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IMpencraBneHa HOBasi TMAPOAUMHAMUYECKAasT MOJIE)Ib KBa3UCTALIMOHAPHOTO JIKeTa. B mpubmvkeHuu uue-
aJIbHOM TMAPOIUHAMUKU HECXKUMAEMO XXUIKOCTU HAaIEHO aHAIMTUUECKOE PElLlleHUE, COOTBETCTBYIOIIEE
OrpaHMYEHHOMY B IIPOCTPAHCTBE JIKETY, B YCIOBUSIX KOMIICHCALIMM HEJTMHEWHBIX 3(P(DEKTOB CKOPOCTU U
MarHUTHOTO MOJISI B ypaBHEHUU IBUKEHUS. JIJIs TpAHUYHBIX YCIIOBUM, TUITMYHBIX IS IKETOB B aCTPOGU-
31KE U B 9KCIIEPUMEHTAX I10 JJabOpaTOPHOMY MOJEIUPOBAHMIO, CO3IaHA aKCUAJIbHO-CUMMETPUYHASI MaJIO-
rnapaMeTpuyecKast MOJEe/Ib CTALIMOHAPHOTO JKETa, MO3BOJISIIOLIASI OIIUCBIBATH CTPYKTYPY MOJISI CKOPOCTU U

MarHuTHOTIO ITOJIA.
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1. BBEAEHUE

HccnenoBaHue 1keTOB B MAarHUTOAKTUBHOM ILIa3-
Me SIBJISIETCSI OJHOI 13 KJIIOUEBBIX MpobeM B pu-
suke 1rasMel [Chandrasekhar, 1956; Bellan, 2018; Bo-
goyavlenskij, 2000; Onishchenko et al., 2018] ripu uH-
TeprpeTaluu IKEeTOB M3 aKKPELIMOHHBIX AUCKOB B
OKpEeCTHOCTHU YepHbIX AbIp [ Lovelace et al., 1986; Fer-
rari, 1998] u TopHano B conmHeyHo atMocdepe [Fed-
un et al., 2011; Wedemeyer-Bohm, 2012]. Hapsioy ¢
acTpo(PU3NYECKNMM KETAMH B JINTEPaType 00CYyK-
JTal0TCs 1 MarHUTOC(EPHBIE IKETHI (CM., HaIIpUMep,
[Stepanova and Antonova, 2015]). HecMoTpst Ha ak-
TYaJIbHOCTb M3YYEHMSI IXKETOB, TCOPETUIECKUE HC-
cJIeIOBaHUSI e1lIe JaJIeKW OT TOM POJIM, KOTOPYIO MO-
JKeT UTpaTh HayKa ISl TIPOTHO3UPOBAHUST AMHAMUKU
TaKMX CTPYKTYp. BHyTpeHHee ycTpoCTBO IKeTa, €ro
MHTEHCUBHOCTh M MacITad B 3HAUYMTEIbHOI cTeIe-
HU OMpPEAEsIOT yCTOMYUBOCTh HEIMHEMHOTO 00pa-
30BaHUS 1 XapaKTep ero B3aUMOIEACTBUS C IPYTUMU
JIKETaMU U IIOTOKaMu. B 3TOi CBSI3M OThICKAaHUE HO-
BBIX TOYHBIX pEIIeHUI YpaBHEHUM TUAPOINHAMUKH,
ONUCHIBAIOIINX BUXPEBBIC TEUCHUS KUIKOCTU, SIBIISI-
eTcs akTyajabHolI 3agadeit. [1pencraBisercs, 4To 10-
CTpOEHUE HOBOI MOJEU AXKETOB, COOTBETCTBYIOIINX
TOYHOMY PEIICHUIO YpaBHEHMI MarHUTHOM T'MOPO-
IWHAMMKH, OTKpbIBaeT Haubojee IPOCTOi U KOp-
PEKTHBIN MyTh K TOJYYCHUIO Psila TEOPETUUYECKU U
MPaKTUYECKN BaXKHbBIX PE3YJIbTATOB.

