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BBenenue

ITon mepuarenbHON apUTMUEH Ha CETOAHSUIHUMN
JIeHb TIOHMMAIOT y4YallleHHe pUTMa U OecropsiiouHoe
COKpAIlIEHUE CEepAEYHOI MBIIIIEI, KOTOPHIE, B CBOIO
ouepellb, SBIAIOTCS PE3yIbTaTOM BO30YKICHHS
XaOTHYECKUX HWOHHBIX TOoKoB [l]. B  pabote
paccmarpuBaercs Monenb  (puc.l), ympomieHHas
reoMeTpudeckas CTPyKTypa KOTOpoH Oim3ka K
pearsHON TeOMETPHH YEIOBEUECKOTo cepara, Kak U B
pabore [2], a TOTEHHIMANBI >SIEKTPHYECKOrO OIS,
TEHEPUPYEMOT0 B CEpJACUHON MBIIIIE, HAXOIATCS U3
pelIeHns KpaeBou 3aauu JUIsl CUCTEMbl HEJIMHEHHBIX
muddepeHManbHbIX  YpaBHEHHH B YacTHBIX
MIPOU3BOIHBIX Jlarnay-I'un30ypra [3]. Jnst
WCCIIETOBaHUS TaKuX apuUTMUil CO3JIal0TCs
TpEXMEpPHbIE MOJENHU PACHPOCTPAHEHUS HOHHBIX
TOKOB IO KJIETKaM MHOKAap/ia 9eJI0BEYEeCKOT0 CepIria.

MarepuaJj 1 MeTOBbI

JlerkoBo30ynuMEBIe cpeasl — ATO OOIIee MOHSATHE,
KOTOpPO€  HCHOJB3YeTCs MPH  MOJICIUPOBAHHUH
6opIoro yucna (GU3NIEeCKUX SBICHUH, B 9aCTHOCTH,
paclpOCTpaHCHUsT  DJCKTPUYECKUX  CUTHAJIOB B
cepaeuHorr wmbimie [2].  YpaBuenus Jlanpay-
I'mu30ypra st BO3OYIUMBIX CpEJ  OMKCBHIBAIOT
npocTedrme (QU3HONIOTUICCKHE MOJACTH C JBYMS
MEePEMEHHBIMH, aKTHBAaTOpa M HHruouTopa [4]:

i — AU —CU,) = U, — (U —cu, ) (Uf +u7) "
Uy — A(GU, +U,) = U, —(Couy +u, ) (uf +u3)

3aech Up — MOTEHIHUa aKTHUBATOpa, U Uz — NOTCHIMAIL
I/IHFI/I6I/ITOpa. Koncranter €1 u C3 — napamMeTphbl,
OTpaKarouue SHCKTpO(l)I/I?;I/I‘{eCKI/Ie CBOWCTBa Cpeabl.
I[aHHBIe KOHCTAHTBI XapaKTCPU3YIOT HAJIUYHUEC U

YCTOWYHNBOCTh pemeHnit n OTIPEIETISIFOTCS
3JEKTPOIPOBOASIINMHI CBOWCTBaMHU KJIIETOK
CepIeYHON MBILIIIBL.

Hawanproe  ycmoBme  (t=0)  ompexmenser

pacupeneiaeHue NoTeHIuaaos U U Uz:
u, (0, x, y, z) = tanh(z)

u,(0,x,y,z) = —tanh(z)

I'pannunsie ycnosus (3-4) xak g Ui, Tak U IS
U2 TPUHUMAIOTCS HW3OJUPOBAHHBIMHU (TPaHUIHOE
ycnoBue Helimana), OCHOBBIBAsICh Ha JIOMYIICHUH, YTO
MOJIETIb 3aKpbITas, T.C. HOHHBIE TOKH
pacnpoCTpaHsIOTCs BHYTPH CEP/LIa, 3aMbIKasiCh Ha €T
MIOBEPXHOCTH, ¥ HE YXOAT HAPYXKy B APYTHE OpraHBbl.
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rie M(xy,z)
cepua, N — BeKTOp HOPMAJH.

MeTtox  KOHEYHBIX  DIEMEHTOB  (KOTODBIA
peamu3oBaH B makere COMSOL) BbIOpaH B KauecTBe
MeToJa peneHus CHCTEMBI HEJIMHEHHbIX
mupepeHnaIbHbBIX  yYPaBHEHHH B YaCTHBIX
npou3BoaHbIX (1). Mcnonp3oBaHue JaHHOTO MeTOoAa
[IOIPa3yMEBAET BBEJCHUE HEKOTOPBIX YIPOLICHUN B
UCXOJHYIO MOJeNlb. B 4acTHOCTH, IOBEpXHOCTH
FeOMETPUYECKOro Teja JUIs MEeTOAa KOHEYHBIX
JJIEMEHTOB TIpeZicTaBisieT coboli Habop nmomodIacTel,
OIpe/IeNIIeMBIX KOHEYHBIM YHCIIOM apaMeTpPOB.

