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KHUPHUII (noKTOPJIMK TUCCEPTANUACH AHHOTALMSICH)

JAuccepraumss MaB3yCMHUHI Jo0Jj13apOauru Ba 3apyparu. JyHé mukécuma
onub Oopwiran Epparn Ba KOCMHUK TeJleCKOIUIapJard Ky3aTyBilap Ba SKWHJA
KUJIUHTaH Kampuérnap Kopa YpaJapHUHT OObeKTiIapra CaJIMOKIU TabCHUP
KYpCaTUILIK, OJAY3JIapHA IOTHUIIM HATWXKAcUla KyWwId TamMMa-4aKHalUIapHU
BY)Ky[ra KEITHPUILIMW, SHCU IOJAY3JIapHU Mail0 OYIUIIMHU parOaTIIaHTUPUIIN
XaKua WIIOHApau ucOOTIap KenTupau. AlnaHyBuUM Kopa Yypanap arpoduaa
(GOTOHIIApHUHT XapakaTh TaAKUKOTH, XycycaH, ymly oObeKTiap cossapu
LIaKJUIAPUHHA TOMNMII Ba TAaXJWI 3THII KOpa YpaJapHHUHI XOIWCAJIApP TOPU30HTHU
MaBXY/JINTUHA UCOOTH Ba OM3HUHI TaJAKTUKAMHU3 MapKa3uaaru OObEeKT XaKuJa
MabIyMOTJIapHU onum yuyH xuzMar kuinagurad Black Hole Cam (BHC) u Event
Horizon Telesop (EHT) xankapo mnoimxajmapHu KYWMIWIIM — 3aMOHaBUU
acTpo(pU3MKAHUHT MyXUM Bazudanapuan oupu 0Yiaubd KOIMOK/IA.

MycTaknuik Wusutapuaa MaMiiakaTUMuU3/1a Ha3apuil pu3nuka Ba aCTpOHOMUS
WYHaIUMIUIapUHU ~ PUBOXJIAHTHUPHUIN  Xamjaa JyHE Mukécuaa QyHIaMeHTal
MyaMMOJIApHU XaJl JTHINTa anoxuaa 3bTuOO0p Kaparwinau. by Oopama xommakt
OOBEKTIap  PEIATUBUCTUK  aCTPOPU3UKACUHU  PUBOXKJIAHTUPHUIL,  HEHUTPOH



I0JAy3/1ap MarHuTocdepacu MOJCUIApMHU WOuiad YWKHIL, Kopa ypayiap
arpodunaru (¢Gazo-BaKT CTPYKTYpaCMHU TaxXJWJIu Ba yiap arpoduuard CHHOB
3appajapHUHT XapakaTtu Oopacujia ce3uIapian HaTuKajlapra SpUILIHIIIN.

Kommakt oOwbektnap arpodumaru actpodus3uk kapaCHIapHU YpraHWIl Ba
yIapHU Ky3aTyB HaTWXajdapu OWJIaH TaKKOCHAIl OpKaJIW MapKa3uil TpaBUTAIMOH
OOBEKT XaKuJa MabIyMOTIAp OJIUII MYyXUM axaMusaT kacO sTMokna. by Oopana
MAaKCaJId WIMHAN-TAIKUKOTIAPHH, )KYMJIAJIaH, KyMuIaru HyHaaIuluiapaarda WiIMUN
U3JIAaHULIUIAPHU aMalira OLIMPpUII MyXUM BaszudamapaaH Oupu  XucoOjaHau:
KOMITAKT TpaBUTAMOH OO0beKTNIap arpoduaaru (a30-BakKTHU  TaBCHU(]IOBUM
TPaBUTAIIMOH Ha3apus Joupacuja Kopa YpaJlapHUHT €YUMIIAPUHU  TOTIMIIL
TOMWITaH e4rumIIap aoupacuaa Ha3o-BakT CTPYKTYpacHHHU Ba ymiOy ¢azoma CHHOB
3appajapUHMHI, XyCyCaH, ANEKTPOMArHuT TYIKUHJIAPHUHT xapakar
TEHINIaMaJlapyUHU  TOMWI; YMyMUW HHUCOMWIMK Ha3apusicCi Ba aJlbTEpHATUB
IpaBUTALMS HA3apUsACH JOHMpACHAA TOMWITaH Kopa ypajap €4uMH Y4yH Kopa
Vpajiap COSICHHM aHMKJAlll, Kopa Yypanap cosulapura MapKa3uil TpaBUTAIMOH
OOBEKT Ba YHUHT aTpouiard MyXUTHUHT TabCUPUHU AHUKJIAII;, PEISTUBHUCTUK
IOJITy3JTAPHUHT DHEPTrusi WYKOTUIIWra TPAaBUTALMOH MOJE/UIAPHUHT TabCUPUHU
anuknam. HOkopuaa KeATUpWITaH WIMHN TaaKUKOTIAp Ma3Kyp AHcCCepTalus
MaB3yCHHMHT JIOJ3apOJIMTUHU U30XJIalIH.

V36exucron Pecny6rukacu bupnnun Ipesunentuaunr 1993 i 11 depan
naru [1K-559-con «AcTpoHOMUK OanaHATOF 0OcepBaTOpUsIapH Ba yjlapra Xu3mar
KypcaTyBuM Maxkmyasap Tyrpucuaa»ru Ba 2013 iinn 1 maptaaru [19-4512-con
«Myko0Ou1 sHEeprus MaHOAIAPUHU SIHAJ1a PUBOKIIAHTUPHII YOpa-Ta0UpIapH
TVrpucuga»tu Kapopnapuaa xamaa Maskyp aonustra Teruiuim 0oIka
MEbEPUN-XYKYKUHN XyKoKaTiapa Oelruianrad BazudaaapHy aMalira OlIupHINTra
ym0y TaIKUKOT MyalsiH Tapakaja Xu3Mar KujIaju.

TaagKMKOTHHHT pecny0JauKa (paH Ba TEXHOJIOTHUSVIAPH PUBOKIAHM N
HHMHI YCTYBOP HyHAJIMILIAPUTa OOFJIMKIUTU. Ma3Kyp TaJKUKOT peciyOauka
(dan Ba TexHOJOTUsIIapU pUBOKIAHUIIMHUAHT []. « DHepreTuka, sHEPTHUs Ba pecypc
TEXAMKOPJIUTH» YCTYBOP UYHAIUINN JOoUpacua OakapuiraH.

Juccepranusi MaB3ycu Oyin4a XOPHMKHI WIMHH-TAAKUKOTJIAP mapxu'.
Tamky acuMnOTOTUK OWp >KUHCIM MarHUT MaWJOHAA >KOWJIalraH Kopa ypaniap
arpoduary 3JeKTPOMArHUT MalJIOH KOHPUTYpauusCU Ba TY3WIWIIM, ITYHUHITIEK
alJlaHyBYM KOpa COSUIADMHUHI TAaJAKUKOTM MYaMMOJIAPH YCTHJA W3JIAHULUIAP
KAXOHHUHI €Tak4d WJIMHA Mapkas3japd Ba OJMI TabJIMM MyaccacalapH,
KymianaH, ACTpPOHOMHUS HWHCTUTYTH, A.DUHINTEWH Mapka3u Ba OmnaBagaru
Cune3uss  ynuBepcureru (Yexwus), AnwbOepra  Yuuepcutetn (Kanana),
A.DiiHmTetH Homuaarn Makc I[lnank rpaBuTanmoH (u3MKa HHCTUTYTH Ba
Opankdypr ynuBepcutretn (I'epmanms), YHuBepcuTeTIapapo acTpOHOMHS Ba
actpobuzuka Mapkazu, Puzuka OVinua wuiaMui mabopatopust Ba Tara
byHIaMeHTan TaaKUKOTIap HWHCTUTYTH (XuHAUCTOH), bpemennmarm amanuit
KOCMHK TeXHOJIOTHsap Mapkasu Ba OnpaeHOypr ynuBepcutetn (I'epmanms),
MockBa paBmnar ynuBepcutetn IltepuOGepr nHOMumaru JlaBnar acTpoHOMUs



uHctutytd (Poccust), Sapo ¢dusmkacm WHCTUTYTH, ACTPOHOMHS HHCTHTYTH Ba
V36exucTon MUILIHIL YHHBEPCHTETH TOMOHHAAH OO GOPUIMOK/IA.

Tamky MarHUT MalJOH/Ia KOWIAITaH Kopa ypanap arpoduaa 3appajapHUHT
XapakaTu Ba DJEKTPOMArHUT MaWJOHJIapUra OWJl XKaxOoHJa oJaub Oopuiran
TAIKUKOTIAp HaTWXKAacula Karop, >KymiaJaH, KyWWJIard WIMHM HaTHXKajiap
OJIMHTaH: yMyMHUH HHCOMWMIMK Ha3apusCH Ba MoAU(UKalMsIIaHTaH albTEPHATUB
IpaBUTALMA  HasapusAlapu JOUpacula allaHyBuM KOpa YpallapHUHI COsUIapu
OJIMHTaH Ba YJApHUHI Xoccatapu Yypranwiran (A.DiHmTedH Homumaru Makc
[Tnank rpaBuTanvoH gu3uka MHCTUTYTH Ba OpaHKkPypT yHUBEpCUTETH, [ epMaHus;
VYHuBepcuTeTIapapo acTpoHOMHsS Ba acTpodusmka Mapkazu, Pusuka Oyiinua
unMmuit nabopartopus Ba Tata (yHInaMeHTan TaIKUKOTIAp MHCTUTYTH, XUHAMCTOH;
bpemennarun amanuii KOCMHUK TEXHOJIOTHsUIAp Mapkasu, I epmanus; Mocksa nasiar
yauBepcutetu llltepabepr nHomuaaru JlaBmatr acTpoHOMHsI HWHCTHTYTH, Poccus,
An-®apobuit HOmmmarn Ko30FuCcTOH MUIUIMI yHUBEpCUTETH, KoO30FHCTOH);
ailllaHyBUM Kopa Vpanap arpoduia >IEKTPOMAarHUT MaloHIap — Ty3WIHIIU
aHUKJIaHTaH, TaIllKM MAarHUT MaWJoHAa >KOWjamraH Kopa Vypa arpoduia
3apsA/UIaHTaH  3appajapHUHI  Xapakar TeHIvamaiapu oOJIMHraH (AcCTpoHOMUS
MHCTUTYTH, A.DWHIITEH Mapka3u Ba OnaBamaru Cuie3usi yHUBEpPCUTETH, Hexus;
AnbOepra VYHuBepcuteru, Kanana; VYHuBepcuTeTiapapo acTpoOHOMHUSI Ba
acTpodu3uka mapka3u, XUHJIMCTOH; bpeMeHnaaru amaianii KOCMUK TEXHOJIOTHLIIAP
mapkazu Ba OnpaeHOypr yHHBepcUTETH, [epmaHus); yMyMHH HHCOUNIHK
Ha3apusaCH Ba aJbTEPHATUB IPABUTALMOH Hasapuslap JOoMpacula auaHyB4YM Kopa
Ypanap arpoduga SHEpreTuK kapa€Hiiap, XycycaH, XOp)kaBa TIpaBUTALMOH

Mozenuaa Kopa ypanap arpoduaa Gpa3o-BakT CTPYKTypacH aHUKJIAHTaH

! IInccepranus Map3ycu 6¥iinya XOpHKHil WIMHi-TaJKHKOTIAp mapxy http://arxiv.org; https://webofknowledge.com;
https://scholar/google/com. XK. Physical Review Letters; XK. Physical Review D; XK. Monthly Notices of Royal
Astronomical Society; XK. Astrophysical Journal; XK. Astrophysics and Space Science; X. International Joournal of
Modern Physics D; Ba 6omika man6azap acocuia UIuiad YHKUIraH.
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(Actponomusi uHcTHTYTH, A. OHHImTENHH Mapkasuw Ba OmnaBagarun Cunesus
yHuBepcuteTd, Yexus; AnnOepra YuuBepcuteTu, Kanama; bpemenaaru amanmii
KOCMHMK TEXHOJOTMsJIap Mapkasu, A.DOWHmTeWH Homuparn Maxkce Ilnank
rpaBuUTalMod (usuka HWHCTUTYTH Ba DpaHkpypT yHHBEpCUTETH, [epmaHus;
VYHuBepcuTeIapapo acTpoHOMHUsi Ba acTpodusuka mapkasu, Duszuka Oyitnua
unmuil naboparopus Ba Tata pyHIaMeHTan TaAKUKOTIAp UHCTUTYTH, XHUHAUCTOH;
MockBa paBnar ynuBepcutretn LltepHOepr nHomMuparu JlaBnar acTpoHOMUs
uHCTUTYTH, Poccus, An-®apobuit Homugaru Ko30FUCTOH MUITUN YHUBEPCUTETH,
Ko3oructon).

JKaxoHma amnnaHyBUM KoOpa YpaJapHUHI COSUIApU, KOMIIAKT T'PaBUTALMOH
oObekTap arpoduia 3appajap XapakaTh Ba JHEPreTUK >KapaCHIapHU TaJKUK
ATUII MyaMMoJiapu Oyiinua Karop, *Kymiiajiad, KyHuJiaru ycTyBop HyHaaunuiapaa
TAIKUKOTIAAp 010 OOPMIMOKIA: YMYMUM HUCOWMIIMK HA3apUsACH Ba albTEPHATHB
IpaBUTAIMOH Ha3zapusiap Jnoupacuaa (OTOHJAp XapakaTh Ba ailllaHyBYM Kopa
Vpanap COSJApUHUHT Tax IMJIMHU OJIMO OOPHII; KOMIIAKT T'PaBUTALIMOH OOBEKTIIAp
arpoduaa MEKTPOMArHUT MAlJOHIAPHUHT Ha3apuil MOACIIAPUHU TY3HUII Ba ylap
arpoduia CUHOB 3appajlapUHUHT XapaKaTUHU TaxXJIWI KWJIUII, TallKd MarHUT



MalIoH MaBKy[UINTHIa ailaHyBYd Kopa Vypamap arpoduma SHEPreTux
KapaCHIIapHU YpPraHuIll, KOMIAKT TPABUTAIIMOH OOBEKTIap/iaH dJIEKTPOMArHuT Ba
IPaBUTALMOH HYPJIAHUIILJIAPHU TaJAKUK STULI.

MyaMMOHHMHI YPraHWJITAaHJIUK Japaskacu. AJIaHyBYM KOpa YpalapHHUHT
cosjlapu Mapkasuil OOBEKTHHHI TYpJIM MapaMmeTpiapyd y4dyH, XyCycCaH, SJIEKTP
3apsanu, OpaH 3apsiiy, ajdbTepHATHUB TPABUTAIMOH MOJEN JOMPACUIATH MAarHUT
3apsaaura OOFJUKIWTH Iy TNaiTrada kymiad ojaumiap, MacalaH, SHOHHUSIIHK
(K.Hioki, K.Maeda), amepuxamuk (J.Bardeen), romnanausiiuk (H.Falcke),
repmanusuiakiap (C.Laemmerzahl, V.Perlick, A.Grenzebach), apreHTunamukiap
(L.Amarilla, E.Eiroa), uramusuiuk (C.Bambi), yexusnukmnap (Z.Stuchlik, J.Schee),
xunauctonnukiaap (N. Dadhich, S. Ghosh, P. Joshi, M. Patil), poccusmuxnap (O.
[ynko, A. 3axapos, B. ®posnos, 1. HoBukoB) Ba Ooiikanap TOMOHHAAH Ypranub
KeTMHMOKa. bupok ymly uiuiapaa KOMIakT OObEKTIap y4yH OJIMHTaH MabiyM
Oup eunmiiap aoupacuia KWIMHTAH KOpa YpalapHUHT MOJIENH, TPaBUTAIMOH
Hazapuslapu Ba Yyiyam yciayOnapura OOFIHMK OYnMaraH TaxXJWJIUHUHT YMyMUH
dhopmanu3Mu MaBxKys SMac.

Tamkyn acuMOTOTHK OWp J>KUHCIM MarHAT MaimoHAa sxounamran Kepp
alJIaHyBUYM KOpa Ypacu Y4YyH JJIEKTPOMAarHUT MAauJOH TEHITIaMaJIapu €4hMIIapH,
YHUHT arpoduja 3apsaljlaHTaH 3appaHUHT XapakaTH, aillaHyBYM Kopa Ypaiap
arpodua 3appaJlapHUHT Te3JallMIM, CEKWH aljIaHyBuUd Kopa Vpa arpoduia
3appajlapHUHT TE3NAlINIIMAa MarHUT MaWJOHHUHT POJU Karop Myamtudiap,
MacanaH, amepukanukiaap (M.Banados, J.Silk, S.M.West Ba Oomikamap), WHITIU3
onumiuapu (R.Wald Ba Oomkanap), poccusmukiap (/.B.['anbunos, B.®pomnos,
A.AnueB), Typkusiuk (N.Ozdemir), xunaucronnukiap (N. Dadhich, S. Ghosh, P.
Joshi, M. Patil), poccustmuknap (O. Ilynko, A. 3axapos, B. ®posnos, 1. HoBukoB)
Ba OolIKanap TOMOHUJAaH ypraHwirad. bupok ymoly uiuiapaa rpaBUTOMarHuT Ba
nedopmaiys napaMmeTpiaapy HoIIaH GOpKIn OYIraH TalllKd MarHUT MalgoHaa
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KOWJIAIraH aljaHyBUYM Kopa Yypanap arpoduaa 3apsulaHrad 3appajlapHUHT
XapakaTH Ba OJHEPreTUK Kapa€Hjap, XyCycaH, 3appaJapHUHT TYKHAIIUIIN
YypranwiMarad. YmlOy xapa€HJIapHU TaAKUK OSTUII T'PAaBUTOMArHUT 3aps]l Ba
nedopmalys napaMeTpu CUHrapu Kopa YpaHUHT apaMeTpiiapura yerapaiap
YpHaTUIll UMKOHUHU Oepaju.

YMymuii HUCOMWIMK Ha3apusacCH JIOMpacuja KOMIIAKT TpaBUTAIMOH
oObekTIap arpoduna ¢GOTOHIAP XapakaTura Iula3Ma MYXUTUHUHT TabCUPHHU
ypranuin ~ MyaMMOCH  Oup  Karop  oJuMMiiap, MacajlaH, pPOCCHSIIMKIIAp
(IC.bucHoBarsii-Koran, O. Ilynko), ¥y306ek omumnapu (b.JK.Axmenos,
A.A.Typcyno, B.C.Mopo3osa), kanamgaiuk (A.Rogers), HemMuc onumiiapu
(V.Perlick, J.Kunz), romnanausumnk (H.Falcke), xunauctronnuknap (N. Dadhich, S.
Ghosh, P. Joshi, M. Patil) Ba Gomkanap TOMOHMIAH YpraHwiradH. AMMO yuioy
unuiapaa Oup JKUHCIM OyiMaraH IIa3MaHUHT Kopa ypajap ONTHK Xoccalapura
TabCUPHU, XyCyCaH, TUIA3MAHUHT allIaHyBYM KOpa ypanap cosjapura TabCUPUHUHT
TaxJ W1 KWJIMHMAraH.

XoprkaBa rpaBUTALIMOH MOJENU Aoupacuia Kopa ypanap arpodugaru daszo



BaKT XOCCaJapy Ba 3appajapHUHI XapakaTH KaTop oJaumiiap, MacajaH,
yexusukiap (Z.Stuchlik, J.Schee) nonsmanuknap (M.Abramowicz Ba
oomikanap), nopryranusuukiap (F.Lobo T. Harko, F.Eiroa), Hemuc onumiapu
(C.Laemmerzahl, J.Kunz, E.Hackmann) Ba Oomikanap TOMOHUAAH TaIKUK
stunras. llyHra kapaman X03Upryu nanTaa SHEPreTrK KapacHiaapra METPUK
rapameTrpriap Ba MarHuT MauJIOHHUHT POJIY YpraHujiMan KoJaéTup.

