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1. OBIIASA XAPAKTEPUCTUKA IUCCEPTALIUN

AKTYaJbHOCTH NPO0JIeMBbI HCCICAOBAHUS.

CoBpeMeHHasi Teopusi TArOTeHUs - oOias Teopusi oTHocuTeabHoCcTH (OTO)
JIOJITO€ BpEMs OCTaBajlaCh MATEMATU3MPOBAHHOM TEOPUEN HMEKOLIEU MaJioe
IPaKTUYECKOE NPUMEHEHHWE B acTpoPU3MKE B OCHOBHOM H3-3a C€JIabOCTH
I'PaBUTALHOHHBIX ITOJIEN B paMKax COJIHEUHOU cucTeMBI. J[o 60-X rogoB MpoILUIOro
croneruss OTO naBasia nuIIb Majible NONPABKH, TOCTYIHBIE U3MEPEHUIO TOJIBKO
TOYHEUIIUM MPEIU3UOHHBIM TPUOOpPaAM.

OnHako, COBPEMEHHBIE JOCTHXKEHUS OSKCHEPUMEHTAIBHOW  TEXHHMKHU
acTpopu3MUECKUX HAONIOACHUN  CAeNald  BO3MOXHBIM W HEOOXOIUMBIM
YYHUTHIBATh BIWSHUE OOMIECPEISITUBUCTCKUX A(P(HEKTOB Ha pe3yiabTaThl MHOTHX
MOBCE/IHEBHBIX ACTPOHOMUYECKUX HAONIOJCHUN, CBSI3aHHBIX, HamNpuMmep, ¢
HaO0JIIOICHUSIMU KOMIAKTHBIX MACCHUBHBIX aCTPOHOMHUYECKHUX OOBEKTOB
(ralakTU4eCKUX ¢ BHETAIAKTUYECKUX) C CHJIbHBIMH T'PABUTALMOHHBIMH U
AJIEKTPOMArHUTHBIMH TIOJISIMU, UTPAIONIUX POJb YHUKAIBHBIX aCTPOPU3UUECKHUX
pensTuBUCTCKUX Jabopatopuil. IloaToMy wuccienoBaHue BIWSHUS PUMaHOBA
XapakTepa TEeOMETPUU BOJIM3M KOMIAKTHBIX PEJISTUBUCTCKUX OOBEKTOB Ha
pe3yiabTaThl ACTPOHOMHUYECKMX HAOIIOJEHUM SBISETCS akTyalbHbIM. llpu
COBPEMEHHBIX TOUYHOCTSIX U3MEPEHUN acTpOPU3NKA CTAHOBUTCS PEISITUBUCTCKOM,
a OTO - paboyuM HHCTPYMEHTOM AacCTPOHOMHH, a HMEHHO  IPAKTHUYECKH
3HAUUMOW Ba)XKHOW TEOPHEH OINMCHIBAIOIICH PENISTUBUCTCKUE acTpo(U3NYECcCKue
IIPOLIECCHI.

B wactHOCTM, K CHJIBHOMY W3MEHEHHUIO OOJMKa PENSITUBHCTCKOM
acTpo(U3UKU U KOCMOJIOTUH TPUBEIN OTKPBITHS, ITpou3BeieHHbIe B 60-70-¢ roabl
XX-cTtonetus. IJTO  MPEXJIEe  BCEro -  OTKPBITUE  MHUKPOBOJIHOBOIO
KOCMOJIOTHYECKOT0 M3JIyUEHUS U SBIISIIOLIEECS BECKUM JI0KA3aTEIbCTBOM B MOJIb3Y
«ropsiuert Mmojenu BeenenHnoiy, npennoxenHou ['amoBbim eme B 1948 1., a Takxe
OTKpbITHE ITynbcapoB [l. bemtom u O. Xpronmom 1968 r., KOTOpBIE PEACTABIISIIOT
co00# OBICTPO BpalllalOIIMECs] CUJIbHO HAMArHUYEHHbIE KOMITAKTHBIE HEUTPOHHbBIE
3Be3anl (H3).

B Hacrosmee BpemMs HMMEIOTCS  MHOTOYMCIEHHBIE  JOKAa3aTelbCTBA
CYILIECTBOBAHMS CBEPXMACCUBHBIX YepHBIX JAbIp (UJ]) B IEeHTpe MHOTHX TaJIaKTHK U
Bpamtaronuxcss YJ[ 3Be31HON Macchl B IHEHTPE aKKPEIMOHHBIX AUCKOB. Oco0yro
aKTyaJbHOCTh HCCIIEIOBAHUIO H3BOJIIOLIMOHHBIX TmipoueccoB B YJ[ m k wux
MOJICIMPOBAHUIO MpPHUJIAET  TOT (PAaKT, YTO COBPEMEHHbIE ACTPOHOMUYECKHE
HAOJIIOZICHUSI OCHOBAaHBl HAa PETUCTPUPAIMU  DJIECKTPOMATHUTHBIX CHUTHAJIOB
ACTPOHOMHYECKOTO MPOUCXOKIAEHUS B IIMPOKOM CHEKTPaJIbHOM JHalla3oHe, a
BIIMSHUE HCKPUBJIEHHOIO MPOCTPAHCTBA-BPEMEHH HAa 3JIEKTPOMArHUTHIE MOJIs
uMeeT (pyHAaMEHTaIbHBIA WHTEPEC, KOTOPBIH BO3pacTaeT, Koraa 3TH 3((eKTs
MOTYT OBITh CBA3aHBI C OOraToil HabJIr1aTEIbHON (PEHOMEHOJIOTUEN.

Crnenyrommii 3Tan pa3BUTHS TEOPUU IPaBUTALMU CBSI3aH B NEPBYIO OUYEPEIb
C HEOKMJIAHHBIM OTKpPBITHEM B 1997 rony yckopeHHOro pacimupenust BeeneHHOM.
JlanbHeime OTKPhITUS B PEISITUBUCTCKOM aCTPOHOMUU U KOCMOJIOTUU (OTKPBITHE
cBepxMacCcuBHbIX YJ/[ B LIEHTpE TaJlakTUK, TEMHOW MAaT€pPUU, TEMHOM DHEPTUHU,
MarHuTapoB, AHOMAJIbHBIX PEHTIC€HOBCKUX IyJbCapOB U T.A.) MOJATOJIKHYJIHU



uccienoBareneii B obmactu OTO K MOMCKY aJaeKBaTHBIX TEOPETUYECKHUX
o0bsicHeHUl d(]dekTaMm CBSI3aHHBIM C OSTUMH HOBBIMH PEBOJIIOIMOHHBIMU
OTKPBITUSIMH.

B mnocnenHee Bpemsi B CBSI3U C OTKPBITUEM HOBBIX (DOPM Marepuud BO
BceneHHoilT B pENSTUBUCTCKOM  acTpou3MKe  YCHUIIWICS  MHTEpEC K
IPAaBUTAILIMOHHBIM OOBEKTaM COJepKalllUM TEMHYI0 DJHEPrui0 WIH TEMHOE
BEIIECTBO, B YACTHOCTHU K paboTaM, B KOTOPBIX 00CYKIAIOTCS PEIIeHUs YpaBHEHUN
DiiHIITelHa, ONMUChIBaroUIMe mpoxoaumblie  kportoBele Hopel (KH) wm
UCCJIEIOBAHUSIM aJbTEPHATUBHBIX KOHQUTYpaluii, 4YTO MPUBEIO K HAXOXKICHHUIO
pelieHus Uil TaKk Ha3bIBAEMOI'0 TpaBacTapa, I'paBUTAlMOHHON BaKyyMHOW 3BE3/Ibl,
COCTOSIILIEN U3 TEMHOU SHEPTHH.

W HakoHel, BaXHOW H AaKTyaJbHOW MPOOJIEMON B HACTOAIIEE BpeMs
SIBJIIETCS. DKCIEPUMEHTAIbHASI IPOBEPKA COBPEMEHHOW TEOPUU TPABUTALUU.
[IpoBeneHHBIE KIACCHYECKHE T'PABUTALMOHHBIE JIKCIEPUMEHTHI HE KOCHYJIHUCH
OCHOBHOT'O CBOWCTBAa T'PaBUTAllMOHHOrO moiis, npexackaszpieaemoro OTO, - ero
TEH30pHOCTH. Takue 3HaMeHUThbIe 3PPEKThl KaK KpacCHOE CMEIEHUE, OTKIOHEHHE
Jy4a cBeTa rpaButauroHHoM nosiem (ConHua), npeueccus nepurenuss Mepkypus,
3ama3/pIBaHUE PAJAPHOIO 3Xa, ONUCHIBAIOTCA JUArOHAJIbHBIMU  YICHAMU
METPUYECKOT0 TEH30pa W TMOJBEPKAAI0T HAJUYHME MaJbIX OOIIEPETSITUBUCTCKUX
MOMPABOK K HBIOTOHOBCKUM I'PaBUTALIMOHHBIM 3P deKTam.

HenaBHo monydeHHbIE TOYHBIE PELIEHHUS JJIl BHEIIHETO T'PAaBUTALMOHHOIO
MOJI PENIATUBUCTCKUX 3BE3J] Ha OpaHax co3Jaliud MHTepec K u3yudeHuto s dexra
HaAMPsHKEHHOCTU OpaHa Ha pa3IndHbIe aCTPOPU3UYECKHUE TTPOIIECCHI.

AKTyaJlbHOCTh MCCIIEIOBAHUS 3BE3HBIX CUCTEM c CUJIBHO
HAMarHM4YeHHBIMA KOMIAKTHBIMU OOBEKTaMU — MarHUTapaMH CTajla MOTUBOM HX
HaOMIOJICHU KaKk BO MHOTHX KPYIHBIX OOCEepBaTOpUSIX, TAK U B YaCTHOCTH B
ActponomuueckoM nacruryte AH PVY3.

MoTuBanusa JaHHOTO UCCIIEOBaHMUS OOYCIOBIEHA TE€M, YTO TECTUPOBAHUE
CHWJIBHOTO TPAaBUTALIMOHHOIO MOJS U OOHApy»XEHUE BO3MOXKHBIX OTKJIOHEHUU OT
crangaptHoit OTO, paromMx CUTHAT O HAJIUMYMM HOBOM (DU3BUKH, OCTarOTCS
OJIHUMU M3 HauOoJee BaXXHBIX 3a7a4 HaOmojaTeabHOM actpodusuku. B cumy
cBoeri kommakTHOocTH, YJ[ m H3 obecreunBaroT wujeaqbHBIC YCIOBUS IS
IIPOBEJICHUSI TOUYHBIX PEISITUBUCTCKUX U3MEPEHUMN, B YACTHOCTH, HAOII0aTeIbHON
MIPOBEPKH PELICHUIN YpaBHEHHUS MOJIsl B MOJIENIM HA OpaHax.

