeneieHne KoHueHTpamuu AHL,
Monw/i; L(X,t) — mpoCTpaHCTBEHHO-BPEMEHHOE pACIPEICIICHUEe KOHIICHTPAIUH
JAaKTOHA3bl, MOJB/II; ) — pacderHas oOmacth W [T — ee rpanmma; T — Bpems
HaoOmoneHus; Dy, Dy, yu, YL, YLy — IOJOXKUTEIbHBIE MOJIETbHBIE TAPAMETPBHI.

B cucreme (1) reHepanioHHbIE ciaraemsele, onpeaeneHubie F1 u Fz, oTBeuaroT
3a  JIOKalMi0 ~ OakTepHAIbHBIX  MOMYJSIIHA,  MPOCTPAHCTBEHHO-BPEMEHHOE
pacmpezenienne OMOMAacChl U XapaKTEPHYIO 3aBHCHUMOCThH BBIPAOOTKH CyOCTaHIH,
OTBEUAIOIIUX 32 KBOPYM OT IJIOTHOCTH MOMyJSIHK. Takum 00pa3oM, O4eHb BaXKHOU
COCTaBJISIIOLIECH Mpolecca MOJAEIUPOBAHUS SABIISAECTCS HHULMAIN3ALUSL O0bEKTa —
OakTepuanbHble KJIETKH, OHOIJIEHKA, OakTepuasibHas KyJbTypa, BbIpallleHHAs Ha
MUTATEIILHOU CPEIE.

B kmaccuueckoMm monaxone [3] mns McCleAOBaHUS XapaKTEPUCTHK KBOpyMa
UCIIOJIb30BaHbl MPOCThIE T'€OMETPUUECKHE NPUMUTHBBI U MPHUOIMKEHUE CPEIHErO
nojisi, 4rToObl omnucarh OakTepHalbHyl0 KoJIoHMIO. EMy mnpeamiecTBoBaiu
UCTOPUYECKH ellle OoJiee MPOCThle MOJENM KBOpyMa Ha OCHOBE (opManu3aliu B
BHUJIE ammapaTta OOBIKHOBEHHbIX Au(depeHuuanbHbix Mozened. OaHako Ha
COBPEMEHHOM JTarie UMEeTCsl YeTKas TEHACHIUS K Pa3BUTHIO THOPUIHBIX MOAXOI0B
— CIIO’KHBIX MOJIEJIEH, PEICTAaBIAIOMMNX KOMOMHAIMHU (M MOIU(HUKAIIMN) U3BECTHBIX
MOZEJIEN 3BOJIOLUHA MUKPOOHUOIOTHYECKUX COOOIIECTB U OaKTepUaIbHBIX MTPOLIECCOB
KOMMYHHKAIMU. B Hamieil pabote MbI IpecTaBiIsieM HECKOJIbKO TaKUX THOPHIHBIX
KoHIenuui. IlepBbIli MOIX0J OCHOBAH Ha WHTErpallMyd MOJEIU OaKTepUaTbHOTO
KBOpYMa M MOJIEIM pPOcTa OakTepHaJbHOM KOJIOHMM Ha MUTATEIbHON Ccpeje.
[Tocnenusist monens Obuta mpesioxeHa panee Kamacaku [4]. Ha puc. 1 mokazan
OpUuMep Takoil cuMyJsuuu. MOXKHO OTMETHTb, YTO HPU JIOCTATOYHO BBICOKOM
ypOBHE OaKTEepHaJIbHOTO KBOpyMa HanOojiee aKTMBHO KOMMYHMIMPYIOIIEH 4acThIO
KOJIOHUH SIBJISIETCS €€ TpaHuIla.

-I :

a
Puc.1. [IpocTpaHCcTBEHHBIE pacnpeneneHus XxapakrepucTuk 2D Moaeny B GUKCHPOBaHHBIH MOMEHT
BpEeMeHH: OaKkTepuabHOi Macchl — (a), moTpedieHus mutanus — (6), aMUHOKUCIIOTHI — (8) U
JaKTOHA3bI — (2)

Bropoe HampaBiaeHHE TpEACTaBIsSCT albTCPHATHBY IIEPBOMY B 4YacTH
MOJICTTMPOBAHMS TIpoIlecca pocTa OMomacchl Ha TMHTaTenbHOU cpene. OgHAaKO OH
O0asupyeTcss Ha JpyroM TEOpeTHYecKoM moaxoae — wmonenn AsuieHa-Kana,
IpeCTaBIIsIoNIe cobolt pacumpenne monenn Komvoroposa-®uiiepa. ITa MOJENIb
MO3BOJISIET MccaeaoBarh ekt O, KOTOPBIH NPy NOAACPKAHUH ONPEEICHHBIX
YCJIOBHM, MUAarHOCTHPYETCS B MUKPOOMOJOTHYECKHX COOOIECTBaX — CYIIECTBYET
HEKOTOpasi MOPOroBasi YHCICHHOCTh TOIMYJISIUU, TOIBKO MPU JOCTHKEHUN KOTOPOH,
MOMYJISANNS TOJIYYUT IIaHC Ha pa3Buthe. Ha puc. 2 mokazaH mpumep peanu3aiuu
9TOM Mojenu. Mojenb TMO3BOJISIET YCTAaHOBUTH XapaKTEPUCTUK TOMYJISIUUA B
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NPUCYTCTBUM XHIIHUKOB (Hampumep, OaktepuodaroB) WM HHTHOUPYIOUINX

[ () [5]
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Puc.2. [IpocTtpancTBeHHbIE pacnpeneneHI/m XapaKTEPUCTUK 2D MoJieNd B (PUKCUPOBAHHBII MOMEHT
BpEMEHH: OaKTepHaNbHOIl Macchl — (a), HOTpeOieHNs MUTaHus — (6) IPHU BapHAIlMU HAYAIIbHOTO
YPOBHS ITUTaHUS U KOHLEHTPALMU Ha4aJIbHOTO [TOCEBA

Tperbelt peanu3yemMon KOHIIEMIHUEN SBISIETCS COCIUHEHHE NBYX MOJAXOI0B —
JTVACKPETHO-TUHAMHAYECKOTO Ar€éHTHOr0 MOJEIIMPOBAHUSI HAa OCHOBE METOHO0JIOTHUH
KJIETOYHBIX aBTOMATOB W JICTEPMUHHUPOBAHHOIO, HCIIOJB3YIOUIECTO  armapar
YPaBHEHHM C YaCTHBIMU IMPOU3BOJHBIMH [6]. MBI mpeaiaraeM ruOpuaHyI0 MOJCIHb
dbopmupoBaHus OakTepUaIbHOM IUIGHKH C YYETOM IIPOIIECCOB PaCIpPOCTpaHCHUS
(KOJTOHM3aIMK TPEJOCTABIIEMOM ILIOIMIAJM) 3a CYET MEXaHH3MOB PETYJISIHUH
kBopyma. Ha puc. 3 mokazaH mpuMep CUMYJISIIIMU TIJICHKH B YCJIOBHUSX pealu3alluu

W Nutrient 8 Bacteria B AWML

pPCKHUMa I/IHOKYJ'IHI_[I/II/I nB OTCYTCTBI/II/I HCTO.

Puc.3. Buzyanuzamus ¢pparMmeHToB pocTta OuorieHku B 2D Moaenu st pekuMoB:
JIOKAJIM30BaHHOTO pocTa — (@), ¢ y4eTOM MpoIecca HHOKYIISAIUH, PETyIHPYyEMOi KBOpyMOoM — (6)

Takum o6pa3zoM, paboTa 00001Ia€T pe3yJbTaThl I[HUKIA HCCIEIOBaHUMN
KOJUICKTHBA, HAIPaBJICHHBIX HA pPa3BUTHEC THOPUAHBIX TIOJXOJOB B ICIAX
KOMITJIEKCHOT'O UCCIIEAOBAHUS TPYAHO POpMaTU3yEMBbIX MPOIIECCOB KOMMYHHKAITUN B
ABOJTFOITMOHUPYIOMINX MUKPOOHBIX MOy JISIIUSX.

Paboma evinonnena npu noooepoicke Munucmepcmea HAYKU U 8bICULE2O
oopaszosanus Poccutickoti @edepayuu, npoexm Ne 122082400001-8.
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Po.1b HEJIOKAJILHOI CBSI3M NPH YIPABJIEHHH CTOXACTHYECKHM PE30HAHCOM B
aHcaM0JIsIX CBA3AHHBIX OMCTA0MIBHBIX OCHHJLIATOPOB
B.B. Cemenon!
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B Hactosmiee BpeMs Hayke W3BECTHO OOJBINOE KOJUYSCTBO METOIOB
VIPaBJICHUS XapaKTEPUCTUKAMH HHAYIIMPOBAHHBIX IIYMOM KOJEOaHWN B PEKHUME
cToxacTudyeckoro pesonanca. Cpean pa3paOOTaHHBIX ITOJXOJ0B MOXKHO OTMETUTH
BBEJCHUE 3ama3ipIBaroleii obpaTHoW cBsS3w [1,2], HM3MEHEHHE XapaKTEPUCTUK
IIIyMOBOTO BO3JCUCTBUA (K MpUMEPYy, Bapuamus BpeMeHH Koppensuuu [3]),
OJTHOBPEMEHHOE HCIIOJIb30BAHUE QJINTUBHOTO W MYJBTHUIUIMKATHBHOTO Iyma [4],
W3MEHEHUE CUJIBI CBS3HU B CiIydyae CBSI3aHHBIX OCIMIUIATOPOB [5,6]. B nomonHenwue, B
CeTAX CBS3aHHBIX OCHWIIATOPOB MOXKET OBITh pealM30BaH €IIe OJUH METO]
VIIPaBJICHUS: HWCIOJIb30BAaHUE OCOOCHHOCTEH TOIOJOTHH CBS3M (K TPHUMEPY, CM.
pabdoty [7], rme Oblia 3ajedcTBOBaHA TOMOJOTHST MHOTOCIOMHOM  CeTH
«MYJIBTUTIICKCUHTY ). JIaHHBIH IMOX0]] pacCMAaTPUBACTCS B TIPEICTABIICHHOM JOKJIaIe
Ha TIPUMEpPE CTOXAaCTHYECKOTO0 pE30HAaHCAa B aHCaMOJIE HEJOKaJIbHO CBSI3aHHBIX
nepeaeMnGupoOBaHHBIX OUCTAOMIIBHBIX OCHIIISATOPOB. YPaBHEHUS MOJCITH UMEIOT
BUI:

" 3 | , AR
= s — 2+ VD) + Asin(wr) + _ZR(% - i) M
j=i—

rae 1=1,2,...,N (N=100 — xonuyecTBO OCHMIATOPOB), M=0.25 OTBEYAaET PEIKUMY
OMCTAaOMIBHOCTH MAapLUUATBHOTO 3JeMeHTa ancamOms, Ni(t) — craTucTuyecku
HEe3aBUCUMBbIE UCTOUYHUKH Oenoro ["ayccoBa nmryma, D — mHTEHCUBHOCTH TiTymMa, A 1 ®
- aMIUTMTY/Jla ¥ 9acTOTa BHEIIHETO MEePUOJIMYECKOr0 BO3JEHCTBHS, G U R — cuna u
paanyc CBSI3U.

WccnenoBanusi CTOXAaCTUYECKOTO pe30HaHCAa Oa3upoBAMCh HAa aHAIHM3E
POCTPAHCTBEHHO-BPEMEHHBIX auarpamm Xi(t), mocieayromiemM aHalin3e CIIEKTPOB
MOIITHOCTH KOJI€OaHUN OCIIMIIISITOPOB, a TaKKe pacdyérax CpeaHEero mo aHcamOIro
COOTHOIICHMS «CHUTHAJ/ym». [Ipexae deM mpuCTynaTh K W3YUYCHHUIO SBOJIOINN
WHAYIIUPOBAHHON IIyMOM JIWHAMUKH TIPH YBEIWYCHUH paauyca CBs3H, OBLIN
IIPOAHAJIM3UPOBAHBI JIBA MPEACITBHBIX CITy4as: HaJU4He JIOKAJLHOW (M3yYeHO paHee,
cM. paboty [7]) u rmoGanbHON CBsI3U. BBUIH BHISBICHBI TUANIa30HBI CUIIBI CBSI3H, TPU
KOTOPBIX HCIIOJIb30BaHWE OJHOW M3 JBYX paccMaTpHMBaeMbIX TOMOJOTUH Ooiiee
BBITOJTHO C TOYKH 3PEHHUS YCWICHHS PETYJSPHOCTH WHAYIHUPOBAHHBIX ITyMOM
KOoJieOaHMil, YTO BBIPAKAETCS B YBEIWYCHUM IUKOBBIX 3HAYEHWU COOTHOIIEHUS
«CHUTHAJI/TITyM». BBIIO yCTaHOBIICHO, YTO MPU 3HAYCHUSIX CUJIBI CBSI3W G MEHBIIIEH WU
COTIOCTaBUMOM C €TMHUIIEH TyI00aabHas CBs3b OoJiee dpdekTuBHO ycuauBaet 3P ekt
CTOXaCTHMYECKOTO pe30HaHca. HampoTuB, IOKadbHBIA XapakTep B3aUMOICHCTBUS
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OoJiee TIPEAMOYTUTEIICH MPU OONBIINX 3HAYCHUSX CUJIBI CBSI3H. TakuM 00paszom,
MOXKHO TPEANOIOXKUTh, YBSIMYCHUE paJnyca CBSI3W MOXET IPHUBOJIUTh Kak K
YCWJICHWIO, TaK ¥ ToJaBJeHHIO OH(h@deKxTa CTOXacTUUEeCKOro pe30HaHCa, dYTO
OTIPEIEISACTCS CHIION CBSI3M. B 9acTHOCTH, OKHUIAETCs, YTO MHAIla30H 3HAUYCHUU O, B
KOTOPOM T[Jio0anbHasi CBsi3b Oosiee A(P(HEKTHBHO YCHIMBAET CTOXACTHUYECKUIN
pPE30HAHC, YBEIMUYCHUE paauyca CBSI3W OylIeT NMpHUBOIUTH K ycuieHWto 3ddexra.
HampoTus, ecnu ycuineHne mpH MOMOIIM JIOKAJIBHOU cBsi3u Oonee 3((HEeKTHBHO TIO
CpPaBHEHHUIO C TJIOOQIBHOW CBSI3bI0, YBEIWYCHHE paguyca CBS3H MPUBEIET K
moaBIeHHIO 3P PeKTa CTOXaCTUUECKOro pe3oHaHca. JlaHHbIe mpeanonoKeHusT ObLTH
MTOJTHOCTBIO TTOATBEPKICHBI Pe3yJIbTaTaMH YUCIICHHOTO MojieupoBanus (cM. Puc. 1).
Takum o00pa3oMm, HEJIOKalbHAas CBS3b MOXET BBICTYaTh B POJH  Kak
KoHCTpykTHUBHOTO (Puc. 1la), Ttak u pgectpyktuBHoro (Puc. 10) daxkropa mnpu
npoTrekaHuu 3P eKTa CTOXACTUYECKOTO pe30HaHCa B aHCAMOJISIX CBS3aHHBIX
OMCTa0WIBHBIX — ocHWUIAITOPOB.  CremyeT OTMETHUTh  3(PQEKT  HACHIIICHHUS,
HaOr0aeMbIi B 000MX CITydasx ¢ pocToM paanyca cBs3u. Tak, mpu R>20 paznudaus
B JIMHAMHKE aHCaMOJIS C HEJIOKAJTBLHOU U TJI00aTbHOMN CBS3bI0 MHHUMAJIBHBI.

Paboma evinonnena npu noooepoicke Poccutickoeo nayunoeo gponoa (npoexm

Ne 24-72-00054)

6><1O4 R=1 2X104. R=1
R=2 R=2
ﬂzi R=5 Ozﬁ R=5
on R =101 tn R =10
3 R=15 1 R=15
R =20 R =20
0

: 0
02 102npi10t 103102 n o10°
(a) ()
Puc.1. DBomronus 3aBUCUMOCTH CPETHETO COOTHOIICHHS «CUTHAJI/IITYM» OT MHTEHCHBHOCTH IIIyMa
B cucteme (1) ¢ poctom panuyca cBsizu ipu 6 = 0.2 (a) u 6 = 5 (6). 3nauenus mapamerpon: M=0.25,
A=0.04, »=0.005.
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AHAJIUTHKO-YHCJIEHHbIE MeTOAbI IPOTHO3MPOBAHMS U YIIPABJIEHUSA
HeperyJIsipHOil TMHAMUKOI B MATEMATHYECKUX MOeJsIX IKOHOMUKH

T. A. AnekceeBa’?
'Hayuonanvnwiii uccredosamenvcuii VHUsepcumem « Bolcuias wkona 9KOHOMUKUY,
Canxkm-Ilemepoype,
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B 3KOHOMMKE MOXET BO3HHMKATh CIOKHAs HEPETYJSIpHAs IWHAMMKA, KOTOPAs
HapymaeT QyHKIMOHUPOBAHUE SKOHOMUYECKON cucTeMbl. B Takux ciayyasx cucrema
MOKET NEPEUTH B HEPETYJSPHBIA PEKUM, B TOM 4HCIE XaoTHueckui. [Ipm 3Tom
MOTYT BO3HHMKaTh TPYAHOCTH Ul NPOTHO3UPOBAHMS W YIPaBJICHUS IOBEICHUEM
HSKOHOMHUKH, a Takxke JUisl pa3pabOTKM SKOHOMHUYECKON MNOJUTUKU. SBisercda nu
HEPETYJSIpHAasi ~ JUHAMUKA CJIEACTBUEM  BHEIIHMX  CIy4YallHBIX  BO3JCHCTBUU
(Hampumep, TaKMX Kak KpylHble OaHKpOTCTBA, HE(TSIHBbICE W BAJIIOTHHIE IIOKH,
NPUPOJHBIE  SIBJICHUSA, DSIHJIEMHH) WIA TOPOXKAAECTCS CKPBITBIMH  BHYTPH
SKOHOMHUYECKOTO MEXaHU3Ma JIE€TEPMUHUPOBAHHBIMHU HJIOT€HHBIMH CHJIAMU? DTOT
BA)KHBIN BOIIPOC aKTUBHO OOCYKJIa€TCS B COBPEMEHHON SKOHOMUYECKOHN JIUTEPATYpPE
(cm., Hanpumep, [1, 2]). B To e Bpems oOmuMpHas JuTepaTypa Mo HCCIEIOBAHUIO
KOJIeOaHUIl B SKOHOMHYECKUX MOAENSIX (CM., Hanmpumep, [3, 4]) B nepByro ouepeib
COCpEIOTOYEHAa Ha IOCTAHOBKE 3a/ay, M3YYEHHH M pa3padOTKe 3KOHOMUYECKHX
MEXaHU3MOB W NPHMEHEHUM YAaCTHBIX CJIy4YaeB KJIACCHYECKHX METOJOB aHajau3a
JUHAMUYECKHUX CUCTEM ISl KOHKPETHBIX, B OCHOBHOM HHU3KOPa3MEpHBIX, Mojeiel. B
pe3yibpTaTe KOMIUIEKCHAs KapTHHA AaHajld3a JWHAMHKU OCTaeTcsd 3a paMKaMU
UCCJIEIOBAHUA W HE I03BOJIIET OTBETUTh HAa Ba)XKHBIE BOIPOCHI, CBSI3aHHBIE C
OPOTHO3UPOBAHUEM TMPEACIBHONM JHHAMUKA M YIPABICHHEM HEPETYISPHBIM
NOBEACHUEM B MOJEIAX 3KOHOMHKH. MIHTEHCHMBHOE pa3BUTHE B IOCIEIHUE TOJBI
BBIYHMCIIUTEIBHBIX CPEJCTB, UCKYCCTBEHHOTO MHTEIUIEKTAa U OTAEIbHBIX HAalpaBJICHUN
TEOpUU JAUHAMUYECKUX CHUCTEM JENal0T aKTyalbHOW 3ajady MepecMoTpa METOOB
aHaju3a MpelesbHOM JMHAMUKMA MAaTEMaTHUYeCKMX MOJeNed HKOHOMHUKUA U
pa3paboOTKy KOMILJIEKCHOTO IMOJX0J1a Ha 0a3e aHAJIUTHUKO-UYUCICHHBIX MPOLEAYp AJIs
YIyUIIEHHUs] €€ MPOTHO3MPOBAHUSA, PACIIMPEHUS Kiacca MCCIeAyeMbIX MoOJeNeH, a
TaKXX€ YIIPABJICHUS HEXKEIIATEIIbHON JUHAMUKOM.

B bskoHOMuYeckoll Hayke ISl TOCTPOCHHUSI aAJEKBAaTHBIX MaTeMaTHYECKUX
Mojieniell, 00ecreunBaoIuX BO3MOKHOCTh UCCIEA0OBAHNS UX TUHAMHUKHU C MIOMOIIBIO
3G (PEKTUBHBIX METOJOB, BAXHO YYHUTHIBATh HMHQPOPMAIIHIO, OMPEACISIONIYIO
NPUHLIMIIBI BBIBOAA (MJIM BBIOOpA M3 HEKOTOPOTO MHOXECTBA) COOTBETCTBYIOIIMX
Mozelel (B TOM YUCIIE MOJOXKEHUS IKOHOMUYECKON TEOPHH, MTPEANOCHUIKH MOJIENH,
JOIYCTUMBIE 3HAYEHMS IMOKA3aTeIei, BO3MOMHBIE METOJbI, IOCTYMHbIE JAHHBIE W
ap.). [Ansg  mporHo3upoBaHuWs, aHaNM3a W YOPaBJIEHUS  HEPEryJsipHOU
JNETEPMUHUPOBAHHOM JIMHAMUKOM B IIOJYYEHHBIX MAaTEMAaTHYECKUX MOJEIAX
pemaroTcs  3aJa4d  BBISABICHUSA  BO3MOXKHBIX  YCTAHOBMBIIMXCA  IIOBEJCHMMU
JMHAMMUYECKON CHUCTEMBI IIOCIE TMEPEXOAHBIX IPOLECCOB (3ajadya BBISIBICHUS
aTTPAKTOPOB U OACCEWHOB UX MPUTSDKEHUS B (PA30BOM IMPOCTPAHCTBE CHUCTEMBI) U
pa30MeHMsl MPOCTPAaHCTBA IAPAMETPOB CHUCTEMbI Ha O00JIACTH, JUIsI KOTOPBIX
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CYIIECTBYIOT OIpeAeSICHHbIE KOH(UTYpallud aTTPakToOpoB. B ciydasx oTCcyTcTBUS B
CUCTEME aTTPAKTOPOB C PEryJsIpHBIM TMOBEACHUEM (CTAllMOHAPHBIM WU
MEPUOANYECKUM) WIIA BBISBICHUS aTTPAKTOPOB C HEPETYJSAPHBIM I[OBEJICHHUEM
CTaBUTCSl 3ajlaya BBEJACHUS B MAaTEMaTHYECKYID MOJI€Nb JOMOJHUTEIBHOTO
yIpaBiieHHs (C Y4YE€TOM BO3MOXKHOCTH €ro COOTBETCTBYIOIIEH peald3alud B
HSKOHOMHUYECKON MOJENH) /Jid TOSBICHUS B TIOBEJICHUU CHUCTEMBI PETYISPHOIO
aTTpaKTOpA.

CoBpeMeHHBIN 3Tan U3y4YEeHHs] JUHAMUYECKUX CHCTEM, CBSI3AHHBIA C Teopuen
CKPBITBIX KOJIeOaHUN U TJI00aIbHON YCTOMUYMBOCTH [5, 6], Teopueii pazmepHocTH [7],
TEOpUEW ympaBlIeHUs XaocoMm [8], HMHTEpBAJIbHBIM aHAIM30M [9] W MeTomamMu
UCKYCCTBEHHOTO HWHTEJIEKTa, CTUMYJHPOBAJ TOSBJICHHE HOBBIX 3(()EKTUBHBIX
AHAJIMTUYECKUX W AHAJIIMTUKO-YHMCICHHBIX METOJOB JJISI aHajdu3a W yIpaBJICHUS
MPEICIbHOM AUHAMUKON M CHEeNal aKTyalbHbIM HMX NPUMEHEHUE I MOJECIEH B
skoHOMUKe. Pa3paboTaHHble B TeOopudM TIJ00ATBHOM YCTONYMBOCTH METO[bI
MO3BOJISIIOT TOJIy4aTh B MPOCTPAHCTBE MapaMETPOB KOHCEPBATHBHBLIC (BHYTPEHHUE)
OLIEHKM 00J1acTh TrjI00aJbHOM YCTOMYMBOCTH AMHAMUYECKON cucteMbl. B cimydae
MOTEPU YCTOMYMBOCTU CTAllUOHAPHOIO MHOXKECTBA, B TOM 4YHCIE CBA3aHHOU C
HEJIOKAJIbHBIMU Ou(dypKaIUsIMHU, JJISI aHAJIM3a CLICHAPUEB POXKACHUS HETPUBUAIIBHBIX
KojeOanuii B (Pa3oBOM MPOCTPAHCTBE CHUCTEMbI HCIOIB3YIOTCS METOJIbI TEOpPUU
Oudypkanmuii U TEOpUHM CKPBITHIX KojeOanuii [5,7]. Ilpm 3TOoM 11 aHanmm3a
caMOBO30YKJIeHNs KOJIeOaHU M POXKIEHUSI CaMOBO30YKIAIOIIUXCSI aTTPAKTOPOB, a
TaKXKE OMNPENEIIEMbIX UMHU SIBHBIX (TPUBUAIBHBIX) YYACTKOB TPAHMI] TJI00ATHHOU
YCTOWYUBOCTH, MOKHO A((PEKTUBHO HCIIOIH30BATh KIIACCUUECKHE aHATUTUYECKHE U
YUCJICHHBIE METOJbl. AHAJIN3 HEJOKATHHOTO POXKIACHUS CKPBITBIX KOJIeOaHUW U
aTTPAKTOPOB, a TAKXKE OMPENENIEMbIX UMHU CKPBITHIX YYAaCTKOB IPaHUI] TJIOOATBHON
YCTOWYMBOCTH, TpeOyeT TPUMEHEHHS CIEeHHAIbHBIX  AHAJIUTUKO-YUCICHHBIX
npoueayp. s BBISBICHHS aTTPAKTOPOB U 0OacCeHOB WX TMPUTHKEHUS TMPU
3aIaHHBIX TapamMeTpax MPUMEHSIOTCS aHATUTUYECKUE METOMbl JIOKAIU3AlUU |
YUCJIEHHOE HWHTETPUPOBAHUE JUIi CETKM TOUYEK M3 IOJy4aeMoro OTPaHUUYECHHOTO
MOTJIONIAIONIETO MHOXKECTBa Ha KOHEUHBIX BPEMEHHBIX HWHTEpBajiax. B Teopuu
pa3MEpPHOCTH pa3pabOTaHbl AHATUTHYECKUE M UYHUCICHHBIE METOJbl OMNPEACICHUS
Pa3JIMYHBIX XAPAKTEPUCTUK HEPETYJSAPHOIO TMOBeACHUS. MeToabpl yNpaBieHUs
Xa0COM, HWHTEpPBAJbHBIM aHAIN3 MW MPOUEAYPbl HCKYCCTBEHHOIO HWHTEIIEKTa
MO3BOJISIIOT CUHTE3UPOBATH PETYJSIPHOE MOBEICHHE B MOJIETU MPU MOMOILIUA Majoro
yIIpaBJICHHUS.