JAVHaMUKY IXKETOB MOXHO YCIOBHO pa3iesInTh Ha
TPU CTAAWK: T€HEpPalUIo, KBa3WCTALIMOHAPHOE CO-
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CTOSIHME U 3aTyXxaHue. ['eHepalluio IXKETOB 4acTo
CBSI3BIBAIOT € 3(p(heKTOM KOHBEKTUBHOI HEYCTOMI -
Boctu (cMm., HanpuMmep, [Bogoyavlenskij, 2000; Bel-
lan, 2018; OHuieHko u ap., 2020]), a 3aTyxaHue Mo-
XKET OBITh OOYCJIOBJIEHO NVICCUIIATUBHBLIMU IIPOLIEC-
caMu, TaKMMH KakK BSI3KOCTh U TEILJIONPOBOIHOCTb.
OOBIYHO BpeMsl CyIIECTBOBaHUS IKETOB Ha BTOPOIA,
KBa3UCTAallMOHAPHOM CTaguM pa3BUTHUsI YacTO Ipe-
BBIIIAE€T BpEMEHa CylIeCTBOBAaHUS IKETOB Ha MEPBOit
U TpeTbell cTaausix pa3Butus. Ilpu ucciaenoBaHUU
JIXKETOB OTPAaHUYMMCS PSIIOM IIPUOJIVZKEHU, YIIPO-
MIAIOIIMX aHAJIUTUYECKOE MCCIIEIOBAaHUE: a) Orpa-
HUYUMCSI M3YYEHUEM HEPEISITUBUCTCKUX IKETOB;
0) I1a3My CYMTaeM HIeaabHO IIPOBOASIIET, B KOTO-
poii MOXHO IIpEHEOpeYb IIEKTPUUECKHM IIOJIEM,
8) TMoJjlaraeM Iuia3My HeCKMMaeMoil; ¢) mpeHeopera-
eM 3¢ deKTaMu BI3KOCTH U TEIJIONPOBOIHOCTH, OC-
HOBaHHOI Ha TOUHOM pelleHN ypaBHEHWUIA MAarHUT -
HOIi TUAPOAUHAMUKU.

IvnponyuHamMuyeckrie MOAeIN CTALIMOHAPHBIX JIKe-
TOB B HEUTpaJIbHOM arMocdepe M3ydaauch paHee,
(cm., Hammpumep, [OHuieHkKo u ap., 2020; Onishche-
nko et al., 2015, 2019]).

Lenpro maHHOI paboOTHI ABISIETCS pPa3BUTHE CTa-
LIMOHAPHBIX MOJIeJIeli I3KETOB, OTPAaHUYEHHBIX B IPO-
cTpaHcTBe. Momenb, uccienoBaHHast B pabore [Oni-
shchenko et al., 2018], obmagana psimoM HETOCTaTKOB,
Cpelu KOTOPBIX ObLIM HEOrpaHWYEHHOCTh IXKETOB
10 OCY CUMMETPUU U CBSI3aHHBIN C 3TUM HEOTpaHU-
YeHHBIII POCT BEepPTHUKAJIBHOM cKOpocTH mxeta. Ho-
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Basi MOJIeJIb IXKETOB MO3BOJISIET yYECTh 3TH HElOCTaT-
KW TIPEAbLIYIIUX MOJIEJIEH.

B pasgene 2 nmpuBoOASITCSI MCXOOHBIC YpaBHEHMS
MarHUTHOI TuApomuHAMUKU u pemeHne Chan-
drasekhar [1956]. B pasnmene 3 usydaercss HOBast MO-
JIeJIb I3KEeTa, a B pasieiic 4 CyMMUPYIOTCSI pe3YJIbTaThI.

2. ICXOOHBIE YPABHEHMUS. PEIIEHUE
CHANDRASEKHAR (Chandrasekhar [1956])

B kxauecTBe MCXOMHBIX MAarHUTOTUAPOIMHAMUYE-
CKMX YPAaBHEHUN HECXKMMAEMOM, HEBI3KOM IJIa3Mbl
B IPUOJIMCKEHUM MICAIBHON ITPOBOAUMOCTH MCITOJIb-
3yeM ypaBHEHUE COXPAHEHUS UMITYJIbCa
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ypaBHeHUs (6) pelleHe
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SBJISIETCS YCTOMYUBBIM OTHOCUTEJILHO CJIabbIX BO3-
myiieHuii. I3 ypaBHeHuit (7) u (8) ciemyeT, 4To B
JKeTe TIOTHOCTh KWHETUYEeCKOW BSHepruu paBHa
IUIOTHOCTU PHEPrMM MarHuTHoro nossi. Hemocrart-
KOM 3TOTO pEIIEeHUs SIBISIETCSI OTCYTCTBME MHMOpP-
MallMy O CTPYKTYpe MarHUTHOTO TI0JIsI, CKOPOCTU U
HEOrpPaHWUYEHHOCTHU JIKETA B MPOCTPAHCTBE.
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3. MOAEJIb IKETA