CreneHb M3y4eHHOCTH MpoOJieMbl. B Hacrosiiee BpeMs NpeAcCTaBisieT
WHTEPEC M3yUCHUE AJIEKTPOMArHUTHBIX MOJeil u aprkenus dactuil B Kepp-Tay0-
HYT npoctpancTBe C LENBIO MOJYYEHUS HOBOI'O MHCTPYMEHTA JUISI U3y4YEHUS
BXHBIX O0MIEPENATUBUCTCKUX I(D(HEKTOB, KOTOPHIE CBSI3aHbI C HEIMArOHAILHBIMU
KOMIIOHEHTAMU METPHUYECKOr0 TEH30pa W HE HMMEIOT HBIOTOHOBCKUX AaHAJOTOB.
HccnenoBanue 3IeKTPOMArHUTHBIX IpoueccoB B okpectHoctu Kepp-Tayo-HYT
KOMIAKTHOTO TPAaBUTAIMOHHOTO 00beKTa 00ycnoBieHo TeM, 9To 3ddextst OTO B
merpuke Kepp-Tay6o-HYT wmoryTr nparb BO3MOXKHOCTH 3KCIEPUMEHTAIBLHOTO
00Hapy>KEeHHsI TPABUTALIMOHHOI'O MOHOIOJIBHOIO MOMEHTA, OOLIepeIsiTUBUCTCKUI
addext yBiaedeHus uHepruaabHbix cuctem otcyeta (MCO), mockonbKy HaIMuue
CWIBHBIX JJIEKTPOMATHUTHBIX TMOJEH CYHUTAeTCsl OJHOM W3 Haubosee Ba)XKHBIX



ocobenHocTeil Bpamaromuxcss H3, Habmo1aeMbIX Kak MMyJibcapbl 1 MarHUTApPHI.

XOTsl B JIUTEpAType HCCIEI0BAHA BO3MOKHOCTh CYIIECTBOBAHUS KPYI'OBBIX
opour Bokpyr KH, Biuaaue ¢opm mapamerpa U COOCTBEHHOI'O
AJIIEKTPOMAarHUTHOTO TMOJISI HA JIBJKEHMSI 3apsOKEHHBIX YAaCTHUIl  OCTAKOTCS
HeuzyyeHHbIM. HecMoTpssi Ha TO, YTO HECKOJIBKO acTpO(U3MYECKUX AaCHEeKTOB
pelmeHns s rpaBacTapa, TakKMX Kak TEPMOJWHAMHYECKHUE CBOMCTBA, MOJBI
KBa3WHOPMAJIbHBIX KOJIEOAHUNW M HECTAOWJIIBHOCTH 3PrOpEeruoHa, OOCYKIAIHUCh B
auTepaTypax, dAJEKTPOMAarHUTHOE TMOJie  BHYTPM  TIpaBacTapa  OCTaeTcs
MaJIOU3y4YEHHBIM.

Oddext HampsHKEeHHOCTH OpaHa Ha KOHQPUTYpAIMI0 MAarHUTHOTO TMOJIS
BpAIIAIOLIUXCS PEIITUBUCTCKUX KOMIAKTHBIX 3Be3[ elle He n3ydyeH. [lockonbpky
MarHuTHOE I0JIe orpeaesseT (HEHOMEHOJIOIHI0 HAOMIOACHUH KOMIAKTHBIX 3BE3/L,
UCCJIEIOBAHUE HAIPSHKEHHOCTH OpaHa Ha 3BE3/HbIE MArHUTHBIE TOJS SIBISETCS
aKTyaJIbHOW 3ajadeil. 3amada 00 MCCIENOBAaHUU 3JIEKTPOMArHUTHOTO MOJIA M
JBWKCHHE 4YacTHI BOKpyr Bpamarommxcs YJ| ma Opanax, HaxoIsiMIMXCS B
ACUMITOTHYECKH OJHOPOJHOM MAarHMTHOM IIOJI€ /IO CHX IIOp OCTaercs He
peuieHHoM. M3yueHue opOUT MPOOHBIX YACTHUI] MOXKET 00E€CHEUUTh ONpeeIeHUs
XapaKTEPUCTUK, (PU3UYECKOM MNPUPOJIBI U CBOMCTB COOTBETCTBYIOUIEH METPHUKHU
npocTpaHcTBa-BpeMeHru. OJHUM U3 HEM3YUYEHHBIX BOIMPOCOB SIBISIETCS BOMPOC 00
YCTOMYMBOCTH OeccuioBoil mMarHuTocdepsl Bpamaromieics YJI, moMeneHHoi Bo
BHEIITHEE MArHUTHOE MOJie, KOTOPbIA OTBETCTBEH 3a 3(P(HEKTUBHOCTH MEXaHHU3Ma
bmuadopna-3naexa.

CBsa3b JAuCCepPTAIIMOHHOI pPadoThl ¢ TeMaTtuyeckumu mianamu HUP.
Huccepranmonnas pabota BeinonHena B USA® AH PY3 u AU AH PVY3 B nepuon
2006-2009 rr. B pamkax HayuyHbIXx nTpoekToB [IHT u KKPHT @ —2.1.9, ® —2.2.6,
DA — D2 — D079, DA — D2 — D061, u PIIOU AH PY3 Ne 1 — 06, 5 - 08, 29 — 08.

Henb padorbl. [lenpro naHHON JUCCEPTALMOHHONW pabOTHI SABIISETCS
U3y4eHue ANIEKTPOMATrHUTHBIX TMOJEH W JBUWKEHUS MPOOHBIX YaCTHI B
npoctpaHcTBe-BpeMeHu a) Kepp-Tay6-HYT, 6) Bpamaroieiics HaMarHU4eHHOU
KH, B) B 000Ji0uKEe rpaBUTAIMOHHONW BaKyyMHOW 3B€3/bl U3 TEMHOW SHEPIHH, T)
YJl Ha OpaHax BO BHEIIHEM OJHOPOJHOM MAarHUTHOM IIOJIE; MOJYYUTb TOYHBIE
AHAIMUTUYECKHE PEIICHUs JIS 3aBUCUMOCTH pajdyca CTaOWIBHOM KpPyroBoi
opoutsl (CKO) ot 6pan mapameTpa Jijisi IBMXKECHHS MPOOHON YacTHIbI BOKPYT Y /]
Ha OpaHax; UCCJIeI0BAaHKUE BIUSHUA CIIMHA U TPAaBUTOMAarHuTHOro Momenrta 4J[ na
IIPOLECCHI U3BJICYEHNUS] SDHEPTUU Bpawatowmencs Y/1.

3amaum ucciaenoBaHusi: J[Jg JOCTHKEHUs BBIIICYKa3aHHBIX IeJied HaM
Ha/10 ObUIO PELINTh HUYKECIIETYIOIINE 3a/1aUH:

e [lomyuuTp aHaIUTHUYECKUE U YMCIEHHBIE pE3YyJbTaTbl MJs 3BE3IHOTO
MarHUTHOTO TOJISI JUIsl pacCMaTPUBAEMBIX PA3JIMYHBIX MOJENEH aKCHalbHO—
CUMMETPUYHBIX T'PABUTALIMOHHBIX OOBEKTOB.

e HaiiTu ocHOBHbIE ypaBHEHMsT MakcBemia B INPOCTPAHCTBE-BPEMEHU
chepuuecKkux KOMIMAKTHBIX OOBEKTOB Ha OpaHe. AHaIM3 BHYTPEHHETO
MarHUTHOTO TOJI JUIS PAa3JUYHBIX YPAaBHEHUH COCTOSIHUS BHYTPU Pa3HBIX
HaMarHWYeHHbIX T'PaBUTALMOHHBIX 00BEKTOB. HaliTh TOuHbIE aHaNUTUYECKUE



BHYTPEHHHE PELICHUS YypaBHEeHMHM MakcBema u ODUHINTEWHA ISl 3BE€3HOTO
BEILIECTBA C )KECTKUM YPAaBHEHUEM COCTOSHMS.

e [IpouHTerpupoBaTh BHELIHHE ypaBHEHHUs MakcBeilla U3 ACUMITOTUYECKOU
OECKOHEYHOCTH JI0 TIOBEPXHOCTH 3BE3/bl U HAWTH YMCIEHHOE pEIICHUE IS
MarHUTHOTO TOJiE BHE 3Be3/lbl Ha OpaHaxX. UMCIEHHO NPOMHTETPUPOBATH
YPaBHEHHUS I MATHUTHOTO TOJIS1 BHYTPHU PEJIITUBUCTCKUX 3BE3/I.

e B kauecTBe acTpopU3NUECKUX MPUMEHEHHI MOIYYCHHBIX PE3yJbTaTOB HAWTH
VU3MEHEHHE MOIIHOCTHU AJIEKTPOMAarHUTHOIO MAarHUTOIUIIONBHOTO H3IyYEHHS
BpalIaromieics 38e3bI n3-3a 3G exra OpaHa.

e PaccMmoTpeTh IBHXKEHHE 3apsKEHHBIX 4YacTull B okpecTHocTu a) Kepp-TayO-
HVYT o6bekra, 6) KH, B) koMnakTHeIX 00bEKTOB Ha OpaHe MOMEIEHHOW BO
BHEIIIHEE OJIHOPOJIHOE MATHUTHOE MOJIE.

e lccienoBaTh 3JIEKTPOMArHUTHBIE TIOJISI  BPAIIAIOLIEHCS HaMarHUYEHHOU
3BE3/Ibl HA OpaHax ¢ pa3aTuYHBIMU KOHPUTYpAIUIMU MarHUTHOTO TOJISI.

e lccnenoBarh ycTOMYMBOCTH OecCHIIOBOM MarHutocdeps! Bpamiaromerica Y/J1,
IIOMELIEHHON BO BHEIIHEE MAarHUTHOE IIOJIE.

e [IpoaHanu3upoBaTh UTOrOBBIE PE3YJIBTATHI UCCIECIOBAHUM, COMOCTABUTH UX C
aQHAJIOTUYHBIMU PE3YJIbTaTaMH 3apyOeKHBIX aBTOPOB.

O0bexkT U nmpeaMer uccjaenoBaHusi. OObEKTOM HCCIEIOBAHUS SIBISIOTCA
pensTuBUCTCKHEe kommnakTHeie 00bekThl - UJ[, KH, H3, rpaBacrapsl. [Ipenmerom
VICCIICIOBAHUS SABJISIOTCA JJIEKTPOMArHUTHBIE IO B OKPECTHOCTH U BHYTPHU
KOMITAaKTHBIX HAMAarHUYCHHBIX TPABUTAIMOHHBIX 00heKkTOB, CKO mpoOHbIX YacTuil
BOKPYT paccMaTpUBaeMbIX 00BEKTOB, U3BJICUECHNE YHEPruM Bpaulatommxcs YJ1.

Mertoabl  uccienoBaHusi: B TeopernueckoM  IUIaHE  METOJAMU
WCCICOBAHNS  SIBJIFOTCA MATEMATUYECKHM — ammapar MAaKpOCKOIIMYECKON
anektponuHamukn B OTO, wmerpuueckoir aduuHONW aAudQepeHInanbHONR
FEOMETPHUM, YHCICHHBIE METOJIbl BblUMCICHUST Ha OBM, c JaJIbHEHUIITUM
Pa3BUTHEM METOJMKHU YMCIECHHBIX BBIYMCIICHUH ISl IOCTaBJIEHHBIX 3a1a4.