CoenvHEeHUE KJIACCUYECKUX U Pa3BUTHIX 32 MOCJIEAHUE TOJbl TEOPETUUYECKHUX
METOJIOB aHallh3a JUHAMHYECKUX CHUCTEM C YHCJICHHBIMU aJIrOpUTMaMHU U
MpOLEAypaMHU UCKYCCTBEHHOT'O MHTEJIEKTA AENat0T MePCIEKTUBHBIM Pa3BUBAEMbIi B
paboTe KOMIUIEKCHBIM TMOAXOJ K MPOTHO3MPOBAHUIO, AHAIM3y U YINPABICHUIO
HEPEeryJsIpHOM  JUHAMUKOW B MATEMaTUYECKUX  MOJAENSIX  SKOHOMUKH.
O} peKTUBHOCTh 3TOr0 MOAXOJA JIEMOHCTPUPYETCS Ha MPUMEPE HU3Yy4YEHHS HOBBIX
MOJU(UKALUNA aKTyalbHbIX 3KOHOMHUYECKMX Mojened. B ToM wyucne pemarorcs
Takhe KOMIUIEKCHBIE 3aJlayd KaK BbIBOJ| YCJIOBHUH TJ00albHON YCTOWYUBOCTH,
aHAJIUTHYECKass U YMCICHHAs JIOKAJIM3alUs aTTPaKTOPOB, KOJIMYECTBEHHAs OIEHKA
HEPEryJISIpHOW JMHAMUKMA C TIOMOINBIO JISITYHOBCKHMX Tokaszareneir [10-12, 18],
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BBISIBJICHHE U CTaOWIM3anusi HEYCTOMUMBBIX MEPHOAMYECKUX TPACKTOPUNA IUis
MOTABJICHHS] XAaOTHYECKOTO TMoBeAeHuss B wmogmensx [11, 13, 14]. C momombio
CHEIHAbHBIX aHATUTUKO-YUCICHHBIX MPOLEAYDP, JBOJIOIUOHHBIX alITOPUTMOB U
METO/ZI0B OOYy4YEHHUS C MOAKPEIUICHHEM BBIIIOJHIETCS MAaKCUMU3alMs o0acTei
NPUTSDKEHUST  CTaOMIM3MPOBAHHBIX —Tpaekrtopuii wmogenen [13, 18], a Taxxke
IPOTHO3UPOBAHUE MX JIMHAMHUKKA B O0JACTSIX YHOPaBISIONMX MapaMeTpoB C

pa3IMYHBIMH PEKMMaMK SKOHOMHYECKOM monuTuk [15-17, 18].
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Bo MHOrux crucremax pa3jiudHON MPUPOJBI, B TOM YHCIIE paTuoPU3NIECKUX,
OMOJIOTMYECKUX U OPYTrHX, HAOMIOJAI0TCs KojeOaTeabHbIE MPOLECChl, IPU KOTOPBIX
OJIUH OOBEKT BO3JEHCTBYET Ha JPYrodl ¢ MOMOUIBIO NMEPUOIUYECKOr0 CUTHajla, HO B
CUTYaIMH, Korja (a3a Wi 4acTOTa BO3ACUCTBUS 3aBUCUT OT COCTOSIHUS BO30YAMMOMN
cucteMsl [1-6]. DTO MOTYT OBITH CUCTEMBI CEPACYHO-COCYIUCTON PETYJIISIINH YKUBBIX
OpraHU3MOB, CHCTEMbI (Pa30BOIl aBTOMOJCTPOWKH YAaCTOTHI B 3JEKTPOHHUKE W Ip.
Takke B 3TOM KOHTEKCTE€ MOTYT OBITh PACCMOTPEHBI 0a30BbIE MOJEIU TEOPUHU
KOJIeOaHUl M HENMHEHHON IUHAMUKH, Takue Kak ocuwuisitop BaH aep llons wu
cucrema Pecciiepa [7,8]. Bo3HuKaromyto B pe3yabTaTe IepecTpOiKy MOKHO Ha3BaTh
ajanrtauuedl CUCTeMbl K BHEIIHMM CTUMYyJaM, TaK 4TO caMa CUCTeMma oOJajaer
ajanTuBHBIMU cBoicTBaMu. [Ipouecc amanranuu OyaeT 3aBUCETh OT BHYTPEHHHUX
CBOWCTB CaMOM CUCTEMBI.

[lenbto naHHOW pabOTHI SBIAETCS UYHCICHHOE MCCIEJA0BAaHUE TOBEICHMUS
Mozenu HerhpoHa PurnXero-Harymo npu aganTMBHOM BHEIIHEM BO3JEUCTBUM IO
tuny [5-8]. Mccrnenyemast cuctema umeeTt BUS!

X=¢g(y—a-hx),

y:y—y?—x+Asin(pt+kx). @

3n1ech X, Yy — IMHAMUYECKHUE NTEPEMEHHBIE, XapaKTEPU3YIOIIUE COCTOSTHUE HENPOHA; €,
a u b — ero ympapnsomie mapameTpsl; P, A — 4acToTa W aMIUIUTyJa BHEIIHETO
BO3/eHCTBUS, K — mapameTp yrpaBieHus Gpa3oii BO3AeHCTBHS.

HccnenoBaHo BIMSHUSL aIanTUBHOTO BO3JeUCTBUS Ha cucremy OutnXsro-
Harymo mpoBoauiock B peXMMax, COOTBETCTBYIOIIUX YCTOMYMBOMY COCTOSHHUIO
paBHOBecus. B 3aBUCHMOCTH OT mapamMeTpOB aBTOHOMHAsI CUCTEMa MOYKET UMETh OT
OJIHOTO JI0 TPEX COCTOSIHWUW paBHOBecHsA. bblu BeIOpaHbl 1Ba HabOpa mapaMeTpoB:
1) a=1, b=0.5, mpu KOTOPBHIX MMEET MECTO €IUHCTBCHHOE HEHYJICBOE yCTOMYMBOE
cocrosiHue paBHOBecus; 2) a=0, b=2, mpu KOTOpBIX HMEETCS TPH COCTOSIHHS
paBHOBecHs (TPUBUAIBHOE — HEYCTOMYUBOE, M ITApa CHMMETPUIHBIX — YCTOWYHBHIX ).

UccnenoBanue cucreMbl (1) MpoBOAMIOCH METOJOM KapT JUHAMUYECKUX
pexumoB [9]. Ha puc. 1 mpencraBieHnl KapThl cuctembl (1) s 3HaYeHUMH
napametpoB a=1, b=0.5, €=0.01 u pa3auUHBIX 3HAYCHHUH YIPABIAIOLIETO apaMeTpa
k. IlBer Ha KapTe OTBEYAaeT pA3IMIHBIM TIEPUOJIAaM KOJICOAHHHA CHCTEMBI,
ompezensieMblM B cTpoOockonuueckoMm ceueHuu Ilyankape. L[BeroBas mamutpa u
nepuobl KoJieOaHuM ykazaHbl 1oj pUCYHKOM. CepbhiM 1IBETOM 00O3HAYEHBI OYEHD
JoJironepuoandeckue, xaotuueckue C uim KBasunepruogudeckue pesxxumsl Q.
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3 44
9§ Ui) 11§ 12-120 JEONE

Puc. 1. KapTbl tuHaMHuecKuX pe:KUMOB cucTeMbl (1) Ha rutockocTu napameTpos (P, A) pu a=1,
b=0.5, £=0.01 npwu 3nauenusx a) k=0; 6) k=5; 6) k=10. IL{udps! Ha kKapTaXx COOTBETCTBYIOT
MIPOCTEUIINM PEKUMAM.

Puc. la npeacraBnseT ciaydait mpocToro rapMonuueckoro Bosaeictaus (k=0).
B sToM ciyuae BHemIHUW CUTHaJ BO30YXKJAaeT MEPUOAMYECKHE aBTOKOJICOAaHUS B
cucteme (mepuon 1 wa kapte). Ilpu yBeaMYEeHMH aMIUTUTYIBI BO3AEUCTBUS A
HaOMIOaeTCsl  yCJIOXKHEHUWE  JUHAMUKH;  TOSBISETCA  O0NacTh  Pa3jIMYHbIX
KOJIeOaTeNbHBIX PEXUMOB, UMetoIas Gopmy octpoBa. OCHOBY €€ COCTaBISET 2-IIUKI
YABOEHHOTO Neproja. BHyTpH ocTpoBa HaOMIOAAIOTCA CTPYKTYPbI, XapaKTePHbIE IS
oudypkaruii 1006aBIeHHS TIEPHO/IA, a TAKXKE HEOOIbINE 00JaCTH HETTEPHUOIUIECKIX
PEKUMOB.

VYuer amanTUBHBIX CBOWCTB BHEIIHEr0 CUTHaja MPUBOAUT K W3MEHECHHSIM
KapTuHBI, puc. 16. @opma octpoBa 3amMeTHO Moauduuupyercsa. Takxke mpu Manoi
4acTOTe€ BO3ACHCTBUS p BO3HUKAET 00JacThb HENEPUOJUYECKUX PEXHUMOB,
J0CTaTOYHO OONBIIOrO pa3Mmepa mo amiuMtyae A. B Hee BCTpOEHBI S3BIKH
Pa3IMYHBIX MEPUOANUYECKUX PEKUMOB. DTH OCOOCHHOCTH CTAHOBSTCS 3aMETHO OoJiee
BBIPQKCHHBIMU TPH YBEJIMUYCHHH Mmapamerpa K, oTBedaromiero 3a ympasieHue (asbl
BO3JEICTBUS, pUC. 16.

PaccMoTpuM BTOpoOii HabOp mapamMeTpoB AaBTOHOMHOM CHCTEMBI, KOTJa
HaONIolaeTCsl Tmapa YCTOWYMBBIX CHMMETPUYHBIX paBHoBecuil. Ha puc. 2
MPEACTABICHBl KapThl JAUHAMUYECKUX PEXKUMOB Il JAaHHOTO ciyvas. Tak ke
OCHOBHBIM siBJIsieTCs peskuM niepuoaa 1. Ipu k=1 pexxum neprona 2 He XapaKkTepeH,
a Hamboyiee BBIPOKCHHOW sABIsAETCA o00JacTh mepuoma 3, puc. 2a. Tenepb
HEMEepPUOINYECKHE KOJIeOaHUsl BOZHUKAIOT HE MIPU MaJIbIX, a IPU OOJIBILIMX YacTOTaxX
p. OTa 0COOCHHOCTh COXpaHsETCs W MpHU Bo3pacTtaHuu K, puc. 26,6. OTMETUM, YTO
npu k=5 BU3yasibHO KapTHHA J00aBIICHHI NIEPUOJIa HE TaK BhIpaKEHA, PHC. 20.
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a) 6) el

Puc. 2. KapThl iuHaMHUYECKUX PEKUMOB crcTeMbl (1) Ha TutockocTH mapaMeTpoB (P, A) mpu: a=0;
b=2; £=0.01 npu 3navyenun a) k=1; 6) k=5; ) k=10.

B nokmanme OymyT oOcyxmaTbCs Takke OMypKalMu, COOTBETCTBYIOIINE
YCIIOKHEHUIO JUHAMUKU. byner mpoBeneH aHanmm3 mnokaszarenend JlsamyHosa,
MTO3BOJISIONINN PA3IMIUTh 00JIACTH Xa0ca U KBA3UIIEPUONIHOCTH.

Paboma evinonnena 6 pamxax eoczaoanus Uncmumyma paouomexnHuku u
anekmponuxu um. B.A. Komenvnuxosa PAH.
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Pa3pyuienne HHBAPMAHTHOM KPUBOM MmocJie Kackaaa ondypkanuii yaBoeHui
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budypkanus  ynBoeHHs HWHBAapUAHTHBIX KPUBBIX JIOCTATOYHO  YacTo
BCTpEYAETCs B TMHAMUYECKHX CHUCTEMax pasznyHoil npuponsl. Kackan oudypkarmii
yABOCHMSI MHBApPUAHTHBIX KPHUBBIX BIEpPBbIC OBbLT MPOJEMOHCTPUPOBAH B paboTax
K.Kanexko [1-2]. Hecmorps Ha TO, 4TO JaHHas Oudypkamnus BIEpBbIe ObLia
MPOJICMOHCTPHPOBAHA JOCTATOYHO IaBHO, TOJBKO B HemaBHel pabore [3] Obuio
MPEMIOKEHO TEOpeTHUecKoe omnucanue Oudypkauuu. OOHUM W3 JAUCKYCCHOHHBIX
BOIIPOCOB B KOHTEKCTE MaHHOW Oudypkanmuu SBISETCS BOMPOC O KOHEYHOCTH
Kackaza Oudypkanuii yJIBOCHHS HWHBapUaHTHONW KpuBOM. B  4MClIEHHBIX
HKCIIEPUMEHTaX OOBIYHO HaOMI0JaeTCsl KOHEYHBIM KackaJ YABOCHUW U 3aTeM
WHBapUaHTHas KpuBas xaoTm3upyercs. OJTHAKO M3BECTHBI NMPUMEPHI JITUTEIBHBIX
KacKajloB, KOTJla MHBapUAHTHAs KpUBasi COXpaHICT rIaakocTh u [4-6]. IIpeacrapnser
MHTEPEC BOIPOC HCCIEOBAHUS CICHAPUEB pa3pylICHUS WHBAPUAHTHBIX KPHUBBIX
MocJie Kackaja yJBOCHUMN, KOTOPBIN pacCcMaTpUBAETCs B paMKax JIaHHOW pabOTHI.

B kadectBe 00BEKTa HCCIIENOBAHUS Mbl BBIOpAIM OJWUH M3 MPOCTEHIINX
00BEKTOB — 0000IIICHHOE TPEXMEPHOE 0TOOpaKeHUE DHO:

Xnia = Yo
Yo = Zns (1)
z,.,=Bx, +Az, +Cy —Yy>2

3nech Xn, Yn, Zn, - OUHamMudeckwe nepemeHnele, A, B, C — mapametpsl
cucteMbl. OToOpaxenue (1) uMeeT B HENMOABMKHBIC TOUKH, KOTOPBIEC MOTYT TEPSTh
yCTOMYMBOCTD uepe3 oudypkaruto Helimapka-Cakepa, B pe3ynbTaTe 4ero B pazoBoM
INPOCTPAHCTBE POXKAACTCSl YCTOWYMBAasi HMHBAapHaHTHas KpuBas. B pabore [7]
MOKa3aHo, 4TO MPHU OMPEEICHHBIX TapaMeTpax pa3pylleHne HHBAPUAHTHOW KPUBOM
MOKET TPHUBOIUTH K (OPMHUPOBAHUIO Xaoca M TUIEpPXaoca, a TakKe B CHCTEME
BO3MOXHBI KackaJibl OuypKanuii yJBOEHUSI MHBAPUAHTHON KPUBOM.

Mpsi 3adukcupoBanu mnapametrpbl B=0.5 u A=1.44, nns KOTOpPBIX MOXKHO
HaOMroAaTh Kackan Oudypkanuil yaBOeHWsS WHBapuUaHTHOW kpuBoil. Ha pwmc.la
MIPEACTABICHBI TpaUKK TpeX CTapIIMX Mokazaresieil JIamyHoBa B 3aBUCUMOCTH OT
napamerpa C. Ilpu ymensmenun mnapamerpa C HemoABWKHAS TOYKa TepsET
ycroitunBocTh depe3 Oudypkanuto Heiimapka-Cakepa (NS wna pwuc.la). C
JTanbHEHIMM yMeHblieHneM mnapametpa C Ha rpadukax o003HAYEHBI TOYKH, TIE
MPOUCXOAUT OudypKanus yaBoeHus nHBapuantHoil kpusoit: ICD-1, ICD-2. Ilocxe
YABOCHHUM XOPOILIO OTCIIEKUBAETCA TOSBICHHE Xa0Cca B CHUCTEME. XapaKTepHOU
OCOOEHHOCTBIO ABJISIETCS TPHUCYTCTBUE B CHEKTPE XAOTHYECKOIO aTTpaKkTopa
HyJeBoro mokazarens JlsmyHoBa. Hanuuue HyneBoro mokasarensi B CHEKTpe
ABJISIETCSl 00513aTE€NBbHBIM [JIsl MOTOKOBBIX CHCTEM, a HJisi OTOOpaXEHUH MOKET
NOSIBJISITBCA TMPU  OMNPEACNICHHBIX YCIOBUAX, HAMpUMEpP, TOCiIe pa3pylICHUs
WHBAPUAHTHON KPUBOM, BO3HUKILIEH B pe3yibTaTe Kackaaa Oudypkauuil yaBOCHHS
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[4]. Ha puc. 16, 1B, 1r moka3aHsl mpuMepbl (a30BBIX MOPTPETOB B MPOCKIMH HA
TUTOCKOCTB (X, Y) AJIs MepBUYHONM MHBAPUAHTHOW KPUBOM M MOCIIE IBYX OuQypKaruii
yaBoeHus nepuoga. C nanpHeHIyUM ymMeHblleHneM napamerpa C getoipexo0opoTHast
VMHBApUAHTHAs KpUBasi IOCTEINIEHHO TEPSIET IIaJAKOCTh U XaOTU3UPYETCS.

A=144,B=05 A=144,8=05,C=-1471
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(a) (6)

A=144.B=05.C=-1.705 A=144 B=0.5C=-1.755

02

0.0

> = .02

=0.3 =-0.4

(8) ()

Puc.1. (a) — I'pacduku Tpex crapmmx nokasareneit JIsmyHoBa st 0000IIEHHOTO TPEXMEPHOTO
orobpaxenus JHo (1) mpu mapamerpax A=1.44, B=0.5. NS — oudypkarms Helimapka-Cakepa,
ICD-i — Oudypkauus yaBoeHHs MHBApUAHTHOW KpHUBOi. (0) — (B) AByMepHbIE IPOEKIUH (Ha30BBIX
nopTpeToB oTobpaxeHus (1)

B pamkax naHHoW paGoThl Mbl C(hOKYCHUPOBAaHBI Ha TIEPBUYHOM pa3pylIeHUU
WHBApUAHTHON KpuBOHU. [[yst 3TOro MBI mIaBHO yMeHbanu napamerp C Ha mopore
pa3pylIeHHus] YeThIPeXOOOPOTHONW WHBApUAHTHOM KpuBou. Ha puc.2 mpencraBieHbl
MpUMEPHl JABYMEPHBIX MPOCKIMK (ha30BBIX MOPTPETOB, TI€ MBI OTCICKHUBAEM
YCIOKHEHNE WHBapUaHTHOW KpuBou. Ha puc. 2a MBI BUIUM YETHIPEXOOOPOTHYIO
WHBAPUAHTHYI0O KPUBYIO C XapaKTepHBIMH JIOKalbHbIMU meperubamu. C
yMeHblieHueM mapamerpa C B OKPECTHOCTHM TOYEK Tepernda TMOSBISIOTCS
HeOonpme crupanu (puc.20), BCEro TaKMX CHHpaield 1O BCeH HMHBAPUAHTHOW
kpuBod - 36. C panpHeUM yMeHblieHMeM mnapamerpa C crupanu CTaHOBATCS
0oJiee BBIPAKEHHBIMH, YBEJIMUYMBAETCS pa3Max KoJjieOaHUN B CHUpad, KOJIUYECTBO
Kojebanuii B crupanu yBenuuumBaerca. Jns C=-1.7618 mnabmromaercs yxe
Xa0TUYECKHUM aTTpaKTOP: MHBAPUAHTHAsI KpUBasi pa3MbIBaeTCs, Ha (Da30BOM MOPTpPETE
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MOSIBIISIIOTCSI TOYKU 32 €€ TMpeJeiaMH, MPU dTOM OHHU JIOKAIW30BaHBI B HEKOTOPOM
o0BeMe.

A=144,8=05C=-175% An1448B=05.C=-176 A=144.8=05,C=-1.7608
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Puc.2. JIsymepHsbie mpoekinu (Ha3oBbix moprpetoB orodpaxenus (1), A=1.44, B=0.5: (a) C=-1.759;
(6) C=-1.76; (B) C=-1.7608; (r) C=-1.7612; (1) C=-1.7615; (e) C=-1.7618

B pamkax nokiana OyAayT mpencTaBieHbl Oojiee MOAPOOHbIC WILTIOCTPALIMU
pa3pylieHns: MHOTOOOPOTHBIX WHBAPUAHTHBIX KPUBBIX, C MpUMEpaMu 0Opa30BaHMUS
JIOKQJIbHBIX CIUPAJIEN HA MHBAPUAHTHOM KPUBOMW PA3JIMYHOTO IEPUOA.

Paboma evinonnena 6 pamxax npoexma «3epkanvhvie nabopamopuuy HUY
BIID — Huosicnuit Hoseopoo

Bbub6aunorpaguyeckuii cnucok
1. Kaneko K. // Progress of theoretical physics 1983. V.69. Ne6. P. 1806-1810.
2. Kaneko K. // Progress of theoretical physics 1984. V. 72. Ne2. P. 202-215.
3. Gonchenko A. S., Gonchenko S. V., and Turaev D. // Chaos. 2021. V. 31. Nel1 .
4. Ilonosa E.C., Cmankesuu H. B., Kysuneyos A. Il. /| N3Bectus CapaTOBCKOTO YHHUBEpPCHUTETA.
Hogas cepust. Cepust @usuka 2020. T. 20. Ne3. C. 222-232.
5. Stankevich N. V., et al. // Journal of Computational and Nonlinear Dynamics 2020. V. 15. Nell.
P. 111001.
7. Shykhmamedov A., et al. Nonlinearity 2023. V. 36. Ne7. P. 3501.



41
CoopHrux mpyoos Bcepoccuiickotl HayyHoU Kongepenyuu

Bausinne U3bATHA HA PesKUMbI JTMHAMUKH MO/IeJIH
Mopana-Pukepa ¢ 3ana3abiBaHueM
K.A. I'anxa, I'.I1. HeBepoBa

Jlanvnesocmounwiti @edepanvrulii Yuusepcumem,
Braousocmox
E-mail: ganzha.ka@dvfu.ru

B pamkax nanHOi paboThl paccMaTpuBaeTcss Mojeinb MopaHa-Pukepa ¢
OJIHOJIETHUM 3ala3/IbIBAHUEM C YYETOM HU3bITHS, MO3BOJISIONIAS AHAIU3UPOBATh U
OLICHMBATh BO3MOXHBIC CILEHApUU pa3BuTua nonyisiuui. IIpeanmomnaraercs, 4ro
€XKETOJHO MPOBOASATCS MEPONPUSATHS HAIPABJICHHBICE HA CHHXKEHUE YHCICHHOCTHU
MOMYJISILIMY, B PE3YJIbTaTe KOTOPBIX THOHET J10JIsl 0cOOEH MpONopUUOHAIbHAS 00IIEen
YUCIICHHOCTH.

YpaBHenus anuHamukud. Mojgens MopaHa-Pukepa ¢ 3ama3gplBaHUEM B OAWH
roJi, COOTBETCTBYIOIIIEE ONTMCAHHON CUTYallMU UMEET BU:

Xny1 = AXy, E'J(.'p( - bﬂxn - blxn—lji (1)

r€ Xp — YHUCJICHHOCTh TMOMYJSLUM, C KOTOPOM OHAa BCTYyMaeT B N-bId MEPUOJ
Pa3MHOXKEHHUS, a — PENPOAYKTUBHBIA MOTEHIMA MOMyJsuud, U (0 < u < 1) — mos
«U3BATUS» OCOOEH, MPOMOPIMOHANIbHAS OOUIel YKMCIEHHOCTU. B naHHOM ciydae
napaMeTp U SBJISIETCA YOPABJISIONIMM MapaMeTpOM W CHHOHUMHYEH U3BATUIO
HEKOTOpPOW JO0JIU OT OOIIe YHCICHHOCTH C UEIbI0 MOJJICPKKH YUCICHHOCTH
NOMYJISIIMA ~ Ha  HU3KOM  WIM  «0€30macHOM»  YPOBHE. MHoxuTenb
exp(—Dbyx,, — byX,_1) XapakTepuszyeT OJKOJOTUYECKOE JIMMHUTUPOBAHHUE pPOCTa
YUCJIEHHOCTH MOMYJISLMK, KOTJa TEKyIlee U MPeAblayIlee MOKOJCHUS OKa3bIBAIOT
BIUSIHUE Ha pas3BuTue nomyisuuu. [lapamerp by XapakTepusyeTr CTENEHb
YMEHBIIICHUSI BEJIMUYUHBI HEOOXOIUMBIX PECYPCOB, CBSI3AHHOTO C MX MOTPEOJICHHEM
MNPEbIAYIIUM [OKOJEHHEM, TO €CThb KOCBEHHAas BEIMYWHA, XapaKTepusyrouas
CKOPOCTb BOCCTaHOBJICHHSI KopmoBoii 0aswl. [lapamerp b, xapakrtepusyer
BO3JICHCTBUE TIUIOTHOCTHO-3aBUCUMBIX (DAKTOPOB Ha TMOMYJSIHIO, KOTJa TpHU
OOJBITION TUIOTHOCTH 3aITyCKAIOTCSl TPOIECCHl CAMOPETYJISIUU, TMPUBOISIINE K
CHIDKEHHIO porkaaeMoctu [1].