TOYKa, JiCKalllasd Ha IMOBEPXHOCTHU

PesyabTaTsl

Ha pwmc. 2 mpencraBieHo pacmpereiieHne
MOTEHIMAaMa Uy BO3HUKAIOIINX XAO0THYECKUX MOHHBIX
TOKOB (MepLaTenbHas apuTMus), a Ha puc. 3
MPEICTaBICHO  paclpefieieHne MoTeHnuana Uy,
COOTBETCTBYIOIIEE CTAOWILHOMY  CEpIICOHEHHIO.
Hauboinee WHTEHCHUBHBIN CBETJIBIN OTTEHOK
COOTBETCTBYET HAMOOJIBIIIEMY 3HAUCHHIO TOTCHITHANIA,
TEMHBII — COOTBETCTBYET HAaUMEHBLIEMY 3HAYEHUIO
MOTEHIHUANA.

SA-y: 3en Bepxnss xamepa (Jlesoe
peacepane)
Bepxmss kamepa \‘
(ITpasoe
npeacepaue) ‘

Hiokwsist kamepa
(JIepprit Kemynouek)

Hrxuas xamepa / \

(ITpaBsbrii xenya0ucK)

Pucynox 1 anomeHHaﬂ MOHGJ‘IB cepaua

Time=45 Surface: Dependent variable ul (1)

A 11816

¥ -1.1268

PucyHok 2 - Pacripenesnienue norenuania Ui,
XapaKTepu3yIollee BOSHUKHOBEHNE MEPIATEIbHOM
apUTMUHU
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Time=45 Surface: Dependent variable ul (1)

| A 11933
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Pucynok 3 - Pacnipenesnenue noreHnuaia Ui,
COOTBETCTBYIOIEE CTA0MIBHOMY CepALEOHEeHHIO

Ha puc. 4 mpencraBieHa — 3aBHCHMOCTh
BO3HMKHOBEHHS MEpIATENIbHONH apuTMHH J  OT
3HaueHul c¢3 npu C1=1,5. YucneHHble pacyeTbl
MOKa3ajM, 9TO MeplaresibHas apuTMHUS OTCYTCTBYET
(0=0) opu 1 < ¢3 < 2 u npucyrcreyer (6 = 0) mpu
OCTaJIbHbIX 3HAYECHUSX C3.

o

0 r r T r .
0 1 2 3 ¢c3

Puc.4. OGmacTs 3HaAYCHHUH C3, XapPaKTEPHU3YIOIIIX
cTabuibpHOE cepreOneHme

3akiouenue

Jnst peleHus MOCTaBJICHHOU
HCIOJIB30BAICS  METOJ]  KOHEYHBIX
UCMOJNIB30BAICS  HAbOp  BCTPOEHHBIX  MOJYJICH
COMSOL  Multiphysics s MOJCTUPOBaHHS
(u3MUECKUX MPOIIECCOB, CBA3AHHBIX C PACCMATPH-
BaGMbIM  MPOIIECCOM, B  YAacCTHOCTH, MOJYIIH,
OCHOBaHHbIE HAa MAaTEeMaTHYECKUX (HOPMYIHPOBKAX
3agad. Kpome Toro, mocrpoeHa TpexmepHas MOJCIb
cep/lia ¥ BU3yalM3HPOBaHa Mepeiada deKTPHISCKUX
CHUTHAJIOB B BIICKTPUUIECKOI cucteme cepana. Cremyer

3a7a4u
JJIEMEHTOB,

OTMETUTh, YTO PE3yNbTaThl, IPEICTABICHHBIE B
JTAaHHOH paboTe, MOTYT OBITH HCIIOIB30BaHBI TOJIBKO B
Ka4ecTBE IEePBOM OLEHKH KauYeCTBEHHOTO MOBEJCHUS,
KOTOpPOE€ MOYKHO OXHJAaTb OT CUCTEMBI IIPU 3aJaHHBIX
OMOXUMHYECKUX, ODJIEKTPOPHU3UYECKUX IapamMerpax
TKaHEH.

JanpHelmue pe3ynbTraTel MOACIUPOBAHUSA MOTYT
OBITH MOJyYEHBI IIyTEM M3MEHEHUS! KOHCTAHT C1 M C3
TakuM 00pa3oM, 4TOObI HaliTH 00JAcTH CyIIECTBO-
BaHMWS YCTOMUYMBBIX KOJEOAHUH  DIEKTPHUYECKHUX
MOTEHIIMAJIOB. B pmanpHeideM B Xoxe MpOBEACHUS
BBIUHMCIIUTENBHBIX ~ OKCIIEPUMEHTOB  HEOOXOIMMO
TaKke MoAOMpaTh MapaMeTphl pemaTteiaei M CETOK
TakuM 00pa3oM, 4dTOOBI W30eXaTb YHUCICHHOM
HEYCTONYHMBOCTH.
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