PaccmaTpuBast akcaibHO-CUMMETPUYHYIO MOJIETb
JIKeTa, BBelleM HWIMHIAPUYECKYIO CUCTEMY KOOPI-
HaT (r,0,7) C aKCUMaJbHOM OCBIO Z B HANpPaBJICHUM
pacnpoCcTpaHEeHUs IKeTa, U I1ojaraeM, 4ro 8/ 00 = 0.
B akcuanbHO-CUMMETPUYHON MOMAEIN IXEeTa Mar-
HUTHOE I10JIE€ U CKOPOCTH MJ1a3Mbl B OTCYTCTBUE TO-
pouaIaIbHBIX KOMIIOHEHT MOTYT OBITh IIpeaCcTaBIe-
Hbl B ClenylolleM BUAC: V=V, U B = Bp, e
v,=(,0v,) u B,=(B,0,B,) — nonounaibHbie
KOMIIOHEHTEI. HanbGosiee oOllume BBIpa>keHMS IS
MOJIONAAIBHBIX KOMIIOHEHT CKOPOCTU B HECXKMMa-
€MOii mjIa3Me U MAarHUTHOTO T10JISI MOT'YT OBITh TIpe/ -
CTaB/ieHbl B cienyoem Bune: v, = VX (yV4,) u
B, = V X A, toe ¢y — yHKIMs TOKa ¥ TOponaibHas
KOMITOHEHTa BEKTOpHOTO noteHumana A, A = (0, 4,,0).
B paccmarpuBaeMoii MoJieid CTallMOHAPHOTO JIXKeTa
MOJOUAATbHBIE KOMIIOHEHTBI CKOPOCTA W MarHMT-
HOTO MOJISI XapaKTePHU3YIOTCS OBYMS CKaaspHBIMU
GYHKIMAMU f ¥ A,, 3aBUCSIINMU TOJIBKO OT JIBYX
MIPOCTPAHCTBEHHBIX KOOpAUHAT » U 7. KOMIIOHEHTHI
CKOPOCTH CBsI3aHbl ¢ (DYHKIMEN TOKa CIAEAYIOIIUMU
COOTHOIIIEHUSIMU:
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IIpu BBIGOpE DyHKLMI Y(r, 7)) 1 A o(r, 2) Oyznem ncxo-
JIUTb U3 CIAEAYIOIIUX TPAHUYHbBIX YCIOBUIA 151 MO
CKOPOCTH YU MAarHUTHOTO TOJIS:
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— Ha nepudepuu BUXDPSI, OPU 7 —> oo (r = 1),
v,.=v,=B. =B =0,
— y ocHOBaHMs BUXpsi, npu z = 0 u r # 0, Bce KOM-

TIOHCHTBI CKOPOCTHU 1 MAaIrHUTHOTO ITOJISI — KOHCYHBIC
BCJIMYMHBI.

YuureiBas Takue TpaHUYHBIC YCJIIOBMsA, B KAUECTBE
n A¢ HCITIOJIB3YyEM CIICOAYIOIINE BBIPDAXKCHMU A
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JaJIbHOI CKOPOCTU Y ITOJIOMIATIBHOTO MArHUTHOIO
MoJsi, a f, U L — XxapakTepHble MacIITadbl B paauaib-
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HOM M aKCHaJbHOM HampaBjeHUM. Bocroib3oBas-
murchk popmynamu (9)—(12), mojyyaem
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1) B, Ty L I Ty
N3 ypaBHenus (13) BugHO, YTO pagualibHasT CKO-
POCTb MOJI0XUTEbHA BO BCeii 00JIaCTH, YTO COOTBET-
CTBYET pPacXOIsIIeMyCsl OT aKCHAJIbHOI OCH ITOTOKY
ILUTA3MBI B OTJIMYME OT MOJENIM JKeTa, IIpeacTaBlIeH-
Horo B pabote [Onishchenko et al., 2018], roe moTok
IUTa3MBI BO BHYTpPEHHE 061acTH HATIpaBJlIeH K 1LIeH-
Tpy cummeTtpuun. [loacraBus B ypaBHeHus (13) u (14)

(13)

N 1/2
B Ka4€CTBE XapaKTEPHOU CKOPOCTU V,, = B, / (PHo)/ ,
noayuuM BeipaxeHus (7) u (8) ¢ mojongaJIbHBIMU
BBIPaXK€HUSIMU CKOPOCTH U MAarHUTHOTO TOJIS.