Hecnoxnast 3aMeHa NEPEMEHHBIX Y, = Xp_; W IEPEXOM K HOBOH CHCTEME
KOOpAUHAT BgX, — X,, Do v, =V, cBogut mozaeins (1) k cucreme 0e3 3anasabIBaHMs,
UMEIOIIEN BU:

[xn+1 =ax,(I1-wexp ((—x, —p-y)(1—w)))

qIFJIn+1 = xn

()

rae p = b,y /by. [lapameTtp p B 3TOM cllydae XapaKTepu3yeT OTHOCUTEIbHBIN «BKJIa
MPEIbIIYIIETo MOKOJICHUS B HKOJIOTHYECKOE IUIOTHOCTHO-3aBUCUMOE
JUMHUTHPOBAHUE BOCIIPOU3BOJICTBA MOMYJIAIIHUH.

PesyabTaThl ucciaenoBaHusi. [IpoBeneHO aHATUTHYECKOE M YHCIECHHOE
HCCIIeIOBaHUE TMpeUioKeHHo Mopenu. IlokazaHo, uto mMojmens (2) uMeeT JBe
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HEMOJIBIKHBIE TOUYKH: TPUBUAIBHYIO, COOTBETCTBYIOIIYIO THOEIH MOMYJSIUU, U
HETpUBHANbHYIO. lIpy 5TOM aHamu3 TmOBENEHUSA CTAMOHAPHOM HEHYJIEBOU
YHCIEHHOCTH B 3aBUCHMOCTH OT U IEMOHCTPHUPYET BO3HUKHOBeHUE P dexta ['uapsr:
YHCIICHHOCTb TMOITYJISAIUU YBETHYNBACTCS C POCTOM HHTEHCUBHOCTHU U3bTHSA [2].

B xonme wmccnenoBaHusi Ha YCTOHYMBOCTH TMOKa3aHO, 4To npu p<l1/3 moteps
YCTOMUYUBOCTH peanu3yercs 1o cieHapuio deiirendayma, npu p>1/3 mo crieHapuio
Helimapka-Cakepa, mnpu p=1/3 nHabOmomaerca mnpocTeilimas  Oudypkamms
Kopa3MepHocTH JBa: pe3oHaHc 1:2 [3]. CnemoBaTenbHO, CLEHApUid MOTEPH
YCTOMYMBOCTH ONpeJIesieTcs: 3HaueHreM KordpuiirerTa p, mpu 3ToM pocT U BeZIEeT K
MOHOTOHHOMY PacIIUPEHHIO 001acTel yCTOMUNBOCTH 00€MX HEMOJBUKHBIX TOUEK.

st aHanu3a moBeAeHUsT Mojeiau (2) B 00JacTM HEYCTOMYMBOCTU OBLIU
MIOCTPOEHBI KapThl IMHAMUYECKUX PEKUMOB IIPU BapHallMK 3HaU€HUN KO3PPUIEeHTa
u (puc. 1). Kak BugHo, pocT U NOpPUBOJUT K TOMY, YTO TpaHULA OO0JaCTH
YCTOMYMBOCTA  HETPUBUAIBHOTO  PABHOBECHS,  COOTBETCTBYIOIIAs  IOTEPE
ycrouuBocTn Io cueHapuro Heilimapka-Cakepa, cIBUTaeTcss BBEPX BIOJb OCH
OpIMHAT U TEM CaMbIM PACIIMPSET UCXOJHYI0 001acTh ycTOHYMBOCTH. [Ipu 3TOM
MOTepsl ~ yCTOWYMBOCTUM  MPOUCXOAUT MNpu  OojJee  BBICOKUX  3HAYEHUSX
penpoayKTUBHOTO noTeHnuana. C Apyrod CTOPOHBI, pOCT MHTEHCUBHOCTU U3BATUA
COTIPOBOXAAETCA CMEIEHUEM JIMHUU OudypKaluu yJIBOEHHUS IEpHOoJa BIOJIb OCU
abcuucc, UYTO TakkKe BEIET K YBEIMUEHUIO MCXOAHOIO pa3mepa o0iacTu
ycroiunBoctu. Kak crienctBue, motepsi ycTOWYMBOCTH 10 ciieHapuio deiirenbayma
peannzyercs npu Oosiee HU3KMX 3HAYEHMSX MapaMeTpa p, TO €CTh B MOMYJSLUU C
U3BATUEM JIBYXTOJWYHBbIE KOJIEOAHUSI YHCIEHHOCTH BO3HUKAIOT MpPHU Topas3io
MEHBIIEM BKJIAJ€ MPEABIAYIIEr0 IOKOJEHUS B KOHKYPEHTHOE CHM)KCHHE
POXKJTaEMOCTH.

0 P 2.5 0 P 25 0 P 2.5
Puc. 1. KapTbl AHAMUYECKUX PEKUMOB ITPU HAYAJIbHOM NPpUOIMKEeHNH X, = Vv, = 1. Hudps
COOTBETCTBYIOT JYIMHAM Ha0JII0/1a€MbIX IIPEEIbHBIX IIUKIIOB.
ID — obnacTh HeperynsapHON AUHAMHKH.

[Toctpoennsbie KapThl JTUHAMHYECKUX PEKUMOB JEMOHCTPHUPYIOT
MYJIbTUCTAOUIIBHOCTh, T.K. HapylleHa IEJIOCTHOCTh 00JacT yCTOWYMBOCTU
HETPUBHAILHOTO PABHOBECHUS. 3-1IMKJI, a TAK)KE TUHAMUYECKUE PEKUMBI, BOSHHUKIIIHNE
B pe3yJbTare ero Oudypkanuii o creHaputo Oeiirendayma, jgexar moBepx ooiacTu
MPUTSHKEHUS CTAMOHAPHOM HEHYJIEBOM TOUKH (puc.l). ITpu 3TOoM pocT 10au u3bATHA
OPUBOJUT K TOMY, YTO 3-IMKJI BO3HUKAEeT NpU OOJee BBICOKUX 3HAUYCHUSIX
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peNpOAYKTUBHOrO TmnoTeHnuana. Kpome Toro, B 00JacCTM HEYCTOMYHMBOCTH B
3aBUCHUMOCTH OT BBIOOpa HAYaJIbHOTO YCJIOBHUSI MOTYT TMPOSIBISTBCA KAk
HEpETYJSIPHBIC, TaK U PETYJISIpHBIC KOJICOAHUs, HATPUMED 2-IIUKJIT U 3-TIUKII WU KE
KBa3UINEPUOJANYECKUE U TpexJieTHUE KoieOanus. CienoBaTebHO, B paMKaxX JTaHHOU
MOJIETU BO3MOKHO COCYIIIECTBOBAHUE HECKOJIBbKUX TMHAMUYECKUX PEKUMOB.

Ha pucynke 2 mnpencraBieHbl OacceiHbl NPUTSDKEHHUS CHCTEMBbl  (2),
JEMOHCTPUPYIOIINE CTPYKTYpY MPOCTPAHCTBA HAYAIbHBIX YCIIOBUU IMPHU Bapuallud
3HaUYEHUN MapameTpoB Mojenu. Kak BUIHO, pocT U pacmmpser 00JacTh HaYaIbHBIX
YCIOBUM, TIPU KOTOPBIX TPACKTOPUU MOJEIU CTPEMSTCS K YCTOMYMBOMY
paBHOBecHl0. CHIDKEHUE pOXKIAAEMOCTH BEAET K TaKUM K€ HW3MEHECHHSIM
IPOCTPAHCTBA HAYaJbHBIX YCJIOBUM, YTO COIVIACYETCS C BO3JCHCTBUE H3BATHS,
MOCKOJIbKY CHHKEHHE CKOPOCTHM pOCTa MOMYJISIIIUM MOYKHO pPAacCMaTpuBaTh Kak
YBEJIIMUCHUE UHTEHCUBHOCTH «U3BATUSI.

p=0.5, u=0.3, a=25

p=0.5, u=0.35, a=25 p=0.5, u=0.3, a=22.3
10 =

=

10

Xo Xo

Puc. 2. bacceitHbl MPUTSDKEHUST AMHAMUYECKUX peXUMOB MojenH (2). L{udpsl cCOOTBETCTBYIOT
JUTMHAM HaOJII0JaeMBbIX TTPEICTbHBIX IIUKIIOB.

Takum 00pa3oMm, NpPOBENEHHOE HCCIEAOBAHUE IMO3BOJISIET 3aKIIOYUTh, YTO
XapakTep  BO3HUKAIONIUMX  KoJeOaHwil  (ClieHapwii  TMOTepU  YCTONYMBOCTH)
ONPENENSIETCS WHTEHCUBHOCTBIO 3KOJIOTMYECKOr0 JIMMUTHpoBaHusA. Ilpu s3TOM
MEpONPUATHS HAPABJICHHBIE HA CHUYKEHUE YMCIICHHOCTH MONYJISALIMYA B IEPCIEKTUBE
MOTYT CTa0WIM3UpOBaTh IWHAMUKY. OJHAKO Bapualus TEKyIIed YHCIEHHOCTU
NOMYJISIUMN WJIM K€ M3MEHSIOMIAsCSI UHTEHCUBHOCTh H3BSTHS MOTYT MHPUBECTH K
CMEHE HaOJI0JaeMOro pexuma JTUHAMUKH, JHOO packauuBasg, JMOO HUBETUPYA
KOJIeOaHUs YHMCIIEHHOCTH.
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MareMaTH4ecKoe MOAeJTUPOBAHNE JUHAMHKH IONYJISAIMH ¢ IIPOTAHAPHeN
A. A. T'pompiko!, I'. I1. Heseponat

Ylanvnesocmounwiii pedepanvuuiii ynueepcumem, Braousocmox
E-mail: gromyko-04@bk.ru

B nanHOli pabGoTe mnpeasaraercs MaTeMaTHYecKas MOJENIb C JUCKPETHBIM
BPEMEHEM, OPUEHTUPOBAHHAs Ha ONHUCAHWE IUHAMHUKU IPOTAHIAPUYECKUX BUJIOB,
0COOM KOTOPBIX POXKJAIOTCA CaMLiaMH, a 3aT€M CTaHOBSTCS caMKaMu. V3MmeHeHue
1oJia MO3BOJISIET MOIMYJIALUK OOJiee YCHEIIHO aJalTUPOBAThCA K YCIOBUSM CPEJIbI,
MOBBIIIAS €€ IIAHChl Ha BbDKMBaHUE. [IpuMepamu Takux BHUIOB SIBISIOTCA PHIOBI-
KJIOYHbI (poa Amphiprion) © MOJUTIIOCKH, Hanpumep Mopckue Tydenbku Crepidula
fornicata. 3yuenuto MmexaHnu3Ma U3MEHEHHUS 10J1a MOCBAIIEHO 0O0JIBIIOE KOJIUYECTBO
paboT, KOTOpblE, MPEUMYLIECTBEHHO AKUEHTUPYIOTCS Ha OHOXMMHYECKOM
COCTaBIMIIOLIEN mpouecca, Hamnpumep [l]. Jdpyrum mnomyiasipHbIM HampaBJIE€HUEM
ABISIETCS ~ M3YYEHHE  TEHETHYECKOro  pa3HoOoOpa3uss B MOMyJSOUAX  C
[OCIE0BAaTENbHBIM  TIepMadpoIUTU3MOM U HCCJIENOBAHUE  BO3MOXKHBIX
ABOJIIOLIMOHHBIX ~ TociencTBuid  mporanapun [2]. Ilpu 3TtomM  ocoOeHHOCTH
HOMYJISILIMOHHOW JIMHAMUKUA TaKUX BHUJIOB C MOMOUIbIO METOJI0OB MaTEMaTHYECKOIO
MOJICJIMPOBAHUS  PacCMaTPUBAIOTCS  JOBOJIBHO PEIKO, XOTS MOJEIUpPOBaHHE
IMHAMHMKA ¥ TIOHMMaHHE MEXaHU3MOB M3MEHEHUS YHCIEHHOCTU IMOJOOHBIX BHUIOB
MOET UMETh MPAKTUYECKYIO 3HAUUMOCTH [3].

PaccmoTtpum cuTyanuio, Korga Ha Ha4ajgo OYEPEAHOTO CE30HA PA3MHOKECHMS
MIOMYJISIIUS MOXKET OBITh MPECTaBIICHA ABYMs TPyIIaMu: caMmilaMu U caMkaMmu. [Ipu
ATOM MPEANOJIAracTCs, 4YTO YPOBEHb POKIAAEMOCTH OINPEAEIAETCS KOJIMYECTBOM
CaMIIOB U CaMOK B CHJIY BJIMSIHUSI IZIOTHOCTHO-3aBUCUMOTO JJUMUTUPOBAHUS, KOTOPOE
BO3HMKAaeT B pe3yJibTaT€ OrPAHUYEHHOCTH PECYpCOB U  BHYTPUBUIOBOU
KOHKypEHLIMEN. B 1enoM nruHaMuKa 4YMCIIEHHOCTH ONPENEISETCS POXKIAEMOCTBIO U
CMEPTHOCTBIO, IPU 3TOM Ha BOCHPOM3BOJACTBO OKA3bIBAIOT BIIMSHHUE ITPOLECCHI
CMEHBI 110J1a, 4 UMEHHO 3a OJIMH IIar BO BPEMEHH YacTh CAMIIOB ITIOB3POCIIEB, MEHSIET
T10J1, TIOTIOJIHAS TPyNNy caMoK. Torga, rpynmna camioB Ha HA4aJIO0 OYEPETHOTO CE30Ha
Pa3MHOXEHHUSI TPEJCTaBIIEHa YHCIEHHOCTBIO «HOBOPOXKIEHHBIX» 0c0o0ell
BBDKUBIIIMX CaMIIOB, YTO €III€ HE MOMEHsUIM MMoJj. ['pymnma caMoK BKJIIOYaeT B ceOs
BBDKMBIINUX «CTApbIX» CAMOK M TE€X CaMIOB, 4YTO K Hayajly JaHHOTO CE30Ha
Pa3MHOXKEHUS TOMEHSIIN NOJI. J[OTIOJTHUTENBHO NPEAINOIaracTcs, 4YTo CaMLIOB BCEraa
NOCTATOYHO M YHCIEHHOCTh «HOBOPOXKIEHHBIX» CaMLOB OIPEAEIsAeTCS TOJIBKO
YHUCJIOM CaMOK.

Beenewm crnenyrorue o003HaueHus: Y — YUCICHHOCTh CAMOK, X — YHCIIEHHOCTh
caMIlOB, N — HOMep Tmepuona pasMmHoxeHus, GyHkmus a(X,Y) XapakTepusyer
ckopocTh pocta monyismuu, mapamerp d (0 < d < 1) omnmceBaeT A0JIO
caMoOK/caMIloB, KoTopble He mnoMeHsuii moj, s (0 < s < 1) koaddunueHt
BbDKMBaeMOCTH camMok, Vv (0 < v < 1) — ko3 PUIIMEHT BBDKUBAEMOCTH CAaMIIOB.
Oynkuus a(X,Y) BeIOpaHa 1o aHAJIOTUU ¢ MOienbio Pukepa B Buje
a(X)Y) = a-e™P' rme a — penpomyKTHBHBI NOTEHIHMAT MHONYJIALMH C y4ETOM
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BBDKMBAEMOCTH  «HOBOPOXKJIEHHBIX» CaMIOB, TIJ€ O W [ XapakTepusyroT
MHTEHCUBHOCTb CHVDKEHHSI POKIAEMOCTH B PE3YJbTAaT€ KOHKYPEHIIMU 34 PECYPCHI
MEKJly CaMIlaMM U CaMKaMH COOTBETCTBEHHO. Torja nrMHaMuKa YHUCICHHOCTH TAKOM
MOMYJSILUA MOXET OBbITh ONMCaHa CIEIYIOUIEH JBYXKOMIIOHEHTHON MOJIENBI0 C
JVCKPETHBIM BPEMEHEM

{Ynﬂzs-(l—d]-)fn—!—v 1)
Xpor=alX,, V)YV, +s

B xone paboTh! ObLIO0 MPOBEACHO aHAIUTUYECKOE Hccie0BaHue Moiemu (1).
[Tokazano, yto cucrema (1) UMeeT ABE HEMOJBMKHBIE TOUKH: TPUBUAJIBHYIO,
COOTBETCTBYIOIYIO THOENIN TOMyJSIMU, U HETpUBUAIbHYIO. HaljneHsl ycrnoBus
YCTOMYMBOCTU OTUX peleHui. IlocTpoeHbl napameTrpudecKue IOpPTPETHI,
COOTBETCTBYIOIIHNE OOJIACTSM YCTOMYMBOCTH HEMOJIBUYKHBIX TOYEK IMPH BapHAIUH
3HAYECHUN IapaMeTpoB. Ha OCHOBE IPOBENEHHOIO ITApaMETPUYECKOro aHaau3a
MOXHO 3aKJIOUUTh, YTO B MOJIEJIM JWHAMUKHU MOMYISUUA C HU3MEHSIOIIUMCS
MOJIOBBIM  COCTAaBOM IIPU  YBEIMYEHUU TMOTEHIUAIBHBIX PEHPOTYyKTHUBHBIX
BO3MOXKHOCTEH 0C00€H ¢ yUeTOM PEryJisaiiKi POKIAeMOCTH BO3HUKAIOT KOJICOaHUSI
YUCJIEHHOCTH, UMEIOIINE BEChMA CIIOKHYIO BPEMEHHYIO opraHusanuro. Ilpu stom
CLUEHAapUi TMOTEpU YCTOMYMBOCTU  OMNPEHENSETCS 3HAYEHUEM Iapamerpa,
XapaKTEPU3YIOIIETO AKOJIOTHYECKOe JIMMUTHpPOBaHue. 1IokazaHo, 4To yBenudeHue
BBDKMBAEMOCTH CaMOK, a TAK¥K€ JOJIM CaMIOB, HE CMEHUBILIUX MOJI, PACIIUPSIIOT
00J1acTh yCTONYMBOCTHU. J[eHCTBUTEIBHO HAa PUCYHKE BHUIHO, YTO POCT 3HAUYCHHIA
napamerpa 0, KOCBEHHO XapaKTEPU3YIOLIET0 CKOPOCTh MOMOIHEHUS TPYIITBI CAMOK
HOBBIMH 0COOSIMH, CTAOMIIM3UPYET AUHAMHUKY. Uem Oouibliie 0, TeM MEHBIIE CaMOK,
Y4acCTBYIOIIMX B Pa3MHOXEHUM, MU COOTBETCTBEHHO HMKE CKOPOCTbH pPOCTa
ONyJsIUuU. B CBOIO ouepenp yBEIMYEHHE PENPOLYKTHUBHOIO NOTEHIMANIA CaMOK
BEJIET K YCIOKHEHHUIO IMHAMHUKU — BO3HUKAIOT KOJEOAHHS YUCIEHHOCTH, KOTOPhIE
B Cly4yae m@oTepu ycTroMumBocTM 1o  cueHapuro  Heinmapka-Caxepa
COMPOBOXK/IAIOTCSI BOSHUKHOBEHHEM Ha (ha30BOM TIOCKOCTU CHUCTEMbI IPeIeTbHbIX
WHBapUAHTHBIX KPUBBIX.

[TokazaHo, 4TO B MO/E/IM BO3HHMKAET MYJbTUCTAOMIBHOCTh: NMPU BapUallUU
Ha4yaJbHOIO YCJIOBUS MPUTATUBAIONIMMHU OKa3bIBAIOTCS pa3Hble JUHAMUYECKHE
pexuMbl. B 4acTHOCTH, BO3MOXKHO COCYIIECTBOBAHME YCTOWUYMBOIO PABHOBECHS U
3-IMKJIa, W PEXKUMOB JWHAMHUKHA, BO3HUKIIMX B pe3yJbTaTe TOTEPU HX
YCTOWYHUBOCTH.

Takum o00pa3oMmM, Ha OCHOBE HCCICIOBAHHUS NPESIIOKESHHOW MOJIESIU
MOKa3aHO, YTO B MOMYJSUUAX, JHUHAMHKA KOTOPBIX MOKET OBITh OIHCaHA
NOJ00OHBIMH CUCTEMaMHU, BO3MOKHO BOBHMKHOBEHHUE KOJIEOAHUM, KaK PETYIISPHBIX,
TaK U HeperyisapHbIX. Takxke BO3MOXKHA CMEHa Ha0Jt0/1aeMOro pekuMa JUHAMUKH
B CWJIy BapualMy TEKYLIEro COCTaBa MOMYJSIUM M3-32 BIUSHUS BHEIIHUX
(GakToOpoB, YTO BAXXKHO YYMTHIBATH MPU AHAIMU3E U OIEHKE COCTOSHUU BOJHBIX
DKOCHUCTEM.
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1.20

A)a=500<p<5 B)a=200,10 < p < 15 Q0<a<10,p=10

/ 7\« """ CoBCTBEHHBIE 3HAYEHNIA TPUBHMANBHOIO PELEHUA
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Puc.1. Cuenapuu norepu ycroiuuoctu moaenu (1) npu v = 0.4 s =0.4 d = 0.5. [1epBsiii psia:
rpaduku coocTBeHHbIX 3HauUeHuH (I'paduku nelCTBUTENBHBIX U MOJyJIeH KOMIUIEKCHBIX
MYJIbTUTDTMKATOPOB PEIICHUN CUCTEMBI); BTopoii psi — OudypkraimoHHbIE THArpaMMBbI
JUHAMUYECKOW MEPEMEHHOM X
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Pa3iuuHble TUNIBI MYJIbTHCTA0MIBLHOCTH B 0TOOpa:keHun Kuajaso

A.A. IIanwomes?, O.M. IlocnenkoBa?, H.B. CtankeBuu'
' Hayuonanouwiii uccnedoeamenvcruii ynueepcumem « Bvicuias wikona 5KOHOMUKIY,
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2Capamoeckuii 2ocyoapcmeennbiii Meouyunckull ynusepcumem um. B.M. Pazymoeckozo, Capamog
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B pamkax nmaHHOW pabOThI MCCIEAYETCS CBOWCTBO MYJIbTUCTAOUIBHOCTH B
MOJIEJIN HEWpPOHA C AUCKPETHBIM BpemeHeM. [Ipocreimas Moaenb MpeacTaBisieT
co00Oll JMHAMMYECKYI0 CHUCTEMY B BHJE JIBYMEPHOIO OTOOpa)K€HUs, B KayecCTBE
MOJXOIAIIETr0 00BbeKTa Mbl BbIOpanu oToopakenue Kuanso [1-7]. B paMkax nanHou
paboThl MBI OOCYJIMM pPa3IUYHBIE THUIIBI MYJbTUCTAOMIBHOCTH U UX OCOOEHHOCTH,
KOTOpPbIE€ BO3MOXHBI B JAHHOM OTOOPaKEHHH.

OTtoOpaxenue KuaiBo onuceiBaeTcs CUCTEMOM JABYX PEKYPPEHTHO 3aJaHHBIX
ypaBHEHUH, BIIEpPBbIC BBEJICHHBIX B padote [1]:

— u2
Xn+1 - Xn exp(yn - Xn )+ I!
Y. =ay, —bx +c,

1)

OnHM W3 pealn3yIoUMXcs B CHUCTEME THUIIOB MYJBTUCTAOMIBHOCTH - 3TO
MYJIbTUCTA0OUIILHOCTh PE30HAHCHBIX W HEPE30HAHCHBIX WHBAPUAHTHBIX KpUBHIX. Ha
Puc. la mpencraBneH (parMeHT KapThl AUHAMUYECKUX PEXKUMOB, Ha KOTOPOM
OTMEUYEHBl 00JIACTHU C COCYIIECTBYIOIIUMH aTTPAKTOPAMU, MYJIbTUCTAOMIHHBIC
pPEXKUMBI OTMEUEHBI uepe3 3amaryio. Yucma o003HaualoT Mepuoj 1MKIa B Ciydae
nepuogudeckux pexumoB, TORUS o6o3nauaeT MHBapHAHTHYIO KpHUBYIO. Taioke
OTMEUYeHbl OM(ypKaIMOHHBIC JTMHUHM HEMOABMXHBIX TOUEK. Lns 0003HAUaeT JTMHUIO
oudypkamuu Helimapka-Cakepa, Lsy auHHIO cenioy3noBoit Oudypkanuu. Takum
0o0pa3oM, XOpOIIO BHUIHO, YTO TPAHUIIBl S3bIKa CHHXPOHM3AIMU ITUKJIA Tepuona S,
BBIXOJAIIIETO W3  JuHMM  Omdypkamuum  Heiimapka-Cakepa, — SBISIOTCS
MyIbTUCTaOUIBHBIMUA. Jl71s1  Ooyiee  A€TambHOTO aHaMM3a MYJIBTHCTAOMIIBHBIX
PEXKHUMOB paccMOTpuUM On(ypKaIIOHHOE JEPEBO, MOCTPOCHHOE C HAClieJJOBaHHEM
Ipy CKAaHWPOBAaHWW HWHTEpBajga TMapaMeTpOB B  Pa3IMYHOM  HalNpPaBJICHHH,
npenacraBiieHHOe Ha puc.10 (Ha puc.la po30Boil JUHUEH OTMEYEHO HaIpaBJICHHE,
BJOJIb KOTOPOTO MOCTpoeHO nepeBo). Ha puc.16 kpacHbIM LBETOM H300pa’KE€HO
JIEpEeBO, TIOCTPOEHHOE TPH CKAHHUPOBAHUU CJIEBA HAIMpPaBO, CEPHIM IBETOM
M300paKEHO JEPEBO, MOCTPOSCHHOE MPU CKAaHUPOBAHMHM HWHTEpBAJa CIIpaBa HaJEBO.
XopoIo BUIHO, YTO HEMOJBM)XHA TOYKA MPHU YBEJIMYEHUW TapameTpa ¢ mpu c~1.87
npeteprieBaeT Oudypkanuo Heiimapka-Cakepa u  pokmaercs  yCTOWUYWBAS
WHBAapUaHTHas KpUBasd, Aajiee HBapUaHTHasl KpUBas CyllecTByeT 10 ¢=1.917, nocne
4Yero mnosiBisieTcss muMkia nepuona 5. OgHako NpU CKAHMPOBAHWUM HWHTEpBaia B
oOpaTHOM HamnpaBJIC€HUH, Mbl BHUJIUM, YTO LMKJI Mepuofa S5 B OINPEACICHHOM
MHTEPBAJIC COCYIIECTBYET C MHBAPHMAHTHOW KPUBOM U ncue3aet npu ¢=~1.984. Ha Puc.
1c, 1d wmzo0pakeHbI HpHUMEpPbl O0ACCEHHOB MPHUTSKCHHS B OOJACTH, IJIE€ TOJIBKO
nosiBWIICS 1Mkia nepuoaa 5 (€=1.919, puc.lc), a Takke Ha rpaHUIle UCUE3HOBEHUH
MyibTUCTaOUIBHOCTH (c=1.94, puc.1ld), Ha OudypkarmoHHOM JAEpeBEe OTMEYCHBI
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COOTBETCTBYIOIIME TOYKM. Kak BHAHO, cpa3y MNOCIE IMOSABICHUA PE3OHAHCHOU
WHBAapUAHTHON KPHUBOW OacceilHbl MepeMelianbl B MPUMEPHO PaBHOW MPOMOPIHHU, a
IpY yBEJIUYEHUM IMapaMerpa C o0JacTH LMKIA MepHofa S5 paciiupsiorcs Tak, YTo
HaxoJIAIIMECs BHE MHBAPHUAHTHOW KPUBOW OAcCCEHHBI €€ MPUTSKEHUS YMEHbIIAIOTCS
U CTAaHOBATCA €1Ba pa3inunMbl. Ha mopore paspymieHus Ha MHBapUAaHTHOM KPHUBOMU
(GopMHUpPYIOTCS YIJIBI, TAKUM 00pa3oM, MOKHO MPEAINOJIOKUTh, YTO WHBApPUAHTHAsS
KpHUBas pa3pylIacTcs B pe3yJIbTaTe KpU3uca.