Juccepranusi MAaB3yCHHHMHT JUCCePTANUA 0aKAPWJITaH OJIMI TAbJIUM Ba
WIMHI-TAAKHKOT Myaccacacu HIMHI-TaAIKUKOT HILJIAPH OMJIaH OOFTMKJIUTHU.
Huccepranus TaaKUKOTH A 1po GU3MKac HHCTUTYTH Ba ACTPOHOMUS MHCTUTYTH
UIMUR-TaAKUKOTIAp peskacuHUHT DA-D2-D079+D069 «PensaruBma actpodusuka
Ba KOCMOJIOTHSI]a TPAaBUTALIMOH Ba 3JIEKTPOAUHAMUK MIIOHJIAp TEHITIaMaJIapUHH
XaMmJia aJpoHJIap Ba YJIApHUHT Y3apo TabcupuHH TaBcuduianiaa KX/
(heHOMOHOJIOTUK MOJACIIMHA UITa0 YUKHII Ba puBokiIanTupumm (2007-2011);
DA-D2-F058 «I'paBUTallMOH JUH3aNap, AKJIAHAETIaH TAIAKTUKAIAp Ba
acTpo(pu3rK OObEKTIIAPHUHT YMYMIIAIITUPUIITAH MOJIeIIapy TaIKUKOTH» (2007-
2011); OE2-DA-D134 «PensTus ronay3nap Ba ajJbTepHATUB IPaBUTALUS
Ha3zapusICHAa Kopa ypanap arpoduaa 3appanap xapakaty Ba 3J€KTPOMArHUT
Maiinoraapy (2012-2013); ED2-DA-0-25046 «KoMnakT rpaBUTAIMOH 00BEKTIAP
arpodua cuHra sra OyJaraH 3appajiap Xapakary Ba JJIEKTPOMarHuT
TYNKUHAApHUHT TapKamummy (2014-2015); Ne 1-10 « KOMpOHKO3UK MHU Ba
KOPOHFHU SHEPTUSIIaH HOOPAT PEIIATHB O Iy3Jap arpoduaa 3appaiap Ba
Maiionnap» (2010-2011) maB3ycuaaru uaMuii Jioiuxainap Joupacuaa
Oa)kapuIIraH.

TagKUKOTHHHI MaKcagu Kopa Yypajap COsJIapuHU TaBCU(DIOBUM Hazapuil
dbopManu3M Ty3WIl Ba allaHyBYM Kopa Yypanap arpoduia IOKOPH SHEPreTHK
xapaéunap GU3MK KOHYHUATIApUHU aHUKIalIaH noopar.

TagKMKOTHUHT Ba3udaiapu:

Kopa Vypanap cosslapuHd TaBcuduIall y4yH SIHTM KOOpJWHAarara OOFJIHK
Oynmaran ¢opMaiu3M Ty3HII Ba KOpa ypajap COSUJIADUHUHT ILIAKIUIapH y4yH
CUKWIWII TIapaMeTpiiapura ssHry Tabpuduap Takiaud dTUII;

sHrd (popmanusM Ba Oomka Myamnudiaap TOMOHUIAH TakiIug ITHITaH Kopa
Vpanap cosjlapy IIAK/UIapd  CUKWIMII  HapaMETPJIAPUHUHT  COJMIITHPHILL
TaxXJIMJIMHU YTKA3UIIL,

TalTKA ACUMIITOTUK OWp XWHCIM MAarHAT MaWOHNA KOWJAIITaH aiJlaHyBYH
nedopManysUIaHTaH  Kopa ypamap arpoduga dIEKTPOMarHUT MaiJoH Ba
3apsijyIaHTaH 3appajiap XxapakaTuHU YPraHuiil,

TalTK{ MarHAT MaiI0H/1a JKOMJIAIITaH TPAaBUTOMATHUT 3apsjira 3ra OyaraH
Kopa ypa arpoduaa 3apsi/iyiaHTaH 3appajapHUHT TYKHAIIUIINHY KYPUO YMKHIIL,
aliTaHyBYHM KOpa ypanap Cosutapy Makiaura Oup >KHHCIIH OyJIMaraH TUTa3MaHUHT
TabCUPHUHM aHUKJIAIIL;

TallKK MarHuT Maigon Mapkymmruga Kexarmac Cdercoc  oumk



CUHTYJISIpIUK aTpoduma 3apsjlaHTaH Ba HEWUTpasa 3appajap XapakaTh Xamja
TYKHAIUIUIIUHUHT TaXJIWJIMHA YTKA3UIT;

XoprkaBa rpaBUTALIMOH MOZENAAry alJIaHyBUYM KOpa ypajapAaH YNKaETraH
SHEPrusi MUKJIOPUHU OaxoJal;

pPENATUB KOMIAKT FOJIYy3JIAPHUHT AJIEKTPOMArHuT MaiI0HIapy Ba
alJIaHUIIMHUHT CEKUHJIAIUIIIUHN TaKKOCaIl.

TaagkKMKOTHHHI 00bEKTH KOpa ypaliap, peJisiTUB HEUTPOH Ba FaJlaTu
FOJI Y 371apAUD.

TagKUKOTHHUHI NpPeIMeTH KOMITAKT OOBEKTIap arpoduyia AIEKTPOMArHUT
MaiiloHnap, Kopa Yypanap arpoduia CHHOB 3appalapUHUHT HYKU TYPFYH
JOMpaBHUil OpOUTANIApH, TUIa3Ma MaBKY/UTHTH/IA KOPa YpaJapHUHT COSUIApH, TAITKH
MarHuT MalJOHJAru aillaHyBYM Kopa ypamap arpoduma sHEpreTHK >kapaéHiap
XUCOoOIaHaIu.

TaaKMKOTHHHI yCcy/LUIapu. YMyMUi HUCOMNIMK Ha3zapusCHIa MaKpPOCKOIHUK
ANEKTPOJMHAMUKA Ba METpHUK apduH nuddepeHiman reoMeTpUssHUHT MaTeMaTHK
anmapary, Xapakar Ba MaWJOHHUHT auddepeHIuan TeHIIaMalapuHA SUYUITHUHT
aHAJIMTUK Ba paKamMJIM YCyJUIapu KyJIJIaHUJITaH.

TaaKMKOTHHHI WIMHIA SHTMJIMIM KyHuaaruiapaan noopar:

WIK 0op Kopa ypajiap cosuiap WIaKJIMHU TaBcUQUIallga KoOpArHaTara OOFIuK
Oynamaran sHru ¢GopMaian3M Ty3wirad, OyHIa aljgaHyBYM Kopa YpalapHUHT
cosmmapunu  0,1% anuknuk OwiaH TaBcuduam y4yH KAarop IOJHHOMU
KO3(ULIHUEHTIAPUHUHT JACTIa0KK OelTacu eTapiid SKaHM aHMUKJIaHTaH Ba COA
IAKJIMHUHT CUKWIUII TapaMeTpilapy IIOBKWH CUTHAJIUTra HUCOATaH TypFYHJIUTH
KYpCAaTHJITaH;

KOpa ypa COACUHUHT YIIYaMH 3JIEKTPOMArHUT HYPJIAHUIIHUHT IJ1a3Ma
MYXHUTHJIa CHHUIIW XUCOOUTa KaMaluIIu KYpcaTuiiraH;

YyTa FOKOPU SHEPIreTUK Kapa€Hiap/ia I0KOpU camMapaJopiuKKa SpULIUII YUYH
XOJMcaJlap TOPU3OHTUHHUHT OYJIMACIUIU Ba TPABUTAIMOH OOBEKTHUHI KyWIH
alJIaHWIIN JApKOPJIUTU KypCaTUIITaH;
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3appajlapHUHI  FOKOPU DJHEpTUsiapra HSpUIIMIIM KylIuMYa 3apsIjaHraH

3appajiapra TabCUP OTYBUM DJIEKTPOMArHUT Kapa€HJApHUHI XucoOura pyi
OepuIIi MyMKHHJTUTH KYpCaTUJITaH,

XopkaBa MOJAENMAA SHEPTHUS AXpaIUII MexaHusmiapu opacuaa llenpoys
xKapa€HU OpKaJIu Kopa YpaJaH SHEPTUs aKpaIud YMKHUIIN XaKUKATTa SKHHPOKJIUTU
KypcaruiraH, OyHJaH Tamkapu XopkaBa MOJEIM KYINIMMYaCUHUHT TabCUPHU
3appadajiap YeKCU3JIMKKa4ya TE3MAIMIIUHUHT OJIIMHU OJIMIIN KYpCaTUJITaH;

PEIATUB FOJIAY3HHUHT JIEKTPOMArHUT YHEPIUsl KyBBAaTUHUHT MYKOTHIIINTA
FaJIaTy FOJIIY3HUHI KOMIAKTIMK TAbCUPU MYXUM 3KAHIIUTU KYPCATUITaH; yMyMUN
HUCOMMJIMK Ha3apusICH ToMpacuaa FajaTH HJIy3 Xy MyHaal ailanyB4H
HEUTPOH I0JITy3ra HUCOATaH KYNPOK SHEPIHsl MYKOTUILIN aHUKJIAHTaH.
TaaKUKOTHUHI aMaJIuii HATHKAJIAPH KyWuaaruiaapaad noopar: Tarku
ACUMIITOTUK OMp KUHCIM MarHUT MaJIOHJaru aianyBun JedopMalsiiaHran



KOpa YpaJapHUHT BaKyyM JIEKTPOMAarHUT MalIOHIapy YIyH aHAJIUTUK udomarap
TONWJITaH Ba AedopManmsuIaHTad Kopa ypanap arpoduaa WHIYKIHSUIAaHTaH 3JISKTP
MaiiIoHu JedopMaliis mapaMeTpura Yu3uKJId, MariuT MaiIoH 3ca yuioy
napaMeTPHUHT KBaJIpaTUra MyTaHOCHUOIUTH aHUKJIAHTaH; TPaBUTOMArHUT 3apsi]l Ba
TaITK\ MarHAT MaiJI0H MaBXYUTUTHIa KOopa Ypa arpoduaard 3apsijianral
3appajlapHUHT SHEPTHUsl, UMIYJIbC MOMEHTH XaMJa UUKA TYPFYH JOUPaBUU
opOuTaapHUHT udoaanapy TOMUITaH Ba TPABUTOMATHUT 3apsii TabCUPH
3appadajiap YeKCU3JIMKKa4ya TE3MAIMIIUHUHT OJIIMHU OJIMIIN KYpCaTUITaH;

KOpa ypa COSCHHMHI Ky3aTWJIyBYM IIAKJIM IUIa3Ma IapaMmeTpura, Kopa
YpPaHUHI aWJIaHUII IIapaMeTpura Ba KOpa ypa aWaHUIl YKUHUHI Ky3aTyB
TEKUCJIUTUTA OFUII Oypuarura OOFJIUK OYJIUIIN KYpCaTUIITaH;

WYKH TYpFyH JIOMpaBHM OpOMTalapHU Ky3aTyB HATIDKAJIApU XaMjla Hazapui
OJIMHTaH HaTWXKaJlapHU TaKKOCJIAll Wynu OwiaH ainaHyBuu JedopmanusiiaHraH
Kopa YpaHuHT AedopMains mapaMeTpu yuyH IOKOPHU derapa KyHuaaru KypuHUIIga
OJIMHTaH € < 22;

Oup kuHCIM OyiIMaran IiasMa MaBXKYWIWTHAA ailaHyBYM Kopa Yypamnap
COSUTApUHUHT IIaK/UIap¥ OJIMHTaH, Ba ymIOy I[IaKulap cosjard Kynmmya
aCUMMETpPUSIJIApDHU aHUKJIAIl Xamja Oy OpKaiM IJla3Ma Ba MapKa3uid KOMITaKT
OOBbEKTHH TaBCU(DIOBUM TapaMmeTpiap Xakuaa MabIyMOTJIApHU OJUII YYyH
WIJIATAJIAIIN MyMKHH.

TaakMKOT HATHMKAJAPUHUHT HINOHWIMJIMIHM HIIIa YMyMUH HHCOMNINK
HazapusiCu Ba Hazapuil (U3UMKAHUHT 3aMOHABUU yCy/UIapHaaH Xamja camapayiu
pakamid ycylulap Ba airopuTMiapaad (QoiiamaHWITaHW, OJWHTAH Ha3apuil
HaTWKaJlapHU acCTPOHOMH, acTPOPHU3HMK Ky3aTyBjap HaTWKaJIapu OWiIaH Xamjaa
Oomka Myamudiap Taxpubanapu OwiaH COJMINTUPWITAHIWTH; OJMHTaH
XyJIOCUTAPHUHT TPAaBUTALMOH KOMIMAKT OOBEKTIAp MaWJOH HazapUsUIapUHUHT
acocuii TaMoMMIUIapu OWJIaH MOCTTUTH OWJIaH W30XJTaHAIH.

TagKUKOT HATHKAJAPUHUHI WIMHI Ba aMajJuid axaMusiTH. TagKukoT
HaTWKaJapUHUHT WJIMHUKA axXaMuATH SIHTU  PaJMOTENIECKOIUIapu  €plamMuja
MWJUIMMETP JTUANA30HUIA IKUH KEIaXaKaa OJIMHAIUIaH Kopa ypanap
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COSJIAQPUHUHT  TaxJIWIUAa  JAuccepTanusaa  Ty3wiraH  (QOpMaJM3MHHHT
KYJUITaHWIMIIK Ba OM3HUHT xamaa M87 rajakTukanapy Mapkasuaard yTa MacCcuB
KOpa  YpaHMHI  TypJM  [apaMeTpiiapy Ba  Xoccajlapu  TyFpUCHUIAru
MabJIyMOTJIAPHUHT OJMHUIIM OWJIaH M30XJaHaau. byHJaaH Talmkapu COsJapHUHT
aHTA  (OpMaU3M OpPKAIHM TaxJIMJIM YMyMUW HUCOMIUIMK Ha3apuscu Ba OoIlka
aJIBTEPHATUB TpaBUTAlUsl Ha3apusJapuHU TEKWMpUIl Oyiinya CHHOBIAPHU
JOMMXaNalTUPUIL UIMKOHUHU Oepajiu.

TaaKUKOT HaTWKaJapUHUHI aMajud axaMUATH LIYHJAKH, KOpa ypaJapHUHT
TYypiM TMapaMmeTpiapu, XycycaH, TPaBUTOMArHuT 3apsii, AedopMaiusi mnapameTpu
xamaa XopkaBa ~TpaBUTalldsg  Ha3apuscu Joupacuja TaWgo  OymyBuu
napaMmeTpiapHu Oaxonamjga QoiganaHuiml MyMKUH. HaTwkamap, IIyHUHIIEK
,TPABUTALlMOH MAaWJIOHHUHI XapaKTEpPU Ba AMHAMHMKACH TaxXJIWIUAA XaMmaa FajlaTh
IOJIy37apHUA TOMHMII Ba aHHUKIAIl OYyiinmua TaxkpuOanapHHU JIOMMXaJalITUPHUIIIA



UIUIATHIAIIN MyMKHH.

TagKMKOT HATHXKAJAPMHMHI KOpuH KuaumHuiuu. KommakT rpaBUTanioH
oObekTnap arpoduaa 3appajap XapakaTd Ba SJIEKTPOMAarHUT MaWAOHIap YYyH
oJiMHTaH u¢o/a Ba HaTKXKalap acoCua:

Kexarnac-Cdercoc skcTpemMall O4MK CHUHTYJISPIUK arpoduua 3appajlapHUHT
FOKOPHY SHEPTeTHK JKapaéHiapy Ba YJIApHUHT Y30KAaru Ky3aryB4d TOMOHHJIAH KAl
STWIMINKA  OYiinya onuHra" Xxynocanap “Kommakr oObekTiiap pensTUBUCTHK
acTpopu3MKacuia XaJlKapo Ha3apuil Ba Ky3aTyB TaJKUKOTJIAp TapMOFH OWJIaH
UHTErpajiallyBH  KyjutaO-kyBBarnam®  (EBpona  Uttudoku Ba  Yexus
PecniyOnukacuHuHr — fgaBiar  OIOKETH  TU3UMIM  (OHIIapM  TOMOHHJAH
MonustamTupunran Ba CZ.1.07/2.3.00/20.0071 pakamMu OwsilaH Kaiij STHIITaH,
2010-2014) pactypu pgouwpacujaa OYMK CHUHTYISAPIAUK aTpoduia aKKpelroH
JOUCKIIApHU MOJIEJUTAIITUPU I IA UIIaTUITaH (OnaBanaru Cunesus
yHuBepcuteTuHUHT 2015 #mn 23  ampenmard  MabJyMOTHOMAacu). YOy
MOJIEJUIAIITUPHUII HaTH)Kacuja rajakTukajgap Mapkazuja naiijo OYayBud pesiTUB
JPKETIIApHUHT TAOMAaTUHU TYLIYHTUPUILTA SPUIINAIITAH.

KOpa YpaJlapHUHI COSUIapU Ba yjapra IiasMa MyXUTUHUHT Tabcupu Jlexin
Mapka3uii yHuBepcutetd (XuuauctoH) Hazapuii ¢usmka wmapkazuga ommd
OOpwiIyBUM WIMHI JIOHUXajlap JAOMpacHua KOMIIAKT TpaBUTALMOH OOBEKTIap
arpoduaa QGOTOHJIAPHUHT XapakaTUHU xucooOnamaa Qoinananmwiran (Jlexmou
Mapkazuil yHuBepcuteTHHUHT 2016 ¥un 20 ceHTsiOpuaar MabiyMOTHOMACH).
Ymly xwucobnanwiap HaTwkacuga bopu-UHbensn rpaButanus Hazapusicu
Jovpacuia OJIMHTaH Kopa YpaJlapHUHT COsJIApUHU XUCOOIal UMKOHUHY Oepiu.

HeliTpoH  1onay3mapHUHT  CEKMHJANIMIIMHUHT  YHUHT  arpodugaru
MarHurocepac Ba YJAPHUHI KOMIIAKTIMK [apaMeTpura OOFIMKIMIUHU
uponanoun udonanap XuHAUCTOHHUHT IlyHa maxpuparu YHuBEpcuTeTIapapo
acTpoHOMHusT Ba acTpodusumka Mapkazuga onub  OopwinaéTraH — UIMUN
TaJKUKOTJIapla HEUTPOH Iojay3fap MarHurocepacuHu MOJEIAlITHPUIIA
Kopuil  KwinHran  (YHuUBEpCUTETIapapo  acTpOHOMMsI Ba  acTpodusmka
MapkasuHuHT 2016 itun 21 cetsiOpuaaru MabilyMOTHOMAcH). Yoy
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MOJIEJUTAIITUPHUIII Ba XMCOOIAIIap HATHKAcH 1a HEUTPOH FONTy3/Iap CUPTUAATH
MarHuT MaiiJIOH KHMMaTHHN aHUKJIAIl IMKOHUHHA OSp/IH.

TaagkMKOT HATHKAJAPUHUHT anpodamusicu. TaaKUKOT HaTwxaiapu 16 Ta
WIMHN aHXyMaHjapna, >KymiaagaH, «3aMOHaBUM (u3MKa Ba aCTPOHOMUSIHUHT
nomsapd myammonapu» (Kapmm, 2010), «3amonaBuii (GU3UKAHUHT A0J3ap0
myammonapu» (Camapkanna, 2010), «Fusion and Plasma Physics» (Triest, 2011),
39-COSPAR General Assembly (Mysore, 2012), «flgepnas Hayka u ee
npumenenue» (Camapkann, 2012), «MexayHaponHas IIkoja MO CyOsaepHOU
¢dbusuke» (Erice, 2013), «General Relativity and Gravitation» (Warsaw, 2013),
«Prague Synergy 2013: Accreting relativistic compact objects » (Prague, 2013),
«Synergy Olomouc — 2014» (Olomouc, 2014), 40-COSPAR General Assembly
(Mockga, 2014), «International Congress of Mathematicians» (Seoul, 2014), ,



“RAGTime — 2013” (Opava, 2013), “RAGTime — 2014 (Prague, 2014),
“RAGTime — 2015” (Opava, 2015), “XII Marcel Grossman Meeting” (Rome,
2015), 41-COSPAR General Assembly (Istanbul, 2012) maB3ynapuaaru xajakapo
Ba pecnyOnuka WIMHI-aMaluid KOH(pepeHIusIapuia Mabpy3a KypuHuuga OaéH
STHITAH XaMmJa arpoOanusgad YTKa3UiIraH.