OcHOBHBIE 10JI0’KeHH S, BBIHOCHMbIE HA 3aLIUTY

1. TouyHble aHAJIUTUYECKHE PELIEHUs [JI DJIEKTPOMAarHUTHOTO TOJA a) B
npoctpancTBe - BpemeHu Kepp-Tayo-HY T, 6) Bparmaromieiicss HaMmarHU4eHHOM
H3 ¢ rpaBuTOMarauTHEIM 3apsiAoM. BivsgHUE MAarHUTHOTO MO JOMUHUPYET
no cpaBHeHuto ¢ HYT mapameTrpoMm Ha JBH)KEHHUE 3apsKEHHBIX YacTHL B
npoctpancTBe Kepp-Tay0-HYT. [Tokazano, uro HYT mapamerp cymiecTBeHHO
ycunuBaeT mpoueccsl bmsuadpopaa-3naexka u IleHpoy3a 1mo H3BIEUEHUIO
sHeprun Y/I.

2. ToyHoe BakyyMHOE€ pEIIEHHME YypaBHEHHM MakcBeiuia B INPOCTPAHCTBE —
BpeMeHHu Bpamawonierncs HamarimdyeHHo KH. VYcranoBnmennas — cuibHast
3aBHCUMOCTH JBMXKEHHs dacTull oT Gopm nmapamerpa KH u MmarauTHOrO moss.
AHQIIUTUYECKUE BBIPAXKEHUS JJISI KOMIIOHEHT BHYTPEHHETO JUIIOJIBHOTO
MAarHuTHOIO MOJIs rpaBacTapa.

3. BHyTpeHHeEe MarHMTHOE MOJIE B HAMAarHM4YEHHOM PEATHUBUCTCKON 3BE31E Ha
Opane. OpurHHAJIbHOE TOYHOE PEIICHUE JUIsl 3HAYEHUS HUKHEH TpaHUILIbI
BHyTpeHHer CKO npoOHoit yacTuiel B okpectHoctr Y/ Ha Opane. Bepxuuit



npeden s OpaH  mapaMerpa u3  acTpouznueckux — HaOII0JICHUI
AKKPELIMOHHBIX AUCKOB Y/I.

4. JlokazaHa YCTOWYMBOCTh IUIa3MEHHOM MarHuTOCepbl B OKPECTHOCTH
Bpamarouiericas YJ[ BO BHEIIHEM MArHUTHOM IIOJIE, YTO IIOATBEPKIAECT
s dexTuBHOCTD Nporecca bimuadopna-3naeka no uzBineueHuro suepruu Y/1.

Hayynasi HOBH3Ha ONpeAENSIETCS TEM, YTO B JIUCCEPTALIMU BIIEpPBbIE:
HaWJeHbl TOYHBIC AHAIMTUYECKHE PEIICHUs IJIA DJIEKTPOMArHUTHOTO TOJIA a) B
npocTtpancTBe - Bpemenu Kepp-Tayo-HVY'T, 6) Bpamatomieiics Hamarandennoi H3
C T'PAaBUTOMArHUTHBIM 3apsAoM. BriepBble MOKa3aHO, YTO BJIUSHHE MArHUTHOIO
IIOJIA SIBJISIETCSL IOMUHUPYIOIIMUM 110 cpaBHeHUIO ¢ HY' T mapamerpom Ha JBUXEHHE
3apsoKeHHbIX yacTull B mpoctpaHctBe Kepp-Tay6-HYT. Ilokazano, uto HYT
napaMmeTp CyHIeCTBEHHO ycuiuBaeT mnporecchl bimuadopna-3nacka u Ilenpoysa
no u3BinedeHuro 3Heprun YJl. BrnepBble HAaUAEHO TOYHOE BAaKyyMHOE PELICHUE
ypaBHeHHid  MakcBenna B IPOCTPAHCTBE —  BPEMEHM  BPALAOLIEHCS
HamarandyeHHoW KH. Bnepsbele ycraHoBieHa CWIIBHAasT 3aBUCHMOCTH JBHIKCHUS
yactull ot ¢opm mnapamerpa KH wu wmarnutHoro mnoss. BriepBbie HaiijeHb
AHAIMTUYECKUE  BBIPAKEHUS i1 KOMIIOHEHT BHYTPEHHETO  JIUMOJIBHOTO
MAarHuTHOIO MOJIs rpaBacTapa. BriepBble HaliIeHO BHYTPEHHEE MATHUTHOE I0OJIE B
HAMarHM4eHHOW pENSTUBUCTCKOM 3Be3fe Ha Opane. BnepBbsie mosydeHo
OpPUTMHAJIIBHOE TOYHOE pELICHWE M1 HWXKHEH rpaHulbl BHyTpeHHern CKO
npoOHOM dyacturbl B oKpectHocth YJI Ha Opane. W3 actpoduszmueckux
HAOJIIOICHUI aKKpeHOHHBIX auckoB YJI momydeHn BepxHuil mpenen it OpaH
napametpa. [lokazaHo, d4Yro TUIa3MeHHas MarHurochepa B  OKPECTHOCTH
Bpamtaromieiicss YJ[ sBaseTcs ycToWMuMBOW, 4TO TOATBEpXk)AaeT 3(h(HEKTUBHOCTH
nporecca biuadopaa-3nacka mo u3BnedeHuro 3aeprun YJ1.

Hayynass M mnpakTuyeckas 3HAYUMOCTb Pe3yJabTATOB HCCJIeI0BAHUSA
COCTOMUT B TOM, YTO ITOJYYEHHBIE PE3yJbTAaTbl MOTYT UIpaTh BAXHYK pOJb B
OOHapy>KEHHMM M HCCIEAOBAHMM MOHOIIOJIBHOIO TI'PaBUTOMArHUTHOIO 3apsna,
CYIIECTBOBAHUE KOTOPOTO TEOPETUUYECKH Ipeacka3zaHo B pamkax OTO, Ho no cux
nop He oOHapyxkeHo. IloJgydeHHbIE TEOpEeTHUYECKHE TaHHbIE TaKXKE MOTYT OBbITh
CPaBHEHBl  C  OKCIIEPUMEHTAIbHBIMU  HAOJIONATENIbHBIMH  JaHHBIMH O
cymecrBoBannu U ominun KH ot xanampmaros B U/I. IlonmyueHHOe BbIpaxkeHue
MarHUTHOTO TOJIsI TpaBacTapa MOXKET ObITh MOJIE3HOW JI OMHCAHUS Pa3IMYHBIX
AIIEKTPOMArHUTHBIX IPOLECCOB B TIpaBacrape. J(aHHbIE MO3BOJISIIOT IOJIYYUTh
BEPXHHUI TIpeles Ha BEIWYMHY OpaH mapaMerpa W3 JaHHBIX 10 HAOIIOJICHHIO
aKKpELMH BEIIECTBA Ha Bpamarouyo Y/I.

Peasu3zanmss  pesyabTraroB. Pe3ynprarel, IOJIy4YeHHBIE B XOJE
JACCEPTAlMOHHOIO MCCIIEIOBAHUsA, IIOJOXKEHBI B OCHOBY HOBBIX MPOTrpaMm
uccienoBannii, npuHATEIX OIIOU AH PVY3 «Dddextst oOmeit Teopun
OTHOCUTEIIBHOCTA B aKCUAJIbHO-CHMMETPUYHBIX IPOCTPAHCTBax». Pe3ynbrarsl
JAHHOW pPabOThl BKIIFOYECHBI B CIICIUAIBHBIE KYpPCH IO TEOPUH TpPAaBUTAIMH U
PENSATUBUCTCKOM acTpodu3uKe B paMKax OaxkajgaBpuaTypbl U MarucTpaTypbl IO
HampaBieHusIM «AcTtpoHomusi» U «Teopernueckass ¢usuka» B HanumonaibHoM
yHUBEpcUTETE Y30eKucTaHa.



AnpobGauuss pad6oTrbl. OCHOBHBIE PE3YNbTATHl PaOOTHI JOKJIAJbIBAINCH U
o0cyX1aMch Ha ceMUHapax MeXyHUBEPCUTETCKOIO LIEHTpa acTPOHOMHUHU U
actpopuzuku (MIAA, Ilyna, Wunusa); Ha MeXIyHApOAHOW KOHGpEpPEHIUU
"Hu3kouacTOTHOE 3JEKTPOMAarHUTHOE U3aydeHue Bo Beenennoit", HanmonanbHbIi
ueHtp panuoactponomuu (Muaus, 8-12 nexaOps, 2008 r.); Ha JNEeTHEW WIKOJIE 110
kocmogioruu (Tpuect, Utanus, 21 utons-1 aBrycra 2008 r.); Ha cemunapax MAD
AH PV3; na cemunapax AW AH PV3; Ha HayuHO-TIpakTHYEeCKON KOH(EpPEHIUU
"®dyHaaMeHTalIbHbIE U MPUKIIAIHbIE TPoOJIeMbl coBpeMeHHOoN ¢u3uku" (TamkeHT,
2008 r.); Ha HAYYHO-TIPAKTUYECKONU KOH(MEPEHIIMU CTYJIEHTOB U MOJIOJBIX YUEHBIX
"Pons mononexu B ceromusmiHeM pa3Butuu pusuku" (Tamkent, 2008 r.); Ha
pecnyOnukanckoi koH(pepeHmun Monoaeix yueHbix (Camapkanm, 2008 r.); ma II
pecIyOnMKaHCKONH KOH(MEpeHIMU MOoJoAbIX (Gu3uKoB Y30ekucrana (TamkeHr,
2008 r.); na kondepenuuu "CoBpemenHast ¢pusuka u ee nepcnektunsl” (TamkeHrt,
2009 r.); Ha cemuHap-TpeiHuHre "COBpEMEHHBIE METOJbl B aCTPOHOMUU'
(Tamxkent, 2009 r.).

Ony0iukoBaHHOCTH pe3yabTraroB. [lo Marepuanmam auccepranuu
omyOnukoBaHo 11 HaydHBIX CTaThiX: W3 HUX 6 B HAYUYHBIX PEIEH3UPYEMBIX
KypHaJIaX — 3 B MEXAYHApOAHBIX >XypHaliaX, 3 B MECTHBIX >XXypHajax, 5 B
COOpPHUKAX TPYIOB PECIyOIMKAHCKUX KOH(DEPEHITHH.

Ctpykrypa n o0beM auccepranmu. JluccepranumonHas paboTa COCTOUT U3
BBenenus, deTeipex TIIaB, 3aKIIOUYCHUS, MPUIOKEHUS W CHUCKA JIMTEPATypPhl U3
144 nammenoBanuii. OHa wu3noxkeHa Ha 120 cTpaHUMIIAX OCHOBHOTO TEKCTA,
BKto4ast 30 pucyHkoB U 9 Tabaum.