0.25[ n) 3.75

TORUS, 5

0.00

1.75 c 2.00

Puc 1. A) JIByxmapamerpudeckas OudypkarpoHHas auarpamMma Ha 1iockoctd (C, 1) mpum
¢uxcupoBanneix a=0.2, b=0.6, Ha KOTOpPO#l OTMEYEHBI [MHAMHUYCCKHE PEKHUMBI.
CocyuecTByrolye pexxuMbl paszeneHsl 3anstoi. B) budypkannonHoe nepeBo, NoCTpOEHHOE B
JIBYX HAalpaBJIEHUSX C HACIEJOBAHHWEM HaydalbHbIX YCIOBHH. OONacTh MyJIbTaOMIBHOCTH
BoieneHa. C,D) baccelinbl nputskenust s €=1.919 u c=1.94. bacceiin nputskeHUs
WHBapUAHTHOMN KpUBOM BBIJIEJIEH CEPBIM, S-IIMKJIa PO30BBIM.

Hpyroit HaOmOgaeMblid TUMN - 3TO MYJBTUCTAOMIBLHOCTh XAOTHYECKOIO
aTTpaKkTOpa U MHBAPUAHTHOM KpUBOH. J[Ji1 MEHBIIMX 3HAYEHUN MapaMmeTpa | MOKHO
Ha0II0AaTh COCYIIECTBOBAHUE MEXAYy WHBAPUAHTHOM KPHUBOM U XAOTUYECKUM
aTTpakTopoM. Ha puc. 2a npeacTaBicH yBeIMUCHHBIN (parMeHT KapThl TTOKa3aTelen
JIsmyHOBa B JaHHON OKpecTHOCTH. Ha kapTe JSIMyHOBCKHX IMoOKasareiei (puc 2.A)
KEJITBIM OTMEYEHA MHBAPUAHTHASI KPUBAsi, YEPHBIM — Xa0C, KPACHBIM IIEPUOIUYECKHE
pexumbl. Jlnsg  aHanmu3a  MyJIBTHCTaOMWJIBHOCTH MBI TaKXke  PacCMOTPEIH
OudypKalmOHHbIE JEPEBbs, MPHU PA3HOM CKAHUPOBAHWU MHTEpBala MapaMeTpOB,
KOTOpble mpeicTaBieHbl Ha puc. 2B. Ha coorBercTByromem 3Toi 00jacTu
oudypkanmonnom jgaepeBe (puc. 2B) mokazaHO WX COCYIIECTBOBaHHE 10
HeJIoKanbHOUM Oudypkanuu. O6pa3zoBaHNe Xa0THUECKOTO aTTpakTopa mnocjie o0JacTu
MYJIbTUCTAOUIIFHOCTA B JAHHOM ClIy4ae MPOUCXOAUT 4Yepe3 CIUSHUE yCTOWYMBOU
VHBAPUAHTHON KPUBOM C HEYCTOMYMBBIM XAOTHUYECKUM AaTTPAKTOPOM. bacceiHbl
OPUTSDKEHUS B 3TOM CJydyae MMEIOT CJIOXKHO YCTPOEHHYIO CTPYKTYpy Ha Bcei
(ha30BOM MIOCKOCTH, OJIHAKO BEPOATHOCTh MOMACTh HA XaOTHUUYECKHUI aTTpakTop Mmpu
CJIy4yallHOM BbIOOPE TOUYKH 3HAYUTEIHHO BBIIIE.
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Puc 2. A) bBudypkaunonnoe pgepeBo s ¢QukcupoBanusix a=0.2, b=0.6, c=1.6 u
IMHAMUYECKOTO |, TOCTpOSHHOE ¢ HaclIeJOBaHWEM HAYaIbHBIX YCIOBHH B Pa3IHIHBIX
HanpaBieHusx. B) Kapra mnokazareneit JlsmyHoBa. UepHbIM 0003Hau€H Xaoc, KEITHIM
WHBapUaHTHAsl KpUBasi, KpacHBIM Hepuoaudeckue pexumbl. C,D) da3oBbie mOpTPETH I C=-
0.22 u c=-0.3.

Paboma evinonnena 6 pamxax npoekma «3epkanvhvle nabopamopuu HUY
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anaBJIeHne MyJILTI/ICTaﬁl/I.]ILHOCTLlO B MOJ€JIN THUIIA XOIDKKI/IHZI-XEIKCJII/I B
pe3yidabTaTe yuera J0MOJHUTECJIbHOI0 MOHHOT0 KaHaJia

9.P. barayraunosa, H.B. CtankeBu4
1HaL;M0HaJZbelIZ Ucce0068amenbCKull YHUsepcumem «Bwvicwas wkona IKOHOMUKU),
Huoicnuii Hoseopoo
E-mail: bagautdinovaer@mail.ru

MynbTHCTaOUIBHOCTD SIBIIICTCS Ba)KHBIM SIBIICHMEM B HEHPOQH3HOJIOTHH,
ompenenssi CIOCOOHOCTh HEHPOHHBIX CHUCTEM TNEPEXOJUTh MEXKAY Pa3IMUYHBIMU
YCTOMYMBBIMUA COCTOSIHUSIMH, YTO MMEET 3HauCHHE I (DOPMUPOBAHUS PA3TUIHBIX
TUIOB KoJyieOarenpHOM akTuBHOCTH [1, 2]. B Momenn tuma XomKkuHa-XaKCiIH
JOTIOJIHUTENIbHBIC MOHHBIC KaHAJIbl MOTYT BIMATh HAa JUHAMUKY M 0OECIeYMBAThH
Mepexo/ibl MEXK/Ty COCTOSIHUEM MOKOSI M aBTOKOJI€0aTEIbHON aKTUBHOCTBIO.

B pamkax nanHoi paOOThl MbI UCCIIETYEM MOIU(DUITUPOBAHHYIO MOJICNIb THUIIA
XOKKMHA-XAaKCIU C JIOMOJHUTEIIBHBIM MOHHBIM KaHAJOM, KOTOpas MPEIJI0KEHA B
[3]. Mozaens 3amuchiBaeTCsl CHCTEMOW TPeX OOBIKHOBEHHBIX TU(EpEeHINATBHBIX
YPaBHEHMI:

V ==gc,M, V)V =Ve,) = 9NV =V ) = 9y, P VIV =V, ) =95 S(V =V, ),

m=o(n,(V)-n), (1)
7,5=5,(V)-S,
rie V — MeMOpaHHBI TOTEHIMAT KJIETKU, N U S HUHTEPIPETUPYIOTCS Kak

BEPOSITHOCTHBIE XapAaKTEPUCTUKHN OTKPHITUSI MOHHBIX KAHAJIOB, TIPH 3TOM TIepEeMEHHAas
N COOTBETCTBYET OBICTPOMY KaJIMEBOMY KaHAIly, a S - 3TO ME/JICHHAs NepeMeHHas B
CUCTEME, KOTOpash MOXET OMUCHIBATh KOHIICHTPAIIUI0 HMOHOB KaJIBIIMS B KIIETKE.
[TapameTpsr Mmoaenu (1) MokHO HaiiTu B [3]. @yHKIIMK aKTHBAlMU MOHHBIX KaHAJIOB
UMCIOT CleAyroIue (hOpMBbI:

V-V _,
f.V)=[1+ eXp9—] 2)
f
~V —(V, -V
p.(V)= [@qo% +exp %l‘l. (3)

p p

B [3] ™omenr gomnojHeHa ypaBHEHHEM, YYHTBHIBAIOIIAM TOK  uepes3
crienupuIeCcKuit KaJINEBBIN KaHal C HEMOHOTOHHOU aKTUBAILIMOHHOM
xapakrepuctukon (3): 1,,(V)=0,,p,. V)V -V,). B pesymbrate ydyera JaHHOTO
KaHaJla B CHUCTEME JIOKAJbHO CTAaOWIM3HPYETCS COCTOSHUE pABHOBECHUS, U B
MPOCTPAHCTBE  MMapaMeTpPOB  TMOSABISIOTCS  oOjacTu, Trae  HaOMromaeTcs
MYJIbTUCTAOMIIBHOCTE ~ MEXIY  YCTOWYHMBBIM  COCTOSTHUEM  pPaBHOBECHS |
aBTOKoJIeOaTeNbHBIM aTTpakTopoM. Ctabmimn3anusi paBHOBECUS MMPOUCXOAUT 3a CUET
TOTO, 4YTO Ha OBICTPOM HYJBKIWHE TOSBISCTCS JOMOJHUTEIbHBIA JIOKATbHBIN
neperud, KOTOPBIM OMpeaeIsieTCs mapaMeTpaMu YYTEHHOT0 HOHHOTO KaHajia. HoBwrit
MOHHBIN KaHaJI XapaKTepu3yeTcst TpeMs napamerpamu: Jkz, Vp, Op. Ok2 XapakTepusyer
IPOBOAMMOCTH HOBOI'O HOHHOIO KaHala, Vp — MOTEeHIUaJl aKTUBALliU, OH OIpEJeisieT
MECTO, Ha OBICTPOM HYJBKJIMHE, TJ/I€ TOSBISETCS JONOJHUTEIbHBIA TMeperuo.
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[TapameTp 6, ompenenser WMpUHY Hepernda Ha HyJIbkiuHe. B pamkax paHHOU
paboThl MBI CKOHIIGHTPUPOBAHBI Ha WCCIICIOBAHWU BIIUSHHS IITUPHUHBI JIOKAJTHLHOTO
W3MEHEHUS HYJBKJIMHBI HA MYJIBTUCTA0OUILHOCTDh M KAPTUHY PEKUMOB B CHCTEME.

8k

lan

Pys

Puc 1. KapTel [OMHaMUYECKHMX pPEXKUMOB MOJEIM THUMA XOJKKHHA-XaKCIU C
JIOTIOJIHATEIbHBIM MOHHBIM KaHAJIOM JUISl Pa3jIMUYHBIX 3HAUYEHUI MapaMeTpa IIUPHUHBI JOKAJIBHOIO
n3MeHeHuss HyapkiuHbel a) 0p=0.1; 6) 0p=10.0. EP — ycroitunBoe coctossHue paBHOBecHus; P —
nepuosuyeckue kojeOaHusi, Pns — mepuoguueckue KoseOaHHs, HET IepecedyeHusi ¢ CeKylien
TUIOCKOCThIO, C — HemeproaAnyecKre KoneOaHus

C noMoIpi0 METOIOB HETUMHEHHOW IWHAMUKHU HPOBEICHO HCCIEA0BAHUE
MYJIBTHCTAaOMIBHOCTH TPH HM3MEHEHWH TIapamMerpa, OTBEYAloMIero 3a UIMPUHY
JIOKQJIbHOTO M3MEHEHHs HYJIbKJIMHBI ObICTPOr0 MHOTOOOpa3ust Mojenu. s Monaenu
MOCTPOCHBI OM(YpPKAIMOHHBIE TUarpaMMbl M KapThl JUHAMHYECKHX PEXHMOB. Ha
puc.l mpencraBieHbl KapThl AMHAMUYECKHUX PEXKUMOB I JIBYX Pa3IUYHBIX
3HaYEHUI MapaMmeTpa IIUPHUHBI JIOKAIBHOTO M3MEHEHMsI HyNIbKIUHBI a) 0p,=0.1; 0)
0,=10.0. Ilpu mocTpoeHUM KapT MEPHO PEXKHMA ONMPEILIISICS 0 KOIUYECTBY TOUEK
B ceuennu [lyankape miockocteio N=0.02. [IBeToBas maauTpa Ha KapTax onpeseicHa
CICAYIOIIUM TakuM o0pa3oM, 4YTOObBI MOXKHO OBUIO OINpEeaeIuTh MadedyHbIe
koneOanus. I[lepuoxg pexuma oOTBeUaeT KOJMYECTBY CIIAWKOB B  TIadKe.
Manonepuoansie konebanus Mbl 0003HAYATN PA3TUYHBIMU KOHTPACTHBIMH 1IBETaMU
(enmenplii — mepuona 1, KeATHIA — mepuox 2 W T.O.), a HayuHAs ¢ mepuoaa [
MCIOJIb30BAJIM TPaUeHT (UOJIETOBOIO IBETa OT CBETJIIOTO K TEMHOMY, YTOOBI
BUJIETh, TJ€ HAONIOJAETCS yBEJIWYEHHE M YMEHBIIEHUE 4YKCIa CHAalKOB B MaykKe
(xapakTepHble 1151 HBMPOHHBIX Mojenelt oudypkanuu nodasnenus nepuoaa). Cepbim
I[BETOM OTMEYEHbl TOYKH, TJ€ TMepuoJ pexuMa OoJbllle MaKCUMAaJbHO
omnpeaensieMoro (B HAIIUX YHCIEHHBIX 3KCHEPUMEHTaX MaKCHUMAaJbHBIA MEepUOJ
paBeH 120)

[Ipy ManpIx 3Ha4YeHUSAX NapameTpa 6@ MOPOr CTAOWIM3AIUN COCTOSIHUS
paBHOBECHS T10 MMapaMeTpy MPOBOAMMOCTH JONOJHUTEIBHOTO HOHHOTO KaHama (Jk2)
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cTpeMuTcs K Hyato. Ha mopore ctabuimsanuu cOCTOSIHUSL paBHOBECHUST HAOJI01aeTCs
MYJIbTUCTAOUIBHOCTD MEXAY YCTOMUYMBBIM COCTOSIHUEM PaBHOBECHS] U MAYEUHBIM
aTTpaKTOpOM, TakUM K€ Kak H B OpUTrMHalIbHOM cucreme. OOnactb
MYJIbTUCTAOUIIBPHOCTA C OJHOW CTOPOHBI OrpaHWYeHa JHUHHEeH Oudypkanuu
AngponoBa-Xomnda, a ¢ Ipyroil — JMHUEH riao0anbHON Oudypkanuu, oTBEYaromen
pa3pylLIeHUIO aBTOKoJieOaTenpHOro arrpakropa. budypkauus AnaponoBa-Xonda
MOXET OBITh KaK CYOKPUTHUYECKOH, KOTOpas M JaeT BO3MOYKHOCTb pPa3BUBATHCS
MYJIBTUCTAaOUIIBHCOTH, TaK U CynepKkpuTHueckoi. Ha puc.la xopoliio BuieH y4acTok,
r7e€ TOoTepsl YCTOWYMBOCTU COCTOSIHMSI PaBHOBECHSI CONPOBOKIACTCS POKIACHHEM
yCTOMYMBOIO IMKJIa mepuona 1, gaHHas oOjacTb Kak pa3 COOTBETCTBYET
pa3pyLIEeHUIO MYJIbTUCTAOUIBHOCTH.

[Tpu yBenuuenuu napamerpa @, 0061acTh MyJIbTUCTAOUIBHOCTH CMELIAETCS B
CTOPOHY YBEIMYEHHMs MapaMeTpa MpPOBOAMMOCTH HMOHHOTO KaHaja. i1 Oosblmx
3HaYeHUil napamerpa 0, MyJIbTHCTaOMIBHOCTBH BbIpoxknaaercsa. Ha puc.16 xopomo
BUJTHO, YTO TOTEPS YCTOWYMBOCTH COCTOSIHHSI PABHOBECHS MPUBOJAUT K POKICHHUIO
nukIia nepuona 1 6e3 popMupoBaHUs MyIbTUCTAOMIIBHOCTH.

Takum 00pa3om, y4eT AOMOIHUTEIBHOIO KATHEBOro KaHajla ¢ HEMOHOTOHHOM
XapaKTEPUCTUKON MO3BOJSIET YNPABIATh MYJIBTUCTAOUIBHOCTBIO B MOJEIH, YTO
OTKPBIBAET BO3MOXKHOCTH JUIsl CTAOMIIM3alMU Pa3IMYHBIX PEXUMOB KoJeOaTeIbHOU
aKTUBHOCTHU. B pamkax nokinana takxke OyIyT oOCy»KAaTbCs Apyrue TUHAMHYECKHE
pexXuMbl M Oudypkaluy, BO3HUKAIOIIME B pE3yJbTaTe yyeTa JONOJHUTEIILHOTO
MOHHOTO KaHasa.

Paboma  evinonnena 6 pamkax npoekma PH®  20-71-10048-11
(https://rscf.ru/en/project/20-71-10048/)

bubanorpadguyeckuii cnucok
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Cexknusa 3
«Pagnopusnueckoe
MOJICIUPOBAHUEC

1 —— =2 —— =3 4—5

) -0.02 -0.01 0 0.01 0.02



54
CoopHrux mpyoos Bcepoccuiickotl HayyHoU Kongepenyuu




55
CoopHrux mpyoos Bcepoccuiickotl HayyHoU Kongepenyuu

K npo0Jieme B3aumopeiicTBus xaoca u cuenapus Jlangay-Xondga

A.IL. Kysnenos', JI.B. Toprokunal 2
Y Capamosckuii punuan UPD um. B.A. Komenvnuxosa PAH
’Capamosckuii HayuoHanbHbLIL UCCIE008aAMENbCKUL 20CYOADPCIBEHHDIIL YHUSEPCUM e
umenu H. I'. Yepnviuesckoeo
E-mail: turukinalv@yandex.ru.

[IpoGnema COOTHOIICHHS] KBAa3UMEPHUOJUYECKON M XAOTHYECKON IMHAMHKHU
IpUBJICKaCT BHUMaHHUE, HayMHas C HW3BeCTHBIX pabor Jlanmay [1], Xomda [2] u
nocneytomieit padbotel Prossns u Takenca [3]. HecmoTpst Ha kpuTHky [3], BOpocs! 0
MHOTOYaCTOTHOM KBa3UMNEPHOJUYHOCTU U clieHapun Jlangay-Xomnda nepuoandecku
MOSIBIISIIOTCSL B JUTEparype, Hampumep, [4-7]. Mbl 3aech 00CyIuM HEKOTOpHIE
aCIeKThl JaHHOW NpoOJeMaTHKKW Ha IpuMepe Mojaeinu [7], B KOTOPOMl BO3MOKHO
HECKOJIbKO ImaroB cireHapusi Jlangay-Xomda, cBsizanHoil ¢ cuctemoil Peccnepa c
Xa0COM.

KBazunepuoanueckas mojcucreMa MMEET BUJ IATH TI100aJbHO CBA3aHHBIX
ocHLIATOpoB BaH aep [loms:

K =(, =X, LA, +E S (%, %) =0 @

3nech A, — mapameTp Bo30yxkaeHus N-ro ocumwistopa, A =A(n—1)/4, tak yto A
OIpeEIsAeT YaCTOTHYIO PAaCCTPOMKY OCHMIUIATOPOB, @ 4acTOTa MEPBOro MPUHSATA 32
€IUHUILY, L — MapaMeTp IMCCHUIATUBHOW CBS3U. Bo3MmokHOCTH cueHapus Jlanpay-
Xonga o0ycinoBieHAa  HEMJEHTUYHOCTHIO  OCHMJUIITOPOB MO  IMapameTpaM
B030yxaeHus. CooTBeTcTBeHHO panee mnojaraem A, =0.1, A,=0.2, A,=0.3,
A, =04, A, =05. B 3aBucumMocTH OT BeIWYMHBI CBsA3UM | cuctema (1) moxer
JE€MOHCTPUPOBAaTh  KBa3UIEPUOJUYECKHE  KOJIEOaHMsI C  pa3HbIM  YHCJIOM

HCCOU3MCPUMBIX 4aCTOT — OT ABYX OO ITATH.
YPaBHeHI/IH CBA3aHHBIX CUCTCEM MMCIOT BU/ .

5
=0, XX+ @ (-D DX 4D (%, %) =0,
I

%, — (Mg —X2)%, + (L+ A)X, + % (4%, —%,—X,~%,~X,) + k(¥ —X) =0,
X=-y-1, (2)

y =X+ py+k(x; —y),
2=q+(x-r)z.

Hnsa cucrembl Pecciepa 3Hauenusi napametpoB p=0.15, ¢=0.4, r=8.5
OTBEUAIOT XAaO0TUYECKOMY peXuMy. CBs3b OCYLIECTBISIETCS Yepe3 MAThIM, Hanboiee
«CUIIBHBIN» ocuuiuiaTop BaH aep Iloms, 3a ee BenuunHy OTBEYaeT napameTp k.

B cnyuae TpexuacToTHBIX KojeOaHuil B moacucreme (1), mpu yMeHbLICHUH €€
CBSI3U C XaOTHYECKOH MmojicucTeMoii K mocnenoBarenbHo HadmoaaTes oudypkamum
Heiimapka-Cakepa, aBe kBazumepuoaundeckue Oudypkamuu Xomda [8] poxaeHus
TOpOB OoJiee BBICOKOW pa3MEpHOCTH U Tpu Oudypkanuu ynBoeHus 4-topos. B
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pe3yibTaTe POXKTACTCSI XaoC, OCOOCHHOCTH KOTOPOTO COCTOMT B HAJIMYUU TPEX
JIOTIOJIHUTENIbHBIX HYJIEBBIX JIAITYHOBCKUX MOKa3aTeleH.

B caydae DATMYACTOTHBIX KOJEOAHWM B MEpPBOM MOJACUCTEME, B
00BEIMHEHHOMN cHucTeMe B pe3yJibTaTe Kackaja KBa3WIEPUOIUYECKUX Oudypkranuit
Xomnda MOKET pOKIATHCS MECTUYACTOTHBINA TOP, KOTOPBIM TakKe yJIBaWBACTCS MPH
YMEHBIICHUU CBSI3U. Bo3Hukarommii Xaoc XapaKkTepu3yeTcs IATHIO
JOTIOJTHUTEJIbHBIMA HYJIEBBIMU JIAMMYHOBCKUMM TIOKazarelsiMu. TakuM oOpaszowm,
MOTNOJIHSIETCS «KOJUIEKLIHSD CUCTEM C JOMOJHUTEIbHBIMA HYJIEBBIMH JIAITYHOBCKUMHU
nokazarensiMu [9-13]. B o0nacTé NSATHYACTOTHBIX TOPOB HAOMIOAAIOTCS OKHA
YEThIPEXYACTOTHBIX, TUMUYHBIMU rpaHullaMH KOTOPBIX SBIISIFOTCS
KBa3UIEPUOIUUECKHE CEeJJI0-y3TI0Bble Oudypkanuu TopoB [8], HO MOXET OBITh U
KBazurepuoanueckas oudypkamus Xormda.

HNHTepecHble ClieHapuu HAOMIOJAIOTCS B Cllydae Bapuallud «BHYTPEHHETO»
rnapaMeTpa CBSA3UM KBAa3WUIEPUOJUYECKOW TOJACUCTEMBI [I, OTBEUAIOIIETO 3a
B3aMMOJIeiCcTBHE ocuWuisiTopoB BaH jep I[loms. B ciywae cmaboit  cBsizu
KBAa3UIIEPUOIUYECKOM M XAaOTHYECKOM TOJICHUCTeM TMpU OSTOM HaOIIOAAIOTCS
cBoeoOpaszHbie  Oudypkanuu, o0o03HaueHHble Lj, KOTOpble OTBEYAlOT 3a
MOCJIEIOBATEIbHOE YBEIMYEHUE YHCIA JIOMOJIHUTEIBHBIX HYJEBBIX JISITYHOBCKHUX
MoKasareyiedl XaoTHYeCKOro pexuma (0T HyJds [0 MSTH). ITOT MEXaHU3M
WLTIOCTPUPYET puc. la.

A .

UG —— R .\ o

0.04F 8
0.0 LS L4 L3 L2 L1 |

Az,_3,4,5,6,7lv A23456 'L A2345 ¢ Arza l Az 3 VL Ay

0

-0.021 Aqy A,
-0.04

-0.061 Ag

A3
-0.081- |

-0.1F Aqsg
a)

-0.12F

-0.14 ! !
0 0.1

. 02 Uf3 0.‘4 0.5

H, OH. OH, OH, N H
A A1,2,3,456Q¢ ‘/6.1,2,3,45Q¢ ?\1,2,3,4Q¢ 2A1,2,3 Q¢ 1A1,2 l Al
~ Aus

-0.021 ‘Na
-0.04r
-0.06F

-0.08F : b

AS A6,7

-012F b) E

-0.14F A8 =

_0 l ( 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 H

Puc. 1. 3aBUCUMOCTB CTapIIMX JIAIYHOBCKUX ITOKa3aTenel cuctemsl (2) oT mapaMerpa L.

a) k=0.01, b) k=0.025; 3Haucane A=3.
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Jlns Oornpliero 3HAuYSHWsI TapamMeTpa CBs3H TOACHCTEM K HaOmomaercs
kKackan w3 Oudypkammm Heitmapka-Cakepa NS m deTbipex KBa3HIEPUOAMYECCKUX
oudypxamuii Xornda QHs 234, BIUIOT 10 POXKIECHUS MECTHYACTOTHOTO TOpa, puc.l b.
Tun Oudypkauumu ompeneisuics TO TOBEICHUIO TOKa3aTeled BOMM3M TOYEK
oudypkaruii, anamormuyHo kputeputo [8]. Takum o00pa3om, HaOIHOZAIOTCS
xapakTepHble s cueHapusi Jlannay-Xonda Oudypkaium, npuyeM 3TOT CIEHApHA
OKa3bIBACTCS YCTOMYMBBIM K B3aUMOJICHCTBUIO C XaOTUYECKOU MOJCUCTEMOM, U TaxKe
XapaKTepU3yeTcsl yBeJIMYEHUEM MAaKCUMaJIbHON Pa3MEepHOCTH TOpA.