Jluccepranusi WIIMHUHT acOCHM HaTwxanapu Sapo ¢usukacu HMHCTHTYTH
(2010-2016), Actponomusi wmHCcTUTYTH (2010-2016), V36eKHCTOH MMILIHIA
YHUBEPCUTETU AJIpo Ba Hazapuil ¢usukacu kadeapacu (2015-2016), Yexusaaru
Cunesus yauBepcutetd, OmaBamaru dancada Ba dan dakynsretu (2013-2016),
I'epmanusanaru I'ére ynuepcuteru (2010-2016), I'epmanusmaru Makce Ilnank
rpaButanus  pusukacu wuHCTUTYTH (2013), I'epmanusmarn Amanuii KOCMHK
TEXHOJOrusJiap Ba MUKporpaButauus mapkasu (2011), Xunaucronmaru Tara
byamamenTan  tagkukoTiap — mwHcTUTYyTH  (2014-2015), XuHmucTtoHmaru
VYHuBepcuTeTIapapo actpoHomus Ba acTpodmsumka wmapkazu  (2010-2016),
Xunauctonaarn Jlexnmu wMapkasuii yHuepcutetd (2010-2016), Hranusgaru
Xalnkapo Hazapuil ¢usuka wmapkazu (2011) wimuii ceMuHapnapujga Mabpysa
KWJIMHTaH Ba MyXOKaMaJiaH YTraH.

TagKuKOT HATHXKAJAPUHUHI JbJOH KWJIMHMIIM. [[uccepranus MaB3ycu
Oyiinua >xamu 30 Ta WIMHI WII Hamp KWJIWHTAaH, IIyJaplaH, V36exucTon
Pecnybnukacu Onuii arrectanusi KOMUCCUSACUHUHT JOKTOPJIMK JHUCCEepTalUsiapu
aCOCHM MIMHUN HAaTWKAJAPUHU YOIl ATUII TaBCHs 3TWITaH WIMHMM Hampiapaa 15 ta
MakoJa, )XymiaaaH, 15 Tacu XOprKuil )KypHau1apa Hallp 3THIITaH.

JluccepralisiHUHT TY3WJIMIIM Ba XaxxMu. [{uccepranus TapkuOu Kuapul,
TyprTa 600, Xylnoca, OuTtTa WioBa Ba (oimanaHwiran amgabuériap pyhxarumad
nbopar. {uccepranussHuHr XaxxmMu 181 OeTHH TaIIKWII STaIH.

12
JTACCEPTAIIUSAHUHI ACOCUIA MA3MYHHU

Kupum xucmuga yTkaszuiaraH TaAKUKOTIAPHUHT J0JI3apOSIMIU Ba 3apypaTh
acoCJaHTraH, TaAKUKOTHUHT MakKcaJu Ba Basudanapu, OObEKT Ba MpeaMeTIapu
TaBcuduIaHTaH, pecrmyonrka (paH Ba TEXHOJOTHUSIIAPU PUBOXKIAHUITUHUHT YCTYBOP
WYHAIMIUIAPUTa MOCJIUIM KYpPCAaTWITaH, TAJAKUKOTHUHI WJIMHWN SHTAJIATH Ba
amaiauil HaTvKanapu 0a€H KWJIMHTAH, OJIMHTaH HAaTWKaJapHUHT WIMHUN Ba aMajui
axaMuATH o4uO OepwiiraH, TaJIKUKOT HaTMKaJapyuHU aMalueérra »XOpUM KHIIMIIL,
Halllp HJTWITaH MIUIAp Ba JUCCEpPTAlMs TY3WIHMIIM OYin4a MabaymoTiap
KEJITUPUITAH.

JluccepranMsHUHT «AWJIaHYBYM Kopa ypa arpopuaa ¢oroHjap Ba



3appaJjlapHMHI XapakaTw» J1e0 HOMJIaHTaH OMpUHYM O00UIA TAlTKH ACUMITTOTHK
OUp >KUHCITU MarHUT MaWJIOHTa >KOMIAIITUPUIITAaH aillaHyBYH JeopmarusiaHrad
XamjJa TPaBUTOMArHWT 3apsAra sra OynaraH Kopa Yypa arpoduia 3apsiajiaHraH
3appaHUHI XapakaTh Ba AJIEKTPOMArHUT MaWoH KypuO uukuirad. UlyHuHrOek,
yimly 6061a Kopa ypa cosiciHi TaBCU(IOBUM yMyMHid (pOopManu3M Ty3HITaH.
COSHMHI 1IaKiauM paguoACTPOHOMHMK Ky3aTyBJIap HATWXKacua OJMHYBYM Ba
Ky3aTyBUM KailJl KWJAQOuUraH sCCHM TEKUCIMKAA >KOWJAIraH €NuK 3TPpU YU3HUK
KYpUHUILNAIA OJIMHTaH.

@dapa3 KuIanuiauK, aCTpOHOMUK Ky3aTyBJap Kopa ypa COSCHHM KyHuJaru TEHIJIaMa

OpKallk Oup yauamiu NMK SIPU YM3HK KypuHumunaa oepunran. R'= R'(@'), (1)

6y epaa R'Ba KOOpAHHATAJIAp

W' - Mmapkazu O'HyKTajaa OyaraH KyTo

CUCTEMAaCHHUHT pajuall Ba Oypuyak koopauHaranapu. KyT6 srpu yn3anruHUHT

CXEMaTUK TacBUpH 1a) OyHaa B’ - Ky3aTyBYMHHHT

pacmaa KeJITHpUiIrat, a'Ba

OCMOH TEKUCJIUTH KOOpAUHaTanapu 0yiuo, ynap opToroHan KoopJauHaTanap
CUCTEMACUHU TAILKWI 3Taau.

a) 6)
1-pacm. Kopa §ypanap cosulapy INAKJUIADHHMHI CXEMATHK TaCBHpPJapu: a) cos
IIAKJIMHUHI MapKa3uHU Tonum; 0) TasgH4Y aillaHa Ba CHKWIMII KO3(Q(UIUEHTIAPHHHA
aHUKJIA1I
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Kynail koopauHaramap CHCTEMAacMHHM aHUKIAII Makcaauaa, XyCycCaH,
[IBapmmibg Kopa ypacu AOWPABUM IIAKIra 3ra OyJaJuraH CUCTEMaHU TOMHII
YUYH 3TpU YU3UKHUHT 2QPEKTUB MapKa3y aHUKJIaHTaH
2
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— paanan KOOpIAMHATaHUHT OMPIIMK BEKTOPH Ba Zxp, gyy— KYTO Oy epra
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KoopauHaraiap cucreMacu (R', Y')HUHT METPUK (QYHKITUSIIAPH. X

BEKTOPHUHT
KHIUMaTUHU OWJIraH X0J/1a, SHCH KOOpJMHATa MapKa3HHUHT

I/I(bOJ:[I:EJI/IHI/I KyWUJard KypUHUIIIA aHUKJIA MyMKAH OYIamu: 12
2 - 1 2 2
mmT 5 5
W
M
] 2
A
| | l{ rri
+

RRdlpRL|Jdl|JRL|Jdl4J(3):cossin,III
0

| lL("'

"II]
_J‘ Rd

2 a 0 0

o —

sin

:tan, =I 5 q(J4;IJ



Rd cos

Mapkasu srpu YM3UKHUHT 3(QQPEeKTUB Mapkazu OWIAH YCTMa-yCT TYIIYBYU
SHFM KyTO KOOpIHMHATaniap CHUCTeMacuHu Kuputamus3(R, W ). DCKH Ba SIHIU

KOOpAMHATAJIAp CUCTEMACH Yy3apo Kyihnmarnda OOFJIaHTaH:

1/22

- [( cos cos ) (sin sin ) ]2 ,

R=R'E|JO'_R0L|J0+R'L|J'_RL|J(5)

"

yy
RR
sin sin
100
WR R
=7(6)

: tan
) yy
' COS COS 00

SHru KoopuMHaATaIap CUCTEMAacH 1a TassHY ailaHaHU aHUKJIAIIMMU3 MyYMKHH,
OyHJa aiilaHa UYKIary Joupa K03 3TPU YM3UK OWJIaH yerapajaHraH coxXa r3acura
TeHr. bepuiran R = R(W)ENuK 3rpy YM3UK OWIIaH YyerapajaHraH coxa i03acu

KyWuJarura TeHr:

R 1 ! 1 W

d

22 (),
[IJ]
WYAd
A
AdggdRRdAR===
RR(7)
A S S SR L W

wy

Oy epna ggx=18a’
gyp= ROKaHmmrugan Qoinananauk, A — arpu 4u3uK Oyiinua

OJIMHTaH KaHIAHaup SpKUH mapamerp, sbHUR = R(W(A)). Arap cost makiau EmuK

STPH YU3UKIaH noopar Oyiica, A KyWHJary mapriap
WHTETpaJIIall Yerapacu
W(A) = 0Ba W(A) =21

OpKaju TONWIAAN
TasHY aliTaHaHWHT PAJNyCUHH KyHuaaruia TOIHII MyMKUH:
| A | ] 1/2



R,(®)
= 11

Kuputunran tasHy ailylanara HucOaTaH CUKWIUII apaMeTpiIapyuHU
KHUpUTaMu3. OTpU YM3UKIa Y = 0, Y = 1T 2Ba
MOC XO0J1ga Y = 31T 2XoJIamiapaa
éryBuu yuta A, B Ba D HyKTanapau Kapaijgan 6onuiaiimus (16 pacmaaru
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nuarpammara Kapasr). Koopaunaranap mapkasu O nykrajgan OA, OB Ba OD
Macodanapra MOcC XoJa Kyiujaarura TeHr:

00~

1{4=_R == }Ecjf)z }EC?=‘4
sW W ()0 cos

[

M ++
+
=4‘F000
() 2!
()(O)() ()~""/2cosl
N
+
=R== cP= -c=2B ,
Ra 272 JUTTY(10) ., F s
022
T+
+ -
0/2 }E
ur 21
(3/2)(cos) ., @1,y
DPRBR=R==C=
W

.
()= -

0 3/2
R,= Rz= R IIApTHU KOHJIMPYBYM SHTH MTAPAMETPHUK STPU YN3UKHU
AHUKJIauMU3
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TasHy aitnananunr A, B, Ba D nykranapnan yraau ned xucobmabd, nxruépuii
HYHaNWIIIa TapaMeTPUK STPU YU3UKHUHT aiJIaHaIaH YeTIalTuITIHA

AHUKJIAIIMMA3 MYMKAH. AWITAQHUIT YKH g g AHMKITAIT MYMKHH: | z 5
BOYitnya ifyHanraH Kopa YpaHUHT COSICU z

OKOOpJMHAaTa Oyiinya MakcuMall
YeTJIANININTa dTra SKaHINTHIaH p=T
MYHAIIMIIIA YeTVIAIUII HUMara TEHT

I+N

Exu yruaMcus CUKMITMII TapaMeTpy YUyH Kyiugaru udojara KejaaMus

[

c
)
1
:21++

0 (14)

s

CUKuIHII apaMeTPUHUHT UKKUHYM TabpU(PUHU KOOpAMHATA MapKa3ujaH A
Ba B Hykrarasa Oyiran wmacodanap TeHr osmaciaurugaH ¢oiiganaHuo
KUPUTUIITUMA3 MYMKHH, S’bHU R, # R, by xonma Vkna saru E HykTanwm Tanmao
onamusku, OyHma macodanap AE=EB Ba E nykra TsHY aiilaHaHUHT MapKas3u
Oyu0 Xu3Mar Kujaaau.
ByHna cukunum napaMeTpuHM KyHuarnya aHuKjanl

MYMKHH: ~ ~ ~
2



| _ BAC
s116 31(15)

Oy epaa , ,d — 3TpH YN3UKHUHT aiIaHalaH YeTIAIIUIINA Ba

~ Zw +
(3/2)(1).

CRy T ,(16)

===-4
+ = 0
YUYUHYH, CHKWIIUII TTAPAMETPUHUHT  YTMalIM, SbHU TOPU30HTIa HUCOATaH
OITUMAJI TabpU(H, COs IIAKITH HOJI OFMINTa 3ra Oyiran S HyKTa
ayKKa ETMaiu.

HUCOaTaH CUMMETPUK OYiuIl OuilaH
Ooup Karopaa
BYKHU HOJ OFUII OMJIaH KeCuo

Bykna

15
Mapxkasu E Hykrana 6ynran TasHy ailllaHaHUHT A Ba S HyKTanapJaH yTaau,
ne6 xucobnabd, alTaHAaHUHT PAUyCH Ba CUKWIIUII MTapaMeTpy yUyH KyHHuaaru

udomanapHu OJIUIIT MyMKHUH:
2

2 o o

(O)(0)
322

AxAcPxcPx—+

00

an(C))y
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+ +IN X
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++
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X — KYﬁHHaFH TCHITIaMaHHUHT
CUUMM.



Q0

II+

dx
2-pacmpa aitnanyBun Kepp Kopa ypacu cosicu yayH XUCOOJIaHTaH yIdamMcu3

CUKWIWII TTapaMeTpIapUHUHT KaTop KodhpuimeHTiapu +ra OOFIuKIUTH
KEJITUPHITaH. 2-paMaard  y4ra rpaQuk O , ;CUKWIINLI

0,,0,,Ba
napameTpliapura Moc Keyaau. Yoy OOFaHUIIIaH KaTOPHUHT Tapakacl OPTHUIITH
OwJIaH MOC XaJHUHT KUMaTH KaMain6 6opuruHu Kypuil MymkuH. LIlyHunrex,
Kopa ypa ailaHuII MapaMeTPUHUHT OLIWIIY OWJIaH CUKWIMIIL TapaMeTpu
MOJIYJIMHUHT OIIUIIY XaM Ky3aTHJIa IH.

2-pacM. AiluIaHYBYH KOpa ypa ailIaHUII IapaMeTPJIAPHHUHT TypJIH KHIIMATIapu Y4yH
CHUKMJIMII MApaMeTPUHUHT KaTop KOG GuuneHTIapu qapaskacura 00rJIMKJIUI 4.

Jedopmarnusinanran kopa ypa arpoduaary cTalioHap akCcuaa CHMMETPUK,
ACUMIITOTHK SICCH, BaKyyM (pa30-BaKTUHU TaBCU(IOBYM MeTpHKa boliep

JIMHIKBHCT KOOpAMHATANIAPHUIA KyHUAArd KYPUHUILTA 3Ta
2

2

() () Venaa® nap ds

2 4 sin 0 h
2 1
] z+1

1 dr



222 ( )(1 ) sin, sin

aMrd
IR
Zzzi_ 2 sin,,0
+2+3X+(21)0hd

b3 0¢

2
16
Oy epna 2= r’+a’cos’ ypacura HucOaTaH
0, A= r-2Mr +a*, h =eM’r ¥*, € — KaBapuK €K1 O0TUK 0OBEKTIIapra Tyrpu
nedopmarus KeJaau.

napamerpu. € > OBa € = 0xonza Kopa ypa ogaruu

€ < Oxonatnap Moc xonza Kepp kopa
yMyMU HUCOUIIMK Ha3apuscu noupacuaaru Kepp kopa ypacura yraau.
DIEKTPOMAarHuT MalIOHHUHT 4-BEKTOP IOTEHLUAIN A, KyWuJard KypUHUIITa 5Ta;

22

eo’ Al = 0, Az =(22)

Mr Mr
AaB+ 22—+

2 sin

(1),

22

Oay.

1,2sin4
+ 2 -

22

0
0(23)=X+ah

2 sin

z



JHedopmanusiianran Kopa ypa arpopuaaru 3apsiajlaHral 3appajlapHUHT XapaKaTu
["amMunbTOH-SKOOM TeHIMIamManapu OpKajiu TOMUITaH
S S

"(24) g |=-

eA eAm
0 p“\,va J

X

Oy ep/ia e Ba m CMHOB 3apPAaCUHUHT MOC XOJI/1a JICKTP 3apsiAf Ba MacCacHu.
Bakrcumon Ba (hazocumod KMyumiHT BEKTOPIIApUHUHT MaBXYIJIUTH CHHOB 3appacu
y4dyH TabCUPHH KyHHIaru KypHHUINAA E3UI UMKOHUHM Oepann ¢ (,$), 4

SEtLSr=-++,(25)

Oy epna E Ba L — CHHOB 3appacHHUHT CaKJIaHyBYH SHEPTHS Ba UMITYJIEC MOMEHTH.

3-pacm. Jlepopmanus nmapaMeTpUHUHI TYPJH KUMAaTIapu YY4yH Kopa ypajap arpodmuaa
aoupaBuii opOuTa Oyii1ad XapakaTJaHAéTraH 3appajJlaApHUHI JHeprusicu (4amga) Ba
HMILYJIbC MOMEHTJIAPUHHUHT (YHIAQ) paauaJl y3rapuiiu.

3-pacMaa aedopManus MApaMETPUHUHT TYpJiM KUWMaTIapu Y4YyH Kopa
Vpamap arpoduma dKBaTopuan TEKUCIWKIAa JOWpaBHi opbuta OYitnad
XapakamiaHa€TraH 3appajapHUHI DHEPrUsACH Ba MMIIYJbC MOMEHTIAPUHUHT
paauain y3rapuiuy KeaTHUpuirad. Ymoy pacmiaaH aedopmanus napaMeTpUHUHT
MaH(}uil KuiiMaTiapuga CHHOB 3appacu JOMPaBUi opOUTaZa KOJIUILIN YUyH

17
KaTTapoK dHEprusra 3ra Oynuin gapkopauru kypunaau. by manduii nepopmanus
napamMeTpu XMcoOura rpaBUTallOH NOTEHIMAIIHUHT OPTUIIM HaTvxkacuaup. Mina,
IIYHUHTIEK, CTaOWJI 10MpaBuil opOuTaiap paanycClapuHuHT Psco= Fisco!
Mwudonanapyu TONUITaH,



e ()
2
P isco=—F 0(26) 6

9 €

Actpodusrkanaara Maruut b=eBM/m > [ 0ynran Xxonatiapiaa pisco Kynuaara

KYpUHHUIITA 3Tra OY1aau:
22

12

aM

122

isco 27)

=+0b

[ynunraek, oupruHyn 0600/1a TpaBUTOMArHUT 3apsijara 3ra OyiaraH Kopa ypa
arpodua OMPUHUHT Maccacu m Ba DJJIEKTp 3apsau e OViraH xamjia JOUpaBUi
opbuTaza xapakariaHaETraH UKKUTA 3appaHUHT MapKa3uil TYKHAIIUIIN XaM KYpuo
Vrunrad. MKKUHYM SIEKTp KUXaTIaH HEWTpasl OyiraH 3appa 3ca Kopa ypara
YeKCUBNIMKIAH KenuO Tymand. TYKHANIyBYM 3appajapHUHT Macca MapKasu
DHEPIrUsICU KyNUJaru KypUHHUILTa 3ra:

=(28)

Oy epaa / — Mapka3uil Kopa YpaHUHT TPaBUTOMArHUT 3apsiiu.
HuccepraunsHudr «IlaazMa MaBKRYIVIMTMAATE KOPA YPAJaAPHUHT ONTUK
xoccajgapmw» 1e0 HOMJIaHT'aH UKKMHYK 000u1a Kopa ypa arpoduiaru rmia3sMaHuHT
YHUHT OITHK XyCYCUSATIApUra TaAbCUPHU YPraHUIITaH.
AlinanyBun Kopa ypa arpodunaru pa3o-BakT Kylnugaru METprKa OpKajiu

TaBcudIaHaIu:
2

0
2 4 sin aMr Mr
2 ldiddr  dt ds¢

s :
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aMrdll
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222 2+ 2sin ,,
0d
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(29)

Oy epaa M Ba a — Kopa YpaHUHT Maccacu Ba COJMIITUPMA Oypuyak MOMEHTH.
Axcuan kopa ypa arpoduaa miazmanu kKypub ynkamus. [na3MaHuHT CUHAUPUII

kypcarkuun — (,w)
n=nx,0yepaa : uTe3JIMKKa 3ra  OYJIraH «

w —
Ky3aTyBUM TOMOHUJIAH yiyaHTraH poToH yactoTracu. ®oToHHUHT 3D PeKTuB

DHEPTHUSCH CUHJIMPUII KYypCAaTKUIU
a
&AW = — puxypuHura sra. Ilimasmanusr

TYPT YI4aMIu UMITYJIbCHUHT (QYHKITUSACH KYpUHUIIAA KyHuaarnda udogaiaHaiu:
) pp °
n=+30)1,,
a
B

pue

18
a3Ma Wyk Oynranaa CHHIUpUII KypcaTkuuu n =1ra TeHr. [nazmanaru kopa ypa

arpodua xapakamiaHa€traH (POTOHHUHI TaMWJIBTOHMAHW KyWHJard KYpUHHUILTA

ora:
O[O ]
2p
““PHxp=gpps+n-pu(l)
2 ap
[1na3MaHUHT CUHAMPUII KYPCATKUYH YUyH KyHuaaru upoJaHu UiiaTaMus3

w,
2



n=-(32)

Oy epna YacTOTAaCH.
w,— I1a3Ma
bepuiran ¢a3zo-BakTHUHT reomMeTpuscuia GOTOH XapakaT TeHIIaMaJlapUHU
aHuKam yayH ['aMmuiibron-5ko0u TeHrmamanapuaad oiinananamus 1 2

0
gppnpg
S af
| ()
Il
- (33)
=0S/ 0
) p o 2
6yepﬂaa ax.a af

4-pacM. AllaHMII WapaMeTpd Ba IUIa3Ma CHHAMPHUIN KYPCATKUYUMHUHI  TYPJIH
KuiimMatiiapu yuyH ¢otoH paauana xapakatu 3(P@(eKTHB NOTEHIHAJIMHUHI Paauaj
y3rapumm; 0Oy epaa 3¢dexTuB noreHuuan Vet ¢Goron sHeprusicu E ra nHucOaran
HOPMAJLJIAIITHPUITAH

4-pacMjia aillaHMII TapaMeTPU Ba MJIa3Ma CUHAMPUII KYPCATKUUMHUHT TypIu
KuiiMatiapu yuyyH (OTOH panuan xapakaTd 3¢G@(EKTHB MOTECHIUMAIUHUHT paauall
y3rapuiuu keatTupuwirad. Pamaa keatupuirad rpagukiapaa HyKTaBUi, MyHKTUP Ba
Y3IIYKCH3 YM3HKIap Moc xomaa n” = 0.2; 0.44; 0.89 kuifmMatinapra TYFpu Kenamu. 4-
pacMIaH  CUHAMPHII  KYpPCAaTKUYMHUHI  KaMaluiyd  OwilaH  JOupaBuid
opOUTaTApHUHT paJNyClIapy KaMaluIy KypcaTuiraH.