JInunblii BkiIaa auccepranta. B paboTax, BBIINOJIHEHHBIX COBMECTHO C
HAayYHbIM pYKOBOAMTEIIEM M COaBTOpAaMM, BKJIAJ aBTOpa JUCCEpTaluu OblI
ONpPENCIIAIOIMM. ABTOP BBINOJHWI OCHOBHBIE YHCJIEHHBIE W aHAIUTHYECKHE
paccyeTbl, NMPUBEICHHBIE B JAUCCEPTALMM, aKTUBHO YYacCTBOBaJ B OOCYXKICHHSIX
MOCTAHOBKM 3aJjad W TMpU aHaIM3€ TIOJYyYEeHHbIX pe3ynbTaToB. (0oOiIeHne
pe3yJIbTaTOB M OCHOBHBIE BBIBOJbI, IIPUBEACHHBIC B 3aKJIIFOYUTEIIBHOM pas3zeie
JUccepTaiuy, CPOPMyIUPOBAHBI TUYHO aBTOPOM.

2. OCHOBHOE COJAEP/KAHUE INCCEPTAIINUN

Bo BBemeHum  00OCHOBaHa  aKTyaJlbHOCTh  TEMBI  JUCCEpPTAIIHH,
chopmynupoBaHbl €€ TeNhb W 3aJa4ud, OMPEJCICHBl OCHOBHBIC IOJIOXKECHUS,
BBIJIBUTA€MbIC HA 3aIUTY U Ia€TCS €€ KpaTKas XapaKTepUCTHKA.

B nepBoii riase uccienyercs 3JI€KTPOMArHUTHBIC TIOJISIU IBUKEHUE YACTHI]
B mnpoctpancTtBe-BpeMenn Kepp-Tayo-HYT wu  memieHHo  Bpaiaromieics
namarunueHHod HYT 3Besnbl. [lpennonaraercsi, uro Kepp-Tay0o-HYT oObekt
HaxoJHUTCs (a) B OJHOPOJHOM MAarHUTHOM Toyie U (0) B IUIOJILHOM MarHUTHOM
MoJIE, CO3/aBA€MOM KPYTrOBBIM TOKOM B aKKPELMOHHOM JUCKE. BpIuncleHbI
AIIEKTPUUECKHE U MAarHUTHBIE MOJIsI B HEMOCpeacTBeHHOU 01m30ocTu oT Kepp-Tay0-
HYT koMmakTHOTO 00BEKTa, UCTIONB3YSI METOJ] MOCTPOCHUS BaKyyMHBIX PEIICHUN
ypaBHeHMI ~ MakcBemsla B aKCUAJIbHO-CUMMETPUYHOM  CTAllMOHAPHOM
MIPOCTPAHCTBE-BPEMEHH, NMPEII0KEHHBIN YouaoMm B 1974 r. [IpocTpancTBO-BpeMs
Kepp-Tay6-HYT KOMIakTHOro TIpaBUTAMOHHOTO OOBEKTa B C(epUuecKux



KOOpAHATAX OIIMChIBACTCSA MeTpHKOfII

ds? = —;(A—az sin’ 0)dt’ +§[A;(—a(2 +ay)sin® Odtdp +

+;[(E+a;()2 sinze—le]d¢2+idr2+2d02 , (1)

rae napaMerpol X, A My  ONpEAeNsAroTcs Kak T=r>+(+acosf),
A=r>=2Mr—-1*+a*>, y=asin’@—-2lcosd, 3I€EChH [ - TIpaBUTOMAarHUTHBIN
MOHOTIOJIbHBI MOMEHT, a — YIEJIbHbIA YTJIOBOM MMITYJIbC HA IOJIHYKO Maccy M .
YeTrblpexMepHBIM  NOTEHUHMAN A, DSJEKTPOMAarHUTHOTO IIOJ  MNPUHUMAET

CIICIYIOIINN BUL;

4 :—S{A(a—%)+a{%(2+a}g)—az}sin29}:—% : 3)

A, :E{A}((a—%)+(Z+az{%(2+a;()—a2}sin20}:%. 4)

by
B cBsa3u ¢ TeM, 4YTO JBWKEHHME 3apsSHKEHHOW YacTULbI BOKPYT BBILIE

pPacCMOTPEHHOT0 OOBEKTAa BBI3BIBAET OTPOMHBIM HMHTEPEC C TOUKH 3PEHUS
acTpou3MKHU, paccMaTpUBaeTCsl ypaBHeHHe [ ammiibToHa-SIko0OuU:
oS oS 2
g™ -—ed ——ed, |=-m", (5)
ox* NG

X

TA€ e U m - 3apsAJ] U Macca 4aCTULbl COOTBETCTBEHHO, a S 3TO ACHUCTBHE, KOTOPOE
JUISL PACCMATPBIBAEMOI0 CIIy4asi MOYKHO HAaIlUCATh B BHJIE:

S==St+Lp+S,,(r,0) , (6)
31ech & W L DHEPrus U MOMEHT NMpoOHOM yactulbl. [Ipu TakoM Bule AeicTBuUs
ypaBHeHue ['aMuibTOHa-IKOOM MPUHUMAET CISAYIOUINI BU:

2 2 2 .. 2 2 2
A[@Srgj J{@Swj +(Z+a;() sin“ 60—y A(5+el;Kj B

or 06 Asin’ 6
3 . 2 2.2 2
2(A;( a(2.+2a;()sm 0)(5+eBKj(£+eBLJ+A a' szln 9(£+€Bl w2z =0. (7)
Asin? @ > Asin” 0 )

Pasnmenuth mnepemeHHble B ypaBHeHHEe (7) OKa3bIBaeTCs BO3MOXHBIM B
9KBAaTOPUAIBHON IUIOCKOCTH, T.e. € =7x/2 W paguallbHOC ypaBHEHUE JIBYDKCHUS
IPUHUMAET CIIEAYIOIIMIA BULI:

2
dr
(d =& -1-2V(&,L,r,b,al) , (8)
o

r7ie o - COOCTBEHHOE BpeMsl BIOJb TPAEKTOPUHU YacTUllbl. Benuunny:

212 2 2 2
V(8,£,r,b,a,l)z—(8+bK)bK PLES —"(1+"](a+b’<j

ME)MY 2M?*3? X 23 M
2 4 2Mr—a® A-3—-4° bK bL A-d> bL Y
- + 5 a E+— || L+ — 5 L+ (9)
25 > M3 M3 25 Mz

MOKHO OTPEJEIUTh KaK 3(P(GEKTUBHBIN MOTEHIIMAT PAJUAIbHOTO JIBUKEHUS, T]e
Oe3pa3MepHblil mapaMeTp b =eBM /m ONpENENseT BHEIIHEE MOJe, U B YPaBHEHUSAX
(8) u (9) BenmuuuHBl SHEpruM & U MOMEHTa L HOPMHUPOBAHBI B €IUHHUIIAX
MAaccChl.



Jlist onpeneneHuss KpyroBbIX OpOUT HMCIOJB30BaHbl CIEAYIOLIUE YCIOBUS
IKCTpeMyMa: dr/do=0, oV(E,L,r,b,al)/or=0, a Takke ycioBue CKO:
o’V (&, L,r,b,a,l)/or* <0. AnreOpandecKkue ypaBHEHHS, ONPEACISIOIINE PAIAUYChI
CKO nony4eHHBIX [10CIE MAaTEMAaTUYECKUX BBIYMCICHUN ITUX YPABHEHUN, PELIUTh
AHAIUTUYECKH HE BO3MOXXHO. DBbUIM NpOBENEHBI pAJl YMCICHHBIX BBIYHUCICHUH,
pe3yabTaThl KOTOPHIX MPUBEIEHHI B Tabauue 1.

b=0.1

3.66650

3.66460

3.66154

3.62072

3.53294

b=0.2

2.83292

2.83288

2.82876

2.79448

2.72020

b=0.3

2.55504

2.55500

2.55162

2.52360

2.46338

b=0.4

241614

241610

2.41326

2.38984

2,33994

b=0.5

2.33282

2.33280

2.33036

2.31032

2.26794

Tabnuma 1. Kpyroseie opOuTsl 3apsixeHHON yacTulibl BOKpYT Kepp-Tay0-HYT
MCTOYHHKA B OJTHOPOJJHOM MarHMTHOM IIOJIE.
W3 pe3ynbTaToB NpUBEACHHBIX B TaOyHIE 1. MOKHO YBHUJIETh, UTO C YBEJIMUEHUEM
rPaBUTOMAarHUTHOTO MOHOIIOJBHOrO MoMeHTa paauyc CKO nepememaercs K
KOMITAKTHOMY OOBEKTY, B TO BpEMsl KaK BHEIIHEE II0JIE TaKXe MPUTATUBACT
OpOUTHI K TPAaBUTALIUOHHOMY UCTOUYHHKY.

[Tony4yeHbl BHEIIHUE aHAIUTUYECKHE OOLIEPENIATUBUCTCKIE BBIPAKEHUS JIs
AJIEKTPOMArHUTHBIX TOJEH MEJIEHHO Bpallaromeics HamaraudeHHod H3 ¢
HEHYJIEBBIM T'PAaBUTOMAarHUTHBIM 3aps0OM. 3Be€3/la SBJSETCA W30JIMPOBAHHON U
HaXOOUTCA B BaKyyMmMe, a TakKe B KadecTBe Ipumepa paccmorpeHa H3 ¢
MOHONOJISIPHBIM ~ MarHUTHBIM ~ TIOJIEM  HAIPaBICHHBIM  BJOJb  paJdaIbHOU
KOOPJIMHATHI.

Bo BTOpOIi ri1aBe pacCMOTPEHO ABMKECHUE 3apSKECHHBIX MPOOHBIX YaCTHI] B
TPAaBUTAIMOHHOM M JJIEKTPOMATHUTHOM IMOJAX MemIeHHO Bpamaroniercs KH ¢
MarHUTHBIM JUIOJIBHBIM MOMEHTOM, UCIOJIb3Yysl ypaBHeHUE ['amuiibToHa-SKko0wH,
yTOOBI HAWTU BIUSIHUE OOeuX Mosiel Ha 3P(GEeKTUBHBIN MOTEHIMAN PaAHaIbHOTO
JBUKEHUS TPOOHBIX yacTull. MeTpuka, KOTopas OMUCHIBAET MPOCTPAHCTBO-BPEMS
BOKPYT aKCHUaJIbHO-CUMMETPUYHON MeuieHHO Bpamaroleiics KH moxer ObITh
3alMCcaHa B CJIEAYIOIIEM BUJIE:

-1
ds’ =—e*" dt’ +(1 _b(r)j dr® + rz(a’H2 +sin’ 0c17g02)—2a)(r)r2 sin’ dodt ,  (10)
r

rae ¢(r) - (QYHKUUS KpaCHOrO CMEIEHHUs, b(r) - MeTpuueckass QpyHKIus Hopmbl
ropiaosunsl KH. o(r)- yriosas ckopocts ysiedenue UCO.