[TokazaHo, yTo HabJIOIa€MbIEe 3aKOHOMEPHOCTH JOCTATOYHO YHUBEPCAIbHBI,
JUIA 4ero B KayeCTBE XAOTUYECKOM MOJCUCTEMBI ObUI PACCMOTPEH HM3BECTHBIN
paanodusnueckuii reneparop Kucnosa-JImutpuena [14].

Paboma ewvinonnena 6 pamkax eoczadanus Hucmumyma paduomexvuxu u
anekmponuxu um. B.A. Komenvnukosa PAH.
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JApooHo-mudPpepeHuaATBHBIH MOAXO0] K YHCJTEHHOMY MOJAEJIUPOBAHUIO
G Py3MOHHO-BOJIHOBBIX MPOLECCOB B CErHETOICKTPUKAX
JI.A. Mopo3!, A.I'. MacioBckas 2

YAmypexuii cocyoapemeennviii ynusepcumen,
bnazosewernck
2Y;Ltueepcumem Hnnononuc,
Hunononuc
E-mail: lubovep@mail.ru.

B mnocnennue npecsatuietus oco00€ BHUMAHHE YJEISETCS HCCIEAOBAHMIO
0co00ro Kiacca CIO0XKHBIX M TPYJIHOMOPMAIN3YEMbIX HH3KOPa3MEpPHBIX CUCTEM —
CETHETORIEKTPHUUECKUM CTPYKTypaM, TaKUM KaK TOHKHE IUICHKH, HAHOTPYOKH,
HaHovacTUlbl. C pOCTOM clpoca Ha MUHHUATIOPU3ALMIO JJIEKTPOHHBIX YCTPONCTB
XapaKTEPUCTHKA HU3KOPA3MEPHBIX CETHETORJIEKTPUUYECKUX MATEPUATIOB CTAHOBHUTCS
Bce 0oJiee BaKHOI B MOUCKAX MOJEJEH, OMUCHIBAIOIINX COCTOSHMS MOJSPU3alUU 32
npeieiaMd  CTaHAApTHhIX mnoaxonoB. Teopuss Jlamgay — I'mH30ypra paer
(yHIaMeHTalIbHBIN MeTo | (PopMaIn3aluy MPOLECCOB NEPEKIIOUEHUS MOJIIPU3aLUuU
U XapaKTepUCTHK (a30BbIX IEPEXOJOB B CErHETORIEKTpUKax. B ocHoBe 0a30BOM
MaTeMaTUYeCKON MOJENN JIKUT MOJyJIuHeHoe ypaBHeHue nuddysuu. Ilpu stom
TSt OTHCaHUs baykTyanmit MOJIAPU3ALNH B HU3KOpa3MepHbIX
CETHETORJIEKTPUUECKUX CTPYKTypax Bce 0oJiee aKTyaJbHbIM CTAHOBHUTCSI BOJHOBOM
aHasior ypaBHeHus Jlangay — XanatHukoBa [1]. CerHETOANEKTPUKUA JEMOHCTPUPYIOT
CIIOKHBIE MacIUTa0HblE CBOWMCTBAa JOMEHHBIX KOH(UIypauui, camonogooue
MPOLIECCOB  3apPOKIAEHUsI JTOMEHOB W 3(@eKThl naMsATh TMpU MNEePEKIIOUECHUU
nossipu3anuu. OIHUM W3 BO3MOXHBIX HANpaBICHUH B TEOPHH MaTEMaTHYECKOTO
MOJEJIMPOBAHUS, MCHOJIb3YEMbIM JIsi ONMHUCAHMS CJIOKHBIX IMPOLIECCOB U SIBICHUIA,
ABJISIETCSl anmapar ApoOHO-TudepeHInanbHOro ucuMcieHus. Breaenue npoOHOM
MPOU3BOJAHOW MO BPEMEHHU I[I03BOJIAET MOJIETUPOBATh HEIMHEIHOE MOBEACHHUE,
xapaktepusytonieecs 3¢ hekTaMu NaMsaTd B IMHAMUYECKUX CUCTEMaX.

Panee wHamm Obuta mpeioKeHAa  HWACS — MCIHOJb30BaHHUS  JAPOOHO-
mupdepennmansaoii  Momudukanuu  ypaBHeHus Jlanmay — XamaTHUKOBA ISt
OMHCaHUsl THUCTEpe3nca MOJIAPU3ALMU B CETHETOAIEKTPUKAX C ydeToM 3(dekTa
namMaTti. bbul paccmoTpeH pexuMm cyomuddysuu [2], a Takke 00O0OIICHHBIHN
b y3ruoHHO-BOTHOBOM MoX0 [3] it hopmanu3aiuy mpoIeccoB MepeKIIOUCHUS
MOJIIPU3allMd B CETHETOANIEKTPUYECKUX HaHompoBojkax. Hacrosimas pabota
HampaBjieHa Ha pa3paboTKy d3(PGEeKTUBHOM YHCIEHHOM cXeMbl (Ha OCHOBE
onpenenenus Kanyro) nns peanuzanuu apooHo-auddepennuansHoi 1uddy3noHHo-
BOJTHOBOM Mmoaudukanuu Moaenun Jlanmay — XajgaTHUKOBA U TPUMEHEHHS
BBIYMCIUTEIBHBIX METOAOB [JIsl MOJIECIUPOBAHMS TMEPEKIIIOUECHUS TMOJSpU3alUU B
TOHKHUX CErHETOAIEKTPUUECKUX IUIeHKaX. MareMaTtnyeckas MOCTaHOBKA 3a7auyd B
oOmeM Bujae ¢opManu3yercs B BHJIE€ HAayaJbHO-KpaeBOM  3amayu  Juis
anudepeHInaIbHOro ypaBHEHUS ¢ APOOHOM MPOU3BOIHOM 10 BPEMEHHU:

o 2
;E:%+ p+bp®—cp’+oe, O<x<l, 0<t<o, (1)
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P, = Po(¥), O<x<l, 2)
op ~
—| =P,(x), O0<x<l, 1l<a<2, 3)
Al
op op
i ap|,_, - 9 - ap|_, —9 (4)
o'p
rje e npoOHasi mpoum3BogHas KamyTto; o — TOpsSIOK  APOOHOTO
muddepenmmpoBanus, 0<a<2; | — TonmuHA TUIGHKH; t — BpeMs MEepPEKITIOUCHUS

HOJISIPU3AINY; (], § — IOJIOKUTEIBHbIE TapaMETPEI.
BBegeM B pacCMOTpPEHHE  MPOCTPAHCTBEHHO-BPEMEHHYIO  CETKY
Qﬁ; = {Xi —iAX, i=0,N, ti= JAL, =0,—|\/|} J1JIs IOCTPOCHHMS BBIYUCIIMTEIbHOM
CXEMBI  BOCIIOJIB3YEMCS ~ KOHEYHO-PA3HOCTHBIM  IIPEACTAaBICHHEM  JAPOOHOI
MPOU3BOIHOM 110 BpemeHH [4]:
o“p(x,t’) At

T gt (P R rowr), (5)

e I' — Tamma-gpynxmms, pf =(k+1)"* -k, k=0,M. Ilpoussoanyro Mo

KOOPJIMHATE alllTPOKCUMUPYEM C TTOMOIIBIO (POPMYITBI IIEHTPATILHON Pa3HOCTH.
B takom ciydae mis 0 < o <1 nomyunm

1 At 2 . .
F ij—ll+(m“0 AZ -1- b(pl) +C(p|)j - zpljl_

i r(z_ (Zuk(p.“” )_Mgpijj+09j+l,i=l,N—1,j=0,M—l )

J1Jis mOCTpOEeHMSI BRIYMCIUTENBHON cXeMbI ITpH 1< oL < 2, BBEZIEM CleAyIomne

obosnauenns o =1+p, <1, U(Xx1t)= ﬁpé)t(,t)- Torma ypasuerne (1) MoxHO
op U o%p

npeacTaButh B Buje — =U, ——=—-+p+bp’-cp’+ce.

ped "t o ac PR

JleficTBys aHaJOTMYHBIM o00pa3oM, Kak II0oKazaHo B (6), TOJIy4yuM
BBIYUCIIUTEIIbHYIO cxeMy [utst 3agaun (1)—(4):

_i p_j+1 n At_l_B nf’ N 2 —1—b( p-j)2 + C( p.j)4 p.j+1 pj+l _
sz i-1 F(Z—B) 0 sz i i i AX Ao2 Mia
AP (8 5 Lo 41 (7)
=— - UL [+oe'™,
T(2—p) (kz(;(m le+1)J At p/ +n; G
) i+
uit=P — P v “P\_IN-1 jeOM-1 8)

3nech Beca 1 BBIUMCIISETCS TaKKe Kak M | . ATNPOKCHMAIUS MPAHUYHBIX
YCJIOBUI MPOBOJMIACH C IOMOIIBI) aCUMMETPUYHBIX KOHEYHO-Pa3HOCTHBIX (HOpMyII
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BTOPOTO MOPSAKA TOYHOCTU. KpoMe TOro, B CHIly HaJn4usl HEJIMHEVHBIX CIIaraéMbIX B
BBIYMCIIUTENILHBIE CXEMBI ObLJIa BBEJIEHA UTEPALIMOHHAS MIPOLIEAypa.

Ha pucynke 1 mnoxasaHbl pe3yibTaTbl MOJEIUPOBAHUSA 3aBUCHUMOCTEMN
nojsipu3anuu  OoT moyss  P(E) TpW pasTUYHBIX 3HAYEHHSX TOpsIKa JApoOHOM

NPOU3BOJHON MO BPEMEHM O JUIsi TOHKOW IUIEHKM TUTaHata Oapus. 3HauyeHUs
BXOJHBIX TMapamMeTpoB TMOJApoOHO ommcanbkl B padorax [2, 3]. B cepunm
BBIUYHCIIUTEIBHBIX JKCHEPUMEHTOB o u3MeHsuiack ot 0.85 nmo 1.15 mipm

(UKCHPOBAaHHOM 3HAYCHHUH TOJIIUHBI TUIeHKH |1=1.37 oTH. e.
1.5

1k

15 - - ‘
-0.02 -0.01 0 0.01 0.02

e

Puc.1. T'ucrepesucusie 3aBucuMocTH P(€) 115 TOHKOM IUIEHKH CETHETORICKTPUKA, PACCUNTAHHBIE
IIPU Pa3IMYHbIX 3HAYEHUX MOPSAIKa JPOOHON MPON3BOAHOMN IO BPEMEHHU:
a=0.85-1, 0=0.9 -2, 0=0.99 - 3, a=1.1 -4, 0=1.15-5

Takum 00pazoM, XapaKTE€pHBIM YMPABIAIOMIMM IapaMeTpoM OO0O0OIEHHON
MOJIENIA CTAaHOBUTCS JHUHAMHYECKas (pakTaibHas pa3MEpHOCTh WM TOPSJIOK
IpOOHOW MPOM3BOJHOM 1O BpeMeHu. [lomydeHHBIE pe3yiabTaThl IMO3BOJISIOT
IPEANoIOkKUTh, 4YTO AGOEKTh TNaMATH MPOSBISAIOTCS B jAedopMalud TETIIH,
CBs3aHHOM Cc ee cyxkeHueM. Ilepexomubie mporeccel  cynepauddysuu,
XapakTepu3yrommecs aedpopmarueii meTiv, Ha0aoIarTcs, HaunHas ¢ o=1.3.

Paboma ewvinonnena npu noooepoicke Munucmepcmea Hayku u 6blcuie2o
oopazosanus Poccutickoti @edepayuu, npoexm Ne 122082400001-8.
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2. Maslovskaya A.G., Moroz L.lI. Time-fractional Landau-Khalatnikov model applied to numerical
simulation of polarization switching in ferroelectrics // Nonlinear Dynamics. 2023. V. 111. P. 4543
— 4557,
3. Maslovskaya A., Moroz L. Fractional diffusion-wave modification of Landau-Khalatnikov model
applied to polarization switching in ferroelectric nanowires // Proc. of the IEEE, Days on
Diffraction, 2024. P. 1-6.
4. Liu F., Meerschaert M., McGough R., Zhuang P., Liu Q. Numerical methods for solving the
multi-term time-fractional wave-diffusion equation // Fract. Calc. Appl. Anal. 2013. V.16. P. 9-25.
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AtrpakTop JlopeHua B miecTUMEPHOM MOAEJIH,
ONMCHIBAIOIIECH JTUHAMMKY Jiazepa
B.A. Kopsikun?,

HCZL;MOHCZJZbeluV uccneo0o8amenbCKull YHUsepcumem «Bwvicwas wkona IKOHOMUKU),
Huoicnuii Hoseopoo
E-mail: vakoryakin@edu.hse.ru.

B nanHoii paboTe NPOBEACHO HCCIEAOBAHUE IIECTUMEPHOU CHUCTEMBI,
OMKCHIBAIONIEH AMHAMUKY ONTHYecKoro jazepa. Cucrema mpeacTaBiieHa HIECTHIO
muddepeHnanbHBIMI YPAaBHEHUSIMU:

P =—0f+ 9Py,

Py =—Pxu — PPy +aDy,,

Pas =—Pg — Dy —aPy,

Pa = =Py — Px — 8Py,

I:.)21 =-b(D, - Dg1) —4ap, —2py;,
Dzs =-b(D, - Dgs) —28p, — 4P,

1)

Cucrema (1) BrepBble Obl1a BBeieHa B paboTax [1], [2], rae ObLT TakKe MPOU3BEICH
AHAINTUYECKUA W YHCICHHBIA aHalii3 JIaHHOM CHUCTEMbl C AaKIIEHTOM Ha
MCCJIeI0BaHNE TOMOKIMHMYECKUX Oudypkaiuii. [Ipn 3ToM Bompoc CylecTBOBaHUS
aTTpakTopa JlopeHua B 3Toi cucTeMe paHee HE pacCMaTpPUBAJICS.

C nomomipr0 yucIeHHOM mnpoBepkn KputepueB [lunpHukoBa  [3]
YCTaHOBJIEHO, YTO B CHCTEME omnThyeckoro jasepa (1) cyliecTByeT aTTpakTop
Jlopennia. BbIsiBJI€HBI COOTBETCTBYIOIIME O0JacTH 3HAaYeHUW mapaMmeTpoB. Jlis
MOJTBEPXKICHUS ObUTH TMOCTpOeHBI OudypkanmoHubie auarpammbl (Puc. 1). Ha
auarpaMmax HaHECEHbl KpHUBBbIE OTMUYEHHble HOM, 3TUM KpUBBIM B MPOCTPAHCTBE
JIBYX MapaMeTpOB COOTBETCTBYIOT TOMOKIMHUYECKUE OudypKkanuu 00XoqHOCTH N U
KOpa3MepHOCTH oAuH. Takxke o003HaueHa KpuBasi HEHUTpaibHOTrO ceasia v=1, TOUYKH
So 1 A, B kotopbix BeimodHs0TCs | 1 |l kxputepun [lInnbHUKOBa, COOTBETCTBEHHO.
I[Ipu 6 = 1.15 Bemonnsgercs kputepuil I[lunbHHKOBa, a KWMEHHO 00JAaCTh C
arTpakTopoM  JlopeHima  BBIXOOAUT M3  OudypKaluu  KOpasMEpHOCTH 2
TOMOKJIMHUYECKOM BOCBMEpPKH 0a004Yku K HEUTpadbHOMY ceIy (HeyCTOMYMBOE
COOCTBEHHOE YHUCJIO PaBHO YCTOMYMBOMY IO MOIYJI0). Takke Mmoka3zaHo, 4TO MpU
JAHHOM 3HAYEHUU MapaMeTpa CeJI0OBas BeIMYMHA BJI0JIb TOMOKIMHUYECKOU 0a00uKH
MOXeT OOHyJAThCS. Takum 00pa3om, B JaHHOM CIydae BO3MOXKHA peanu3alus AByX
kputepues LlnnbHUKOBA.

JIns  4uciaeHHOM  TPOBEPKHM  CYILECTBOBaHWsA  arTpakropa Jlopenua
npumensitores kputepun [unpHukoBa [3]. [lycTe ceaioBoe cocTosiHUE paBHOBECHUS
O, uMmeeT COOCTBEHHBIE YHCTA Y, Ay, As, ...y Ay_q, IPEITOM Y > 0> A; > Re(4;), 1>
2.

I xpurepnii:
e (O0e HEyCTOWYHUBBIE CENapaTpUChl COOTBETCTBYIOIIKE Y, BOo3BpaiaroTcs B O
pu t —oo,
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e cemioBol uHjekc O paBeH eIMHUIIE,
e celnapaTpHCHas BEJIMYHUHA YAOBIETBOPSET ycinoBuio 0<|A|<2.

II xpurepuit:
e (O0e HEYyCTOWYMBBIE CENAPATPUCHI COOTBETCTBYIOIIKE Y, BO3BpalarTcs B O
npu t —oo,
® B JaHHOM TOYKE IPOUCXOAUT 3aHYJICHUE CENapaTPUCHON BEIMYUHBI BJIOJIb
MIETJIM CenapaTpucChl, Takxke 3Ta Oudypkaius HazpiBaeTcs inclination flip,
e ceoBoM nHAeKe Touku O, nexut B peaenax ot 0.5 go 1.

Brmonnenne kpurepus IInnpHUKOBA, TapaHTUPYET, YTO K TOYKE B KOTOPOU
BBINIOJIHEHBI yCJHOBHS 1-3 mpuieraer OTKpbiTasg 00JacTh B KOTOPOM CYIIECTBYET
artpakrop JlopeHma, KOTOpBIA  YIOBJETBOPSET TIE€OMETPUYECKOW  MOJEIH
AdpaitoBuua, beikosa, [lIunbHukoBa [5]. Takke JaHHBIE YCIOBUS TapaHTUPYIOT UTO
aTTPAKTOp SBISAETCA POOACTHO XAaOTUYECKUM, YTO 3HAYUT Xa0C HE HMCYUE3aeT MpHU
M3MEHEHUU IapaMeTpOB, ICEBAOTUIIEPOOTMUECKUM - JI00ast €ro TPaeKTOpHUs UMEET
ITOJIOKUTENBHBIN ITOKa3aTeb JIamyHoBa.

0.152 0.152

0.117 0.1
4.666 4.710 4.666

Puc. 1. JIByxnapamerpuueckue AMarpaMMbl IJsi CUCTeMEI Jlazepa ¢ 6 = 1.15. a) Jluarpamma HUIUMHT
uHBapuaHT. D) Jlnarpamma crapiiero JsSImyHOBCKOTO TOKa3aTelIsl.

JUIs 4YHCIEHHOrO HW3Y4YeHWs JAaHHOM CHUCTEMBbl OBUIM  HCIIOJIb30BAHBI
JUarpaMMbl HUJIUHI MHBAapUaHTOB, CM. pHC. la © [uarpaMma CTaplIero
JSIYHOBCKOI'O MOKaszaTens, cM. puc. 1b. JlnarpaMma HUAMHT WHBAPUAHT KOAUPYET
TPACKTOPUIO CUCTEMBI B IIOCIENOBAaTENBHOCTh cuMBOJIOB 0 u 1, namee BceM
MOCIIE0BATEIBHOCTSM IPUCBAMBACTCS YHUKAIbHBIN I[BET, TAKUM 0Opa3OM CXOXKHE
TPACKTOPUM HMEIOT OJMHAKOBBIM IBET HA JAByXIapameTpudyeckou kapre. Jlunum
CMEHBl I[BETOB OTBEYAIOT TOMOKIMHUYECKHMM Oudypkamusm. C MOMOUIBIO
IyarpaMMbl CTapLIEro JIAIMYHOBCKOTO ITOKA3aTelsl PacCUUTHIBACTCS JISIIYHOBCKUHI
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MOKa3aTellb aTTPakTopa, 00JIACTU B KOTOPBIX HPHUCYTCTBYET IOJIOKUTEIbHBIN
II0KA3aTeJb OKPAILIMBAIOTCS B KPACHBIE LIBETA.

Paboma noozomosenena 6 pesynrbmame nposedeHus Uccie008aHus 8 pamKax
npoexkma «3epkanvHule nabopamopuu HUY BIIIDy»
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I[l/IHaMI/IKa reHepaTopa KBasunepuoan4eCKux KO0JIeOaHUuH nmoa nNepuoaAnIeCKumM
HMITYJbCHBIM BO3)1€I7[CTBI/I6M

AJL Ilamcuna, H.B. CtankeBu4
1HaL;M0HaJZbelZZ uccredosamesbCKul YHUsepcumem «Buicwas wxona OKOHOMUKU),
Huoicnuii Hoseopoo
E-mail: alshamsina@edu.hse.ru

Cucrembl MOJ BHEIIHUM NEPUOJUYECKHM BO3JICHCTBUEM U SBJICHHE UX
CUHXPOHU3AIMH PACIIPOCTPAHEHBI B O0JIACTH €CTeCTBEHHBIX Hayk [l, 2]. Buemnee
BO3JICHCTBHE YBEJIUYHMBAET Pa3MEPHOCTh JIHUHAMHUYECKOM CHUCTEMBI, YTO MOXET
OPUBOJUTH K TOSBJIECHUIO B CUCTEME OoJjiee CIO0XKHOro moBeaeHUs. Bo3MoxHO
BO3HMKHOBEHHUE Xa0Ca, WIM MHOIOMEPHOTO Xaoca. B ciydae, korma aBTOHOMHas
CUCTEMA JIEMOHCTPUPYET KBa3UIIEPHUOJUYECKHE KOJEOAHUs, MOTYT MOSBIATHCS
KBa3UIEPUOANYECKUE KOJIeOaHus ¢ OOJBIINM KOJIMYECTBOM HECOM3MEPUMBIX YacCTOT,
a Takke HaOJI0JaThCsl HOBbIE CLIEHAPUM PA3BUTUS MHOIOMEpHOro xaoca. llenbio
JaHHOM paboThI SBIISETCS UCCIEAOBAHNE CLIEHAPUEB Pa3BUTHSI MHOTOMEPHOTO Xaoca
B MOJEIM TeHeparopa KBa3UINEPHOJUYECKUX KOJIEOAHUH C €IMHCTBEHHBIM
COCTOSIHUEM PABHOBECHS IOJT MEPUOIUUYECKUM UMITYJILCHBIM BO3JIEUCTBUEM [3].

Mopnens aBTOHOMHOIO T€HEpaTopa KBa3HIIEPUOAMYECKUX  KoOJieOaHUMI
3aMKUChIBACTCS B BUJE CIEAYIOUIEH CUCTEMBI TU(DPepeHIIMATIbHBIX YPABHEHUM:

X—(A+2+X° = XX+ wo)x=0,

2 =b(e - 7) - K. @)
Mopenb(1) - TpéxmepHas nUHaMHUYecKasi CUCTEMa, KOTOpasl BKIIIOYAaeT B ceOs JBe
HOJCUCTEMBI: OCHWJUIATOPHAs TMOJCUCTEMA M «IHEpreTndyeckuil pecypc». B
ypaBHeHusX (1) X, y=X%, Z - TMHaMHUYECKHE TIEpeMeHHbIe TeHeparTopa. [lapamerp A
OTBEUaeT 3a BO30YXKIACHHE AaBTOKOJIEOAHWW B CHUCTEME, (M OMpENeseT OIHY U3
YaCTOTHBIX XapaKTePUCTHUK CUCTeMBI. [lapameTp € omuchIBaeT MOCTYIJICHHE YHEPTHH
OT HUCTOYHHMKA IUTAaHHWS TCeHepaTopa, mHapamMeTp D CBsI3aH C WHEPUUOHHBIMH
CBOMCTBaMHU 3HepreTudeckou menu. UieH, coaepxkamuid Ko3QpPuuueHT K, oTBeYaeT
3a oTOOp SHepruu B aBTOoreHeparop. [lpm Bapuaiuu mapaMeTpoB CHCTEMBI MOXKET
HaOI0JaThCSl YCTOMUMBOE COCTOSTHHE PAaBHOBECHS, TIEPUOIUYECKUE aBTOKOJICOAHMUS,
KBa3UIIEPUOJUYECKHE W  XaoTHMYeCcKue KoJjebaHus. YcioBue Oudypkauuu
Anpaponoa-Xornda, Tpu KOTOPOM TEPSETCS YCTOWYMBOCTh COCTOSIHUSI PABHOBECHS U
pOXKIaeTcs MpeaeabHBINA UK A=¢.

Cucrema 107 NEPUOIUYECKUM HMMIIYJIbCHBIM  BO3JCHCTBHEM  HMEET
CJICIYIOLINN BUJL;

X—(A+2+X = X)X+l x=AZ5(t—nT),

2 =b(s—1)— x>

(2)
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B wMomenu (2) HeaBTOHOMHasi KOMIIOHEHTa (IIEPHUOIMYECKOE HMITYyJIbCHOE
BO3JICHCTBUE) OMpPEACIACTCS CICAYIOIMMM IapameTrpamu: A - ammurtyga, | —
MIEPHO]T BHEIITHETO CUTHAMA, 0 — AeNbTa-(PYHKITHSA, N — HOMEp UMITYJIbCA.

3adukcupyeM mapamMeTpbl CUCTEMBI cieayrommmM obpasom: [=1/18, k=0.02,
wo=6, €=0, A=1, 1151 KOTOPHIX B aBTOHOMHOM MOJACUCTEME UMEIOT MECTO aBTOHOMHBIC
KBa3UIEPUOIUYECKHE KOJIeOaHUs M aTTPaKTOpPOM SIBISICTCS yCTOMYMBBIA TOP.
JInHaMUKYy HEaBTOHOMHOTO TeHeparopa (2) OyaeM UcCiIenoBaTh ¢ MOMOIIbIO aHATU3a
cnekTpa mnokaszatenei JlsmynoBa. Ha puc. 1 mpeacraBieHa kapra mnokasarenen
JIsryHOBA U €€ YBEeJIMUCHHBIA PparMeHT a1 Mojienu (2).