Kopa ¥panunr arpodunma rmuiazma OYiran Xoijgard COsJIapuHu KypuO
yuKkaMu3. Arap 1ia3Ma OwiaH ypairaH Kopa ypa €pyriuk MaHOacu Ky3aryBud
opacuja >Xoiiaiica, Ky3aryBuM EpKuMH (oHIa Kopa JOFHUM KYpUIIM MYMKHH.
Ky3aryBun ac6006m kopa ypaHnuHr (OTOHJIAPHH IOTHINNA XHUCOOWTa r03ara KeayBUd
KOpa COXaHUHI arpodujaH KeayBud (DOTOHJApHU KaWa sTamu. Ymoy IOF Kopa
VpaHUHT coscura TYFpuM KeJlaAu Ba YHHMHI 4Yerapacu Kopa Yypa arpoduna
(OTOHJAPHUHT XapaKaT TEHIJIAMACH OPKaJIU TOMUIUIIN MYMKHUH.

[lnazma OunaH KypIiiaiaraH Kopa ypa COSICHHUHT KYpWHMA IMAKJIWHUA TOTIMIII
yuyH EnuK opOuTajmapHu Kapad uYMKamu3. XapakaT TEHINIaMallapy CakKJIaHyBYH



KaTTaJIuKIap — 3Heprus E, Oypyak MOMEHTH L Ba MHTerpayam qoumuiicu K ra

19
OOFJIMK OVITaHW YUyH 2
Y Yy ¢ =1/ Ega
HOPMaJUIAIITUPHUIITaH KaTTAIMKIapAad
= K / EQolinananamus.
[Tnasma MaBKyIIMIHIAa KOpa ypa COACMHUHT MIAKINHU KYHHIArd mapriap
OPKAJIU TOIUII MyMKHH.
du’, (34)
u,=0
! dr
oy epma’” =0

u — (OoTOH paguan XxapakaTHHUHT TCHIIAMACH.
CosIHUHT uerapacd Xapakar TeHIJIamajlapd OpKajiu udomaIaHUII MYMKHH.
[IIara kapamaid, cos Ky3aTyBUMHUHI «OCMOH TCKHUCIIMTU»Ja Ky3aTWIaJh Ba Yy
OCMOH KOOpPJIMHATAIAPH OPKAJIH TaBCU(IIaHAIH

¢ d 0
| d | |
 ° ) lu )
2
lim sin , lim |
=- r
0 0
. - dr r = dr

Oy epna,r - Kopa ypanaH Ky3aryBuuragya TCKHCIATHTA OFHII Oypuaru.
oyiaran macoda, YKUHHHT Ky3aTyB 0 - Kopa ypa airaHuI

S5-pacMaa Kopa Yypa aljaHUII MapaMeTpud Ba OFMUII OypYarMHUHT TYpiu
KUMMaTJIApH YYyH aWJIaHyBYM KOpPA YPAaHUHI COSJIApU IIAKIUIAPU KEJITHUPWITaH. 5-
pacM/iaH ailJlaHuII MapamMeTpu Ba OFUII OypuyarMHMHI Y3rapuIld cOs LIaKIUAa
CUKWIMIIUTADHUHT Maia0 OYIuImra oauo Keaunu KypuHud Typudau. by
(OTOHJIApHUHT KOpa ¥pa rpaBUTALMOH MalIOHN1a KU3WIra CHIDKUII 3 deKTu
OunaH OOFTUKIUD.



5-pacm. Kopa ypajnapHuHr cosiapu: miasma 6yamaras (y3/JyKCH3 YM3HKJ/Iap) Ba MJ1a3Ma
OyJrad (MyHKTHP YM3HMKJIAP) X0JLJIAP YUYYH

JucceprauusHuHT «XopxaBa-JIuuiul rpaBUTaAMOH MOJEJIUAATH KOpa
ypajaap arpoduaa 3HepreTuk ;kapaénjapy» 1e06 HOMJIaHTaH yuruHYHA 000u 12

XoprkaBa MOJIENH IoMpacuia aijlanyBuYM Kopa ypanap arpodua SHEPreTuK

xapaéunap ypranuirad. Kexarnac-Cdercoc pazo-BakTu reOMETPUSICUHUHT
20
TaxJIMJIA KeNTUPWITaH. X0pKaBa rpaBUTAIIMOH MOJIET JIOUpacuIaru chepux
CUMMETPHK Kopa ypa arpoduaaru dazo-saktHu TaBcuduorun Kexarnac-Cdercoc
(KC) merpukacu cepux koopauHaTanapaa Kylujaarunya KypUHHILTa 3ra.

1
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1 1 122222
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111
3

W po9 © (36)

~



W— XopxkaBa IpaBUTALUSICU Ty3aTMajlapu
6y epaa XucoOura naiao 0ynyBun
rapamerp.

KC ¢da3zo-Baktuga Qoronnmap Xapakatd TEHINIAMACH OJMHTaH. Xapakar
TEHINIaMaJlapy 3appajlapHUHT FOKOPHU HSHEPreTHK TYKHAIIMIUIAPWHHU YPraHUIaa
WIUIATWITaH. YdTa XapakTepiau XOJamIap Y4YyH Macca MapKa3d SHEPTrUsUIapy
xucobnad uumkwirad. Ymapaan ukkutacu skcrpeman KC dazo-Baktu arpoduna
TYKHAIIUIUIAp pyid Oepulll XoJaTIapWHU TaAKUK 3Taau. byHIa dYekcH3IuKIaH
paauan WyHanumaa keiaaérrad 3appanap (E = m u L = () noupaBuii opOuTana
XapakamiaHa€TraH 3appa OwiaH €Ku MKKUTa paauayl HyHamumiga KeyiaéTra
3appajlapHUHT y3ap0 TYKHAIIMII Macajajapu KypwiraH. Y4YuHYM XOJlaraa ica
3appajiap 3KBarOpUaJl TEKHUCIMKAA Kapama-Kaplii HWyHAJIMNUIApAa JdOUPaBUU
opOutaiap Oyinad xapakariaHumand. byHna ymapHUHr Oypuak MOMEHTIApH
uuiopajgapy Xap-Xuj Ba opOuTanapu paauan Oypuiauil HyKTacuia MKOWJIaIlraH.
Comnanuk yuyyH TUHWIMKIATA SHEPTHICU OUp XU OYJTraH UKKATA 3appaHu Kypuo
yuKaMu3. Macca mMapkasu sHeprusicu udoacu Kyinujara KYpuHHINITa 3Ta:

E.,=m=gqpuu(37)

LA o, - 7
L6} 0.241 :
L
=~ 1.4 = 4
A
iy 0.2 o
1.2} 0.15 - )
p—
0.1
1'} E .' e ; i i i i Ma
2 3 4 5 i
I
6-pacm. o = 0,1, 0,5, 0,2, Ba 0,281 xwuiimatiap yuyn Kenmiep opoOuTaaa

XapakaTJIaHaéTran Ba paauaj] HyHAJMIAA KeJaéTraH HKKHTA 3appajJlapHUMHI Macca
MAapPKa31 SJHEPTUACHHUHT PAuaJ y3rapuim

6-pacMmpa govpaBuii opOuTana XxapakariaHa€Trad Ba paauai HyHamumaa
KeJIa€TraH UKKUTA 3appajapHUHT Macca MapKa3u SHEPTUSICHHUHT Pajua

21
y3rapuiuu kentupuwirad. Kypunuo6 typudbauku, o napaMeTpHUHT KaMalMIln
OuJiaH SHEPTUSIHUHT MaKCUMaJl KUMaTu XaM kamain6 Oopsmru. yHunrnek, o
napaMeTPHUHT KaMaluIy OUjlaH MAKCUMYMHUHT KOWJIAIINUIIN XaM CHUIDKUIIH



Ky3aTHIMOK/A.

7-pacMla MarHMT MalJOH b Ba @ TapaMeTpHUHI OUp HEYa XapakTepiu
KMMarTiapy Yy4yH 3appajapHUHI Macca MapKa3d OHHEPTrUsUIApUHUHT paauall
Vy3rapuiid KeITHUpWIraH. byHaa Tamku acMMITOTHK OWp JKUHCIM MarHuT
maiiionga okoimamran KC ouumk cuHrymspnauru  arpoduma  3appajapHUHT
TE3JIAIMII  Kapa€HUra TIpPaBUTALMOH Ba AJIEKTPOMArHUT MalJIOHIAPUHHUHT
TabCUpUZA Macca MapKa3u OHHEPIUACUHUHI CE3WIAPIM OLIMIIMHM Ky3aTHII
MYMKHH.

[llynunraek, ymly ©6o00ga XoprkaBa TpaBUTAIMOH MOJIENb JoHpacuaa
OJIMHTaH aillaHyBUd KOopa Vypa eyuMHu TaBcudu, aillaHyBUd Kopa ypa
procepacuHUHI XOoccallapy Ba OHHeprus axpanud uukumuHUHr [lenpoys
KapaéHiapu TaIKMK OTWIraH. OKcTpeMmal ailllaHyBuM Kopa ypa arpoduia
3appajapHUHT I0OKOPY SHEPTUsyiapra Te3jialluil MEXaHU3MJIapy YpraHuiraH.

7-pacm. Maruut maiigon b = 0.1 xapakTepiin KMIMAaTH YYYH 3appajJJapHMHT Macca
MapKa3H JHePrusiIApMHUHT PaJHaJl Y3rapuIlIu.

JucceprauvstHUHT «MarHut/jiaHran HEUTPOH Jay3Jaap
IEKTPOAMHAMMKACH Ba CeKMHJAIIMIIW» J1e0 HOMIIAHTaH TYPTUHYHM OoOuma
allllaHyBYM Ba MarHWTIAHTaH FajlaTH IOJIY3HUHI SJIEKTPOMArHUT HYPJIAHMIINATA
YMYyMH HHUCOMIJIMK Ha3apusACMHUHT 3(dextnapu O0aéH KuiauHrad. byHna
AIIEKTPOMArHUT HYPJIAHHUIII FATATH FOJAY3HUHT TUTION KOH(UTYparusicura ra
22
OynraH MarHuT MalJoHMra HUcOaraH OFMIN Oypyak OCTHIA alIaHUIIM XUCOOUTa
By)Kyara Kenaaud. Famatm IONAy3HUHT KOMIIAKTIMK MapamMeTpH HOJIIy3HHUHT



AIIEKTPOMArHUT HYPJIAHUIIIHA HATMOXKACHIA PHEPTUS WYKOTHIINTA CE3UIApIId TahCUP
Kypcaruiiy (IIyHJall maccald HEUTPOH IOJAY3HUHT BIIEKTPOMArHUT HYPJIAHUIL
XUcooura HHeprusi MyKoTUIUAaH VYHIA0 ¢ous GapK KUIUIIA MYMKHHJIUTH)
aHukKJaHau. by  Ke;maxakna — Fajatd IOJAY3JIapHU  MYJbCApPIAPHUHT
CEeKMHJIAITUIITNHYU Ky3aTUIll épaMuia aHUKJIaIl IMKOHIUHH Oepajiu.

AlinaHyBYM FalaTy IOJAY3HUHT 3JEKTPOMATHUT MAarHUTOJUIIOND HYPJIAHUILIN
XUCcOOUTra CEKUHJAHUIIMHU KYpuO dYuKamu3. bByHIa MarHuTIaHrad roiay3
MarHUTOAMIONb HYpPJIAHUII XucoOWUra myiabcap Kabu Kysaruiaau, Ae0 ¢apas
KiiaMu3. J[Wmonps HypiaHWIl XucoOWTa PENATHB IOAY3HUHT EPKUHINTH EKU
JUTIONB AJIEKTPOMArHUT HYPJIAHUIIIHUHT KyBBAaTU KyWHIarura TEHT:

Lem= Q4RR6B2ON
6c3sin2 X(38)

Oy epma Twiga yMyMUWd HUCOWMWIIMK Ha3apusICH Ty3aTMacH XHUCOOMTa MOC
KATTAIMKHUHT Y3raprad KUAMaTuHU Ouiaupaau, R MHACKC 3ca MOC KaTTaTUKHUHT
r=R narm KUMMAaTWHU aHIVIATaId Ba Y — MArHUT MAaWJOH Ba AWJIaHUII YKJIapH
opacujary orui Oypdyaru xucoOaaHaau.

KOny3 sHeprusiCHHUHT AUTIOJIb HYPJIAHUIIN XUCOOUTa MYKOTUIUIITMHUHT
HproToH MexaHnukacugaru upoJacuHu Kapacaxk,

(L em )Newt= Q4R6B 20
X:(39)

603 sin’
(18) nudonanaru penarus Ty3zarmManap KUICMaH MarHUT MaiJOHHUHT IOJITy3
CUPTHJIA Ky4aluIlIH
- BR 33
===—-+4 4+
RM

3 M
R N2

4(40)
B 0 2 3 M 3

Ba KMCMaH aillaHUIIMHUHT 3G (GeKTUB Oypyak TE3MUTHHUHT OLIUIIA XUCOOUTa

AKAHJINTUHH KYPHUII MYMKHH:
N | RM2



&)

().
Q=0=0(41)r,

N rM2 R

OHeprus MYKOTUIIHU Myjbcapiap Ky3aTyB XapaKTepUCTHKaJIapu OujaH OOFIUK
oynraH Kynai kypuHuiiga vdoaanam XxaM MyMKWH: aliJlaHUII J1aBpu P Ba YHHUHT
BaKT Oyiinua xocunacu P = dP / dt. 1-)xanBanjga Oepuiirad HaTWKajapiaH KYpuHUO
TypuOIUKH, FajlaTH IONAy3Jap OJaTHil HEHTpPOH lojiay3napra HucOaraH 5 mapra
TE3pOK CEKHHJalapkaH. ACTpo(U3MK Ky3aTyBiap KyNruHa myiascapiaap 1 ¢
aiimanmm mgaBpura Ba 107'° 1o 107'* arpoduma maBpMHMHT XOCHIAacura ora
Oynanunap. JlaBpiap XOCWIACMHUHI Y3rapuil JUana3oHU MKKU TapTUOaa
Y3rapuiMHA XUcoOra OJIraH X0J1a HEUTPOH I0J1Ay3J1ap AaBpJapUHUHT XOCUIalapy
0
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AlimaHyBYM FanmaTH I0iay3 arpoduua ImiazMa MarHUTOC(EpacHHU MaBXy[
ne0 Ounmd, YHUHT OYMK Kyd 4YM3MKJIap OyinYa mja3Ma OKUMHHHHI XHCOOHTra
CEKMHJIaHUILIMHU XUCOOaIUK.
PensiTuBucTHK 3appanap OKUMUHUHT TYJIMK OKUM U(OAACUHU Ha3zapra oo,
EPKUHIMKHIHT MaKCUMaJl KHMMAaTHHU XUCOOIaIl MyMKHH:

3

()(1),

max

L=K-KL,(42)

OyHza IOJTy3HUHT KOMIAKTIMK
K = 21/ R*— unepuus MoMeHTH I Gyaran
rapameTpu.

1-xanBaJ
(PP)gs/ (PP)ys00FTaHUIITHUHT KOMIAKT 00bEeKTJIAp TYPJIH MapaMeTpiiapra 00FJIHKJIUTH:

maccacu (Kyém maccacu oupaukiaapuna), rauaru (Rg,/g)Ba HeTpoH (R yg,1ys)
0JIIY3JIAPHUHT PAIHYCH Ba MHEPIMSI MOMEHTJIApPH.

(PP)ss/ (PP)ys 4,34463 | 4.53723 5.1094 | 6.16863

M/ M 1.2 1.3 1.4 1.5

s R km 5 7.48 7.62 7.69 7.68

s R km s 11.75 11.72 11.7 11.68




2,10 g1 gm cm x 0.65 0.74 0.825 0.9

#2,10 vl gm cm % 1.08 1.2 1.36 1.72

HeunTpoH Ba ranaru OIAY3JapHUHI Maccallapd, paadyCu Ba HHEPLUs
MOMEHTJIApH  KuiMmariapuman  Qoimanann®,  yJIapHUHT  CEKWHJIAIIWINN
XUCOONaHTaH. 2-)KaJBaJJlaTd HaTWXalapJaH KYpuHUO TypuOAWKH, TuIazma
MarauTocdepacu MaBxKya OyiraHja FajaaT HJ1y3 HEUTPOH IoJ1y3ra HucoaTaH
Kypa 5 Mapra CeKHHJIallapKaH.

2-kanBaJ
Ilnazma marnurtocpepacn mapxkyummruaa (PP)g/ (PP)y00FIaHMIIHUHT  KOMIAKT
o0beKTIap TypJaum  mnapaMmerpjapura Oorjmkauru: wmaccacm (Kyém  maccacu

oupaukiapuna), raaaru (Rg,/;)Ba HelTPOH (R 5,/ 5)H0My3JJApHUHT PAIUyCH Ba HHEPIHSs
MOMEHTJIAPH

(PP)ss/ (PP)ys 0,2053 0.2165 0.2199 0.2146
M/ M 1.2 1.3 1.4 1.5
s R km g 7.48 7.62 7.69 7.68
s R k. s 11.75 11.72 11.7 11.68
2,10 51 gm cm % 0.65 0.74 0.825 0.9
#2,10 ysI gm cm % 1.08 1.2 1.36 1.72
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OnuHran HaTWXKaJapHUHT MYXUM KYJUIQHUIIM  TApUKacHUlla CEKUH
allllaHyBYM FajlaTH IOJIY3HUHT OHEPTrus MYKOTUIIKM XUCOOIaHAM. YMYyMHA
HUCOMIIMK JIoMpacujia FajaTu IoJay3jiap HEeUTPOH 1ojay3/1apra HucOaraH KYmpoK
SHEprusi NYKOTUIM aHukjaaHau. OJIMHTaH HaTvXKanap myjabcapiaap CeKUHIAIIUIIN
TYFpUCHIArd acTpoU3UK Ky3aTyBlap HaTKalapu OuiaH Oupraiuk FajiaTh
I0JITY3JIAPHUHT KeTycua aHUKJIaHUIIM OViinya TaAKuKomiapaa goinanu 6ynamu.