BriBenennsle B 3T0ii pabote ypaBHeHUs (13) u (14)
MO3BOJISIIOT MCCJIEA0BaTh CTPYKTYpy IKeTa. AKCHU-
aJlbHO-CUMMETPUYHASI CTPYKTYpa C MOJOUIATIbHBIM
MarHUTHBIM TIOJIEM COOTBETCTBYET Z-MIMHYY U 00Ja-
JIa€T OTJIMYHOM OT HYJISI TOPOUAAIBHOMN MJIOTHOCTHIO
3JIEKTPUUYECKOTO TOKA

. By r z r2
Jo =t4——=|1—>]exp| —= |
Moy Ho L 0

W3 ypaBuenuii (13), (14) u (15) BumHoO, 4TO pamu-
aJlbHble M aKCUajbHble KOMIIOHEHTBI CKOPOCTH U
MarHUTHOTO MOJsI, a TaKXe IUIOTHOCTh BJIEKTpUYe-
CKOT0 TOKa 00palllaloTcs B HY/Ib B LIEHTPE BUXPS, TIPU
r = 0. C ygajieHUeM OT OCHM paguaibHble KOMIIOHEH-
ThI CKOPOCTA M MAarHUTHOTO MoJisI (IT0 aOCOJIIOTHOIM
BEJIMUYMHE) PACTYT, JOCTUTast MAKCUMAaJILHOTO 3HAUYe-
Hug npu r = 0.7r, U, 3aTeM, C yAaJE€HUEM OT OCHU
CUMMETPMHU, DKCIIOHEHLIMaIbLHO yObIBaloT. Ha Bep-
IIMHE JKeTa, IpHu z = L, akcuallbHble KOMIIOHEHTHI
CKOPOCTY ¥ MATHUTHOTO TIOJISI, 4 TaKXKe TOPOUIATb-
HBI TOK oOpaliaiorcs B Hylab. Ha Gonbiiom ynaje-
HUU OT OCU CUMMETPUU, MIPU ¥ = Fy, BCE KOMIIOHEH-
ThI SKCITOHEHILIMAJIbHO YOBIBAIOT.

(15)

4. BAKJIITOYEHHUE

MccnenoBaHa HoBasi akKCUaJIbHO-CUMMETpUYHAasI
MOJIETb CTAlIMOHAPHOTO KeTa, OTPAHUYEHHOTO B aK-
cUaJIbHOM HarpasyieHuu. HoBoe penieHue no3BoJisi-
€T U3y4aTh CTPYKTYPY CKOPOCTH, MarHUTHOTO TTOJIS 1
TOPOUNATBHOTO 3JEKTPUYECKOTO TOKA B HEPEISITU-
BucTcKoM Jxxete. HoBasi MmanonapameTpuyeckasi Mo-

IT'EOMATHETU3M U ADPOHOMMUA

JIeNb CO CBOOOOHBIMM ImapamMeTpamMu: XapaKTepHBIfI

paguyc ry U XapakTepHbI aKCUAIbHBIA MacluTad L,
a TakXKe XapaKTepHOE€ MAarHUMTHOE MoJie WJIM Xapak-
TepHasi CKOPOCTb JKETa, IMO3BOJISIOT MCCIeNOBaTh
CTPYKTYpPY BHYTPHY U CHapYKM mxkeTa. Moaeab moiy-
yeHa B IpeHEOpeXeHUU TOPOUIATbHBIMU KOMIIO-
HEHTaMM CKOPOCTH YU MarHMUTHOTO I10Jisl, YTO COOT-
BETCTBYET Z-IIMHYY B (DM3UKE TLIa3MBbI.

OMHAHCHUPOBAHUE PABOTHI

Pa6oTa BeITIOTHEeHA B paMKax [ocymapcTBeHHOTO 3a/1a-
Hus1 MHctutyra puszuku 3emiuu PAH, a Takke B paMKax
locynapcTBeHHOrO 3agaHus Mo TeMe (PyHIaMeHTaJIbHOIO
HaygHoro ucciegonanus “Ilnasma” MHcTHTYyTAa KOCMIYe-
ckux uccnenoBanuit PAH.
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