1.2
Puc.1. xapra nokazareneil JIsnmyHoBa u ee yBenuueHHbIH (pparMeHt g mozenu (2) npu
B=1/18, «=0.02, wo=6, &¢=0, A=1. P — mnepuomuyeckue KojieOaHus, T2 — JABYXYaCTOTHbBIE

KBa3uIepuoaruecKue Konebanus, 13 — TpexyacTOTHbIE KBa3unepruoanyeckue konedanus. Tpu tuma
Xa0THUYECKUX KOJICOAHMUs C Pa3IMYHON CHTHATYpOU criekTpa nmokasareneit Jlsmynosa: C (+, 0, -, -),
C0(+0,0,-), HC (+,+,0, -)

Ha kaprax Xopoumo BHUAHO, YTO MPH MaJbIX aMIUIMTYJaX BHEIIHEr0 CUTHaja
BO30YKAAIOTCSl TPEXUACTOTHBIE KBa3UIIEpHOANUECKHe KoebaHus. B TpexuacToTHy10
KBa3HUIIEPUOAMKY BCTPOEHA CHUCTEMA SI3BIKOB JIBYXHACTOTHBIX KBA3HIIEPUOANYECKUX
KojeOaHusi, OTBEYAIONIMX YAaCTUYHOW CHHXpPOHM3AIMM: OJHAa M3  YacToT
CUHXPOHU3YETCS BHEIIHUM CUTHajJoM. C yBEIMYEHHEM aMIUIMTYbl IBYX4aCTOTHBIC
KoJieOaHusi TPaHCPOPMUPYIOTCS B TMEPUOJUYECKHE: HAOIIOMAIOTCS SI3BIKA TTOJTHOU
cuHxpoHu3auuu. C pocTOM aMIUIATYABI MEXAY SI3bIKAMH CHHXPOHHU3ALMH MOXHO
OOHapyXUTh (POPMHUPOBAHUE XA0CA, XAPAKTEPUIYIOLIETOCsS Pa3IMYHON CUTHATYpOU
cnekrpa mnokazarened JlsmyHoBa. Ilpu sToM B cuctemMe HaOJIOAAETCS TOITHOE
pazHoo0pa3ue Xao0THUYECKUX aTTPAKTOPOB JIJISl YETHIPEXMEPHOM CHUCTEMBI.

[ToMuMO CII0KHOW TUHAMUKH B CUCTEME (2) BO3MOXKHA MYJIbTUCTAOMIBHOCTb.
UtoObl mpoBepuTh cucteMmy (2) Ha HaIM4YME MYJIbTUCTAOMIIBHOCTH, MBI CTPOWIIU
oJlHOmapameTpuyeckue OudypKalMOHHblE JAepeBbs U TIpaduku IoKazarenen
JIamyHOBa € HacleJOBaHUEM W CO CKAaHUPOBAHUEM B JIBE CTOPOHBI, KOTOPHIE
npencTaBieHbl Ha puc.2. Ha pucyHKkax MOXHO BBIACIUTH HHTEPBAJ, II€ UMEET MECTO
MYJIBTUCTAOMITEHOCTH (0003Ha4YEH (PMOJIETOBBIMU JIMHAMH ).

Ha puc.1(B, r) BUIHO, UYTO C YMEHBILIEHHEM CHJIbI CBSI3U CHA4aja MPOUCXOAUT
Kackan yaBoeHwil Topa. Ilocime BTOporo yaBoeHusi TOp pas3pyliaercsi, oOpasyeTcs
xaoc. [IpocmaTpuBaeTcst y4acTok, Ha KOTOPOM BTOPOM moka3ateib JIsimyHoBa 0130k
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WM PAaBEH HYJIO, YTO COOTBETCTBYET XaoCy C JONOJHUTEIBHBIM HYJIEBBIM
nokazareneMm Jlanynoa. C  fmanpHEHIIMM  yMEHBIIEHHWEM MapaMeTrpa  Xaoc

paspylaercsi.
[Tpu ckanupoBaHUM B IPYTYIO CTOpOHY pHc.1(a, 6), Ha MecTe yABOEHHUS TOPOB

MOXHO Ha6J'IIOI[aTB OKHa IICPUOANIHOCTH.
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Puc.2. a) budypkanmonHoe aepeBo, NOTyYEHHOE CKaHUPOBAaHUEM C HACJIEJOBAHUEM B MIPSIMOM
HanpaBlieHuU; 0) CEeKTp rnmokasaresneil JIsmyHoBa B mpsiMOM HamnpaBiieHUU; B) OudypkarmoHHoe

ACPCBO B 06paTHOM HaIlTpaBJICHUH, T) CIICKTP MoKa3aTesei .Hﬂl'[yHOBa B O6paTHOM HaIllpaBJICHUU
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KBa3unepuoauyeckasi m xaoTuyeckasi JTMHAMUKA B cucteme Yya noj
NepUoOANYEeCKHUM MMIYJIbLCHBIM BO3/1€iiCTBHEM

A.K. Knimmnal, H.B. CtankeBuy'?
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[Iponecchl, OMMCHIBAEMBIE CHCTEMAMHU IOJ BO3JACHCTBHEM BHEIIHHMX CHIL,
BO3HUKAIOT B Pa3NIMYHBIX 00JaCTsIX ecTecTBeHHbIX Hayk [1, 2]. Ocoboe BHUMaHUE
YACISIETCd BOOpOcaM O TIOBEACHUUM CHUCTEM, Ha KOTOpPbIE BO3AECHCTBYIOT
NEPUOJANYECKAE HUMITYJIbChl MOCTOSSHHOM amiuTyasl [3]. IIpy BO3HUKHOBEHHH
MEPUOINYECKUX aBTOKOJIEOAHHI B aBTOHOMHOM CUCTEME HAOIIOAAETCs KJIACCUYECKOE
SIBJICHUE CUHXPOHM3aluu [4], korja coOCTBEHHAsl YaCTOTa CUCTEMbI COTJIACyeTCs C
BHEIIHUM BO3JIECTBHEM. BHE 3aBUCHMOCTM OT JWHAMUKHA aBTOHOMHOM CHUCTEMBI,
BHEIIIHEE BO3JCHCTBUE MOXKET MPUBECTH K PA3BUTHIO XAOTUUYECKOTO IOBEICHUIO,
€CJIM pa3MepPHOCTh (Pa30BOr0 MPOCTPAHCTBA HEABTOHOMHOM CUCTEMBI TPH WJIM OoJIee.
B pabGore [5] mpoBemeHO wHccenOBaHWE IMHAMUKHA TPEXMEPHOTO TIeHepaTopa
AHHIIIEHKO-ACTaxoBa MOJ NEPUOINYECKUM UMIYJIbCHBIM Bo3aelcTBUEM. [1oka3aHo,
YTO B TAKOW CHCTEME BO3MOKHO BO3HHUKHOBEHHE MHOTOMEPHOI0 Xaoca. JlaHa Moaenb
UMEEeT JOCTATOYHO MPOCTOE (pa30BOE MPOCTPAHCTBO, B TOM CMBICIIE, YTO B CUCTEME
BCErJa €CTh E€IWHCTBEHHOE TPUBUAIBHOE PABHOBECHE, HA OCHOBE KOTOPOro H
pa3BUBaeTCs CJOXKHasg JWHaAMUKa. B pamkax maHHOW pabOThl MPOBOAMUTCS
UCCIICIOBAaHUE JPYTrOro M3BECTHOTO TPEXMEPHOIo reHeparopa — cuctema Uya [6],
KOTOpasi MOXET HMMEThb OT OJIHOIO JI0 TPEX COCTOSHWI PaBHOBECUS W JTUHAMHKA
CHUCTEMBbI MOXET Pa3BUBATHCS HA 0a3€ pa3IMYHBIX PABHOBECHS.

Cucrema Yya mnpencraBiasier coOOM cUCTEMy TpeX OOBIKHOBEHHBIX
b depeHInanbHbIX YpaBHEHUH CIETYIOEro BUA:

X=a(x-y)-ao (X),

y=2-(y-x), (1)
2=—py -y
rae  f(x)=mx+05(m,—m)(|x+1|—|x-1]) - ¢yHKOHSA, ONUCHIBAIOMIAS BOJBT-

AMIICPHYI0 XapAaKTEPUCTUKY Auoma Yya, KOTOPBIM SABIAETCS E€IUHCTBEHHBIM
HEJIMHEWHBIM 2JIEMEHTOM B 1ienu. HenmHelHas XxapakTepucTUKa MpeIcTaBisieT co0oi
KyCOYHO-JIUHEWHYI0 ¢yHKIuo. [lapaMeTpsl My ¥ M; COOTBETCTBYIOT KYCOYHO-
JUHEHHON XapaKTEepUCTUKE HEIMHEHHOro 3JeMEeHTa, B TO BpeMs Kak o, B u y
XapaKTEPU3YyT PE3UCTOP, KOHJACHCATOp W HHAYKTHUBHOCTH B ILenu. Mojenbp B
3aBUCHUMOCTHU OT IApaMETPOB MOKET UMETHh OJHO WJIM TPU COCTOSHUS PaBHOBECHUS.
JlanHast 0COOCHHOCTH YCIOXKHAET CTPYKTYPY (Pa3oBOTO MpOCTpaHCTBA CUCTEMBI. [Ipu
9TOM HEJIMHEHWHOCTh B CHUCTEME — KyCOUHO-TIaAKas. TakuM oOpa3om, MOBEJICHUE B
CHCTEME Ha KaXJOM H3 YYACTKOB JIMHEHMHO, YTO MOXET YNpOIIaTh JAUHAMHUKY
CHUCTEMBI.
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Cucrema Yya, nogsepraemas nepuoH4E€CKOMY UMITYJIbCHOMY BO3/IEHCTBHIO,
MO>KET OBITh 3aIlMCaHa B CIEAYIOIIEM BUE:

X=a(x-y)-—af (x),
y=2—(y—x)+AZo(t—nT), 2)
l1=-py-n

JIist uccnenoBaHus TMHAMUKY Moziesid Uya moJ1 NepuoiudecKUM UMITYJIbCHBIM
BO3/CICTBEM OBUIM IOCTPOEHBI KapThl JUHAMHYECKUX PEKUMOB U KapTbl
nokaszaresned JlamynoBa. Kapra JguHaMHUYECKHX pEXHMMOB CTPOMJIACh IIyTEM
CKaHMPOBAHUs IUIOCKOCTH IapaMEeTpOB C 3aJaHHbIM HaroM. JUIs KaXXaoW TOYKH
omnpenensuics AMHAMUYECKUH pEXUM Ha OCHOBE 4YHUCIAa HENOJBM)KHBIX TOUYEK B
CTPOOOCKOMMMYECKOM CE€YEHUHU. PexkrmaM COOTBETCTBOBAJIM pa3IMYHbIE IIBETa Ha
kapre. Kapra nokaszareneit JlamyHoBa co3gaBanach MO aHAJIOTHYHOMY METOJY, HO
YUYUTBIBAJICA TIOJHBIM CHEKTp mnokaszarener JlamyHnosa. Ilokaszarenu JlsamynoBa
BBIYMCIUIUCh B COOTBETCTBUM C QITOPUTMOM U3 paboOThl [7], HUCHOJB3ys
oproronanm3anuio I pamma-IlImuara.

B aBroHomHOIT cucteme mnpu mapamerpax mMo=-0.3, M;=-0.05 wumeercs
€IMHCTBEHHOE TPUBUAIBHOE COCTOSTHUE PaBHOBECUS THIA ce10-(DOKYC, a B pa30BOM
MIPOCTPAHCTBE HAOMIOAAETCS YCTOMUMBBIM NPEeACHbHBIN UK. [lomanum Ha HaHHYIO
CUCTEMY HUMIYJbCHOE Bo3jaelcTBHE Mo ocu OY M MOCTpoMM KapTy IoKazaTenen
JIsmyHoBa, KoTopasi mpencraBieHa Ha puc. 1. Ha kapre mpu ManbIX amIuiuTyjax
BO3CHCTBUS HaONIONAIOTCS JBYXYAacTOTHBIE KBasunepuoaundeckue kojedanus. C
pOCTOM aMIUIUTYJbl HAOJIOAAaeTcs TMepexoJ K MEepUOJUYECKUM KOJIeOaHUsIM.
OTAYUTENHEHON 0COOEHHOCTBIO KaPThI SIBISIETCS OTCYTCTBUE 00JACTEN XaOTUYECKHUX
pexuMoB. JlaHHasg OCOOEHHOCThH CBsi3aHa C JIMHEHHOCTBIO MOJENIM Ha OTIEIbHBIX
y4yacTKax KyCOYHOM HeNMHeWHOW Xapakrtepuctuku. Ha puc.10 mokaszan mnpumep
TUMAYHOTO Ou(QypKAMOHHOTO JiepeBa B CTPOOOCKONMUYECKOM CEUYEHUH, T/
HaOmogaetcs 6udypkanus Heitmapka-Cakepa U mokazaHbl IpUMepbl 0TOOpaKeHUI
JUTSl IEPUOANYECKOTO M KBa3UNIEPUOIUYECKOTO TOBEACHMUS.

10

Oy

Oy

1 =4 | g o
=] w =} w

—_—

e ————————
_————————
3

—_————————
_————
k)
-
.
>
.
w
N

0
0 /4 v

Puc.l. a) xapra nokazareneit JlssmyHoBa cuctemsl Uya (2) npu 0=8.4, =12, y=0.05, mo=-0.3, m1=-
0.05; b) 6udypkarmonnoe aepeBo npu T=1;ctpobockonuueckue ceuenusi, =1 c) A=1; d) A=4
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Jlaee MBI paccMOTpENu JApPYyrue MapaMeTpbl, KOTOpPbIE TaKKe OTBEYaIOT
MPOCTEUIIeH CUTAIMH, KOTJA B CHCTEME €CTh €IWHCTBEHHOE TPUBHAILHOE CEIJIO-
dboKyCcHOE paBHOBECHE M YCTOWYWBBIM TpeAeNbHbIA mukir Me=-0.5, m;=-0.96.
OTnuume 3TOM CUTyaluu OT TPEABIAYIIEH 3aKII0YaeTCs B TOM, YTO aMILUIUTYa
KojeOaHuM TpeIeNbHOTO IHMKJIAa 3HadyuTeNbHO Oonbiie. Ha puc.2 mpencraBiena
KapTa mokasareneil JlamyHoBa, OudypkanMoOHHOE IEpeBO M CTPOOOCKOTHYECKUE
CEUCHHUs IJIsi HEKOTOPHIX peXMMOB. Kak BTIHO B JaHHOM cCiIydae B CHCTEME
HOSIBJIICTCS XaoTH4ecKoe moBezieHue. [Ipu 3ToM HabI01aeTCs TOMBKO KIACCHUSCKUN
Xa0C, MHOTOMEPHOT'O Xaoca B CHCTEME HET.

20 P
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Puc.2. a) kapra nokasareneii JIssmynoa cuctemsl Uya (2) npu 0=8.4, f=12, y=0.05, mo=-0.5, m1=-
0.96; 0) oudypkannonnoe aepeso npu 1=3.71;cTpobockonuueckue ceuenus, 1=3.71 B) A=2.4; 1)
A=4.5

Hccnedosanue ocywecmeneno 6 pamxax npocpammvi GyHOAMEHMATbHbIX
uccneoosanuut HUY BIIID
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Cexknui 4
«Teopusn
TUHAMHYECKHUX
CUCTEM»




72
CoopHrux mpyoos Bcepoccuiickotl HayyHoU Kongepenyuu




73
CoopHrux mpyoos Bcepoccuiickotl HayyHoU Kongepenyuu

ATTpPaKkTOpbl U OH(YpPKANUHE KYCOUHO-TJIAAKAX TUHAMHYECKHX CHCTEM
H.B. Bapa6am® 2

L Bonowcckuil 2ocyoapcmeennviii ynueepcumem 600nozo mpancnopma
Huoicnuii Hoseopoo
2Huaice2opoockuii 2ocydapcmeennuiii yuugepcumem um. H.U. Jlobayeséckozo
Huoicnuii Hoseopoo
E-mail: barabash@itmm.unn.ru.

Kycouno-rimagkue auHamuueckue cucrembl (PWS, piecewise-smooth)
MHTEPECHBl TEM, YTO OHHM MO3BOJIAIOT IPOBOAUTH CTPOTOE€ HUCCIEIOBAaHHE CBOMX
CJIOKHBIX HEOMY)KJAIOIMX MHOXECTB W ux Oudypkaumii [1]. MHTErpnpyemocts
TaKHUX CHUCTEM B 110J100J1aCTsIX ()a30BOro MPOCTPAHCTBA MO3BOJISIET CBOJAUTD 3aa4u 00
aTTpakTopax U OMdypKalusx MOTOKOB K M3yUeHHIO UX oToOpaxenuil Ilyankape,
IOJy4YEeHHBIX B sIBHOM Buje. Ilpu 3TOM B psjge ciydaeB ynaércss MeperTtu K
OJTHOMEPHBIM OTOOPAKEHUSIM, T.€. 3HAYUTEIBHO MOHU3UTh Pa3MEPHOCTb HMCXOIHOU
3amaun [2]. [pyrum cuiapHBIM npeumyinectBoM PWS-cuctem mepen cBoumu
[MAJKAMUA  HEJIMHEWHBIMH aHAJIOTaMH, AHAJIMTUYECKOE WCCIEAOBAHNE KOTOPBIX
MPOBOANTCS B OCHOBHOM ACHMIITOTHUYECKUMH METOJIaMH, SIBISIETCS HEIOKaTbHOCTD
pe3ynbrata. OTO MPEUMYIIECTBO IMO3BOJSIET CYIIECTBEHHO JOMOJHUTH H
CKOPPEKTUPOBATH KIIACCUYECKHE MPEACTABICHUS O CBOMCTBAX CIOKHBIX aTTPAKTOPOB
u ux Oudypkamumii [3]. Baxubim moctounctBom PWS-cucteM sBisieTCsi SICHOCTD
pesyibTaTa, €ro JOCTYNHOCTh Il TMOHWMaHusa, 4to npunaér PWS-cuctemam
METOIMYECKYI0 3HAUMMOCTh. [lo aTuM mpuunnam PWS-cuctemsl 3apekoMeH1oBaIm
ceOst He TOJIBKO KaK MOIIHBIA MHCTPYMEHT MCCIIEOBAHUS CIIOKHON TUHAMHKH, HO U
KaK CaMOCTOSATEIbHBIA OOBEKT U3yUEHHUSI.

B goxmane paccmoTpeHsl AByMepHble W TpéxmepHbie PWS-mortoxw,
BOCIPOM3BOJSIIME KaK XOpOIIO M3BECTHBIE pE3yJbTaThl Teopuu Oudypkauui
[VIAJKUX CUCTEM, TaK M JEMOHCTPHUPYIOIIME COBEPUIEHHO HOBBIE JUHAMUYECKHE

s¢dexTs [4-6].

Paboma evinonnena npu noooepocxke PH® (npoexm Ne 24-71-00073).
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B noknane maercs 0030p HEKOTOPBIX PE3yibTAaTOB, MOJYYCHHBIX HAMH TIPH
UCCIICIOBaHNH OM(ypKaIllMii KBaApaTUIHBIX TOMOKIMHHYECKUX KAacCaHW B Cllydae
JIBYMEPHBIX CUMILUIEKTUYECKUX nuddeomopduzmoB. OcHOBHbIE OUBypKaIUU TaKUX
KacaHWi B JHUCCUIIATUBHOM clly4ae (AkoOMaH oToOpakeHusT B  CEIJIOBOM
HEMOJIBM)KHOU TOYKE MeHbIe 1) ObUIM U3y4yeHsl elie B u3BecTHOU pabore ["aBpuiioBa
u IlluneaukoBa [1]. B aToii pabore, B 4YacTHOCTH, OBLIO IOKAa3aHO, YTO ITH
OudypKaru MPUBOAAT K POXKIACHUIO YCTOWYHMBBIX TMEPUOAUMYCCKUX TPACKTOPUI
(ctokoB). OauH W3 caMBIX HM3BECTHBIX PE3yJIbTAaTOB HA 3Ty TeMy — OTO T. H.
TeOpeMa O KacKaJe NEPHOIUYCCKHX CTOKOB, KOTOpas TOBOPUT O TOM, YTO B
OJTHOTIAPAMETPUUCCKIX CEMEHCTBAX, PACIICIIISIOMNX HCXOIHOE TOMOKIMHHYECKOE
KacaHue oOmuM  00pa3oM, CYIIECTBYEeT CYETHOE MHOXECTBO  (Kackan)
HEIEPECEKAIOIINXCA WHTEPBAJIOB Ok 3HAUEHUI MapameTpa [l TaKHX, YTO IpH W U3 Ok
y cooTBeTcTBYMOIIEro nuddeoMopdr3mMa CymecTBYeT OJHOOOXOIHAs YCTOMYHBAs
TpaekTopus nepuoaa K (3aech 01HOOOXOIHOM TPASKTOPHUN OTBEYAET HEHITOABMKHAS
TOYKa COOTBETCTBYIOIIECTO OTOOpaXCHUS TEPBOTO BO3PAIICHHS BOJHM3U HCXOIHOM
TOMOKJIMHMYECKOH TpaeKkTopuu). ITa TeopeMa Toiydniaa OOJBIIOE YHCIIO
000011IeHU, B TOM YMCIJIe M HAa OOIIMI MHOTOMEPHBIN Cllydai, cM., Harpumep, [2,3],
a TaKKe Ha pacCcMaTpUBAaeMbIi B JIOKJIAJe Ciydald COXPaHSIONIMX ILIOIIAIb
otoOpaxenuii [4,5]. OgHako B MOCIACIHEM Cllydae MHTEpPBaIbl Ok , OTBEYAOIIHE
y)K€ CYIIECTBOBAHUIO OJHOOOXOJHBIX  JIUTUNTHYECKUX  TPACKTOPUMA, MOTYT
nepecekarbcs. bonee Toro, B ciayyae T. H. 2OMOKIUHUYECKO20 PE30OHAHCA OHU MOTYT
00pa3oBBIBATh CUCTEMY BIIOKCHHBIX MHTEPBAJIOB, CoJiepKamux Touky W= 0. Takum
o0pa3oM, 3/1ech BO3MOKHA TaKasi CUTyallus, KOTJa UCXOJHOE COXPaHSIOIIee MIIOMIab
OTOOpaKEHHE ¢ TOMOKJIMHMYECKUM KAaCaHHMEM WMEET CUYETHOE MHOXXECTBO
IUIMIITHYECKUX TPACKTOPHIM BCEX TOCIEIOBATEIbHBIX MepuoaoB Ko, ko +1, ...,
HaYMHas ¢ HEKOTOporo Ko . MHTepecHO, 4To COOTBETCTBYIOIIAs TeopeMa JIOMyCKaeT
TOYHYI0 (OPMYJTUPOBKY Ha S3bIKC HWHBAPUAHTOB HCXOJIHON TOMOKIMHHYECKON
CTpyKTyphl. [lo HameMy MHEHHIO, 3TO TIOKa €IMHCTBEHHBIA PE3yJbTaT B TEOPUU
KOHCEPBATUBHOTO Xa0Ca, KOTOPHIN CBs3aH C MOJydeHHEeM dPHEKTHBHO MPOBEPSEMbIX
YCIIOBHM CYIIECTBOBAHUS Y CHUCTEMBbI CYETHOTO MHOXKECTBA OSIUTUITHYCCKUX
NEPUONYECKUX TPACKTOPHUH.

Paboma evinonnena npu noooeporcke epanma PH® No~24-11-00339.
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MHorue 3agaun paguo@u3uKu, MEXaHUKH, TEOPUHU YyIpaBJCHUs, OUOJIOTHUH,
MEJIUIIMHBI, PKOHOMHUKH U COLMAJIBHBIX HAyK CBOJATCS K HM3YYEHUIO KYCOYHO-
IJIaJIKMX HEMpephIBHBIX 0ToOpakeHuil [1-4]. Takue oTOOpakeHUsT «CIIMBAIOTCS) W3
OTIIENBHBIX AKX (YHKIMH, 00JaCTH OMNpeeeHUs] KOTOPBIX pa3JeieHbl Tak
Ha3bIBAEMBIMA MHOTr000pa3usiMu repekiatoueHus. [lpu  Bapuamuu mnapameTpoB
MHBapUAHTHOE MHOXKECTBO, HAIpUMEp, HEMOJBI)KHAS WA NEPUOJMYECKas TOYKa
CTAJIKUBAECTCA C OJHUM U3 MHOrooOpa3uil MEepeKIoueHUs. ITO BbI3BIBACT
CHEeIUaIbHBIA KPYTr HEIWHEWHBIX SBJICHUM, TMOJYYHBIIMX Ha3BaHUE Oudypkaruii
«rpaHngHOTrO cToJIKHOBEeHUs» («border collision bifurcations») [5-7].

budypkanuu rpaHUYHOrO CTOJIKHOBEHUSI HE CBSI3aHbI C HAPYIIICHUEM YCIIOBUS
TUTNIEPOOJIMYHOCTH HETOJBIKHBIX WM MEPUOJUYECKUX TOYEK U HE UMEIOT aHaJIOTOB
B TJaJKUX JAWHAMUYECKUX cuctemax. [lo 3Toil mNpuyumHE OHM HE TMOJJAIOTCS
OINMHMCAHUIO U UHTEPIIPETALNN METOIaMHU KJIaCCHUSCKON HeTMHEHHON JUHAMHKH [8].

Kpome Toro, eciam oToOpakeHHE KyCOUHO-JIMHEMHOE, TO KIJIACCUYECKUE
Ooudypkanuu, Takue, HaANpUMEp, KakK YJIBOCHHE IMEepUOja, TPAHCKpUTHUYECKas,
BUJI0OOOpa3Hasi CTAHOBATCA BBIPOKIEHHBIMU («degenerate bifurcationsy), coderas
CBOWCTBA IJIaKuX OudypKaiuit u oudypkanuii rpaHugHOro cTonkHoBenus [9, 10].