MarnuTianrad oijay3 KyTO KajlofuJaH Iula3Ma OKMMUHMHI XucoOura
SHEPrusi MYKOTUIIM KyTO COXAaCHMHMHT YMyMUM 03acHM OWJIaH aHMKJIAHA[U.
[IyauHr ydyH SHEpPrus MWYKOTHUINW IJIA3MAaHWHT KUHETHUK SHEPTrHsCH Ba KyTO
KQIMOFMHUHT  [o3acura OOFIMK Oynmamu. YMymMuil HUCOMWIMK Ha3apusicu
Ty3aTMajapu Iuia3Ma OKMMHMHHMHI Kydailummura onu0 kencana (101ay3 CUpTHAArd
MarHuT MaiJIoH KHAMaTUHUHT OIIMILIK XUCOOUTa), YMyMUN HUCOUIIMK Ha3apuscH
noupacuaa KyTO KaJllOFMHUHT 103aCH Kamasiid Ba IjIa3Ma dHEPTHsl 3UWIMTHUHUHT
OpTUIIN KyTO COXAaCHHUHI KaMaWHWIIWHU KOMIIEHcarusaan onMaiau. HatuxaBuit
SHEPrusi MYKOTHUIIIAp YMYyMUN HHUCOMWIMK Joupacuja aHdya kamasau. Famaru
I0JIy371ap/ia KOMITAKT MapaMeTpyd HEUTPOH IONAy3JapHUKUAAH KaTTa OVITraHINTU
cababnu, FanaTH aAy3apaa YHeprusl HYKOTHUII CEKMHPOK pyil Oepaau.



HNnoBanapaa Tamkyd MarHUT MaifoHaru AedopMalisuianraH Kopa ypanap
arpodua SIEKTPOMATHUT MaWAOHIAp Y4YyH aHUWK udomanapu; aimaHMaiguraH
IpPaBUTOMArHUT 3apsiara sra Oynran kopa ypanap arpoduja SJIEKTp Ba MarHuT
Maronnap udomanapu; Tamkuw MarHuT Maipongaru Kexarmac-Cdercoc o4uK
CUHTYJISIPJIUTH aTpoduia 3IeKTPOMarHuT MaiJ0OH MOTSHITNAIH U(Ooaaiapy; TalIKu
marHuT maingonnaru Kexarnac-Cdercoc ounk CHHTYIsApanuru arpoduaa GoTroHmap
Ba 3appajapHUHT XapaKaTu.

XVJIOCA

«AKCHAT-CUMMETPUK KOMIIAKT TPaBUTAIMOH OOBEKTIap arpodugaru
3appadanap Ba  JJEKTPOMAarHUT  MaWJIOHJap»  MaB3yCUJaru  JOKTOPIUK
auccepranusacu Oyiimya onu® OOopwiraH TaaKUKOTIap HaTWXKacuaa KyWuaaru
XyJiocanap TaKIuM dTHIIIU:

1. Kopa ¥ypamap cosmap makiauHU TaBcuU@Iall ydyH KOoOpJauHAaTara OOFIIHK
Oynamaran sHru QopmManu3M Ty3wirad, OyHAAa COSHHMHI INAKIA KyTO
KOOpAMHATAap TU3uMuaa Jlexanap mnoauHOMIApU OpKaidu udoIaJIaHUIIUTa
acociaHrad. AunaHyBuu Kopa YpanapHudHr costiapuau 0,1% aHUKIMK Ouiad
TaBcU(IIalll YYyH KaTop MOJIMHOMHU KO3((PUIMEHTIApUHUHT AacTiadku Oemracu
eTapiy »JKaHU aHUKJIaHTaH. SHru Qopmanu3M COSHMHT XOccalapu XakKuja
OmMMIIapra acocliaHMaraH Ba TPH YM3UKHU XapaKTEpJIOBYM OMp HEUTAa CUKHIIUIIL
napameTpiaapu TabpuuHu Takaud sTaau. Takaud STWIraH cos IIAKIMHUHT
CUKWJIMII TIapamMeTpiiapy IIOBKUH CUTHAJUIa HUCOATaH TYPFYHJIUIH KYpCaTHIIraH,
ymly mapameTpiap Ky3aTyBIIa OJMHUINM KyTHJIAETraH TacBUPJApPHU IOKOpHU
AHUKJIMK/IA TaXJIMJI STUII UMKOHUHH Oepaii.

2. Tamkyu acUMOTOTHK OWp IKUHCIM MarHUT MAaWJOHIard anjIaHyBud
nedopMalMsUIaHraH Kopa YpajJapHUHT BaKyyM 3J€KTPOMAarHUT MaiJIOHJIApU YUyH
aHanuTHK ndomamap Tommiaras. Jlepopmanusianran Kopa ypanap arpoduma
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MHIYKUUAJIAHTaH 3JeKTp MailoHu Jaedopmanusi nmapaMerpura YU3UKJIH, MarHuT
MaioH 3ca ymoly mapaMeTpHUHT KBaApaTUra MyTaHOCUOIUTY aHUKJIAHTaH. YIIOy
MabJIyMOTJIap Ky3aTyBiap €paamuia nedopMmanusiiaHrad Kopa ypanapHu axparuo
OJIMILI UMKOHMHHU Oepasy.

3. Nuxkm TypFyH pAoupaBuil opOHWTalapHM Ky3aTyB HaTW)XKajlapy Ha3apuii
OJIMHTaH HaTWXaJlapHU TaKKocjall Hynu OujaH aijaHyBUd JAepopMalvsiaHraH
Kopa YpaHuHr aedopmMaius mapameTpura IOKOpU derapa KyHuaard KypHUHHILIA
oxuHau: € < 22.

4. bup xuHCIM OyiIMarad IJia3Ma MaBKYIJIUTHAA aiJlaHyBYM Kopa Yypaiap
COSUIADUHUHT  IIAK/UIApYM  OJNMHAMA. YOy cos IIaK/ulapujard —Kylmmya
acUMMETpUsIap IJa3Ma Ba MapKa3Hil KOMIIAKT OOBEKT NapameTpiiapu TyFpucuia
MabJIyMOTJIap OJMILI UMKOHUHU Oepaju.

5. I'paBuTamarHur 3apsl Ba TallKM MarHAT MauJOH MaBXYUIMTHIA KOpa ypa
arpouaary 3apsUIaHraH 3appajJlapHUHT SHEPrusl Ba MMITYJIbC MOMEHTH XamJia
WYKA TYpPFYH JOMpaBHil opOWTanapHUHr udoaanapu TonuiaraH. I'paBUTOMarHut
3apsii TabCHPU 3appadallap YEKCU3JIMKKAya TE3JAIUMIIMHUHT OJIIMHHU OJIWIIN



KypcaTwirad. YmOy HaTwKajlaplaH pelsiTUB JDKEeTIapHH — TaBCcU(]IOBUM
MOJIeJUTAPUHHU SpaTulia GporaaaHuI MyMKUH.

6. [lna3zma OwmiaH Kypmiajarad Kopa ypa COSCHHHHI Ky3aTWJIyBUH IIakiau (a)
mIasMa mnapametrpura, (0) Kopa YpaHMHT ailJlaHMIN MapaMeTpura Ba (B) Kopa ypa
alimaHuIn VKUHWHT Ky3aTyB TEKHCIWTUTA OFUII Oypuarura OOFIMK Oyiumm
Kypcartuinrad. Kopa ypa COSCHHUHI yildaMu 3JIEKTPOMAarHUT HYPJIAHUIIHUHT
TIa3Ma MyXHTHIa CHHHIIN XMCOOHMTa KaMaiuIIM KypcaTuiraH. YdaMcH3 Tia3ma
MapaMEeTPUHUHT OPTUIIM OWJiaH Kopa ypa HYpJIaHUII SHEPrUsiCU MHTEHCHUBJIUTH
KaMalWIA aHWKJIaHTaH. Ym0y HaTmkagap Kopa ypajiap cosurapuiard Kyrnmmda
acUMMeTpusiIap TaOUaTUHU TYIIYHTUPHINIA KYJUTAHWIIAIINA MyMKUH.

7. YTa 10KOpH SHEPreTHK KapadHIIap/ia IOKOPH caMapa0piINKKa SPULIKII y4yH
Xo[ucanap TOPU3OHTUHMHI OYJIMACIWIHM Ba KywId aWIaHUIIHUHT OYIUIIN
JApKOPJIUTH  KypcaTwiral. 3appajlapHUHT IOKOPU SHEprusjiapra JpUILIHIIH
KYIIUMYa  3apsaajlaHrad  3appajapra  TabCUp  OTYBUM  DJIEKTPOMArHUT
KapaCHIIapHUHT XUCOOUTa pYyil OepUII MyMKHUH.

8. XoprkaBa MOJIeNIUMJa SHEPrusi akpajaull MexaHusmuiapu opacuna llenpoys
*Kapa€HU OpKaju Kopa YpaJaH dHEPrusi aXpainld YUKUIIN XaKUKATra SKUHPOKJIUTH
Kypcarniarad. byHman Tamkapu XopkaBa MOAENM KYIIMMYaCUHHUHI TabCUPH
3appadyanap YEKCH3JIWKKauya TE3JAlIMIIMHUHT OJIIMHU OJIUIIM KYpCaTWITaH Ba
y0y MabIyMOTJIapAaH KOMIAKT OOBEKTIap SHEPreTUKACUHU MOJAEIUIAIITUPUIIA
dholianaHuIll MyMKHUH.

9. PenmATHB IONAY3HUHT 3JEKTPOMArHUT HSHEPrUsl KyBBaTMHUHI MYKOTHUIIUIA
FajaTv I0JAY3HUHI KOMIIAKTIUK TabCHUPU MYXUM 3KAHJIUTU KYpCaTUITaH. YMyMHUIA
HUCOMIIMK Ha3apusiCH JOoupacuja FalaTH HJIy3 XYIIH IIyHJAald ailaHyBud
HEUTPOH IOJIy3ra HUcOaTaH KYNpOK SHEpPrusi MyKOTUIIM aHUKIaHrad. OJIMHraH
HaTWKajap KeIrycuja fajard  IONAy3JapHUd  aHUKIAl  TaJKUKOTIApHUA
UUUIATWINIIN MyMKHH.
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HAYYHBIN COBET no IPUCYKJEHUIO YYEHOU CTENEHU
JOKTOPA HAYK 14.07.2016.FM.01.05 npu HAITMOHAJIBHOM
YHUBEPCUTETE Y3BEKUCTAHA

ACTPOHOMMYECKHWA MHCTUTYT

ABAY/KABBAPOB AXMA/I?’KOH AIMJI’KAHOBHUY



YACTHUIBI 1 JIEKTPOMAT'HUTHBIE 11OJIAA B OKPECTHOCTAX
AKCHAJIBHO-CUMMETPHUYHbBIX KOMITAKTHBIX
I'PABUTAIIMOHHbBIX OBBEKTOB

01.03.01 — AcTponomusi,
01.04.02 — Teoperuueckasi pusnka
(pu3uko-mareMaTuyecKue HaAyKu)

ABTOPE®EPAT JOKTOPCKOM JUCCEPTAIIUHA

Tamkent — 2016
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Tema JOKTOPCKOI JUCCEePTALUH 3aAPErMCTPUPOBAHA B BrICIIeH aTTeCTAllHOHHOI KOMHUCCUH
npu Ka6unere MunucrpoB Pecnydiiukn Y30exkucran 3a Homepom 28.04.2016/B2016.2.FM31.

JloxTopckas auccepraiiys BelodHeHa B UHCTUTYTeE siiepHO (UMK U ACTPOHOMHYECKOM

WHCTHUTYTE.
ABTopedepar muccepTaluu Ha TpexX s3bIKax (y30€KCKHH, PyCCKHA, aHTIIMMCKUI) pa3MeleH Ha BeO
crpanuiie Hayunoro coBera (www.inp.uz) u Ha MH(QOpMaImoHHO-00pa30BaTeIbHOM MopTajie «Ziyonety

(www.ziyonet.uz).

Hay4uHblii koHCyJIbTaHT: AxMenoB booomypar KypaeBud JOKTOp PU3HKO-MATEeMaTHICCKUX HaYK,
mpoceccop

O¢unuanbHbie onmoHeHThI: MycaxanoB Mup3sarocyd Mup3zamaxMy1oBud JTOKTOD
(u3nKo-MaTeMaTHYECKUX HayK, Tipodeccop,

akanemuk AH PVY3



TypakynoB 3adap SAaxkuHoBHY
TOKTOP (hHU3UKO-MATEeMaTHIECKUX HAyK

AoumeB Meney Ep:kanoBuy
JIOKTOP (PM3MKO-MATEMAaTUICCKUX HAYK

Benymas opranuzanus: UnctutyT pusuxu B Onase 1. Onasa, Yenickas
PecnyGinka
3ammTa auccepramuy cocTouTes 28 okTsopsa 2016 . B 11% wacos na 3acenannu Haygroro coseTa
14.07.2016.FM.01.05 npu HaunonansHoM yHuBepcutere Y30ekucrana (Aapec: 100174, r. TamkenT,
Bysroponok, ®uznueckuii pakynwret, 122-aynuropus Ten.: (+99871) 289-31-18; dakc: (+99871) 289-

38-21; e-mail: info@inp.uz).

JoxTopckas — guccepTamusl  3epernucTpupoBaHHa B MH(pOpManmnoHHO-peCypCHOM  LIEHTpE
HarmmonansHoro yHmMBepcuTeTa Y30ekucraHa (PErHCTPAIlMOHHBIA HOMEPp ), C JIOKTOPCKOM
nmuccepraiuein MoxkHo o3HakoMuthbest B UPLL (Aapec: 100214, r.Tamkent, mocenok Yiayroek, HYVY3. Temn.
(+99871) 289-31-19).

ABropedepar auccepranuy pa3ociaH « » 2016
(mpoTokon pacchuTku No oT 2016 ).

HI.A. Dram6epauen
3am. npencenarens HaygHoro coBeta 1mo npucysxaeHHuro
YYEHOH CTENeHHU TOKTOpa HayK J.(].-M.H., mpodeccop

P. SIpmyxamenon
VYuenslii cekpeTaps HaydHOTO COBETA MO MPHUCYKACHUIO
YYCHOH CTENeHHU TOKTOpa HayK J.(].-M.H., mpodeccop

N. Xugupos
Ipencenarens HaydyHOTO cCeMUHAapa npu HaydHoMm coBeTe
0 MPUCYKIICHUIO YYCHON CTETICHH JIOKTOpa HayK 1.¢.-M.H., mpodeccop
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BBEJ/IEHUE (AHHOTALMSI JOKTOPCKOI JUCCEPTALIMH)

AKTYaJIbHOCTh U BOCTPeOOBAHHOCTH TeMbl Auccepranuu. CoBpeMEHHbIE
acCTpOHOMHUYECKHE HaOIIOIEHUsI Ha MBIPOBOM YPOBHE Ha 3€MHBIX U KOCMUYECKUX
TeJeCKONax M HEJAaBHHUE OTKPBITUS MPEACTAaBUIU YyOETUTEIbHOE 0Ka3aTeIbCTBO
TOTO, YTO 4YEpHBIE JAbIPbl HMMEIOT 3HAUMUTEIBHOE BIUSHHUE Ha OJM3JIeKaLUe
OOBEKTBHl BOKPYT, H3JIydash MOIIHbIE TaMMa-BCIUIECKH, MOMIONMIas Onmuxkaiime
3BE€3/bl, U CTUMYIHUPYS POCT 4YMCIa HOBBIX 3B€3]l B OJIM3NIeXKAIIUX paioHax.
UccnenoBanue nBHXKEHHE (POTOHOB BOKPYT BpPAIAIOMIMXCS YEPHBIX JBIP, B
YaCTHOCTH, HAXOXKACHUE U aHAIU3 (POPMbI CUITYITOB 3TUX OOBEKTOB, TOCTAHOBKA U
3pdeKTUBHOE  OCYIIECTBICHHE  COOTBETCTBYIOIIUX  PaJAACTPOHOMHUYECKHUX
HAOMIONEHUH MO J0Ka3aTeJIbCTBY CYIIECTBOBAHHS TOPU30HTA COOBITHI YepHBIX



ABIp U U3BJICUEHHUIO MHPOPMAIUU O LEHTPATbHOM OOBEKTE B HAIllCH TajlakTUKE B
pamkax MexayHapomHsix mnpoektoB Black Hole Cam (BHC) u Event Horizon
Telesop (EHT) siBsitoTCst OTHUM M3 BaXKHBIX 3a/1a4 COBPEMEHHOM acTPOPU3UKH.

B roasl HE3aBUCMMOCTH YAEJIEHO OOJbIIOE BHUMAaHUE HA Pa3BUTHUS
TEOPETUYECKOW (PU3MKH W aCTPOHOMHM W Ha MpOBeAeHHUS (yHIAMEHTATbHBIX
UCCJIEIOBAaHUI 10 3TUM HAIpPaBICHUSAM Ha MHPOBOM YypoBHE. B »TOM muiane
yaanaoch JOCTHYb 3HAUMMbIM  pe3ylibTaTaM B  OOJAacTH  PENSTUBUCTCKOU
acTpoU3UKH, B YACTHOCTH, MO pa3pabOTKe MOAETU MarHUTOC(epbl HEUTPOHHOU
3BE3/Ibl, AHANIM3Y CTPYKTYpbl MNPOCTPAHCTBA-BPEMEHHW W JBUKCHHIO NPOOHBIX
YACTHI] BOKPYT YEPHBIX JIBIP

N3ydenne acTpoPU3MUECKUX MPOLECCOB B OKPECTHOCTH KOMITAKTHBIX
O00BEKTOB U CpaBHEHUE UX C HAOMIONATENbHBIMU JIaHHBIMU SBIISIETCS B HACTOSIIEE
BpeMs HauOojiee BaXXHbIM B M3YYEHUU acCTPOPU3UKY KOMIAKTHBIX OOBEKTOB.
Baxxneimmmu 3a1auaMu SIBISI€TCS IPOBEACHHUE LIETbHBIX HAYYHO
UCCJIEIOBAaTENbCKUX pabOT, B YACTHOCTHM MCCIENOBAaHUNA TIO CIEAYIOYIIUM
HAMPaBJICHUSM: TIOMCK TOYHBIX PEUICHUN OMHUCHIBAIOLIUX MPOCTPAHCTBO-BPEMS
BOKPYT  KOMMAaKTHBIX  TPAaBUTAIMOHHBIX  OOBEKTOB; aHAIM3  CTPYKTYpPHI
NPOCTPAHCTBA-BPEMEHU B paMKax STUX PEIICHWH M MOWCK YpPaBHEHUS JBMKECHUS
NpOOHBIX YACTHI], B YaCTHOCTH (DOTOHOB; OIpENETCHUs] CUIYITOB YEPHBIX JBIP B
pamMKax o0IIeil TeOprur OTHOCUTENILHOCTU U alIbTEPHATUBHBIX TEOPHUI IPaBUTAIINU;
OIpEJIEJICHUE BIMSHUS MapaMETPOB LIEHTPAILHOIO OOBEKTA U TUIa3MEHHYIO CpENy
Ha (OpPMBI CHIy3Ta; BBIIBUTH 3aBUCHUMOCTH IOTEPb SHEPTUU PEISITUBUCTCKON
3Be3/Ibl OT BBIOOpA TPaBUTALMOHHON Mojenu. IMeHHO 3Tu 3a1a4u 000CHOBBIBAIOT
aKTyaJIbHOCTh HA MUPOBOM YPOBHE JAHHOTO HAyYHOT'O MCCIIEIOBAHUS.