[Ipennosnoraercs, uro Bo-nepBbiX, BHe KH HeT BeliecTBa, OTKyna clenyer,
YTO MPOBOAUMOCTh A=(; BO-BTOpbIX, MarHUTHbIM MOMeHT KH He meHsiercs Bo
BPEMEHHU H3-32 OYEHb BBICOKOW MpoBoaMMOCTH BemiectBa BHyTpu KH. Onnako,
KOMITOHEHTBI AJIEKTPOMATHUTHOTO TMOJsi OyQyT MEHATHCS IMEPUOJAMYECKH H3-32
yTIJla HaKJIOHA  MEXKIY HANPABICHUSMH MAarHUTHOTO JMIOJIA [L U OChIO BPALICHUS.
Bremnee pemenne ypaBHeHuss MakcBenia i1 KOMIIOHEHT 4-ITOTEHLHAJIA
AIIEKTPOMArHUTHOTO IMOJIsl IPUHUMAET CJIEAYOIINI BU/L:

2
A, = #973”0 [cos;((ficos2 49—1)+3sin;(cos/15in Qcosé?],
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4,=0, 4,=0, 4, :Z—ﬂ[cos;(sine—sin;(cosicose].
r

Pemienue ypaBHenuit OuHiTeitHa 11 KH MOXHO CpaBHUTH C pelICHUEM
Paiiccuepa-Hopncrtpema 11 KOMIAKTHBIX OOBEKTOB C BEPXHHUM MPEICIOM s
MarHuTHOTO 3apsija, npu 3ToM Merpuueckue komrnoHenTsl KH (10) 3anucsiBaroTcs
B BUIE: exp(¢)=(1-r,/r)"*’, b(r)=r, l1+(1—rh /r)l“SJ, 7, -pafiiyCc TOPHU30HTA COOBITHIA
YJI. 3nadenue O B 3TUX BBIPAKECHUSX MOXKET ObITh HAWJEHO U3 TPAHCIEHICHTHOTO
YpaBHEHUA b(ro):ro: 5:1n(rh/r0 )/ln(l—rh/ro)

Ha pucynke 1 moka3zaHa paauaibHas 3aBHCUMOCTh 3(PGEKTUBHOTO
NOTEHIIMANa pPaJualbHOTO JABM)KCHHUSA 3apSOKCHHOM TMPOOHON 4acTHIBI B
HKBATOPHAIIBHOM IUIOCKOCTH MEJUIEHHO Bpamaromencss HamarandyeHHon KH mpum
pa3nuuHbIX 3HaueHusx a) ¢popm mapamerpa KH 6 m 6) MarHutHOro JUMOJIBHOTO
MoMmeHTa . M3 3TOH 3aBUCHMOCTHM MOXHO MOJYYHUTh KAaYECTBEHHYIO KapTHUHY
pPaauaNbHOrO JABMXKEHMS 3apSKEHHBIX YacTULl B 3KBATOpHabHOU miiockocTd KH.
Kak BugHo w3 pucynka 1 mnapamerp 0 wusmenser ¢opmy 3OPEeKTUBHOTO
NOTEHIMalIa TOJIbKO BONIM3M 00bekTa. Ha OonbmInX paccTOSHUAX OT LIEHTPAIbHOTO
00BbEKTa BIIMSHHME MMapaMeTpa OKa3bIBAETCS HE3HAYMTEIbHBIM, a 3TO 3HAYUT, YTO
ornnuuth KH ot YJ[ (Miam KOMMakTHOro OOBEKTa C YpPaBHEHUSMU COCTOSHUS
HOPMAaJILHOTO BEIIIECTBA) MOKHO TOJIBKO BOJIM3H 3TUX OOBEKTOB.

[TonydeHbl BBIpaKEHHSI Uil KOMIIOHEHT JUIIOJIBHOIO MarHUTHOTO MOJIs
rpaBacTapa - 3Be3/bl U3 TEMHON YHEPTHUH — C MATHUTHBIM JUIIOJIBHBIM MOMEHTOM

L.

3
Br(r’e)z_é‘jl;rj\al}» lan +T

a

cosd,
r

a a

oM (1 M
Ta _ arctanh Ta
R R

I arctanh r
J R

r r
27 Ar2 2 — —arctanh—
B&(F’Q)_3WaLNa|:ra lnN2+ 1 _2Na +7:| RL

CALM M

. 5 sin@.
M 3N, 3 3

r r
—— arctanh <

a

3nech L= (l—r2 / Rz), N*=(1-2M/r) ¥ NOACTPOYHBIA 3HAK a yKa3blBAET HAa
3HAYCHHsI, U3MEPAEMBIC TIpU 7'=r,, R=-r)/2M . BelpaxkeHue Ajis MarHUTHOTO TIOJIst

rpaBacTapa MOXET OBITh TOJE3HBIM TPU OINWCAHUU PA3THUYHBIX (PUIUIECKUX
IIPOIIECCOB B IpaBacTape.

B Tperbeli riaBe NMPUBEACHBI PE3yIbTAThl M0 HM3YUYEHHUIO CTAIMOHAPHBIX
DIIGKTPOMATHUTHBIX ~ TOJIGH  W30JUPOBAHHOW  MEIUIGHHO  Bpalllalomieics
PENATUBUCTCKOM KOMIIAKTHOM 3Be31bl Ha OpaHe B MPEANOIOKEHHH, YTO
MarHuTHOE I0Ji€ BMOPOXKEHO B 3BE3JHYIO KOPY H3-32 BBICOKOW MPOBOJUMOCTH.
UccnenoBanbl 3¢ @dexTs OpaH mMmapamMeTrpa Ha MarHUTHOE II0JI€ 3BE3/bl IPHU
BBIOpaHHBIX TPAaHUYHBIX yCHOBHUsX. llpuBeneHsl TOYHBIE pEHICHHUS AJIs
BHYTPEHHETO MArHUTHOTO TIOJNSI BHYTPHU 3Be3[bl C YPaBHEHHEM COCTOSHUS
KECTKOTO BeliecTBa. Pe3ynbTaTsl MPOBEIEHHBIX YHCIECHHBIX PACUETOB YUYUTHIBAIOT
3pdeKT HanmpsLKEHHOCTH OpaHa Ha CTPYKTYpy 3JEKTPOMAarHHUTHOTO TOJSL BHE
BpaIaromeiics 38e31bl U Ha KOHPUTypallud BHYTPEHHETO MAarHUTHOTO TOJNS B
3BE3HOM Cpelie C OCTOSIHHOW INIOTHOCTBIO.
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Puc.1. Pagnanbnas 3aBucuMoctsb 3 (PEKTUBHOTO MOTEHITMATIA PATUATHLHOTO
JIBMKEHUS 3apsOKEHHBIX YyacTull BOn3u HamarandeHHo KH ais paznudaabix
3HAYCHUH a) mapameTpa O U 0) MAarHUTHOTO JUTIOJBHOTO MOMEHTA L.

[IpeanonoxuB, 4TO KOMIAKTHBIA OOBEKT MOMEIIEH B OJJHOPOJIHOE MAarHUTHOE
nojie B, HampaBieHue KOTOpPOro NapajyieIbHO OCH BpALLEHUS LEHTPAIbHOIO
0o0beKTa HaWJEHbl TOYHbIE AHAJIUTUYECKUE pEHIeHUS [JIsi KOMIIOHEHT 4-
NOTEHIIMAaJIa 3JIEKTPOMArHUTHOTO MOJsl B OKpecTHOCTH Y/[ Ha OpaHax BO BHEUIHEM
OJIHOPOJTHOM MarHMTHOM I10JIE:

4, :;d;{(2+sin2 0)a*sin> 60— A)-Zsin’ 0} 4, =0, 4, =0,

Bsin® 0 . :
\ :7{(Z+a2 —AX2+sm2 6?)a2 +Z(Z+a2 sin” 9)}, (12)
rne A=r’=2Mr+Q", X=r"+a’cos’@, M - nonnas macca YJI, u O - Gpan
3apsia.
Buemnsst merpuka YJI Ha OpanHax B cdepuyueckor cucTeMe KOOpIHWHAT
NpeACTaBleHa CIEIYIOIUM 00pa3oM:
A r’ .
ds® :——2altz+—a,’r2+r2a’492+r2 sin> @dg” (13)
r A
Ucnonw3ys ypaBHeHus ['amMmuiibToHa-Ak00M HalIEHO yYpaBHEHUE JABUKCHUS
JacTUIBl B TpaBUTalmoHHOM moje YJ[ na Opanax. Ilpm »TOomM neiictBue S
npenacrasieHo B ¢opme (6). B wurtore ypaBHeHUs JBHKEHHUS NPUHUMAIOT
CIIEIYIOLUMN BUL:

dt 5r2 dizé (drjzzé,z_A L

do A’ do 1’ do
rlie O - COOCTBEHHOE BPEMs BJIOJb TPACKTOPHUU YACTHIIbI, SHEPTUSl & W yIIIOBOM
MOMCHT .L JacTulobl HOPMHPOBAHBI B CIWHHIAX MAacCCHI. BBGI[?I HOBYIO
nepeMeHnyio u =1/r u monp3ysach ypaBHeHUSMH (14) MOIyd4eHO ypaBHEHHE
OTHUCHIBAIOIIEE TPACKTOPHUIO MPOOHOM YacTHIbl BOKpyT Y/JI:
2 *
du * 1 —(92
| =0 ut 2 M| 1+ 92 w—-—" = flu), (15)
do L L

VYcnoBusi BO3HUKHOBCHHUS KPYTOBBIX OpPOUT HMMEIOT BHI f (u) =0, f '(u) =0wu3

— 1+r—2 , (14)

r
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KOTOPBIX HAWAECHBI BBIPAKEHUSA Ui DHEPTMH M YIJIOBOI'O MOMEHTA YaCTHIIbI
JBIDKYILENCS 110 KpyroBoi opoute Bokpyr Y/I:

o 2Muv0’f . MOl
1-3Mu+20"u* ° 20w’ —=3Mu’ +u -
OTcroia HailiIecH MUHUMAJIBHBIN painyc KpyroBoi opOUTHI
v > 4Q* (17)
"3M - 9M?-80"

U3 ycnoBus f "(u)z 0 w ucnonp3ys BeIpakeHUs (6) MOIYYEHO BBIPAKEHUE IS

(16)

panuyca Baytpennei CKO:
Vicrn = 4Q*
SO 3M +4-B+3A+ B (18)
A=8MQ -9M*, B=4./(4MQ" —5M°\MQ - M?).

3aBUCUMOCTh MUHUMAJIBHOTO pajinyca JUisl KpyroBOM OpOUTHI 7, M paanyca

BHyTpeHHel CKO 75-o Bokpyr Y/l ot OpaH mapamerpa npuBeleHa Ha puC. 2, T1ie

3HaueHus: coorserctByfomue UJI IBapummibaa gocturatorest mpu O =0. U3

puc 2. a) BUIHO, YTO HaIW4Ke OpaH 3apsjaa CIBUracT paauyc KPyroBoi OpOUTHI OT
IICHTPAJIBHOIO O0BEKTAa B  HANpaBICHUHM YIAJICHHOrO HaOmomareias Ha
OECKOHEYHOCTH.