B nokiame mnpeAcTaBiieHbl pe3yibTaThl MCCIEAOBAHUN  BBIPOXKICHHBIX
Oudypkanuii yaABOCHUS MEpHoJia B OMMOJATBFHOM KYyCOYHO-TUHEHHOM OTOOPaKEHUH,
KOTOPBIM MOCBsIIeHa YacTh pabotel [11]. B omimume ot [11] MBI BBOgMM mIpoOCTOE
KYCOYHO-JTMHEHHOE  OTOOpaKeHWe,  JIOMYyCKAalollee  JICTadbHBI  YHCICHHO-
aHaNUTHYeCKU OudypkaunoHHbld aHanu3. [Ipu 3TOM oOKa3bIBaeTCs, 4TO TaKOE
OTOOpaKEHHUE COXPaHSET TJIABHOE CBOMCTBO PAacCMaTPUBAEMOT0 Kjlacca MCKPETHBIX
MoJIeliel, KoTopoe Toka3aHo B [11]. BeisBieHO, 4T0 paccMarpruBaeMoe 0TOOpaKeHHE
o0nagaeT M APYruM CBOMCTBOM, KOTOpOE€ 3akiloyaercs B cienyromeM. B Touke
Oudypkanuu yJIBOCHHUS Tepruoaa HEMOJABHUIKHON TOYKHW MOSBISIETCs MHTepBat |, Ha
IpaHMIIAX KOTOPOTO JIeKaT JABE TOUKU LUKJIA yJIBOEHHOro nepuoja. [lpuuem, nodas
Touka | ecTh HerunepOoIMUECcKas TOUKa C MEPUOJIOM JIBA.

Jlerko noka3bIBaeTCsi, YTO TOYKH IMKJIA YABOEHHOIO MEPHOJA, JIEKAIIUE Ha
rpanuiie |, coBmanawT ¢ AByMs MHOTOOOpa3usMu MepekiitoueHus. B cumy Toro, 4to
OTOOpaKEHUE KYyCOYHO-JIMHEWHOE, YpPaBHEHUS OMQYpPKAITMOHHBIX TPAHUIL TOTYUYEHBI
B (hopMe SBHOW 3aBUCUMOCTH OT MapaMeTPOB, PEIICHUS KOTOPBIX HAXOASATCS JIMOO
AQHAJIMTUYECKH, JINOO YUCIEHHO.

Paccmotpum 6uMoaanbHOE KyCOUHO-JIMHEHHOE HEMPEPHIBHOE OTOOpaKEHHE
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Fo(x)=a-(x-1)+1, X<c;

F:x—F(x). F(x)=1R, (x):ﬁ-a-(x—l), CL <X<Cq; (1)
R (x)=a-Xx, X>Cy,

rne C , G — MHOrooOpasusi MEpEeKIIOYeHUs: C_ =(q—1)/a+1; G =(.

WccnenoBanus mpoBOAMINCH PH CIeAyOMuUX 3HadeHusx mapametpoB: 0.0<a <1.0;
0.6<0g<1.0.

1.0 ; T 1 | el
| " ]|
: :"ﬁ‘} :.""
! r=c ; | |
a ) B
| M ¢
Sl o«
Iy 1B
| | Pa
i . i i
005 ER i g g
0.635 q 0.999

Puc.1. budpypkaunonnas auarpamma, a = 0.451376

Ha puc. 1 uzoOpaxkena OudypkannoHHas AuarpamMma, pacCuMTaHHas YHUCJICHHO,
MTOKa3bIBAIOIIAS TIEPEXO0/1 K HEPETYJISIPHBIM KOJIEOaHHSIM Yepe3 KacKa/l BhIPOKIEHHBIX
Oudypkanuil yIBOCHUS MEPUOJA U TOCIEN0BATEILHOCTh OM(ypKaIMil TPaHUYHOTO
CTOJIKHOBEHMS. budypkannonHas nuarpamMma WLTIOCTPUPYET TUITAYHBIA CIICHApUN
kackana «period incrementing» [10].

Orobpaxenue (1) HMeeT YCTOHUMBYIO HEMOABHKHYIO TOUKY 0 () " =

1+a
IIpu q :qu"p HETOJIBI)KHAS TOYKa MpETEprieBaeT BBIPOXKIACHHYIO OuypKaiuio
YABOCHUS MEPHO/Ia, KOTAa MYJIbTUILUIMKATOP HEMOABUKHOM TOUKU oOparaercs B —1.
B pesynbrare sToit OmdypKanuu BO3HHKAET UK YJIBOEHHOTO Tepuona. B Touke

Fli
oudypkanuu g, © TOsBIsSETCA UHTEPBAI |, Ha rpaHuIiaX KOTOPOrO JIEXKAT TOUKH 2-

nukia. Ilpuyem o00e TOYKM IMKJIa YJBOGHHOTO TIEpHUOAA COBIAJAIOT C
MHOrooOpasusiMi IepekitoueHus C,_, C; . bomee Toro, mobas Touka |, 3a
UCKJTFOUCHHEM HETIOIBM)KHOM, SBJISICTCS HETUIepOOIMuecKoi ¢ nmeprozaom isa [10].
[Ipn panpHeWIIeM yBEJIWYEHUM TMapaMeTpa ( YCTOWYUBBIA  2-ITUKII
IpeTeprieBaeT BBIPOXKIEHHYIO Oudypkamuto ynBoeHus mnepuona (puc. 1), xoraa
MYJIbTUIUIMKATOp 2-nMkia oOpamiaercs B —1. M3 3TOro ycnoBUsT HaXOIUTCS
Flip =
> 1+a?
OpeNbIAyIIero  Ciydas, 93TO TMPUBOAUT K POXKIEHUIO  UYETHIPEXIOIOCHOTO
Xa0THYECKOTO aTTPaKTopa, TPaHUIbl KOTOPOTrO OOpa3oBaHbl ABYMsI KPUTHUYECKUMU

OudypkanmoHHOe 3HaueHUWe mapameTpa (: ( B ornuume ot
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TOYKaMW paHra OJWH M uX oOpazamu. B »sTtom ciydae wHTepBanm | yxe
HEOHOCBSI3HBIN, HO B TOUKE OM(ypKaIuy Ha TpaHulax | jexar qBe mepuoandecKue
TOYKH 4-1IMKJIAa, KOTOPBIE COBIANAIOT C ABYMs MHOrOOOpa3sHsAMH NEPEKIIOYEHUS C,

Gy . Mamee HaOmonaroTcs Kackaabl Oudypkanuil XaoTHYECKHX AaTTPaKTOPOB

[9, 10,12], um3BecTHBIE KaKk KPHU3UCHl XAOTHYECKUX ATTPAKTOPOB W CBS3aHHBIC C
TOMOKJIMHUYECKAMU OM(YpKAIMSIMUA HEYCTONUMBBIX MEPUOANIECCKUX OpOuT (puc. 1).
Kpusucel mposBIsSiFOTCS BO BHE3amHOM («interior crisis») WM TUIaBHOM («merging
Crisis») U3BMEHEHUH Pa3MEPOB XaOTHUYECKUX aTTPAKTOPOB.

XaoTUYeCcKue aTTPAaKTOPbl BO3HUKAIOT U3 MEPUOAMYECKONM OpOUTHI uepes
BBIPOXKJICHHYIO Oudypkanuio yaBoeHHs nepuoja (CM. OKHAa NEPUOAMYHOCTH Ha
puc. 1). Hanpumep, kak mokasaHo Ha puc. |, mepuoaunyeckas opbura nepuoaa 3

2
1-a
POXKIAETCSA B TOUKE qECB = 3 4Yepe3 OudypKaruio rpaHUYHOTO CTOJIKHOBEHUS B

nape ¢ HEYCTOMYMBBIM IIMKJIOM (@HaANOr KacaTellbHOM Oudypkauud B TJIaJKUX

JIMHAMHYECKUX CHCTEMax) M janee B TOuke (" ] 3-1MKJI [peTepreBaer
+a

BBIPOXKIEHHYIO0 Ou(ypKauuio yJnBoeHus nepuona. HeTpyaHo mokasarb, YTO TOYKH
BBIPOKJEHHBIX OM(ypKauuid yIBOEHHUS MEpUoja M-LUKIA HaXoAsATCs Mo (opmyJe

. 1 3
i — o m=12,3,..., a Toukd OudypKauuii rPaHUIHOrO CTOJKHOBEHHS —
1— am—l
rECB :1—m, m:3, 4, 5,
—a

Kycyoanues K.T. u Heanosa E.H. noooepocanvi Munobpuayxu PD &
pamkax «llpoepammsl cmpamecuueckozo akademuyeckoeo audepcmea llpuopumem-

2030» (npoexm Ne 1.7.21/4-24-7). Conyes V.A. noodepoican epanmom Ne 19-24

Ouicko2o 20cy0apcmeeHH020 yHugepcumemad.
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O cBsi3m YPaBHECHUS Xumjuia ¢ AUHAMAYCCKUMH CUCTEMaMU Ha TOpE

A.A. Anekcanapopl?3
L Hayuonanvuwiii uccnedoeamenscxuii ynusepcumem « Boicuias wkona 3KOHOMUKIY,
Mockea, 119048
2Uncmumym Ipobrem Iepeoauu Ungopmayuu PAH, Mockea, 127994
3Mocrosckuii @uzuxo-mexuuueckuti uncmumym, Joneonpyounwiii, 141700

E-mail: aleksandrov.aa@phystech.edu

JlaHHBIN JTOKJIa], OCHOBAH Ha IMPOMEXKYTOUHBIX pe3yjbTaTaX, MOJYYEHHBIX
coBMecTHO ¢ A.A. I'mymokom, A.C. T'opckum u B.M. Bbyxmrabepom. Xoporo
U3BECTHO, YTO CBOWMCTBA JWHAMUYECKOW CHCTEMbl Ha TOpPE MOKHO HCCIIEIOBAThH
nocpeAcTBOM u3yueHus auddeomopduzMoB oOkpykHOCTU. IS TakuX CHCTEM
OTpeNeICHO TOHATHE 4YHWCia BpameHus U, Oonee TOro, M THUIUYHOTO
nuddeomopduzma OKpPYKHOCTH UKCIIA BPAIICHUS SBJISIOTCS UPPALMOHAIBHBIMH, a
cam guddeomopdusm Omu3zok k moBopory [1]. OmHako cyimecTBYIOT 00JacTH B
MIPOCTPAHCTBE TMApaMETPOB 3aJaud, BHYTPH KOTOPBIX UYHCIIA BPAIICHHS SBIISIOTCS
palroHaIbHBIMU U HE MEHSIOTCs. Takue o0nacTh Ha3bIBAIOT sA3bIKamu ApHonvoa,
TaK)K€ WX HA3bIBAIOT 30HAMU (ha306020 3ax6amad.

Cpenn IMHAMHUYECKMX CHCTEM Ha TOpE CYIIECTBYET 0C000€ CEMEHUCTBO,
KOTOpOE JEMOHCTPUPYET HETUIUYHBIC CBOMCTBA: 30HBI (PA30BOTO 3axBaTa TaKHX
CHUCTEM COOTBETCTBYIOT TOJIBKO IIEJIBIM YMCJIaM BpalieHusl. DTO SBJICHUE HA3bIBAIOT
«xeanmoeganuemy uyucna Bpamenus. OxaspiBaeTcs, uyTo oroOpaxkenue [lyankape
TaKMX JUHAMHYECKHUX CHCTEM COIpPSHKEHO TMpeoOpa3zoBanuio Mébuyca. JlanHbie
npeoOpazoBanus MéEOGuyca MOTYT OBITh MPECTABICHBI B BUAC DJIEMEHTOB TPYIIIbI
SL(2,[1). Takoe oToOpakenne MEOHUyca MOXKHO MPEICTABUTh B BUIC

M@=c2% M= © ™lesi@n), I¢FLwkl @)

1-wz WS <
Takum 00pazoM aHaIM3UPys TUI U PUKCUPOBAHHBIE TOUKU O0TOOpakeHuss MEbuyca,
MOYHO HCCJIEIOBATh S3BIKU ApPHOJbAA JAHHOTO CEMENHCTBA JUHAMUYECKUX CHCTEM
Ha Tope. TeXHWYEeCKH 3TO CBOAUTCS K peuieHuto cucteMbl OY nns mapameTpos
otobpaxenuss Mébuyca. B uactHocTn, Hambonbmas JISmyHOBCKass SKCIOHEHTA
JTUHAMUYECKON CHUCTEMBI Ha TOpPE MOKET OBITh SIBHO BBIpaXEHA Yepe3 MapaMeTphI
otobpaxenust Mébuyca,
A=limin EHWO T 2)
e 1= w(t) |

a 30HbI ()a30BOT0 3aXBaTa MOCPEACTBOM CPaBHEHHMSI A ¢ HyJieM: BHYTpH 30H A >0, a
Ha rpaHuiax u BHe 30H A <0.

Oxka3bIBaeTCs, 4TO YIMOMSHYTOE CEMEWCTBO JUHAMUYECKUX CHUCTEM Ha TOpe
TECHO CBSI3aHO C YpaBHEHHEM XWIa. Y paBHEHHUEM XHWJUIa Ha3bIBAIOT OOBIKHOBEHHOE
audepeHnnanbHoe ypaBHEHNE BTOPOTO MOPsiiKa BUA

d?u du
ae gl(t)a +d,(tu=0, (3)
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rae ¢ynxuuu g, (t) u g, (t) nepuonuueckue ¢ nepuogoM T . YpaHeHHe (3) MOXKHO

NpECTaBUTh B BUe cucTembl 1ByX OJlY mepBoro mopsijaka v 10Ka3aTh CICAYIOIINN
dakt. ITycts N(t,) ecTb uncno Hyneil pemenus ypasHenus Xuiia Ha otpeske[0,t,),

TOT/Ia TIPEeeT

v =lim 7N )

ty—o to

CYIIIECTBYET, HE 3aBUCUT OT HAYAJIbHBIX YCIIOBUH U C TOYHOCTHIO O YMHOXKEHUS Ha 2
COBIAJIaeT C YHCIIOM BpAaIllCHUs TUHAMHUYECKOW CHCTEMBI Ha TOpPE U3 YKa3aHHOTO
BBIIIIC CceMelicTBa. JlaHHOE YTBEp)KACHHE IIMPOKO HM3BECTHO [2], omHAKO ero
aKKypaTHOTO JI0Ka3aTeIbCTBA aBTOPY B JTUTEPATYPE HE BCTPEUATIOCH.

N3 »TOoro yTBEpXKIEHUA CIEIyeT CJCAyIoIas WHTEpPeCHas  CBS3b.
ITycte M , ectb maTpuna MoHozpomun ypaBHeHumss Xwmwia (3). Teopema @Dioxe-
JIsmyHOBa yTBEpKIA€T, YTO PELICHUsI YpaBHEHUSI XUJUTIa CTAOWIIBHBI (B CMBICIIE TOTO,
4TO OHM OTPAaHHYEHBI ¢ pocToMt ) ecim BeimonHseTcs| trM ., [< 21 HecTaOMIIBHEI (T.€.
HE orpaHudeHsl) eciu|trM, [>2. Otu ycnoBus 3amaroT 0o0lacTH CTAOUIBHOCTH U
HECTAOWJIBHOCTH PEIICHUN ypaBHEHUsI XUJUIA B 3aBUCUMOCTH OT IMapaMeTPOB 3aauH.
COBOKYITHOCTh 3THX 00JIacT€l HA3BIBAIOT 30HHOU CMPYKMYpou, TPpUYeM O0JIacTH
CTaOMJIBHOCTH HA3bIBAIOT 30HaAMU, a OOJNACTH HECTAOMILHOCTH — WelsaMu.
Oxka3bIBaeTCs, 4TO B CHUJTY HATMYHS CBS3H MEXKIY JUHAMUYECKON CHCTEMOW Ha TOpEe U
BEJIMYMHON YV, MoHoApomus M, conpsikeHa oToOpaxeHuto MébuycaM . Oto

MMPUBOAUT K CICAYIOIICMY COOTBCTCTBHUIO,

30HbL Pa306020 3ax6ama|<—|wenu 8 30HHOU CMPYKMype 4)

B xadecTBe mpumMepa TakOro COOTBETCTBHUSI MOKHO paccMoTpeTh RSJ-Mozensb,
KOTOpas onuckiBaeT J>k03e()COHOBCKMIT KOHTAKT C CUIILHOM OMUYECKOMN
qUccUrnamnuei. 9Toi MOJEIN COOTBETCTBYET CIAEAYIONIas JTMHAMUYECKasi CUCTEMA,

z—fz—sin¢+ I, 1=(B+Acosat), (5)

rae Beauuria | ecTb BHEIIHUN TOK C YaCTOTOU @, ITIOJAHHBINA HAa KOHTAKT. JTO
ypaBHEHUE B JIUTEPATyPE TAKKe UMECHYIOT ypasHenuem /[cozegpcona. IlocpencTBom
3aMEH NEPEMEHHBIX, IaHHAs CUCTEMA ITPUBOJIUTCS K CIEAYIOLIEMY YPABHEHUIO
Xwuia

d?u
-V (t)u =0, 6
VO ©)
rae noreHuyanV (t) MMEET BU/I
> 1 2 Aw’ cos wt 3A’@’sin® wt

V(t)=1—1(B+Acoswt) + — |. (7)
4 4 1+ B+ Acoswt (1+ B+ Acoswt)

Oddekr «KBaHTOBaHMs» YHCIIA BpalIeHUS IJIs CUCTEMBI (5) XOpOIIO H3yYeH B

mutepatype [3], a cBenenne RSJ-mMomenu k ypaBHeHuio Xwmmia (6) 00CyXmaaoch B

pabote [4]. UTOOBI MPOWIUTFOCTPUPOBATH COOTBETCTBHE (4), HY)KHO 3aMETHTh, YTO

noteHruan (7) ypaBHenust Xwwia st RSJ-Mopenn mmeer 0COOCHHOCTH B BUJC

MOJTFOCOB TIPH  OTIPEJEICHHBIX 3HAYCHUSX IMapaMeTpPoB. IJTO O3HAYAET, UYTO IS
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BBIUMCIEHUS MAaTpulbl MoHOIpomuu M, TpeOyeTcsi akKypaTHBI BBIOOp KOHTYypa

HHTCTPUPOBAHUA 110 BPCMCHHU. O,IIHaKO 9TO 3aTPYAHCHHUC MOXKHO JICTKO O60ﬁTH,
BHECSI MaJIblll KOMILJICKCHBIN CABUI' I1apaMCTpa. C Y4C€TOM 3TOrIO, YHUCJICHHBIN pacucT
MaTpulbl MOHOAPOMHH IIOKA3BIBACT HICAJILHOC COIJIaCHUC (CM. pHC. 1) C pacucTtoMm
30H 3aXBaTa Ha OCHOBC HHHYHOBCKOﬁ OKCIIOHCHTEI I[PIH&MI/I‘IGCKOﬁ CUCTCEMBI Ha TOPC.

4 -

Puc. 1. CneBa: pacuet 30H 3axBata B RSJ-Monenu nocpeactBom JIsmyHOBCKO SKCIIOHEHTHI (3aKpalleHHbIe 00JacTH
COOTBETCTBYIOT 3axBary (ha3bl), CIipaBa: pacyeT 30H 30HHOI CTPYKTYpBI JUIsl ypaBHEHUs] XWl1a (30HBI CTAOMIIbHOCTH
3aKpaIeHsl)

OnurcaHHOE€ COOTBETCTBHE IMO3BOJISIET IO-HOBOMY B3IJIIHYTh Ha aHAJU3
CBOWCTB JMHAMHUYECKHX CHUCTEM Ha TOpE, B YACTHOCTH TOJIHUMAET BOIMPOC 00
MHTEPIPETALNK YHCIIa BPAILICHHS] B KBAHTOBO-MEXaHHUYECKOM KOHTEKCTE.

ABTtop Onaronmapen A.A. I'yIioky 3a akkypaTHOE JI0Ka3aTeIbCTBO TEOPEMbI
PO CBSI3b UMCJIA HYJICH PEIICHUsS] ypaBHEHMsS] XWJIJIa C YMCIOM BPAIICHUS, & TaKKe
A.C. T'opckomy u B.M. Byxiiradepy 3a MHOTOUHCJICHHBIE 00CYKICHUSI.
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IuTponus Kyandaka-Jleiidjiepa pacTAruBamx 3HI0MOP(PHU3MOB OKPYKHOCTH

A.D. Paccagun
HCZL;MOHCZJZbele uccneoosamenbeKull YHUsepcumem «Buicwas wxona OKOHOMUKU) ,
Huoicnuii Hoseopoo
E-mail: brat_ras@inbox.ru.

PactaruBaroriue sH10MOpdHU3MBI OKpyKHOCTH (M =2,34,...):
X,y =MX, modl (1)
SIBJISIIOTCSL OJTHUM W3 HamOoJee HM3YYCHHBIX MPUMEPOB B TCOPHHM JIUHAMHYCCKUX
CHCTEM C TUCKPETHBIM BpeMeHeM [1].
[lycTte HawanbHblEe ycHoOBUS Mg sHAOMOpdusMoB (1) pacmpeneneHsl Ha
otpeske [0,]] ¢ HekoTOpO# IJIOTHOCTBIO BEPOATHOCTH P,(X), TO €CTh MBI

pacCcMaTpuBacMm CTaTUCTHYCCKUH aHcaMOJIb 3TUX I)H,Z[OMOp(bI/I?)MOB.

B sToM cnydae 3BoOJIIOIMA 3TOM HAYalbHOM IUIOTHOCTA B JUCKPETHOM
BPEMEHH OnpeesaeTcs caeaymum onepatopoM Opobenuyca-Ileppona [2]:

1E (x+k
pn+1(X) = EKZ(; Py (?) . (2)

Ecnu wu3BecTHa monydeHHass C TMOMOIILI0 omnepaTopa (2) w3 HavyalabHOM
IJIOTHOCTH BEPOSITHOCTH P, (X) MOCIEeA0BAaTEIbHOCTD (QYHKIUHA {pn(x)}f=1 , TO TIO

HUM MOYXHO BBIYHCIIATh CHCIM(PHUUECKOE PACCTOSHHE MEXKIYy TOYKAMH OTOU
MOCJICIOBATEAPHOCTH W HAyalbHBIM paclpeleeHUEM BEPOSTHOCTH, Ha3bIBAEMOE
suTponuei Kynnoaka-Jletionepa [3]:

1 P, (X)
Dm(mﬂpd—lpA@"WE&fX- 3)

Bribepem HauanmbHOE pacripe/ielieHue BEpOSITHOCTEM B BUJE MPOU3BOJIAIICH
(GyHKIMU 1715 momHoMOB beprymum [2]:

Yo €XP(70X)
X) ="—"""+", >0. 4
Py (X) expy, 1 Yo (4)
Omneparop Dpodennyca-lIleppona (2) tpanchopmupyer ¢dyHkiuwo (4) B
CJIEIYIOLLYIO MOCJIEI0OBATEIbHOCTh (PYHKIU:

() =7 OPUX) T e, ©
expy, —1 m

[Tpumeps! rpadukoB pyHkuuii (5) npu y, = 2 NpuBEIEHHI Ha pUc. 1.
[ToncranoBka BelpaxkeHuid (5) B dopmyny (3) mis surponuu KynpOaka-

JletiGnepa naér:

Vo €XPYo—1 expy, 1
D =|n -t ——22 — |+ — Y (s | E— 6
ke (Pn I Pg) L/o expy, _J (7n = 70) (EXDJ/H 1 Vn) (6)

['paduiky 9rCIIOBBIX MOCTIENOBATENHLHOCTEH (6) MpUBENCHBI HA pUC. 2.
Taxxe B Aokmaze OOCYX AEHBI CBOMCTBA M WMHBIX BEIUYMH, CBA3AHHBIX C
sHaoMophuzmami (1) u pacrpeneneHusIMU BeposiTHOCTEH (5).
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Puc.2. Bpemennas sosmonus saTponuu Kynsoaka-Jleiioiepa
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3. Kullbak S., Leibler R.A. On information and sufficiency // Annals of Mathematical Statistics.
1951. V. 22, Is.1. P.79-86.
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budypkauun uHBapuaHTHBIX MHOT000pa3uii B ypapHeHun Kana-Xuinuapaa
A.H. Kyaukos, I.A. Kyiukos!

LIpocnascruii 2ocyoapemesennuiii yuueepcumem um. I1.T. Jlemudosa,
Apocnasns
E-mail: kulikov_d_a@mail.ru

B nokmaze peds moimer o aByX KpaeBbix 3amauax (K3) mias 0000IIEHHOro
BapuanTa ypaBHeHus Kama-Xwmapma. B cioydae, xorga HemsBecTHas (QyHKLUS
u = u(t, x) 3aBUCUT OT OJHOM MPOCTPAHCTBEHHOM MEPEMEHHON X. DTO ypaBHCHHE
(T.e. 0000mIcHHOE ypaBHeHUe Kana-Xwminapaa) umeet cieayromuii Buj [1-3]

Up + Uesesere T (1)) x + (G (U))xc + (A1) = 0. (1)
371€ech:
fw) = fiu + Lu* + fLu?,

g = gyu+ g,u® + gzu?, h(w) = hyu+ hou® + hy?,f;, g, h; €R,j =1,2,3.
Ecmu g(u) = h(u) = 0, To nonyuaem KiaccuuecKHii BAPHAHT 3TOro ypasHeHus [1].
VpaBuenue (1) omuCHIBAET XMMHMYECKYI0 DEAKLUIO B HEKOM aKTHUBHOM cpele, a
u(t, X) HOpMUpOBAHHAS PA3HOCTH KOHIEHTPALMH IBYX PEArMPYIONIMX BELIECTB.

JonoanuM ypasHenue (1) nepruoguyecKuMy KPaeBbIMH YCIOBUSIMU

u(t,x + 2m) = ult, x), (2)
KOTOPBIE IPUBEICHBI B HOPMHUPOBAHHOM BHJIE.

Oco60 ormetM, uTo BeIGop f(u), g(u), h(u) He 0bs3aTENBEHO OrpaHMUNBAETCS
KyOMYE€CKMMHI MHOTOYJIEHAMH, HO OHU MOTYT OBITh MHOTOYJIEHAMH M MHOM CTEIICHH.
BMecTe ¢ TeM B NPHUIIOKEHUSX Yallle PACCMATPHUBAIOT YACTHBIE BAPUAHTHI BHIOOpA
stux Qynkuumid. Ecm g(u) = a,u?,h(u) = 0, To monyuyaem IIMPOKO M3BECTHBIM
BAPHUAHT 3TOT'0 YPAaBHEHUS — “KOHBEKTHBHOE ypaBHeHHne Kana-Xwumapaa”.