JlanHast ~ HayyHO-UCCleOBaTeiabCcKasi paboTa  COOTBETCTBYET  3ajJadyaMm
YTBEPXKIACHHBIX B TOCYIApPCTBEHHBIX HOMPATUBHBIX JOKYMEHTaX, B YKazax
[Ipesunenta PecnyOmuku V36ekuctan 3a Ne VII-559 «O BBICOKOTOPHBIX
aCTPOHOMUYECKUX O0OCepBaTOpUsIX U KOMIUIEKCax HuX oOciayxuBaHus» or 11
depast 1993 roma, 3a No VII-4512 «O Mepax mo JajibHEWIIEMYy pa3BUTHIO
aNTEPHATUBHBIX UCTOYHUKOB 3Heprum» ot 1 mapra 2013 ropa.
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CooTBeTCTBHE HCCJIEIOBAHUSI ¢ TNPHOPUTETHBIMM HaNPABJIEHUSIMU
Pa3BUTHS HAYKH M TEXHOJIOTHIl pecmyOauku. J[uccepTalliOHHOE UCCIEAOBaHUE
BBITIOJIHEHO B COOTBETCTBUHU C NMPUOPHUTETHBHIM HANPABICHHEM Pa3BUTHUS HAyKHU U
texHonorui B PecmyOnuke VY30ekuctan — II. «OHepretuka, »sHepro- u
pecypcocOepexeHue.
0030p 3apy0e:KHBIX HAYUHBIX HCCIEIOBAHMIA 110 TeMe AuccepTanun’. Hayunsie
UCCJIEIOBaHUS KOH(MUTYpallMM ¥ CTPYKTYpPHl AJIEKTPOMArHUTHBIX TMOJE€H  BO
BHEIIIHEM ACHUMMTOTUYECKH OJHOPOJHOM MArHUTHOM IIOJIe, a TaKXe CHUIIYyITOB
BpaIIalONIUXCS YCPHBIX JbIPp MPOBOASATCS BEAYIIMMH MHPOBBIMH HAyYHBIMHU
IEHTPAMU M BBICHIMMHU OOpa30BAaTENIbHBIMU YUPEKIACHUSAMH, B TOM YHCIIE,
AcTpoHOMUYECKUM HHCTUTYTOM, LlentpoMm A.DlHmTeiiHa u Cuie3niickum



yHuBepcutetoM B Omnae (Yexus), VYHuBepcurerom AnbOepthl (Kanana),
Nucturytom Maxkca [lnanka rpaButarimoHHod ¢usuku uM. A.DWHIITEHHA U
®pankdyprckum yHuBepcureroM (I'epmanusi), MeXyHUBEPCUTETCKUM LIEHTPOM
acTpoHoMuu U actpodusuxku, Hayunoit naGoparopueid mno ¢usuke u Tara
UHCTUTYTOM (pyHAaMeHTanbHBIX uccienoBanuil (Munus), LleHTpoM mpuKIagHbIX
KOCMUYECKHX TEXHOJIOTUM W MHKpOrpaBUTaUMU B bpemeHe u YHUBEpCUTETOM
OnbnenoOypra (I'epmanus), I'ocynapcTBEHHBIM aCTPOHOMUYECKUM HHCTUTYTOM HM.
[lItepubepra  MockoBckoro  locymapctBenHoro  yHuBepcutera  (Poccus),
HNucTuTyTOM siIepHOi PU3NKH, ACTPOHOMUYECKUM HHCTUTYTOM U HanuoHaibHbIM
yHUBepcUTeTOM Y30ekucTtana (Y30eKkucTaH).

[lo uccnenoBaHUIO NBUKEHUS YAaCTUI[ M DIEKTPOMATHUTHOTO IIOJISI BOKPYT
YepHON JAbIPhl BO BHEUIHEM MAarHUTHOM II0Ji€ HA MHPOBOM YpPOBHE ObUI MOIXY4YEH
pAI OpPWUTMHAJIBHBIX HAy4YHBIX pPE3YJBTaTOB, B TOM YMCIE: TOJNY4YEHBI U
HCCJIEJIOBAHbl CBOMCTBA CHJIYyITOB BpALIAIONIMXCS YEPHBIX JbIP B paMKax oOIen
TEOPUU OTHOCUTEJIBHOCTH W MOJU(PUUIMPOBAHHBIX aJbTEPHATUBHBIX TEOPUN
rpaButaiuun  (Muctutyr Makca [lnmanka rpaBUTalIMOHHONW (QU3MKKA HUM. A.
Onnmreitna u Opankdyprckuii yHuBepcuret, [epmanus; MeXyHHUBEPCUTETCKUAN
IEHTP acTpoHOMUM U actpodusuku, Hayunas maGoparopus mo ¢usuke, Tara
UHCTUTYT (yHIaMEHTalbHbIX HccienoBanuid, Wuaus; LlenTp mnpuxinaaHbix
KOCMUYECKUX TEXHOJOIMM M MUKporpaButauuu, ['epmanus; l[ocynapCTBEHHbIN
actpoHoMuyeckuid MHCTUTYT uM. Llltepabepra MockoBckoro ['ocymapcTBeHHOTO
yHuBepcutera, Poccns, Kazaxckuil HallMOHAJIBHBIA YHMBEPCUTET HWMEHH AJlb
®apabu, Kazaxcran); HailleHbl CTPYKTYpbl 3JIEKTPOMArHUTHOIO OIS BOKPYT
BpAILAIOIIENCA YEPHOU ABIPBI, WCCIECAOBAHbl YPABHEHUS JBUKEHUS 3aPSKEHHBIX
YaCTHUILl BOKPYT BPAIAIOUIENCA YEPHOU IBIPBI IPU HAJTUYUU BHEIIHETO MArHUTHOIO
nonst (ActpoHomuueckuid HWHCTUTYT, LlenTtp A.DitHmrelinHa u Cune3uiickui
yHuBepcurer B Omnae, Yexus;  YHuBepcuter  AnnOepts, Kanana;
MeXyHUBEpPCUTETCKUNA I1IEHTP acTpoHOMUU U actpodusuku, Wuaus; Llentp
MPUKIIAJHBIX KOCMMYECKMX TEXHOJOTMH W MHKpPOTpaBUTalnH, bpemeH u

o 2
OJ'IBIIGH6ypI‘CKI/II/I YHUBCPCUTCT, FepMaHI/ISI); IIPOBCJICHO HCCIICAOBAHUE — OO630p

3apyOeKHBIX HAYYHBIX HCCIEAOBAHMI MO TEMe MUCCepTalui pa3paboTaH Ha OCHOBE CICAYIONIMX HCTOYHHKOB:
http://arxiv.org; https://webofknowledge.com; https://scholar/google/com. XK. Physical Review Letters; XK. Physical
Review D; XK. Monthly Notices of Royal Astronomical Society; . Astrophysical Journal; XK. Astrophysics and
Space Science; XK. International Joournal of Modern Physics D; u ap.
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DHEPreTUYECKUX MTPOLECCOB B OKPECTHOCTH BPALIAIOIIMXCA YEPHBIX ABIP B PaMKax
oOlIel TEOpUHu OTHOCUTEITBHOCTH M AaJIbTEPHATUBHBIX TEOPUN TpaBUTAIMH, B
YaCTHOCTH IIMPOKO HCCIIEIOBAHbBI CBOMCTBA NIPOCTPAHCTBA-BPEMEHU BOKPYT
YepHOM JAbIpbl B rpaBUTAllMOHHOW Monenu Xopxkapa (Llentp A.DitHmTeliHa u
Cunesmiickuii yauBepcuteT B Omae, Uexwus; YuuBepcurer AnbOeptsl, Kanana;
[{eHTp NpUKIAIHBIX KOCMHUYECKMX TEXHOJIOTMHA W MHUKporpaBuTauuu B bpemene,
Nucturyr Makc Ilnanka 1o rpaBUTaUMOHHOW (u3NKM HMeHM Anbbepra
Onnmreitna u Opankdyprckuii yHuBepcurtet, [epmanus, MexXyHUBEPCUTETCKUN
IEHTP acTpoHOMUM U acTtpodusuku, Hayunas maGoparopust mo ¢usuke, Tara
UHCTUTYT (QyHIaMEHTaIbHBIX ucchneaoBanuii, Wumaus; LlenTp npukiagHbix



KOCMHMYECKMX TEXHOJIIOTMH M MUKporpasuranuu, [epmanus; locymapcTBeHHBIN
actpoHomudeckuii uHCTUTYT uUM. llltepHbepra MockoBckoro [ocymapcTBeHHOTrO
yHuBepcuteta, Poccus, Kazaxckuil HallMOHAJIBHBIA YHHBEPCUTET HUMEHH AlJlb
®apadu, Kazaxcran).

B Hacrosiiee BpemMs B MHUpe N0 TMpoOiemMe HCCIEIOBaHUS CUIYITOB
BpAIIAIONIUXCS YEPHBIX JBIP, JBWKEHUS YACTHI[ U SHEPTETUYECKUX IMPOIECCOB B
OKPECTHOCTU KOMITAKTHBIX IPABUTALMOHHBIX OOBEKTOB MPOBOASTCS MCCIEIOBAHUS
M0 psy TPHOPUTETHBIX HAIPABJICHHWH, B TOM YHCIIC: HMCCICAOBAHHUE IBHIKCHUS
(GOTOHOB W TIONYYECHHE CHIIydTa BPAIIAONIMXCS YEPHBIX JBIP B paMKax oOmen
TEOPUH OTHOCHUTEIBHOCTH W aJbTEPHATUBHBIX TEOPUM T'PABUTAIMU U MX aHAJIU3;
TEOPETHUUECKOE MOJECIMPOBAHUE DJIEKTPOMATHUTHBIX MOJEH BOKPYT KOMIIAKTHBIX
I'PaBUTAIMOHHBIX OOBEKTOB M aHAJIM3 JIBFOKCHHS YACTHUI[ BOKPYT 3THX OOBEKTOB;
W3yYCHHUE DHEPTCTUUECKUX MPOIIECCOB B OKPECTHOCTH BPAIIAIONINXCSI YEPHBIX JBIP
Opyl HAJIWYUW BHEIIHETO JJIEKTPOMArHUTHOTO TIOJNS;, AJICKTPOMAarHUTHOE U
IPaBUTAIMOHHOE U3TyYE€HUE OT KOMIIAKTHBIX IPaBUTALIMOHHBIX 0OBEKTOB.

CreneHb wu3y4YeHHOCTH mpoOaeMbl. CHIIy3Thl BpalaoIICCs YepHOU
JBIPBl  JUIA  Pa3IMYHBIX IMApaMETPOB IEHTPAJbLHOTO OOBEKTa, B YAaCTHOCTHU
AIIEKTPUYECKOTO  3apsiaa, OpaH 3apsAjna, MarHATHOIO 3apsja, B paMKax
aJbTEPHATUBHON TEOpPUM TPABUTAIMK  HMCCIECIOBAHBI MHOTUMH  YYECHBIMU,
Harpumep samnonckumu (K. Hioki, K. Maeda), amepukanckumu (J. Bardeen),
romnanackumu  (H. Falcke), nemeuxumu (C. Laemmerzahl, V. Perlick, A.
Grenzebach), apreatuiickumu (L. Amarilla, E. Eiroa), ntanesackumu (C. Bambi),
yermckumu (Z. Stuchlik, J. Schee), nnpuiickumu (N. Dadhich, S. Ghosh, P. Joshi,
M. Patil), poccuiickumu (O. I{ynko, A. 3axapos, B. ®ponos, 1. HoBukoB) u ap.
OnnHako Bce 3TH PabOTHI BHITIOJHSJIMCH B PaMKax OTACIBHO B3SATOTO PEIICHUS
KOMITAKTHBIX OOBEKTOB, TJIe¢ OTCYTCTBYET OOMIMI (hOpMajiu3M ONMHUCAHUS CHUIYITOB
YEPHBIX JIBIP HE3aBUCUMO OT BBHIOOpPA MOJIEIN YEPHBIX JIBIP, TEOPUU TPABUTALIUU U
METO/1a U3MEPEHUS.

Pemenue ypaBHEHUM AJIEKTPOMAarHUTHOTO MOJIS JUIsl Bpalllaroieiicss YepHon
aeipel Keppa BO BHEmIHEM AaCHUMNOTOTHYECKH OIHOPOAHOM MArHUTHOM IIOJIE,
JNBH)KEHUE 3apsKEHHBIX YaCTHI] BOKPYT BpalllaroLIecs 4epHOM AbIpbl Keppa BO
BHEIIIHEM MarHUTHOM TI0Jie, YCKOPEHHME YacCTHUI[ BOKPYT Bpallaromencs 4epHou
JBIPBI, PO MAaTHUTHOTO ITOJISI HA TIPOIIECCHl CTOIKHOBEHHUS YaCTHUI] B OKPECTHOCTH
MEJUICHHO BpaIalomencss YePHOU IBIPHI UCCIICIOBAHB MHOTUMHU YICHBIMH,
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Hanpumep, amepukanckumu (M. Banados, J. Silk, S.M. West u ap.), aHmuiickumu
(R. Wald u ap.), poccuiickumu (/1.B. I'anbiios, B. @posnos, A. AnueB), TypelUKUMU
(N. Ozdemir), wammiickumu (N. Dadhich, S. Ghosh, P. Joshi, M. Patil) u nap.
OpnHako AeTanbHOE HU3YUYEHUE JBWKCHHS 3aPSHKCHHBIX YAaCTHUIl U IHEPTEeTUUCCKHUX
MPOIECCOB, B YACTHOCTH, CTOJKHOBEHHS YaCTHI] BOJIW3M BpallarolIeics YepHOU
IBIPBI, TIOMCIICHHOW BO  BHEIIHEE MArHUTHOE TI0JIE C  HEHYJCBBIM
TPaBUTOMAarHUTHBIM 3apsoM W/WIW TapamMeTpoM JedopMmariii OCTaeTcs He
n3ydeHHbIM. M3yuenue 5Ttux 3S((PEKTOB MO3BOIUT CHAENaTh OrPAHWYCHUS Ha
YHUCIICHHBIC 3HAYCHHS pPa3IMYHBIX TapaMeTPOB UYEPHOW JBIPBI, TaKUX Kak



IPaBUTOMArHUTHBINA 3apsi, TapameTp aeGpopMaliy u ap.

3ajauu, CBSI3aHHBIE C HCCIEAOBAHMEM BIMSHHUS IUIa3MEHHOW Cpeibl Ha
IBUXKEHUE (OTOHOB BOKPYT KOMIIAKTHBIX TI'PABUTAIMOHHBIX OOBEKTOB B pamMKax
0011Ie# TEOPUU OTHOCUTEILHOCTH M3Yy4alUCh PA3IUYHBIMU aBTOPAMH, B YaCTHOCTHU
poccutickumu (I.C. bucnoBarsrii-Koran, O. Ilynko), y36exckumu (b.2K. Axmenos,
A.A. Typcynos, B.C. Mopo3zosa), kanajckum (A. Rogers), nemerikumu (V. Perlick,
J. Kunz), romnannckumu (H. Falcke), unguiickumu (N. Dadhich, S. Ghosh, P.
Joshi, M. Patil) u ap. B stux paborax OTCYyTCTBYeT HCCIEIOBAHHUE BIIUSHUE
HEOTHOPOAHON TIa3Mbl Ha ONTHYECKHUE CBOMCTBA BPAIIAIONIUXCS YEPHBIX [BIP, B
YaCTHOCTH Ha (DOPMBI CHITydTa TEHU BPAIIAONIMXCA YEPHBIX JIBIp MPU HAIUYUU
HEOJIHOPOJAHOM IJIa3MBbl.

CBolicTBa METPUKH TIPOCTPAHCTBA-BPEMECHH M JIBIDKCHHE 4YacTHUI[ B
OKPECTHOCTH YEPHOW JBIPbl B paMKax I'PaBUTALMOHHOM MoJenu XopraBa ObLIU
U3y4deHbl psaoM aBTopoB, udemickumu (Z. Stuchlik, J. Schee) mombckumu (M.
Abramowicz u np.), nopryraisckumu (F. Lobo T. Harko, F. Eiroa), nemenkumu
(C. Laemmerzahl, J. Kunz, E. Hackmann u ap.) u ap. Tem He MeHee, Ha JaHHBIN
MOMEHT B JIUTEpaType HE PACCMOTPEHBI BOIMPOCHI BIMSHUS METPUYCCKUX
MapamMeTpoB TPABUTAMOHHON MOJEIM HA HDHEPreTUYECKHE MPOLECChl U POJU
MarHUTHOTO TOJISI B ATHX MPOIIECCaX.

CBsi3b TeMbl JHCCEPTALMH C HAYYHO-HCCJIEA0BATEJHLCKHUMH pPadoTaMu
BbICIIEr0 00Pa30BaTEJIbHOI0 U HAYYHO-UCCJIEI0BATEIbCKOT0 YUpPeKAeHUs, Ie
BBINIOJIHEHA Auccepranusi. JMccepTallMOHHOE MCCIEOBAaHUE BBINOIHEHO B
paMKax Hay4YHBIX TPOEKTOB MHCTHTyTa simepHOM (GU3MKA B ACTPOHOMHUYECKOTO
uHcTuTyTa 10 TeMam: DPA-D2-O079+D069 «Pa3zpaboTka W pa3BUTHE ypaBHEHUM
AIIEKTPOMArHUTHOTO ¥ TPABUTAIIMOHHOTO TIOJICH B PEISTUBUCTCKON acTpoPu3nUKe U
KOCMOJIOTHH, a Takxke (peHoMeHosornueckux mozaened KX/ B onvcanuu aapoHOB
u ux B3aumojeuctBuit»  (2007-2011); DA-O2-FO058  «HccnenoBanue
IPaBUTAIMOHHBIX JIMH3, 00pAa30BaHUsl TAJAKTHK U 00OOIIEHHBIE TPABUTAIIMOHHbIE
mozaenn» (2007-2011); OE2-OA-D134 «/IBrkeHUE YaCTHUIl M AJIEKTPOMATrHUTHBIC
MOJIT B OKPECTHOCTH PEISATUBUCTCKUX 3BE3]l M YEPHBIX JBIP B aJIBTEPHATHBHBIX
Teopusax rpasutaium» (2012-2013); ED2-DA-0-25046 «JIBuikeHHe YacTUIl CO
COMHOM M  PAacOpOCTPAHEHHE DJICKTPOMArHUTHBIX BOJH B  OKPECTHOCTH
KOMIAKTHBIX TPaBUTAIIMOHHBIX 00bEKTOBY» (2014-2015); No 1-10 «YacTuiel 1 moJs
B OKPECTHOCTHU PEISITUBUCTCKUX TPABUTAIIMOHHBIX 0OBEKTOB U3 TEMHOW DHEPTUU U
KpoToBbIX HOp» (2010-2011).
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Heabio mncciaenoBaHusi SBISETCS CO3/IaHHE TEOPETHYECKOro (Gopmanuzma
OMHCAHUSI CUJIYITOB YEPHBIX IIBIP W BBIABICHHE (PU3HUECCKUX 3aKOHOMEPHOCTEH
BBICOKODHEPIE€THYECKUX  IPOIECCOB B  HEIMOCPEACTBEHHONM  OKPECTHOCTH
BpaIIaOIINXCS YEPHBIX JIBIP.