N3smenenne O Taxxe Bimser Ha nonoxenue CKO, To ects caBuraer CKO,
KaK 3TO MPEACTABJICHO B puc.2 0). YBeaudeHre MOAYJs OpaH 3apsijia IPUBOJIUT K

%
YBEIMUYECHHIO PafMyca Fgco: € yMeHblIenueM sHadenus O or 0 10 -5, Tisco
pUHUMAET OOJIBIITNE 3HAYCHUS.

o
x\ 10 -

/
/

/
/

-— 5 -4 -3 -2 -1 0 -5 -4 -3 -2 -1 0
Q /M Q* /M
a) 0)
Puc.2. 3aBuCMMOCTh MUHIMAIIBHOTO PaJyca KpyroBOi OpOUTHI (2) U paguyca
CKO (6) Bokpyr U/l ot Opan 3apsina.
HenaBHo npoBelieHHbIE U3MEPEHUS paJnyca Figco B aKKPEHMOHHBIX JHCKaX

BOKpPYT HEKOTpbIX UJ[ MO3BOJSIIOT MOJYYWTh AJIbTEPHATHBHBIE OTPAHUYEHHS Ha
YHUCJICHHbIE 3Ha4Y€HUs OpaH 3apsana. ACTpopU3NYECKHE BEIHYMHBI, CBA3aHHBIE C
HA0JIF01aeMBbIMA CBOMCTBAMH aKKPELMOHHOI'O JUCKA OMNPEIENSIOTCA W3 CBOICTB
npocTtpaHcTBa-BpeMeHn YJ[ w  HaOmogeHuss aKKpPEUOHHOIO0  JIUCKa B
MH(PAKPACHOM U PEHTT€HOBCKOM JMana3oHaxX M3JIy4eHHs MPEJOCTaBUIIA BaXKHYIO
uHpopmaruio o cnune YJ[. B uvactHOCTM OOHapyxeHo, yTo Bpamaromascs Y/[
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nMeeT cruH B auamna3one 0.5 < a <1, B cooTBeTCTBHH ¢ HAOIIIOJCHHUSIMH, COTJIACHO
KoTopbiM, paguycbl CKO B OCHOBHOM CMEIIAIOTCS B CTOPOHY LIEHTPAJIBLHOTO
0o0BbEKTa, M HE CYIIECTBYET KaKoro-iubo wu3MepeHHoro js¢dekra oT Opan
napamMeTpa, KOTOPBIA JeHCTBYET B IPOTHUBOIMOIOKHOM HAIMIPABIICHUH.

[TockonmpKky  pe3yibTaThl  aCTPOHOMHYECKHMX  HAaOMIOJAeHW  paamyca

BHyTpeHHe CKO wactuin 7o B AaKKpPEUHMOHHBIX JucKax BOKpyr YJI He

TMOATBEPKIAIOT BIHMSHIE OpaH MapaMeTpa o BenuunHbl nopsaka 10~ cM” | To u3
ananu3za CKO B okpectHocTn Y/ Ha OpaHax, moiydeHo, 4yTo OpaH 3aps] UMeeT
BepxHuuii pegen 107 cm’.

B d4erBeproil riaBe HalJeHa a3UMyTAJIbHAs KOMIIOHEHTA ITOTEHLHAAJIA
AIIEKTPOMArHUTHOTO TOJS U3 pEHICHUH OOIIEepeNATUBUCTCKUX ypaBHEHUU
Makcpemia. B OeccuinoBoM MpUOIMKEHUH HAIEHO 3BOJIIOLMOHHOE YpaBHEHUE
JUTSL 3JIEKTPOMArHUTHOTO TOJIL M PEUIEHO ¢ MOMOUIBI0 METO/A MOCIEI0BATENbHBIX
IpUOITMKEHUH.

PaccMoTpeH rpaBUTHpYIOIIMM KOMIIAKTHBI OOBEKT, IE€PBOHAYAIBHO
HEBPALIAIOLIUICA U HMEIOIINKM aKCUAJIbHO-CUMMETPUYHOE MAarHUTHOE IOJE, TIe
TOYHOE PELICHUE JJII HEHYJIEBOM KOMIIOHEHTHI IOTEHIMAIa 3JEKTPOMarHUTHOIO
II0JII UMEET BUJL:

2
A,(r)=Fr’sin’ 6 = §Z3 {ln(l —2Mj - 2M(1 + Mﬂ sin” 6, (19)

r r r

[ — JIUNOJBHBIA MOMEHT IIEHTPaJbHOTO 00bekTa Maccoit M. Ecmu BBecTH
anuabdaTUYecKoe BO3MYILICHHE COCTOSHHUS TPaBUTHPYIOIIETO OOBEKTa, TaKUM
0o0pa3oM, 4TOOBI OH MOCTENEHHO MPUOOPENT MOMEHT MMITYJIbCA; MPOCTPAHCTBO -
BpEMsI B 3TOM CJIy4a€ MOXET OBITh ONKMCAHO C HoMolpl0 MeTpuku Keppa B
OpUOIMKEHUN MEJJICHHOTO BpAILlEHUS C MEPEMEHHBIM BO BPEMEHH MOMEHTOM
uMmiyinbca a = a(t). llomydeHsl peleHus, COriaacHO KOTOPBIM MOJOUAAIBHOE
ANEKTPUYECKOE M TOPOMJIAJIbHOE MArHUTHOE MOJISI pacTyT aaunabaThuyecKu. DTOT
pe3yibTaT CBHUJETEIbCTBYET, YTO IIJJa3MEHHAas MarHuTocdepa B OKPECTHOCTU
Bpamatomeiics YJ[ sBasercss ycToWuuBOM W moarBepkiaaeT A(HPEKTUBHOCTH
npouecca bivuadopna-3naeka no uzpneyeHuto sueprun YJ1.
MeTtpuka  akCHalbHO-CUMMETPUYHOTO  TPaBUTAIIMOHHOTO  MOJA B
cepuyecKruX KOOpANHATaX OMHUCHIBAETCS CIEAYIOIUM 00pa3oM:
ds* = o di* + ihf (' — wdt] =—a®di* + i(h,.dx" —apdi) , (20)
i=1 i=1

rae KodhpummeHTsr s, - MacmITaOHBIA TapameTp KOOpIWHAT x,, @, - yTIoBas
CKOPOCTb BpallleHHsl, a - MEeTpUUeckas QyHKIHS KPaCHOTO CMEIEHUs, S, = ho, /a
- BekTop cMmeneHus B Metpuke Kepp-Tayo-HY T npunumarot ciienyrommii BU/I;

c 2 2 -2 2
a:\/( XAsin” 0 hl:\/i,hzzﬁ,%:\/(iﬂra;() sin” @ ;(A,

Z+a;()2 sinzﬁ—zzA’ by

p=p =0, p - L Oz-alEZrarsin’ g= M_Q(EH‘GZ)SiﬁH
1= F2—=VYs M3~ \/X Ysin@ ’ (z+ax) Slrfe—iAa
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a mapaMeTppl X, A U ( ONPEHEISIIOTCA TOYHO TAaKXE Kak Uil METPUKH
npocTpaHcTBa-BpeMeHu (1).

KoneuHoe BripaxkeHue Juisl IIIOTHOCTH SHEPTUU HAa OECKOHEYHOCTH, KOTOpas
OTBETCTBEHHA 3a MIEKTPOMATHUTHOE I0JIE UMEET CIIEAYIOIINM B!

aer, =h2 (87 ) 2, (Q, -o,), 1)
rac QF - YFJIOBa}I CKOpOCTB BpaHleHI/I}I CHUIIOBBIX HI/IHI/Iﬁ Mar"duTHOI'O IIOJIA,
BenM4yMHa B’ =B-B e, - IOIOMIAIBHOE MAarHUTHOE mnose. M3 Boipaxenus (8)
BUJIHO, YTO NIpU Q, <@, 3HEPrusi Ha OECKOHEYHOCTH MPUHHUMAET OTPULATEIbHbIC

3HAQUEHUSI M DHEPrus U3BJIEKACTCS W3 TPABUTALMOHHOTO OOBEKTa B BHUJIC
nepeMeIeHNs] OTPUIIATEILHON AIEKTPOMAarHUTHOM SHEPTrUM MArHUTHOTO MO Ha
OECKOHEYHOCTH BHYTPh KOMITAKTHOTO OOBEKTa. DTO U COOTBETCTBYET 3 (PeKTy
bmuadopna-3uaeka B merpuke Kepp-Tay6-HYT. 3aBucumocts 3Haka Q, — @, OT

HYT mnapamerpa npuBenena Ha puc. 3 a). Ilpm 3TOM BUAHO YTO, HAJIUYWE
rPaBUTOMAarHUTHOTO MOHOIIOJIBHOTO MOMEHTA KOMIIAKTHOTO TPaBUTAIMOHHOTO
00beKTa yMeHbIIaeT aOCOJMIOTHOE 3HAYeHHE «,, U COOTBETCTBEHHO, MHTEpBAJ

3HAUYCHUU QF , 4TO OTBCYACT 34 M3BJICUHCHUS SHCPIUHU KOMIIAKTHOTO 00BEKTA.

4 TR T T T
— =0 50 T, o — t=05
- 3M =05 P 1=07

/I

a) 0)
Puc.3. 3aBucumocTs 3Haka a) Q, —w,/M OT mapamerpa a/M u

0) S, (r): hymy € +hym, / «/(,6’3 )2 —1 OoT paaguyca Opu pa3HbIX 3HAYECHUAX //M .

[Toy4yeHo BeIpa)keHUE SISl SHEPTUM Ha ACUMITOTUYECKONH OECKOHEYHOCTH C
HEHYJIEBOM Maccoil MOKOsS m B TOYKE r,(t) B OTCYTCTBMU 3JEKTPOMATHUTHOIO

TIOJISL:

E* = a;/m(l ~ B€ ), (22)
rae y= [l—(v/ cf r/z — (axrop Jlopenua. Buano 4uro Beipaxkenue (22) NpuHEMAET
OTpHIATENBHEBIE 3HAYEHHS TOIIBLKO B 3procepe, Ie BLIIOIHIETCS YCIOBHE f; > 1.

IIpu nenenum yactuikl A Ha vactunp, B u C, T.e. mpu A—>B+C, 3aKOHBI
COXpaHEHMS 3aMCaHbI CIICAYIOIMIMM 00pa3oMm:

E,=E;+E., L, =L, +L., E =ay,m, +o,L I1=A4,B,C. (25)

Iz

C NMOMOINBIO YCIOBHS AENEHUS L, =hm,y € <—hm, / «/(ﬂ3 )2 —1 moirydyeHo, 4rto

E; <0 w caemoBatenbHo E7 <E[, 4yro o3HadaeT dactuna C TOKHIAET

KOMIIaKTHBIA O0OBEKT, TOT/Ia KaK YacTHIIA B ocTaeTcsi BHYTpH dprocdepsl U maaaet
Ha  oObekT. Ha  puc. 3 0) rmokazaHa  3aBUCHMOCTh  3HaKa
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S,(r)=hymyy € +hym, / «/(ﬂ3 )2—1 or HYT mapamerpa u3 KOTOpPOro BHUIHO, UTO C

YBEITUYCHUEM IPaBUTOMAarHUTHOTO MOHOIIOJILHOTO MOMEHTA MECTO
IIPOUCXOXKJIECHUs Tporiecca IIleHpoy3a caBHraeTcs B CTOPOHY YAaJICHHOTO
HaOJTFO1aTES.