Otmeru™m, uyto K3 (1), (2) wumeer oaHOMapamMeTpUUECKOE CEMEUCTBO
IPOCTPAHCTBEHHO OJHOPOAHBIX COCTOsHUI paBHOBecus ul(t,x) = a,a € R. Tlycts

Moy (u) = — ) " u(t,x)dx - IPOCTPAaHCTBEHHOE cpeaHee. MOXHO J0Ka3aTh, 4YTO
0 2 d—m ' ’

ecn ult,x) pemenme K3 (1), (2), to My(u)=a € R u rtakme Qynkuun
GopMHpYIOT HHBapUAHTHOE MHOTOOOpasue s perrenuit K3 (1), (2).

Jnsa K3 (1), (2) mokasaHo, 4TO CymIeCTBYET MHOXKECTBO &;, rae j=1,...,N u
unTepBanoB I = (a; — &, &;) wm I = (a;, &; + £) Takux, 4ro npu modom a € I; K3
(1),(2) umeer npenenpupiii ik Cla), a Uz j = Ugey, C(@) dopmupyer mBymepHoe

MHBapuaHTHOE MHOroobpasue U, ; nnsa pemenuit K3 (1),(2).

JloGaBuM TaKke, 4TO YUCIIO TAKUX MHBAPHUAHTHBIX MHOTOOOpa3uii MOXKET OBIThH
acuMIITOTHYecKu OonbimuM. [loguepkHem, 9TO 3TH ABYMEPHBIE MHOTO0Opa3usi, Kak
MPaBUJIO, CEJIOBBIE U JIOKAJTHHBIM aTTPAKTOPOM MOKET OBITh TOJBKO OJHO M3 HHUX
WM HE UMEET aTTPakTOpoB BooOIe. Yucio Takux mMHOrooopasuii (T.e. N) Moxer
OBITH CKOJIb yrogHo OonbimM. Tak, Oyaer, Hampumep, ecau f; = 0. He uckirouen
BapHaHT, KOTJla OHU OTCYTCTBYIOT.

Bonpoc o BeIOOpE NOCTOSHHBIX (; M YMCIIE TaKMX OJHOPOJHBIX COCTOSHHUH
paBHOBecus ocHOoBHOU K3 (1), (2) MoxxeT OBITh CBEIEH K OMNPENCICHUI0 KOpHEU
anreOpanvecKoro ypaBHEHUS
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3’ +2Kha+fi,—m*=0 m=+1,42,.. (3)

HanmomauMm, 4TO JByMEpHbIE WHBApUAHTHBIE MHOT00Opa3usi, Kak MpaBUIo,
ceasioBble (HeycToHuMBbIe). JIOKaTbHBIMHU aTTPAKTOPAMU MOTYT OBITh TOJIBKO JIBa U3
HUX. OJTO T€ WHBApUAHTHbIE MHOrooOpa3us, KOTOPbIE HAXOIATCS B OKPECTHOCTH
CEIOBEIX COCTOsIHMI paBHOBecus a4 (1), a, (1) rne a; (1), @, (1) xopum ypaBHEHUS
(3), Bkoropomm* =1 (m=1unum= —1).

AHanornyHele pe3yabTaTbl MOTYT OBITh MOJYYEHBI JJISl KJIACCUYECKON BEPCHH
ypasHenus Kana-Xummapna (8 ypasaenun (1) g(u) = h(uw) = 0), ecnu 3ameHuTs
KpaeBble yclIoBUA (2) Ha OHOPOJIHBIE KpaeBble yciaoBusl HeliMmana

u,(t,0) =u,(t,m) = u,,(t0) =u,,ltm =0. (4)

Y K3 (1),(4) cymecTByroT OQHOMEPHbBIE MHBapMaHTHBIE MHOrooodpasus U, ;,
c(OpMHUPOBAHHBIE  OJHONAPAMETPUUECKUMHU  CEMEHCTBAaMH  MPOCTPAHCTBEHHO
HEOJTHOPOJHBIX COCTOSIHMM paBHOBecud 3Tod K3, ecnum mpu HaHHBIX 3HAYEHUAX
apamMeTpoB CYLIECTBYIOT ABYMEpPHbIE HHBapUaHTHbIe MHOT00Opa3us K3 (1),(2).

O0ocHOBaHME 3THUX PE3YJIBTATOB OCHOBAaHA HA MCIIOJIb30BAHUU MAaTEMAaTHUYECKH
000OCHOBaHHBIX METOJIOB TEOPUM JIHUHAMHYECKHUX CHUCTEM C OECKOHEYHOMEpPHBIM
MPOCTPAHCTBOM HAUaJIbHBIX YCJIOBUH: METOJa WHBAPUAHTHBIX (MHTEIPAJIbHBIX)
MHOrooOpasuii, HopmaiabHbIX (popMm Ilyankape-/{ronaka, a Takke aCUMIOTOTHYECKHUX
METOJIOB aHaJn3a TUHAMUYECKUX CUCTEM.

JlocTaTOYHO MOAPOOHOE U3JI0KEHNE ITUX PE3YIbTaTOB MOKHO HAWTHU B CIIEIYIO-
mux paborax [4-6].

Paboma  evinonmena 6 pamkax —peanusayuu  npocpPaMMuvl  pA3GUMUS
PEGUOHATIbHO20 HAYYHO-00pa3o8amenbHo2o mamemamuiecko2o yeumpa (Apl'Y) npu
Gunancosoli noodepocke Munucmepcmea Hayku u evicuieeo o0obpazosanus Pd

(Coenawenue o npedocmasnenuu uz ghedepanvrioco o610dicema cyocuouu Ne 075-02-
2024-1442).

Buoauorpadguyecknii Cnucoxk
1. Cahn J.W., Hilliard J.E. // J. Chem. Phys. 1959. V. 28. Ne. 6. P. 258-267.
2. Podolny A., Zaks M.A.,Rubinstein B.Y.,Golovin A.A.,Nepomnyashchy A.A. // Physica D. 2005. V.
201. Ne. 3. P. 291-305.
3. Kudryashov N.A., Migita A.V. // Fluid. Dyn. 2005. V. 42. P. 463-471.
4. Kulikov A.N.,Kulikov D.A. // Part. Differ. Equat. in App. Math. 2024. V. 12. Art. 100946.
5. Kulikov A.N.,Kulikov D.A. // Comp. Math. and Math. Phys. 2024. V. 64. No. 10. P. 2399- 2416.
6. Kulikov A.N.,Kulikov D.A. /I Lobachevskii Journal of Mathematics. 2024. V.45. No.11. P.5480-
54809.
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O BO3HHKHOBEHHH PA3JIHYHBIX THIIEPOOIHYECKHX MHOMKECTB
HA IByMEPHOM TOpe
O.M. HIunos!

'Hayuonanvnwiii uccnedosamenvcruil ynusepcumem «Bvlcuias wKkona 5KOHOMUKUY,
Huoicnuii Hoseopoo
E-mail: omshilov@hse.ru

Jlokiaa MOCBAIIEH UCCIEIOBAHUIO TUTIEPOOINYECKON TUHAMUKH JIBYMEPHBIX
muddeoMoppu3MOB, TOIYUYEHHBIX B pe3yjibTaTe BO3MYILIEHHUS JABYMEPHOIO
oToOpakeHnss AHOCOBa C IOMOIILI0 O0ToOpakeHuss Mébuyca [1]. B aTom mokmnane
OMKCHIBAIOTCS BO3MYIIEHUSI JABYMEPHOIO OTOOpakeHHs: AHOCOBA U TMOJyYCHHBIC
OTOOPaKEHUSI YUCIICHHO MPOBEPSIOTCS HA TUMEPOOIUYHOCTh. UnCIeHHas MpoBepKa
THIEPOOTMIHOCTH IMTPOBOIUTCS C MTOMOIIBIO METOIa, OITMCAHHOTO B [2, 3].

Hns cemeiictBa nuddeoMopdr3MOB MBI paccMaTpUBAETCS BO3MYIICHUE,
3aBUCSIIEE OT JIBYX napaMeTrpoB. Ha cooTBeTCTBYyIOIIEH IMIOCKOCTU MAapaMeTPOB C
MOMOIILI0 METOJOB BBIYMCIICHUSI TMOKa3arenei JIsmyHoBa UM YIJiOB MEXKIY
KacaTeJIbHBIMU  TOJMNPOCTPAHCTBAMHM  BBISBJICHBI  O0JACTH, COOTBETCTBYIOIIUE
CYIIECTBOBAHUIO TUIMEPOOJIMYECKOIO Xaoca B MPSAMOM U 0OpaTHOM BpemeHu, DA -
arTpakTopa, DA-penemiepa, a TakKe COCYIIECTBOBAHWIO YCTOMYMBOW W BITOJHE
HEYCTOMYHUBOW HEIOJIBUKHBIX TOYEK.

B obnactsx mapaMeTpoB, T/I€ COCYIIECTBYIOT YCTOWYMBAas U BIIOJHE
HEYCTOWYMBAas HEMOJBIKHBIE TOUYKH HAOIO/IaeTCA CYIIECTBOBAHHUE XAOTUYECKOTO
ceqna. Ilpu HEKOTOpBIX mMapameTpax 4YHWCICHHO HaWJIeHbl W TPOBEPEHBI Ha
TUNEpOOIMYHOCT  TPACKTOPHH,  ANlpPOKCUMHUPYIOIIME  TaKUe  XAOTUUYECKHE
MHOXeCTBa. YUCIIEHHBIN METO/T HAXOXKICHUS TAKUX TPACKTOPHI MpeIcTaBiicH B [4].

B nokinane npenacraBieHbl pe3yJbTaThl COBMECTHOM paboThl ¢ A. Ka3akoBbIM.
Hccneoosanue ocywecmeneno 6 pamkax Ilpoepammel  ¢hynoamenmanbHvix
uccneoosanuit HUY BIIID

bubuanorpaguyeckuii cnucok
1. Chigarev V., Kazakov A., Pikovsky A.; Kantorovich—Rubinstein—-Wasserstein distance between
overlapping attractor and repeller. Chaos 1 July 2020; 30 (7): 073114.
2. Kuptsov P.V. Fast numerical test of hyperbolic chaos // Phys. Rev. E. 2012.
3. Kuptsov P.V., Kuznetsov S.P. Numerical test for hyperbolicity in chaotic systems with multiple
time delays // Comm. in Nonlinear Science and Numerical Simulation. 2018..
4. Nusse, HE ; Yorke, JA. / A procedure for finding numerical trajectories on chaotic saddles. In:
Physica D: Nonlinear Phenomena. 1989 ; Vol. 36, No. 1-2. pp. 137-156.
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MeTOIlbI MMPOBEPKUA HCGB}IOFHHCPGOHH‘IHOCTI/I

K.C. 3aiiunkos!, A.O. Ka3zakos!
1HaL;M0HaJZbelZZ ucce0068amenbCKull YHUsepcumem «Bwvicwas wkona IKOHOMUKU),
Huoicnuii Hoseopoo
E-mail: zaychikovkirill3@gmail.com.

[IceBnorunepOoIUYHOCTh — cllabasi BepcUs TUMEPOOIMYHOCTH. ATTPAKTOP
HA3bIBAETCS IICEBJOTUNEPOOIUYECKUM, €CIM B KaXJOW TOYKE €ro KacaTejIbHOoe
IPOCTPAHCTBO PACKJIAJBIBACTCS HA MPAMYI0 cyMMy mpoctpanctB E® u E®, B oqHOM
U3 KOTOPBIX 00BEMBI PABHOMEPHO pacTaruBarorca. OTinyue OT TUnepOoIUYHOCTH
3aKJIF0YAETCS B TOM, UYTO Ka)XJ0€ U3 IPOCTPAHCTB MOKET OJTHOBPEMEHHO COJEPKATH
KaK HalpaBJICHUSI CKATHUs, TAK U PACTSIKEHUS.

OCHOBBI TEOPHUU TCEBIOTHNEPOOIMYHOCTH OBLIN 3aJI0KEHBI B padoTte [1], rae
OBLIO TOKAa3aHO, YTO 3THUM CBOMCTBOM OOJIaa€T AMKUM CHOUPaAIbHBIM aTTPakTop.
Takxke ObUIO MOKAa3aHO, YTO ATHUM CBOMCTBOM OOJAJAarOT KJIACCUYECKUU aTTPaKTOP
Jlopenua [2], ero AUCKpPETHBIA aHAIOTr [3], a TaKXKe «HACTOSIIUI JUCKPETHBIN
artpaktop Jlopenna [4].

3a4acTyr0 HEBO3MOKHO AHAIUTUYECKH MPOBEPUTH MCEBAOTUNEPOOTHMUYHOCTh
aTTPAKTOpa, O3TOMY MPUXOJUTCA HUCIOIb30BATh YUCICHHBIE METOJIbI, O KOTOPBIX U
IIOMJIET p€Yb B 3TOM JOKJIAJIE.

Jlis  mpoBepKH  TNICEBIOTUNEPOOIMYHOCTH  UCHOJB3YETCSl  CTaHJIApTHBIM
anroput™ benHetnHa [5], ¢ ero moMoIb0 BEAETCS pacueT nokasareien JIamyHoBa,
KOTOpbIE HCHOJB3YIOTCS JUIsl MPOBEPKU pacTskeHus: oobeMoB. Kpome Toro, ¢
NOMOIIBIO  3TOr0  METOAA BBIUMCIAIOTCS TAaK  HAa3bIBAEMBIE  JISAIIyHOBCKHE
KOBapHaHTHbIE BEKTOPA, KOTOPbIE SBIIAIOTCS Oa3zucamMu JMHEWHBIX MOJIPOCTPAHCTB
E* u E®. B pabote [6] Obul0o mOKa3aHO, YTO I HEMPEPHIBHOCTH pa3OMEHUs
HE00XOAMMO OTCYTCTBHE KACaHUs MEXIY MOANPOCTPAHCTBAMHU.

Metonbl OynyT ampoOupoBaHbBl Ha TakUX MOAENsIX Kak cuctema JlopeHua,
oToOpakeHue ['OHUYEeHKO U POYuX.

Paboma noocomoenena 6 Xxo0e uccie0o8aHus 6 paAMKAX HNpPOeKmda
«3epkanvuble 1abopamopuu HUY BIIIDy»

bubuanorpaguyeckuii cnucoxk
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IIporpaMMHBIH KOMHTET

I'onuenko C.B. — HUY B3, Huwxnauii Hosropon, Poccust

Kapasaes A.C. — CTMY um. B.H1. Pazymosckoro, Caparos, Poccus

Kynpssues [[.C. — UbX PAH, Mocksa, Poccus

Ky3znenos H.B. — CII6I'Y, Cankr-IletepOypr, Poccus

Macnosckas A.I'. — YauBepcuter MuHononuc, MaHonosmc, Poccust
ITonomapenko B.1. — C® PO PAH um. B.A. KorenbHukoBa, CapaTos, Poccus
[TocuenokBa O.M. — CI'MY um. B.U. Pazymosckoro, Caparos, Poccus
[Tounnka O.B. -HNY BIID, Huxunit HoBropoa, Poccust

Crankesnu H.B. -HWY BIID, Huxuuit Hosropon, Poccust

I[OKJ'IaI[LI MOJIOABIX YY€HBIX, 0OTMECYCHHbLIC THILJIOMAMH

YcTHBIC DOKIAAbI.

Anexcanopos A.A. O cBs3U ypaBHEHUs XWJUIa C JUHAMHYECKUMHU CHCTEMaMHu Ha
TOpE.

I'pomviko A.A. Marematuueckoe MOAEIUPOBAHUE JHUHAMUKHU TMOMYJISUUA C
IIPOTaHIPUEH.

[TocTepHble OKIAABI:

Haymos A.B. CTumynupoBaHUE€ HEMPOHHOW AKTUBHOCTH B CPE3€ TMMIOKAMITIA MBIIIN
JUISl BOCCTAHOBJIEHUSI (DU3UOJIOTMUECKOW aKTUBHOCTH C UCIOJIb30BAHUEM CHUTHAJIOB,
npeacka3zanubix LSTM.

Huxumun J[.C. Pa3pylieHre WHBapUaHTHOW KpHUBOM mocie Kackaaa Oudypkauuii
YIABOCHUH.
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IIporpamma koH(pepeHIMH

14 Hos10ps, yerBepr, boabmas Ilevyepckas 25/12, aya. 305

09.00-09.50 Perucrpanus

10.00-10.15 OTtkpbiTHE
Cexyusn «Teopus ounamuueckux cucmem»

10.15-11.00 H.B. Bapa6am ATttpakTopsl 1 OUypKaIii KyCOYHO-TIIAKUX JTUHAMUIECKIX

HneHapHaa JICKIIUA CUCTEM

11.00-11.30 A.9. Paccagun Durtponusa Kynnbaka-Jleitbnepa pactaruparonumx
SHAOMOP(}U3MOB OKPYKHOCTHU

11.30-12.00 Kode-0Opetik
Cekyusn «Cnoxcnoe nogedenue OUHAMUYECKUX CUCIEM)

12.00-12.45 A.I'. MacsoBckas ['uOpuaHbie oAX0AbI IS in silico uccinenoBanuii

IInenapHas neKuus IIPOLIECCOB KOMMYHUKALIMU B ABOJIIOLIMOHUPYIOUIMX MUKPOOHBIX HOMYJISILUASIX

12.45-13.15 M.U. BoJsioToB XyMEpHBIC COCTOSIHHS B CUCTEME CTAIMOHAPHBIX U
JBIDKYIIUXCS ETEPMUHUPOBAHHBIX YaCTHII, 00IaJa0IINX JOMOTHUTEIHHOM
BHYTpPEHHEH CTENEeHbIO CBOOO/IbI

13.15-13.30 9.P. BarayrauHoBa YmpaBlieHuE MYyJIbTUCTA0OMIHBHOCTHIO B MOJICITTH THITA
X0KKHHA-XaKCIH B pe3ysIbTaTe yueTa JIONOJHUTEIbHOTO HOHHOTO KaHala

13.30-13.45 I.A. KpsuiocoBa CroxHasi JHHAMHKA CHCTEMbI DUTITXBIO-
Harymo B pexxnmMe ycTOWYMBOIO COCTOSIHUSI PABHOBECHS C
aJIANITHBHBIM BHEIIHUM Bo3ieiicTBuemM (on-line)

13.45-15.00 Oben

15.00 - 15.30 JI.B. Troproxuna K npobieme B3anMoieiicTBus xaoca u cuenapus Jlanaay-
Xomnda (on-line)

15.30 - 16.00 O.M. IlocuenkoBa, H.B. CrankeBnu ®uzndeckre METOIBI aHAIN3a
MHOTOCYTOYHOU JMHAMUKHU apTepUAILHOTO JAaBIICHHS U yJIbCa y MAIIMEHTOB C
apTepuaibHOM runepTensueii (on-line)

16.00-18.00 [TocrepHas cexuus

Cnmcok nocTepHbIX J0KJIAT0B

BobOposcknii A.A. BinsHue nymMa Ha CMEIIAaHHYO0 IMHaMUKY B cucteMe Tomaxa-IInkoBckoro
bonpapenko U.A. XaoTruueckue aTTpakTOPbl B MOJEIHN CEPACYHO-COCYUCTON CUCTEMBI YEJIOBEKA
3aiiunkoB K.C. MeTos! IpoBepKHr ICEBIOTUNIEPOOTUIHOCTH

Kopsikun B.A. Attpakrop JlopeHia B mecTuMepHO MO/IETH, ONUCHIBAIOIIEH JUHAMUKY Ja3epa
HaymoB A.B. CtumynupoBaHue HEMPOHHON aKTUBHOCTH B CPE3€ TUIIIOKAMIIA MBILIH JUIS
BOCCTAHOBJICHUS (PU3HOJIOTUYECKOM aKTUBHOCTH C UCIIOJIb30BAHUEM CUTHAJIOB, IIPEACKa3aHHbIX

LSTM

Huxkutun JI.C. Pa3zpynieHne nHBapuaHTHOW KPUBOM TOCIE Kackaaa OudypKanuid yaIBOCHHI
Cadonona A.C. J/[uHamuka TUCKpPETU3NPOBAHHOMN cucTeMbl XuHaMapiua-Poy3a: oudypkannu u
pa3pyllieHre THBApUAHTHON KPUBOI

IunoB O.M. O BO3HUKHOBEHHH Pa3IMYHBIX THIIEPOOIMUECKUX MHOKECTB Ha IBYMEPHOM TOPE
HOumn A.A. UccienoBanue cMEIIaHHON JUHAMHUKH C TPEXMEPHOU TMHAMUYECKON CUCTEME
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IIporpamma koH(pepeHIMH

15 HosOps, narunua, boasmas [Meuepckas 25/12, ayn.305

10.00-10.15

Kode-0Opeiik |

10.15-11.00

HﬂeHapHas{ JICKIUS

I1.B. KynuoB BersiBieHue xapakrepa JUHAMUKU HEJIMHEWHBIX CUCTEM IIPH
OMOIIY OBICTPBIX JISIMTYHOBCKUX MHIMKATOPOB (0N-line)

CeKuu}l «Teopuﬂ OUHAMUYECKUX CUCIEM)

11.00-11.45 C.B. I'oH4eHko ["'OMOKIMHUYECKUI PE30HAHC U JUTMITHYECKUE TOUKH

HHCHapHaﬂ JICKIIUA

11.45-12.15 A.A. Anekcanapos O cBs3M ypaBHEHUs] XWUIA ¢ AMHAMUYECKUMU
CUCTEeMaMH Ha TOpe

12.15-13.30 OGen |
Cexyun «Cnoscnoe nogeoenue OUHAMUYECKUX CUCHIEM)

13.30-14.15 H.B. Ky3nenoB Teopust CKpbITbIX KOJEOaHUN: IPaHULBI [T100ATBHOM

lInenapHas IeKkuMs | yCTOWYUBOCTH, CKPBITHIE aTTPAKTOPBI U MYJIBTHYCTONYHUBOCTh

14.15-14.45 T.A. AnexkceeBa AHATUTUKO-UYUCIIEHHBIE METO/bl IIPOTHO3UPOBAHUS U
yIOpaBleHUs HEPETYIIPHON TUHAMUKON B MAaTEMAaTUYECKUX MOCIISAX
HYKOHOMHKH

14.45-15.00 Koge-6peiik |

15.00-17.00 AxTuBHas omaaka «MareMaTuueckue ropu30HThDY
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09.45-10.00 Kode-6peiik |
Cexyua «Cnoscnoe nogedenue OUHAMUYLECKUX CUCHIEM)

10.00 - 10.15 K.A. I'anzka BimsiHue u3bATHSA Ha PSKUMBI TMHAMUKU Mojiesin MopaHna-
Pukepa c 3ana3apiBanrem (0n-line)

10.15-10.30 A.A. I'pombiko MaTemaTH4eckoe MOJEIUPOBAHIE TUHAMUKY TOMYJISIIIUU C
npotanapueii (on-line)
Cekuyusn «Teopus ounamuyeckux cucmemy

10.30-11.00 | JI.K. Mopo3 pobHo-nuddepeHuanbHbIil TOAX0A K YUCICHHOMY
MOJICIIMPOBAHUIO 1 ((Y3MOHHO-BOTHOBBIX IIPOIIECCOB B CETHETORIEKTPUKAX
(on-line)

11.00-11.30 J.A. KyaukoB budypkainy nHBapuaHTHBIX MHOT0OOpa3uil B ypaBHEHUU
Kana-Xwummuapaa (on-line)

11.30-12.00 K.T. KycydanaueB BripoxnenHbie OnypKaui B KyCOUYHO-JIMHEHHBIX
orobpakerusx (on-line)
Cexyusn «Paduoghuzuuecxkoe mooenuposarue»

12.00-12.30 B.B. CemenoB Posb HeOKaIbHOM CBS3H IIPU YIIPABIEHUH CTOXACTUYECKUM
PE30HAHCOM B aHCAMOJISIX CBSI3aHHBIX OMCTAOMIIBHBIX OCHMILIATOPOB (ON-ling)

12.30-12.45 A.A. IlaniomeB PaznuuHble THIBI MyJIbTUCTA0OMIIBHOCTH B OTOOPAKEHUHU
Kuasso

12.45-13.00 | A.K. Kuimna Kasuneproamueckas 1 XaoTHueckasi TMHaMuKa B cucreme Uya
110J1 TEPUOJJMUECKUM UMITYJILCHBIM BO3JIeHICTBHEM

13.00 - 13.15 AL lamcuna J[uHamuka reHepaTopa KBa3ulepruoInuecKuX KojieOaHui Mo
NIEPUOJINYECKUM UMITYJIbCHBIM BO3/IEHCTBHEM
Cekyus «Ananu3 IKCnepuUMeHmaibHbIX OAHHBIX) |

13.15-13.30 | B.O. CaanmusinoB MynbTudpakraibHas napaMeTpu3alys CHUMKOB
KOMITBIOTEPHO# TOMOTpad UK JErKUX B MOHOXPOMHOM TipesicTaBieHuu (ON-
line)

13.30-14.00 OGex \

14.00-14.45 A.C. KapaBaeB MaTemaTuuyecKkue MOJEIH CEPACYHO-COCYIUCTON CUCTEMBI
JUISL M3YYEHHSI PA3IMYHbIX (DH3HOJIOTHUECKIX COCTOSIHUI YenoBeka (on-line)

14.45-15.30 J.C. KyapsiBueB DneKTpuueckas akTUBHOCTb KJIETOK: MOJIEKYJISIPHbBIE
MEXaHU3MBbI, HHCTPYMEHTBI HCCIICOBAHUS H OMOJIOTHUIESCKHE TIOCIIEICTBHSI

15.30-15.45 I'.A. I'yiio DddexTbr anecTe3nn B AIIEKTPOKOPTUKOTPAMMaX KPBIC
XapaKkTepu3yeMble ¢ TTOMOIIBIO aHaIu3a (PIyKTyalluidi OTHOCUTENIBHO TPEHAA
(on-line)

15.45-16.00 3akpbITHE