3agaum uccjaeT0BaHuA:

pa3paboTaTh HOBBIN KOOPJIUHATHO-HE3aBUCUMBINH (POpMaIU3M ISl ONKMCAHUS
CUJIydTa YEPHOW [bIpbl M TMPEIJIOKUTH HOBBIE ONPEACIICHUS IMapaMeTPOB
HCKa)KeHUsT (POPMBI TEHU YEPHOM JBIPHI;



IPOBECTU CPABHUTENIbHBIA aHAJIU3 MapaMETPOB UCKAKEHHS CHIIy3Ta YEPHOU
JBIPBI, TPEIJIOKEHHBIX B paMKax HOBOro (QopmanmsmMa u C TapaMmeTpami,
MIOJIYYEHHBIMH IPYTUMU aBTOPaMU;

U3YYUTh DJEKTPOMArHUTHOE TIOJ€ M JBWKEHHE 3apsDKEHHBIX YacTUIl B
OKPECTHOCTH Bpamjaromeicss a1ehopMUpoBaHHON YEPHOUM NIBIPhI, TOMEIIEHHON BO
BHEIIIHEE ACUMIITOTUYECKHA OJTHOPOAHOE MATHUTHOE IOJIE;

pacCMOTPETh CTOJIKHOBEHUE JJIEKTPUUYECKU 3apSKEHHBIX YACTUIl BOKPYT
YEPHOU JbIpbl C HEHYJIEBBIM TI'DPABUTOMArHUTHBIM 3aps/oM, IMOMENIEHHOW BO
BHEIIIHEE MAarHUTHOE MOJIE;

OTIPEICNIUTD BIUSHUE HEOAHOPOJHOM T1a3Mbl Ha (popMy cUITydTa
BpAILAOUIENCS YEPHOU JBIPHI;

MPOBECTH aHAIM3 JABWKCHUS 3apSOKEHHBIX M HEUTpaJbHBIX 4YacTUIl U
ctoikHoBeHus: BOKpyr Kexarnac Cdercoc ronoit CUHTYISIPHOCTH B MPUCYTCTBUU
BHEIIITHETO0 MarHUTHOTO TOJIS;

MOJIYYUTh OLIEHKU Ha BEJIMYMHY U3BJIEKAEMOU SHEPTUHU U3 Bpallaroumencs
YEPHOU IBIPBI B TPABUTALIMOHHON MOJENN XOpKaBa,

CPAaBHUTH JIEKTPOMArHUTHBIE MTOJI U 3aMEIJICHUE BpallleHUs
PENATUBUCTCKUX KOMIAKTHBIX 3BE3/I.

O0beKTOM HcC/IeI0BAHNS SIBIISIIOTCS YEPHBIC JIBIPBI, HEUTPOHHBIEC U
CTpaHHbIE PESITUBUCTCKUE 3BE3/IbI.

IIpenmeToM mHcCCIeIOBAHMS SIBISIIOTCA 3JEKTPOMATHUTHBIE TOJISI BOKPYT
KOMITAKTHBIX OOBEKTOB, BHYTPEHHHUE CTAOWIbHBIC KPYTOBBIE OPOUTHI MPOOHBIX
YaCTULl BOKPYI YEPHBIX JAbIp, CHIYIThl YEPHBIX IbIP NPU HAIWYUU IUIA3MBI,
OSHEPreTUYECKUE TPOILECCHl B OKPECTHOCTH BPAIIAIOUIUXCS YEPHBIX JbIP B
MIPUCYTCTBUM BHEIIHETO MArHUTHOTO TOJISL.

MeTtoasbl uccaenoBanus. MaremMaTHdeCKU anmapaTr MaKpOCKOITHYECKON
AIIEKTPOJAMHAMUKHU B OOIIIEH TEOPUU OTHOCUTEILHOCTU U METpUieckoit aphuHHON
muddepeHnranbHON TeOMETPUH, AHAIUTUYECKUE U YHCIICHHbIE METO/IbI pELICHUS
mudpepeHnaNbHbBIX YPABHEHUMN IBUKEHUS U TOJIS.

Hayynasi HOBH3HA MCCJIeIOBAHMS 3aKJIIOUAETCS B CJIEAYIOIIEM: BIIEPBbIE
pa3paboTaH HOBBIY KOOPJAMHATHO-HE3aBUCUMBIN (hOpMAITU3M JIJIsi OTHMCAHUS
(GbopMBI CHITYdTa YEPHBIX JbIP. BBISIBIEHO, YTO NIEpBBIC MATH KOADPUITMEHTOB
MOJIMHOMA TPU PA3JIOKEHUU JJOCTATOUYHBI JUIsl ONUCAHMS CBOMCTB CHIIYITOB
BpalIAOLIMXCs YEPHBIX AbIP ¢ TOYHOCTHIO A0 0,1%. Ilokazano, uto
MIPEIIOKEHHBIE OTPECIICHHS HCKaXEHUST (DOPMBI CHITYITa YEPHBIX JBIP SBISIOTCS
YCTOMYMBBIMU Ha CUTHAJIBHBIE IIIYMBbI;
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YCTAHOBJIEHO, YTO HAOIIOAAEMBIN pa3Mep TEHU YEPHOU JbIPbl YMEHbILIAETCA
32 CYET NPEJIOMIICHHUSI SJIEKTPOMATHUTHOTO U3JyYEHHUSI B IUIA3MEHHOM Cpene;
NOKa3aHO, YTO JJIs1 BBICOKOU 3(h(peKTUBHOCTU JOCTUKEHUS CBEPXBBICOKHUX
HHEPreTUYECKUX IIPOLECCOB OTHOCUTENBHO YAJI€HHOI0 HaOmroaares,
HE00XOIMMO OTCYTCTBHE FOPU30HTA COOBITUI U CUIILHOE BpalllCHUE
IPaBUTALIMOHHOTO UCTOYHHKA;



BBISIBJICHO, YTO 3HAYUTEIbHOE YBeIMYeHUE YP(HEKTUBHOCTU CTOJKHOBEHUM /10
YIIBTPABBICOKUX SHEPTUM BO3MOXKHO 32 CUET JOIOJHUTEIBHBIX 3JIEKTPOMArHUTHBIX
SABJICHUH, BIUSAIONIMX HA CTOJIKHOBEHHUE 3aPSAKEHHBIX YACTHL;

MOKa3aHO, 4YTO M3BJIICUCHHE HHEprum uyepe3 mnpouecc lleHpoysa sBusercs
0ojiee peaTUCTUYHBIM TIPOILIECCOM CPEId MEXaHU3MOB M3BJICUCHUS SHEPTUU U3
BpAILIAIOLICHCA YEPHOM JBIPHI B CLIECHApUU XOpKaBa; KPOME TOT0, M3-3a MOIPABOK
IPaBUTAIMOHHON MOjiein XOpKaBa YaCTHUIIbI TIPEIOTBPAIIAOTCS OT O€CKOHEYHOTO
YCKOPEHHUS;

MOKa3aHo, 4YT0 7P EKT KOMIAKTHOCTH CTPaHHOM 3Be3/bl Ha TMOTEPH
MOIIHOCTH 3JIEKTPOMArHUTHOM JHEPrUUA PEIISITUBUCTCKOM 3BE3/bl  SIBISCTCA
3HAYUTEIbHBIM;

YCTAHOBJICHO, YTO CTPAaHHAs 3BE3/1a TEPsET OOJbIIE YHEPTUU B CPABHCHHH C
aQHAJIOTMYHOM Bpalllaronielcsi HEUTPOHHOM 3BE370M B paMKax oOIIeH Teopuu
OTHOCHUTEJIbHOCTH.

IIpakTuyeckue pe3yJbTaThl HCCIACA0BAHUSA 3AKIIOUAOTCS B CICIYIOLIEM:
HaWJEHbl AaHAIMTUYECKHUE BBIPAKECHUS JJI1 BAKYYMHBIX 3JIEKTPOMATHUTHBIX ITOJIEN
Bpaniaromuxcs 1e@opMUpPOBAHHBIX YEPHBIX JIBIP BO BHEIIHEM ACHMIITOTHYECKU
OJIHOPOAHOM MArHUTHOM I10JI€; BBISIBIICHO, YTO MHAYLIMPOBAHHOE JJIEKTPUUECKOE
0JIe BOKPYT Ae(hOPMUPOBAHHON YEPHOM JABIPHI 3aBUCUT OT TapamMeTpa
nedopmanuu JMHEWHO, @ MATHUTHOE T10JI€ — KBAJIPAaTUYHO; HAWJICHBI BBIPAKCHUS
JUISI SHEPTUU U1 MOMEHTA UMIYJIbCA, a TAKKE BHYTPEHHUX CTAOMIBHBIX KPYTOBBIX
OpOUT 3apsKEHHBIX YAaCTUI] B OKPECTHOCTH YEPHOM JIBIPBI MPU HATUYUU
rPaBUTOMArHUTHOIO 3apsA/ia U BHEITHETO MArHUTHOTO TOJIS; YCTAHOBJIEHO, YTO
n3-3a 3 peKTa rpaBUTOMATHUTHOTO 3apsijia YaCTUIIBl TPETOTBPAIIAIOTCS OT
OECKOHEYHOTO YCKOPEHHS;

MoKa3aHo, 4To HaOmomaemass ¢dopMa H pa3sMep TEHH UEPHOM JbIPHI
M3MEHSIOTCA B 3aBUCHUMOCTH OT I[apaMETPOB IUIA3Mbl, MapaMeTpa BpaIICHUS
YepHOW JIBIPhl M YIJa HAKJIOHA MEXAYy IUIOCKOCTHIO HAONIONATENs U OCHIO
BpALLICHUS YEPHOU JBIPHL.

MOJIy4eH BEpPXHHM Tpenen s mapamerpa aedopmari  Bpamiarouiencs
neopMUpPOBAHHONW YEpPHOW JBIphl MyTEM CpaBHEHHUS HAOIIOMAeMbIX 3HAUYCHUI
paanyca BHYTPEHHHX CTaOWJIBHBIX KPYTOBBIX OPOHUT C TEOPETUYCCKUMHU
pe3ynbraramu B BUjE € < 22;

NOJIy4eHbl (POPMBI CHIIYITOB TEHHM BPAIIAONIUXCA YEPHBIX AbIP MPU HATUYUU
HEOJIHOPOAHON IJIa3Mbl, KOTOPbIE MOTYT OBITH HCIIOJIb30BaHbI MJI BBISIBICHUS
JOTIOJTHUTENIBHBIX aCUMMETpPHIl B (hopMe CHilydTa U U3BICYCHUS MHPOpMAIU O
napameTpax IJia3Mbl U IIEHTPATHHOTO KOMIIAKTHOTO OOBEKTA.
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J10CTOBEpPHOCTH pe3yJIbTaToB HCCJICJOBAHMA 000CHOBBIBaETCS
UCIIOJIb30BAaHUEM COBPEMEHHBIX METOJOB OOIIEH TEOpUH OTHOCUTEIBHOCTU U
TEOpeTU4EeCKOM (PU3MKHU, a Takke BecbMa 3(PPEKTUBHBIX UYUCIECHHBIX METOJOB U
UCIIOJIb3YEMbIX ~ QJITOPUTMOB;  TLIATEJIbBHOW  TMPOBEPKOW  COIIACOBAHHOCTH
MOJIYYEHHBIX TEOPETUUYECKUX pE3YyJIbTaTOB C JAaHHBIMU AaCTPOHOMHUYECKHX U



acTpodu3nUeCKUX HAOMIONECHUN W pe3yibTraTaMu JAPYTUX aBTOPOB; COOTBETCTBHEM
BBIBOJOB C OCHOBHBIMH IIOJIOKEHUSAMH TEOPUU MOJS T'PABUTALMOHHBIX
KOMITAKTHBIX OOBEKTOB.

Hayuynass u npakTH4eckas 3HAYMMOCTb Pe3yJbTATOB HCCJICIOBAHHUSA.
HayyHasi 3HaUMMOCTH PE3yJabTaTOB HMCCIECAOBAHUS OINPENEIAETCS BO3MOXKHOCTHIO
NPUMEHEHUs pa3padOTaHHOrO B JUccepTanuu (opMaiu3Ma K aHajdu3y CHUIIYITOB
YEPHBIX JIBIP, TOJYYEHHBIX B MWUIMMETPOBOM JIMAMA30HE C IOMOUIBIO
pPaJAMOTEIECKONIOB HOBOI'O IOKOJIEHHWS B Onwkaillem Oyayliem, W IMOJTy4YEeHUEM
uH(GOpPMAIIMU O PA3TUYHBIX MapaMeTpax U CBOMCTBAX CBEPXMACCHUBHBIX YEPHBIX
IbIp B LIEHTPE HAUIEH rajlakTUKU U TanakTuku M87. KpoMme Toro, aHanus cUIy3TOB
C MOMOINBI0 HOBOTO (opMaau3Ma JaeT BO3MOKHOCTH MPOEKTUPOBAHUS HOBBIX
TECTOB I10 MPOBEPKE OOLIEH TEOPUU OTHOCUTEIBHOCTU U JPYTUX albT€PHATUBHBIX
TEOPUM I'PABUTALINH.

[IpakTryeckass 3HaUUMOCTh PE3YJIbTATOB MCCIEAOBAHUM 3aKIIIOYAETCS B TOM,
YTO OHHU MOTYT OBITh HCIOJB30BAHBI JJIsi TIOMYYEHHSI OLIEHOK Pa3IMYHBIX
napamMeTpoB  YEpHBIX  JIbIp, TaKUX KAk BpamieHue, aepopmanus, U
I'PaBUTOMArHUTHBIA 3apsjl, a TaKXKe MapaMerpa, NOSBISIIOUIErOCa U3-3a MOMPaBOK
OoJiee BBICOKOTO MOPsAKAa B TPaBUTAIIMOHHOM Teopun Xop:kaBa. Pe3ynsrarel MOTyT
OBITh TAK)XKE MOJIC3HBI JJIs aHajlu3a XapakTepa U JUHAMUKH TPaBUTALUMOHHOTO
noJyigs, B pa3paboTke HaOMIONATENbHBIX OKCIEPUMEHTOB W KPUTEPHUEB IO
O0OHapy>KEHUIO U BBIABICHUIO CTPAHHBIX 3BE3].

BHenpenne  pe3yJbTaroB  HCCJIeI0BaHUsl.  BBICOKO3HEpreTnyecKue
CTOJIKHOBEHMSI YacTHIl B OKPECTHOCTH 3KcTpeMaiibHbIX Kexarmac-Cdercoc rompix
CUHTYJISIPHOCTE W BO3MOXKHOCTh WX HAOMIOACHUS yHaJeHHBbIM HaOItomaresemM
ObUTM MCHOJB30BaHBl Il  pa3pabOTKHM MOJAENIU AaKPEUOHHBIX JUCKOB B
OKPECTHOCTH YEPHBIX JbIp B aJIbTEPHATUBHBIX TEOPUAX T'PAaBUTALMU B pPaMKax
nporpammbl  «llogaepxka wuHTErpaumu ¢ MeXIyHApOJHOW TEOPETUUYECKOW U
HAOIOJATeIbHOM  CEeThI0  HMCCJICIOBAHMM B  PEJISITUBUCTCKOM  acTpodusuke
KOMIAKTHBIX 00bekToB» (2010-2014) (nmogaep:kaHHOM CTPYKTYpHBIMH (DOHIaMU
EBponeiickoro Coro3a m T'ocymapcrBennoro bromkera Yemickoit PecryOmuku u
3aperucTpupoBaHHor  mox  Homepom  (CZ.1.07/2.3.00/20.0071)  (cmpaBka
Cuneswuiickoro ynusepcurera B Onase, Yemnickas pecnyOnuka, ot 23 anpens 2015
L.).

CuilyaThl YEPHBIX M BIUSHHUE IUJIa3Mbl HMCIOJIB30BAaHbl NPU BBIYUCICHUU
TpaeKTOpuil (POTOHOB BOKPYT KOMIAKTHBIX T'PaBUTAIMOHHBIX OOBEKTOB B paMKax
npoektoB LlentpanbHoro ynuBepcutera [lenmu, Mnmus (cnpaBka LleHTpanbHOTrO
yuupepcutera Jlemu, Mumus or 20 centssops 2016 r.). C momompr STUX
BBIYMCIICHUI TMOJYYEHbl CHUIIY3Thl YEPHBIX JIbIP B paMKaxX I'PaBUTAIMOHHOW TEOPUU
bopu-Undenpaa.
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Maruurocdepa M 3aMeUIEHHs HEUTPOHHBIX 3BE3]l MHCIIOJIB30BaHbl IIpU
MOJIETTUPOBAHUHM TIJIA3MEHHONM MarHUTOC(epbl BOKPYT HEUTPOHHBIX 3BE3]l B paMKax
IpOeKTOB MEXyHUBEPCUTETCKOTO IIEHTPa aCTPOHOMHUHU M acTpo(u3mKu (crpaBka
MeXyHUBEpPCUTETCKOTO LEHTPA aCTPOHOMHUU U acCTPOPU3UKH). DTH MOAEIU Jajlu



BO3MOXXHOCTH IMOJYYUTh OIICHKH HA 3HAYEHWS MATHUTHOTO TOJIS HAa TIOBEPXHOCTHU
PEIATUBUCTCKOU 3BE3/IbI.

Anpolauus pe3yabTaTOB MCCJAeI0BaHMs. Pe3ynbrarbl HCCIEeI0BaHUI
MIPE/ICTABIICHBI B BHJIC YCTHBIX JOKJIAJ0B U alpoOMpPOBaHbI Ha 16 MEXTyHApOTHBIX
U pecnyONMKaHCKMX HAyYHO-TIPAKTHYECKUX KOH(PEPEHIMSAX, B YaCTHOCTH:
«AKTyanbHbIE TPOOJIEMBbI coBpeMeHHOU (u3uku u actponomumn» (Kapmm, 2010),
«AxTyanbHble pooaeMbl coBpemeHHo# pusukm» (Camapkanm, 2010), «Fusion and
Plasma Physics» (Triest, 2011), 39-COSPAR General Assembly (Mysore, 2012),
«Snepnas Hayka u ee npumeHenue» (Camapkana, 2012), MexayHapoaHas IIKoJa
no cybosnepuoit ¢usuke (Erice, 2013), «General Relativity and Gravitationy»
(Warsaw, 2013), «Prague Synergy 2013: Accreting relativistic compact objects»
(Prague, 2013), «Synergy Olomouc 2014» (Olomouc, 2014), 40- COSPAR
General Assembly (Mocksa, 2014), «International Congress of Mathematiciansy
(Seoul, 2014), “RAGTime — 2013 (Opava, 2013), “RAGTime — 2014 (Prague,
2014), “RAGTime — 2015” (Opava, 2015), “XII Marcel Grossman Meeting”
(Rome, 2015), 41-COSPAR General Assembly (Istanbul, 2012).

OcCHOBHBIE pPE3yJbTaThl JAUCCEPTAIMHM TPEACTABICHBI M OOCYXKIEHBI Ha
HAay4YHBIX CEeMMHapax NuctuTtyra  saepHOU buzuku (2010-2016),
Actponomuueckoro unctutyta (2010-2016), Kadenpsr sanepHoit u TeopeTudeckoit
¢buzukun HarnumonaneHoro yHuBepcuteTa Y30ekuctana (2015-2016), dakynbrera
¢unocopun u Hayku Cunesckoro yHuBepcurera B UYexum (2013-2016),
®pankdyprckoro ynusepcuteta ['ére (2013-2016), Mucturyra Makca Ilnanka
I'paButanmonnoit ¢usuku (2010-2016), IlenTpa mNpUKIATHBIX KOCMHUYECKHUX
TEXHOJIOTUH U MHUKporpaButanmmu B Iepmanmum  (2011), HHctutyTta
dbyngamentanbHbIX ucciaenoBanuit Tara (2014-2015), MexyHUBEPCUTETCKOTO
neHTpa acrponomuu u actpodpusuku (2010-2016), LlenTpanbHOro yHuBEpCHUTETA
Hemu B8 Uuauu (2010-2016), MextyHapOAHOTO 1IEHTPa TEOPETHUECKOU (HU3UKU B
Nramum (2011).

Ony0MKOBaHHOCTH Pe3yJbTaTOB McciaeaoBanus. [lo Teme muccepranuun
onyonukoBaHo 30 Hay4yHBIX paboT, M3 HUX |5 Hay4yHBIX cTarell B 3apyOe’KHBIX
KypHajiaXx, peKOMEHJIOBaHHBIX BpICIIEl aTTecTaimoHHoN KoMmuccuen PecryOmmku
V30ekuctan g MyOJUKAallMM OCHOBHBIX HAYYHBIX pE3YJIbTaTOB JOKTOPCKHUX
JIACCEpPTaLUM.