B 3aki4YeHMH TIPUBCACHBI BBIBOJBI W  IEPEUYHMCICHBI OCHOBHBIC
pe3yJIbTaThl, TOJYUYSHHBIC B 3TON JUCCEPTALIUH.

3. 3JAKJIIOYEHUE

1. Hamnpnensl TOUHBIE BBIPAKEHUS I JIEKTPOMArHUTHOTO MOJIS B IPOCTPAHCTBE-
Bpemenun Kepp-Tay0o-HYT, koTopele CBUIETENBCTBYIOT O TOM, 4YTO
AJEKTPOMAarHUTHOE IIOJIE 3aBUCUT OT BEJIMYHMHBI I'PABUTOMArHUTHOIO 3apsja.
[Ipuuem, MHAYLIMPOBAHHOE IEKTpUUecKoe mnoiie 3asucut oT HYT mapamerpa
JIMHEWHO, @ MArHUTHOE ITOJIE 3aBUCUT OT HETO KBAJAPaTUYHO.

2. Haiigenbl  aHamuUTUYECKHE  OOILEPENSITUBUCTCKHE  BBIDQXKEHUS A
AJEKTPOMArHUTHBIX MOJIEW MEIJIEHHO Bpamarouieiics HamaranueHHon H3 ¢
HEHYJIEBBIM rpaBUTOMAarHuTHbIM  3apsinom [, Ilokazano,  yTO
o0LIepeNIATUBUCTCKUE MOMPABKU, BO3HUKAIOUIUE 32 cUeT 3(¢eKTa yBICUCHUS
NCO u Hanuuus rpaBUTOMArHUTHOTO 3apsiia, HE MIPUCYTCTBYIOT B BBIPAKEHUU
JUIsl TATIOJIBHOIO MAarHUTHOTO IOJA. B 4acTHOCTH, MOKa3aHO, YTO YBJICYEHUE
NCO wu rpaBUTOMarHUTHBIA  3apsii TEHEPUPYIOT  JIONOJHHUTEIbHBIE
UHIYLUUPOBAHHBIE DJIEKTPUYECKUE II0JI1, KOTOpPbIE AHAJOIMYHBI CIIy4aro
BpallEHNs] HAMAarHUYEHHBIX 3BE3/] B IIPEJEIE IUIOCKOTO MPOCTPAHCTBA .

3. W3yueno nBwxkeHue 3apsokeHHbIX yacTHll BOkpyr Kepp-Tay6-HY T ucrounuxa,
PacIoJIOKEHHOTO BO BHEITHEM a) OJHOPOJAHOM | 0) IUIIOJHPHOM MAarHUTHOM
1oJie, ¢ MOMOIIbIO aHanu3a ypaBHeHus ['amunbToHa-Ako06u. Ilokasano, 4to B
npucyrctBun HYT mapamerpa u mMarHuTHoro mnoiiss ¢gopma 3(QQpeKTUBHOrO
NOTEHIMANIAa W3MEHSETCS, IPUYEM HW3MEHEHHE, BBI3BAHHOE BHEIIHUM
AJEKTPOMAarHUTHBIM TIOJIEM  SIBJISIETCA  JNOMHUHHUpYromuM. FccnenoBanue
YCTOMYMBOCTU JBWKEHUS 3apSHDKEHHBIX YACTHI] MOKA3bIBAET, YTO BHEIIHEE
MarHUTHOE TOJ€ CABUraeT OpOUTHI TMPOOHBIX YACTULl K HCTOYHHUKY
IPaBTUIIMOHHOTO TOJISI B 00OMX ciyyasx, B To Bpems kak HYT mapamerp
CABUrae€T MX K MCTOYHHUKY B CJIydyae OJHOPOJHOIO MAarHMTHOIO IIOJISI U B
OOpaTHOM HalNpaBiI€HUH B CiIydae MPHUCYTCTBUS TOKOMPOBOASIIEH NETIN
BOKPYT' KOMITAKTHOT'O OOBEKTA.

4. llpuBeneHo TOYHOE BAaKyyMHOE pELIIEHHME YypaBHEHUMM MakcBemia B
MPOCTPAHCTBE-BPEMEHH MEJICHHO Bpamawoniericss HamaranueHHon KH.
[lonydensl pe3ynbTaTbl II0 ABWKEHHUIO 3apsDKEHHBIX YacTHIl M IOKa3aHa
CUJIbHAs 3aBUCUMOCTb ABMKEHUS yacTHI] oT popM napamerpa KH u BennunHbl
MAarHUTHOTIO TOJIS.

5. Ilomydensl BBIpaKE€HHMS Uil KOMIIOHEHT AUIOJBHOTO MAarHUTHOTO TOJIS B
IIPOBOJISIIIEH KOpe rpaBacTapa, KOTOPOE MOKET OBITh MOJE3HBIM ISl OTIMCAHMS
Pa3IUYHBIX (PU3UYECKUX MPOIIECCOB BHYTPHU IpaBacTapa.

6. H3ydeHbl cTalMOHAPHBIE JIEKTPOMArHUTHBIE MOJI M30JUPOBAHHOW MENIJIEHHO
BpaIaloNIeics PEISITUBUCTCKOW KOMIIAKTHOW 3BE37bl Ha OpaHe mosarasi, 4To
MAarHuTHOE I10JI€ BMOPOKEHO B 3BE3/IHYIO KOPY M3-3a BBICOKOW IIPOBOJIUMOCTH

16



10.

cpensl, a Takxke, 3pdekThl OpaH MmapamMeTpa Ha 3BE3JHOE MarHUTHOE IOJIE.
Haiinenst TOYHBIE AHAJINTHUYECKUE BHYTPEHHHE PEUICHUS YpPABHECHHUU
Makcgeina, a Takke, TOUHbIE PEHIEHUs 11 BHYTPEHHETO MArHUTHOTO ITOJIS
BHYTPH 3BE3/THOTO BEUIECTBA C YPABHEHUEM COCTOSHUS JKECTKOTO BEIIECTBA.
[IpoBeneHbl ~ YHCIIEHHBIE  pPAaCy€Thl, KOTOpbIE  YUYWUTHIBAOT  3(DPexT
HANpsDKEHHOCTH OpaHa Ha CTPYKTYpPY DJIEKTPOMAarHUTHOTO TIOJisE BHE
Bpallaronieiicss 38e3bl 1 Ha KOHPUTypalry BHYTPEHHET0 MAarHUTHOTO TOJISI B
3BE3/IHOU CpeJie ¢ MOCTOSTHHOM IIJIOTHOCTBIO.

[Toyyensl TouHbIe 3HAYEHUS TSI 2P (HEKTUBHOTO MoTeHIMana u paguyca CKO
JUISL Pa3lIMYHBIX 3HAYEHUM MapaMeTpoB, XapaKTEPU3YIOUIUX BaKyyMHOE
peleHre ypaBHEHUH TI0JIS B MojieN Ha OpaHax. HaiijeHo TouHOe BhIpakKeHHUE
Tt HYbkHen rpanuilbl BHyTpeHHed CKO npo6Hoit yacTuiisl B okpectHocTd Y/
Ha OpaHax.

[IpuBeneHb! pe3yabTaThl UCCIECIOBAHUNA 00 U3BICUCHUU YHEPTHUH KOMIIAKTHOTO
IPaBUTAIIMIOHHOTO O00BEKTAa, B YACTHOCTH, C TIoMoIIsio dddekxra bimvuadhopna-
3naeka u npouecca [lenpoysa B npoctpanctse Kepp-Tayo-HVYT.

B OeccunoBom mnpuOIMKEHUM HAWACHO SBOJIIOLMOHHOE YpaBHEHUE IS
AJEKTPOMArHUTHOIO MOJIA M PEUIEHO C MOMOIIBI METOJA MOCIEA0BATEIbHBIX
npubImxKeHui. Pe3ynpTaThl CBUACTENILCTBYET, YTO MJIa3MEHHAsi MarHutocdepa
B OKPECTHOCTH Bpamaromencs Y/ sBisieTcss ycTOMYMBOM K BO3MYIIICHUSIM, YTO
noareBepxkaaer  3ddextuBHOCTH  mpouecca  bmdHadopaa-3Haeka 1o
W3BJICYEHHIO dHeprun Y/I.
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C.II. Unesacosa, P.M. 3ananernunosa, A.B. Xyraesa.

PE3IOME

18



auccepranuu  AOmgykab0apoBa  AxMa/pkoHa ~ ANWDKaHOBHYAa Ha  TeMy:
«OO01IepeNnITUBUCTCKUE  acTpOPU3MUYECKUE  MPOLECChl B CTAIlMOHAPHBIX
aKCHAJIbHO-CUMMETPUYHBIX MPOCTPAHCTBaX» HA COMCKAHME YYEHOW CTENEHU
KaHauaara (QuU3nko — MaTeMaThyeckux Hayk mno cnenuanbHoctd 01.03.02 —
acTpodusuka, paguoacTpOHOMHUS

KiroueBbie ciioBa: pelaTHUBUCTCKas acTpodu3uKa, ABM)KEHHE YacTHII,
AIIEKTPOMArHUTHBIE TIOJISI, TOYHBIE PEIICHUSI YPABHEHHS] DWHILTEHA.

O0BbeKTBI HCCJIeIOBAHNUS: YEPHBIE JAbIPHI, KPOTOBBIE HOPBI, TPABACTaPBI.

Heab paGoThl: H3yueHUE 3JIEKTPOMATHUTHBIX MOJIEH U JBUYKEHUS MPOOHBIX
yacTul] B mpocTpancTtBe-BpemeHnn a) Kepp-Tayo-HYT 6) Bpamarometics
namaranuenHord KH B) U/l ma Opanax, T) 3Be31Ibl U3 TEMHON DHEPTUU; MOTYYUTH
TOYHBIE aHATUTUYECKUEe perieHus s 3aBucuMocTu paamyca CKO ot Opan
napametpa YJ[ Ha OpaHax; WccieoBaHUE BIUSHUS CIMHA U TPAaBUTOMAarHUTHOTO
MoMeHTa Y/l Ha mpoueccsl U3BJIEUYEHUs YHEPTUU Bpamatomeiics Y/1.

MeTtoabl HCCAEA0BAHUA: MATEMATHUYECKUM amrmapar MaKpOCKOIWYECKOU
anektpoaguHamMukn B OTO, werpuueckod aduHHOM auddepeHuanbHON
FEOMETPHUM, YHCICHHBIE METOJIbl BbIYMCICHUS Ha OBM, c JaJIbHEHUIITUM
Pa3BUTUEM METOAWKHU YUCICHHBIX BRIYMCICHUN JJIs1 TOCTABJICHHBIX 33/1a4.

IlonyyeHHble pe3yjbTAaTbl U MUX HOBHM3HA: BIEPBBIE HANACHBI PELICHUS
JUISL DJIGKTPOMArHUTHOTO TIOJISI a) B IIpocTpaHCcTBe - BpemeHu Kepp-Tay6-HYT, 6)
HamaranueHHo H3 ¢ HYT 3apsinom, B) namaramdyennoit KH, r) rpaBacrapa, i)
KOMITaKTHBIX OOBEKTOB Ha OpaHe. BriepBbie moka3zaHo, UTO BIIUSHHE MAarHUTHOTO
IOJIs1 JOMUHHPYET 110 cpaBHeHUIO ¢ HY'T napamerpom Ha nBUKEHHE 3apsSyKEHHBIX
yactui] B npoctpanctBe Kepp-Tayo-HYT u HYT napamerp ycunuBaet mnpoiecchl
bmuadopna-3uaeka u [leapoysza. BrepBbie ycTaHOBIeHA CUIbHAS 3aBUCUMOCTH
nBrkeHus 4vactun, ot ¢opm napamerpa KH u marnutHoro mnons. Bnepssie
MOJTy4YeHO TO4YHOe perieHue s HukHed rpanunbl CKO npoOHoOM yacTuibl B
okpectHoctd YJ| Ha Opane u BepxHuUM npenen ans Opan mapametpa. [lokazano,
YTO MJIa3MeHHast Mmaruurocgepa Y/ sBisercs ycToOWYuBOM.

IIpakTuyeckasi 3HAYMMOCTH IIOJIYYEHHBIE PE3YyJIbTATBl MOTYT HWIrPaTh
BOXHYIO pOJib B OOHapykeHuu u uccinenoBanun HYT mapamerpa. [lonyueHnHsie
JAaHHBIE MOTYT OBITh CPABHEHBI C HAOJIIOATENbHBIMU JIAHHBIMU O CYIIECTBOBAHUU
u otnuunn KH ot YJ[. BelpakeHre MarHUTHOTO MOJIS rpaBacTapa MOXKET ObITh
MOJIE3HOM ISl OMMCAHMS JIEKTPOMArHUTHBIX MPOLIECCOB B rpaBacrape. /[aHHbIe
MO3BOJISIOT TOJIYYUTh BEPXHUU Tpe/eNl Ha BEJIMUMHY OpaH mapaMmeTpa U3 JaHHBIX
1o HaOJIOJIEHUIO aKKpeIuu Ha Bpararorieics Y/1.

CreneHb BHeJApeHHs M IKOHOMHYeCKas 3QPeKTHBHOCTB: HUCCEPTALUS
HOCHUT TEOPETUYECKHM Xapakrep. Ero pe3ynpTarsl MCHOJIB3YETCs I U3YyUYEHUHU
KOMITAaKTHBIX OOBEKTOB B acTpopu3uke. ITH HAay4dHBIC PE3yIbTaThl BHEAPCHHI B
criennalibHbI Kype «Teopust rpaBUTalMN, YBITAEMBIX B paMKaX MarucTparypsl B
HanunonansHoM yHuBepcutTeTe ¥Y30eKucTaHa.

O6sacTu TNpUMeHeHHsI Pe3yJbTATOB: PensTUBHUCTCKAas acTpodusuka,
(bu3KKa YEPHBIX JbIP, aCTPO(YU3UKA KOMITAKTHBIX OOBEKTOB.

du3rka — MaTeMaTrKa (aHiapyu HOM30U WIMHI Jlapakacura tajgadrop

AOnyxab6apoB AxmamkoH AnuimkaHoBuaHUHT 01.03.02—actpodusuka,
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PaaroacTPOHOMHUS HXTUCOCITHUTH OYiinda «CTarmoHap akcual CHMMETPUK (a3zoja
YMYMHHUCOWI acTpodU3HK porieccaapy MaB3yCUaaru JUCCEPTAIUSICHHIHT
PE3IOMECH

Kanutim cy3aap: pensiTUBUCTUK acTpodu3uKa, 3appadajiap XapakaTw,
3JIEKTPOMArHUT ManJIOHIap, DUHIITEHH TEHIJTAMACUHUHT aHUK €YUMJIIAPH.

TagkukoT 00bEeKTIIaApH: KOpa ypanap, OMPOHKO3UK MHH, I'paBacTapJiiap.

Taagkukor Mmakcaau Ba Basudanaapu: a) Kepp-Tay6-HYT 06) aitnanyBum
MarHuTJIaHTaH IOMPOHKO3WK HWHU B) OpaHmard Kopa ypamap, ) KOPOHFU
sHeprusgan uoopaT rojaysnap ¢azo-BaKTHAA 3JICKTPOMATHUT MaWJoOHJIAp Ba
3appadanap XapakaTHHH Ypranuir, OpaHaard Kopa ypamap arpoduna crabui
ailllaHMa XapakaT OpOUTacH paJuyCUHUHT OpaH mapaMeTpra OOFJIUKIUK aHATUTHK
udogacMHU TOMMWII; KOpa Yypajap CIMHU Ba TPABUTOMAarHUTUK MOMEHTHHHHT
YHJIaH SHEPIUs OJIMIII IPOIECCIapura TaAabCUPUHU YpraHHUIIL.

Taakukor ycaydaapu. YMymMuil HUCOMIUIMK Ha3zapUsCUIArd MaKPOCKOITHK
JIEKTpOAMHAMUKacH, MeTpuk addun auddepeHnranr TreOMETPUICHHUHT
MareMmaTuk amnmapatu, XM na xucobjlaHyBUM Ba KYWHJITaH Macajajgapra Kapad
PUBOKJIAHYBYHM PAaKaMIIM yCyJuiap.

OauHran Hatu:kajgap Ba yjaapHuHr surujauru: Unk 6op a) Kepp-Tay0-
HYT dazo-Bakt, 6) wmarnutinanran HYT 3apsannu  HEWTpoH 1017y3, B)
MarHuTJIaHTaH IOMPOHKO3MK MHH, T') TpaBacTap, /1) OpaHaard KOMHOakT 0O0beKTIap
AIIEKTPOMArHuT MaijoH eunmiiapu onuuau. Mok Gopa Kepp-Tayo-HYT dazo-
BaKT/a 3appajiap xapakatura Maraut maaonu HYT 3apsiara kaparanaa Ky4winpok
tabcup Kuuimu Ba HYT 3apsg bmynadopa-3uaek Ba [lenpoys mporeccinapunu
3G EKTUBIUTHHYN OIUpHUIIK  Kypcatwiau. Wik OGopa 3appanap XapaKaTUHHHT
IOMPOHKO3MK WHU IIAKJ MapaMeTpura Ky4in OofimaHumm Kypcatuinau. Mk 6opa
cTabui aiijlaHMa XapakaT OpOUTalapUHUHT KyWH Yerapajapu y4yH aHUK aHAIUTHK
eunM, Xamjaa OpaH mapaMmeTp y4yH OKopu uerapacu osuHau. Kopa ypaHuHr
TTa3MajaIi MarHUTOC(hEPACHHUHT TYPFYHIIUTH KYpPCaTHIIIH.

Amanuii  axamusatd. OInuHradH HaTwkaimap Ba Mabiaymoriap HYT
napaMeTpHU AaHUKJAIl Ba TaJKUK DJTHUIIIA MyXUM VpPUH TyTaju, UIyHUHTACK
IOMPOHKO3UK MHU Ba KOpa YpallapHUHT MaBXYJJIUTH Ba (apKu XaKuaaru Ky3aTyB
HaTWXKalapyu OWJIaH TaKKOCIAHUIIM MYMKUH. ['paBactap MarHuT MaioHu
udoaacu yHIArd SIEKTPOMArHUT XoAWcCalapHU TaBcuduam yuyH doitnanu
Ooynumm mMymkuH. OJIMHraH HaTHXKajap Ba Kopa Ypanap aTpoduuard akkpernuoH
JUCKJIAp XaKUJIard aCTPOHOMUK Ky3aTyB MabIyMoTiIapu épaamua OpaH napameTp
KUIMAaTH YIyH FOKOPH YerapaHu OJIMII UMKOHUHH Oepajii.

Tagkuk 3THII Japaxacd Ba MKTHCOAMI caMapaJOpJIMIrU: JHCCEpTALUS
Ha3apui XapakTepra Jdra. YHUHT HaTWKajapu acTpopusukazga KOMIAKT
OOBEKTIApHU YpraHulija UWIUIATAIAgU, Xamja yJap V36exncron Mumit
YHuBepcUTETH  Marucrparypacu — goupacupa  ykumaguraH — «I'paBuranms
Ha3apusACH» KypCcH TapKUOWTa KUPUTHIITAH

Kyanannmm coxacu: PenstuBucTuk actpodusuka, Kopa ypanap (usukacu,
KOMITaKT 0OBEKTIAp acCTPOPU3UKACH.

RESUME
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Thesis of Abdujabbarov Ahmadjon Adiljanovich on the academic degree
competition of the candidate of physics and mathematics sciences, speciality
01.03.02 — astrophysics, radioastronomy; theme: “General relativistic astrophysical
processes in stationary axial-symmetric spacetimes”.

Key words: relativistic astrophysics, particle motion, electromagnetic fields,
exact solutions of the Einstein equations.

Object of the research: black holes, wormholes, gravastars, neutron stars.

Aim of the research: study of electromagnetic fields and particle motion in
1) the Kerr-Taub-NUT spacetime, spacetime of ii) rotating magnetized wormhole,
111) black hole on brane, 1v) gravastars; derivation of the exact analytic solutions for
dependence of radii of stable circular orbits from brane parameter of black holes on
brane; study the influence of spin and gravitomagnetic monopole momentum of
the black hole on processes of energy extraction from rotating black hole.

Methods of the research: mathematical methods of macroscopic
electrodynamics in general relativity, differential geometry, numerical methods of
calculation on computers, with further developing of the numerical methods for
considered problems.

The obtained results and their novelty: the solutions for electromagnetic
fields 1) in the Kerr-Taub-NUT spacetime, spacetime of i1) magnetized neutron star
with NUT charge, ii1) magnetized wormhole, 1v) gravastar, v) compact gravitating
objects on brane have been found. It has been shown that influence of magnetic
field dominates with compare to the NUT charge on charged particle motion in the
Kerr-Taub-NUT spacetime and NUT parameter increases the efficiency of
Blandfod-Znajek and Penrose processes. Strong dependence of particle motion
from form parameter of wormhole has been observed. Exact solution for miminum
value of the radii of stable circular orbits around black hole on brane and upper
limit for brane parameter have been evaluated. It has been shown that plasma
magnetosphere of rotating black hole is stable.

Practical significance: Obtained results can play significant role on
detection and study of NUT, brane and other parameters of compact objects.
Obtained data can be compared with observed data in order to find the existence
and difference wormholes from black holes. Expression for magnetic field of
gravastar can be used to describe electromagnetic processes in gravastar. Results
allow to get upper limit on value of brane parameter from astrophysical
observations on accretion disc around rotating black holes.

Degree of embed and economic effectivity: The dissertation is of
theoretical character. The results obtained could be used for studying compact
objects in relativistic astrophysics. These scientific results are introduced in the
special course «Theory of Gravitation» delivered to graduate students at the
National University of Uzbekistan.

Sphere of usage: Relativistic astrophysics, black hole physics, astrophysics
of compact objects.
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