O0bem u cTpykTypa auccepraumu. Jlucceprauusi COCTOUT U3 BBEICHUA,
YeThIpEX TJIaB, 3aKIIOUEHUsS, MPUIOKEHUS W CchoHucka jauteparypbl. OObeM
auccepTanuu cocranisier 181 crpanwuil.
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OCHOBHOE COAEPKAHUE JUCCEPTAIIUN

Bo BBC¢ACHHUH 000CHOBAHBI AKTYAaJIbHOCTh H BOCTp€6OBaHHOCTB TEMBI



auccepramnuy, cHOpMYITHPOBaHbI 11eb W 3a7a4H, BBISIBICHBI OOBEKT, MPEAMET U
METO/Ibl HCCIIEIOBAHUS, ONPEACIIEHO COOTBETCTBUE MCCIIEIOBAHUS IPHUOPUTETHBIM
HalpaBJICHUSIM DPa3BUTHs HAyKd M TexHoioruid B PecmyOnuke VY30ekucras,
U3JIO)KEHAa Hay4yHass HOBHM3HA HCCJEAOBaHMS, OOOCHOBaHa JOCTOBEPHOCTh
MOJIYYEHHBIX PE3yJIbTaTOB, PACKPbITAa HUX TEOPETHUYECKAsT W MpPaKTUUYECKas
3HAQYUMOCTh, IPUBEICHBI KpPATKUE CBEICHHUS O BHEJIPEHUHM PE3YNbTATOB U
anpoOanuu paboThl, a TAKXKE O CTPYKTYpE JUCCEpPTaIUU.

B mnepBoii 1maBe pguccepraiuu  «/IBukeHue (GOTOHOB M YacTHI[ B
OKPECTHOCTH Bpalmammeiicsi 4YepHOH AbIPbD), pPAaCCMOTPEHBI JIBH)KCHHE
3apsHDKEHHBIX  YacTUIl W PaACHpEele€HUE AJIEKTPOMArHUTHOIO TIOJSI  BOKPYT
Bpanjatonieics AaehopMUPOBAHHONYEPHONIBIPEI U YEPHOUIBIPHI C HEHYJIEBBIM
IPAaBUTOMArHUTHBIM  3apsJIOM, TIOMEIICHHOW BO BHEIIHEE aCUMMOTOTHUYECKU
OTHOPOIHOE MAarHUTHOE ToJie. Taxxke B 3TOH TiaBe pa3padboTtan oOmuii hopMam3m
JUIsl OMMCAHMs CUJIy3Ta 4epHOW nbiphl. Dopma cuilydTa paccMaTpUBACTCS Kak
3aMKHYTasi KpHUBas B AaCUMIITOTUYECKU IJIOCKOM IIPOCTPAHCTBE, B KOTOPOM
M300pKEHHUE TMOJIy4aeMbIX PaJAUO0ACTPOHOMUYECKHUX UHCTPYMEHTOB OyJeT
JOCTYITHO JJI YAAJ€HHBIX HAOII0qaTeIIeH.

[Ipeanonaoxum, 4To aCTPOHOMUYECKHE HAOIIONECHHS 1al0T CUITy3T YEPHBIX JAbIP B

KaueCcTBE OJHOMEPHOMN 3aMKHYTOM KPUBOH, 3aJaHHOM ypaBHeHHeM R'= R'(Y'), (1)
rIeR'n B MOJIIPHOM CUCTEME
W' — paarasibHas ¥ YIJI0Bask KOOPAHHATHI

KOOPJMHAT C HEHTPOM B ToUke O' . CXeMaTH4YECKOE MPEACTABICHUE TOJIIPHON
KpUBO MOKAa3aHO HA pUC. O'H HaOOIaTeNs,
la, rne B’ — HeOecHbIE KOOPAMHATHI
U TIPEJICTABIIAIOT COOON OPTOrOHAIBHYIO CUCTEMY KOOPAMHAT C OHOM U3
€AMHUYHBIX BEKTOPOB, HAXOSAIINXCS BAOJIb JUHUU MPSIMON BUIUMOCTH.

a) 0)
Puc. 1. CxemaTudeckoe nzodpaxkenue GopmMbl CHIYITA YePHOH ABIPHI:
a) HaxXoKJAeHHe HeHTpa (opMbl CHITYITA,
0) onpe/eJieHre ONMOPHOIO KPyra v napamMeTrpa MCKasKeHust
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Jlnst HaxokAeHHs yAOOHOW CHCTEMBbI KOOPJMHAT, B YaCTHOCTH, B KOTOPOM



gyepHast aeipa llIBapmmmnsaa nveer GopMy CHUITydTa B BHJE KpyTa, OMPEIEICHO
noJyiokeHue 3HPEeKTUBHOTO IIEHTpa KPUBOM Kak
2

" X (]
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- €IUHUYHBIA BEKTOP PAAUAILHON KOOPAUHATEL U grpry Gy — METPUUCCKUE

TOE g

e.
(GYHKIMH B TIOJIIPHBIX KoopauHaTax (R', ').

X o
U3BECTHO, TO MOXKHO HAlTH BBIPAXKEHUS 1JIs
Ecnu 3HaueHune BekTopa R,
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1 Sin
Y ,:tan - (4)

> Rd
Yy

0

BBeneM HOBYIO MOJSIPHYIO CUCTEMY KOOPJAMHAT, Ha4aj0 KOTOPOX COBIIANAET C
¢ dexkTuBHBIM 1IeHTPOM critydTa (R, Y ). KoopauHaTsel HOBOH U cTapoil MOJSPHO#
CUCTEMBI CBSI3aHbI CIEAYIOLUM 00pa3oM:

[() ()]

2

0oR := R'cosy’ — R cosy + R'siny’ — R siny, (5)
00

Yy
RR
sin sin
! 00
WR R
=".(6)
: tan COS COS 00
Yy

B HOBOH cucreMe KOOpAMHAT MOXXHO OIIPEACIIUTL OIOPHYIO OKPYKHOCTb,
MMEIOLIYI0 Ty € IUIOIIAJb, 3aKJIFOUCHHYK) BHYTPHU PACCMaTPUBAEMOW KPHUBOM.
JI71st 3aTaHHOM 3aMKHYTOW TTapaMeTPUUYCCKOM KPUBOH R = R(Y)IIIoIiaap 3a1aeTcs B
BULIE
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d
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Al

2 N A d
IJI€ UCIOJIb30BAHbI COOTHOIICHUS gx,=1H1 *
gyy= R , A — HEKHUH mapameTp BOJb
KpuBoii, T.e. R = R(Y(A)). Eciiu popma TeHH SIBIISIETCS 3aMKHYTO# KPHBOI,
uHTerpupoBanne orpannynaetcss W(A) Ai,, 3HAYCHHUS KOTOPHIX MOXKHO HAHTHU U3
=21.
ycaoBust W(A) = 0u

MOXHO onpenenuTh paaAnyc OOPHOTO KPyra B BUJIE
A | 1/2
| J]

R,.(8)

BBenem HOBbIE OlpeeneHus UCKaXXeHUs! (POPMbI CHITy3Ta OTHOCUTEIBHO
OIIOPHOIO Kpyra, UCIIOJIb3ysl TPU TOYKH Ha MOJIIPHOM KpuBoH A, B u D, kotopsie
3aHUMAIOT TOYHBIE YIJTIOBBIC TTIO3UILIMHU Y =31 2, COOTBETCTBEHHO

Y=0,Yy=12H1
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(cm. nuarpammy Ha puc. 10). CoorerctByromue paccrosaust OA, OB u OD ot
1eHTpa koopauHat O MOryT ObITh BEIPAXKEHBI Kak
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OnpeﬂeneHa HOBas IapaMCTpUICCKas KpuBasd, IJIA KOTOpOfIRA= RB= RDI/I
YAOBJICTBOPAIOT CIICAYIOIICMY YCIIOBHUTO
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[Ipeanonaras, 4To OMOPHBIN KPyT NPOXOAUT uepe3 Touku A, B, u D moxeM HaiTu
OTKJIOHEHHUE MapaMeTPUIECKON KPUBOM OT OMIOPHOTO Kpyra B JIIDOOM yTIIOBOM
nosioxkeHuu. Mcnomnb3ys u3BeCTHBIN (akT O TOM, YTO CHUITYIT
BPAILIAIOLIECHCA YEPHOU ABIPHI C OCBIO
BpAILICHUS BAOJIb OCU
BuMmeeT HaUOOJIbIINE
OTKJIOHEHUS 10 OCH Y = TTKaK
O , MOYKHO ONIPENEIIUTh PA3HULLY MEKIY

TUMU KPUBBIMU MIPU () Z Z”
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=—==-+4

5.2+ 21

win 6e3pa3MepHbIi apaMeTp UCKaKEeHUs
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BTOpOC BO3MOKHOC OIIPCACIICHUC IMapaMCTpPa UCKAXKCHU IIPCAIIOIaract, 4To
pacTosAHuA 1O TOUCK A u B ot Hauana KOOpAauHar HEO0O0sI3aTCIBLHO PaBHBI MCKIAY

co0oH, T.e. R, # R;. B 3TOM cityyae MOXKHO paccMOTpETh HOBYIO Touky E Ha ocu a

TakuM 00pasom, uto paccrosausi AE=EB, u kotopas Moria Obl CIIy)KUTb LIEHTPOM
OIIOPHOIO Kpyra.
[TapameTp HCKaXEHUsI B ITOM CIIy4ae MOKHO OIPEIECIUTD KaK

2
d BAC

W

SHB s> (15)

R s,
1€ , ;d — OTKIIOHEHUE KPUBOU OT Kpyra M «

()Z()
CRL|J1'rcL,J.(16)===—+

3/21+
+ = 0
TpeTbe 1 BO3MOXKHO, 0oJiee ONTUMAIBHOE ONpeesieHUe apaMerpa
IPEIoaraet, 4Yro popmMa TeHU, OCTABASICh 3€PKAIIBHO CUMMETPUYHOM 110
OTHOILIEHUIO OCH a , HE IIEPECEKAET OCh TOUKa S, B
BC HyJIEBBIM HAKJIOHOM, T.€.
KOTOPOM KpHBAasi UMEET HYJIEBOM HAKJIIOH OTHOCUTEIIBHO TOPU30HTAIBHOM OCH HE

JEKAT f3.
Ha OCHU
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[Ipennoinaras, 4To OMOPHBIN KPyT € LEHTPOM B Touke E npoxoaut uepes
TOYKH A U S, MO)KHO HalTU paJNyC Kpyra U napaMeTp UCKaKEHUs B BUJIE
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Ha puc. 2 npuBeneHsl 3HaueHus1 6€3pa3MepHbIX apaMETPOB UCKAKEHUS,
BBIYMCIICHHBIX JUISI CUITy?Ta Bpalaromieiics yepHoii apipbl Keppa B 3aBucumoctu
oT K03 duLHeHTa pa3iokeHus+ . Tpu naHean Ha puc. 2 COOTBETCTBYIOT

napamMeTpaM UCKakeHust O, O 1 3aBHCHUMOCTH
O , i, COOTBETCTBEHHO. 13

BH/JIHO, YTO YJIEHBI PA3JIOKEHHSI BCEX TPEX MAPAMETPOB UCKAKEHNS YMEHBIIAIOTCS
10 MEpE YBEIUYEHHUS CTENIEHU pa3iiokeHus. Takyke HaON0qaeTCsl yBeIUYEeHNE
MOJyJIsl TapaMeTpa UCKAXKEHUS C YBEJIIMYEHUEM [TapaMeTpa BpalleHUs] YepHOI

JBIPHI.

Puc. 2. 3aBucuMOCTH MApaMeTPOB UCKAKEHUI OT MOPSIAKA Pa3JI0KEeHUS ISl
Pa3/IMYHBIX 3HAYEHHUIl MapaMeTpa BpalleHUs YePHOM AbIPbI



Mertpuka, ONKChIBaIOIIasi CTAlMOHAPHOE AKCUATIbHO-CUMMETPUYHOE,
ACUMIITOTUYECKH TUIOCKOE, BAKYYMHOE MPOCTPAHCTBO-BpeMs AehOpMUPOBAHHOMN

YEPHOU IBIPBI B CTAHIAPTHBIX KoopauHarax bounep-JInHAKBUCTAa UMEET BU
2
2

() () Venaa” nap ds

2 4 sin 0 h
2 1
] 2 +1
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1 dr
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J ah 0
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2 sin
| sin 0¢
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0
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rae 2°= r*+a’cos’ € — mapameTp € < 0COOTBETCTBYIOT

0,A= *=2Mr +a2, h =eMr IIG(bOpMaHI/IH- Begnunaa  BBITSIHYTBIM HIIM

2", BeNTMYMHA € > 0u

CIUIFOCHYTBIM OOBEKTaM OTHOCUTENIBHO € = QuepHas

yepHou abIpbl Keppa. [Ipu

Abplpa CBOAMTCS K CTaHAapTHOM udepHoil npipe Keppa B pamkax o6iel teopun
OTHOCHUTEJILHOCTH. ~4-BEKTOPHBIM TMOTE€HUWAn A, 3JIEKTPOMAarHUTHOIO  IIOJIs
IIPUHUMAECT CJIEAYIOIIUNBHL:
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JIBI>KEHUS 3apsKEHHBIX YaCTHUIl BOKPYT Bpalaronieiics 1epopMupoBaHHOM
YEPHOUIBIPHI U3yUEHBI C TIOMOIIbIO ypaBHeHUs ['amunibToHa-Ako0u

S S
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lL{‘ IJ] IL(_ ) 2
"(24) g | =-
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X

II€ e U m S3JIEKTPUYECKHi3aps] U macca MpoOHOM YacTUIbI, COOTBETCTBEHHO.
CyiiecTBOBaHHE BPEMEHUIIOJOOHOTO W MPOCTPAHCTBEHHOIOJOOHOTO BEKTOPOB
Kunnunra no3Bosiser 3anucarb 1elCTBUE Il MPOOHOM YaCcTHIIBI B cemapadeibHOM
BHJIC

(I) ( >¢)’ [0
SE(LSr=-++ (25)

IJIC COXPAHSIONIUECS BEIMYUHBI £ U L — 3HEprUs U MOMEHT UMITYJIbca MPOOHOM
YacTHI[bl Ha O€CKOHEUHOCTH.



Puc. 3. PaagnanbHas 3aBUCMMOCTD 3HEPIruu (cJieBa) U YIIOBOI0 MOMEHTA (CIpaBa)
YacTHLbI, IBUAKYLIEHCA BOKPYT Bpamawuieics 1eopMUPOBAHHON YePHO AbIPHI 10
KPYI'OBBIM OpPOMTAM JJIsl Pa3JIMYHbIX 3HAYEeHUIl napaMeTpa aedopmannu

Ha puc. 3. noka3zansl pagrajibHbIe 3aBUCUMOCTH SHEPTUHU U YITIOBOTO MOMEHTA
MPOOHON YaCTHIIBI, IBUXKYILEHUCS TTO KPyTOBOW OpOUTE BOKPYT Ae(OPMUPOBAHHOIM
YEPHOU JIBIPBI B 3KBATOPUAJIBHOM IIJIOCKOCTHU. M3 puCcyHKa BHIIHO, YTO IIpU
OTpHULATEIbHBIX 3HAUECHUH NTapaMeTpa aedopmanuu npooHas

41
YJaCTHIIA JOJDKHA UMETh OOJIBIITYIO SHEPTHIO M YITIOBOM MOMEHT JIJISl HAXOXKICHUS
Ha KPYTroBO# opOUTe. DTO SBISAETCS CICACTBUEM YBEIUYCHUS IPABUTAIIMOHHOTO
MOTEHIIMAJIa Bpalaroieics 1e(opMUPOBAHHON YePHOU AbIPBI IIPH
OTpHIIATEIbHBIX 3HAUCHUH MapameTpa JedopMaluu.
B pabote HaliieHbI BRIpKEHUS JJI PAINyCOB CTA0MIBHBIX KPYTOBBIX
IPOOHBIX YaCTHI] 2

Prsco= Tisco! M, ( )

P 1sco™ ~ +0(26) 6’
9 €

B actpodusndeckux peann3yeMbIX CUTyaIusIX, KOTJa MAarHUTHBINA TTapaMeTp

b=eBM/m> I, aHaTUTUYCCKOEC BBIPAKEHHUE VIS P 500 TIPUHUMAET BUJL:
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Takxe B IIEpBOM IVIaBE pacCMaTpUBAECTCS LEHTPAIBHOE CTOJIKHOBEHHUE JIBYX
YaCTHI] B OKPECTHOCTH YEPHOU JBIPHI C HEHYJIEBBIM I'PABUTOMATHUTHBIM 3apsiIOM,
Mperoaras, YTo OAHa U3 3TUX YACTHUI] UMEET MACCY /M U JJICKTPUUECKUM 3apsif e
W Bpallaercs mo KpyroBou opoure. [pyras snekTpudecKd HeUTpajibHas 4acTUIA
CBOOOJHO MaJaeT Ha YEPHYIO JAbIPY U3 OCCKOHEUHOCTU. DHEPrus IIEHTpa Macc
CTAJIKABAIOIIUXCS YACTUI] UMEET CICAYIOIINN BU;
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rae / — rpaBUTOMarHUTHBIN 3apsij LEHTPAIBHON YepHOM AbIpbl. Bo Bropoii rmase
nucceprany «ONnTuYecKue CBOMCTBA YePHBIX AbIP NP HAJIHMYHMH IJIa3MbD»,
PacCMOTPEHBI ONTUYECKUE CBOWCTBA YEPHBIX JBIP IPYU HAJIWYUU ILJIA3MBI.

[IpocTpaHCcTBO-BpEMS BOKPYT BpPalIAIOLIEHCS] YEPHOM JIbIPBI OMTMCHIBACTCS
MeTtpukoi Keppa
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rne M v a — macca v yIelnbHbIN YIIIOBOM MOMEHT YEPHOU JbIpbl. PaccmoTpena
IJ1a3Ma BOKPYT aKCHAJIbHO-CUMMETPUYHON YepHOU AbIpbl. [lokasarens
npesomneHus miasmsl — (,w)

n=nx,Tne: w — gacroTa GpoToHA
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IU1a3Mbl Kak pyHKIHS

YCTBIPCXMCPHOT'O UMITYJIbCAa UMCCT CJICI[YI-OHII/Iﬁ BU:
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1St pOTOHA BOKPYT YEPHOU ABIPHI IPU HATUYMHU I1JIa3Mbl, UMEET CIEYIOLIUN BU/L:
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Hcnonb3oBano ypaBHeHue ["amuiibToHa- k00U 151 onpeiesieHns] ypaBHEHHUSI
IBUKEHUS (DOTOHOB /1JIsl 3aJaHHOU T€OMETPUU
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Puc. 4. PagnanbHas 3aBHCHMOCTD 3¢ (peKTHBHOI0 NOTEHIIHAJIA PAAHAJBLHOIO ABUKECHHUS
(oTOHOB /151 PA3JIMYHBIX 3HAYEHUI TapaMeTpa BPallleHUs W MT0KAa3aTeJIs NpeJOMJICHUs
11a3Mbl. 31ech 3pPeKTUBHBIN NOTeHIUAT Veff HOpMUpYeTCcs HA JHepruio ¢porona £

Ha puc. 4 nokazana paauanbHasi 3aBUCUMOCTb 3((EKTHBHOIO MOTEHIIMAJIA
pajuasbHOrO JABMXKEHHS (OTOHOB TMPU  PA3IMYHBIX 3HAYCHUSX MOKa3aTels
NpeJIOMJICHUST TJIa3Mbl M [apaMeTpa CIMHAa 4YepHo JAbipel. B  rpadukax,
TIpUBENEHHBIX Ha pucyHKax n” = 0.2; 0.44; 0.89 1y TOYEUHEIX, MyHKTUPHBIX U
CIUIOLIHBIX JINHUM, COOTBETCTBEHHO. BHIIHO, YTO C yMEHBIIECHUEM ITOKA3aTENs
MPETOMIICHUS PauyChl CTAOUIIBHBIX KPYTOBBIX OPOUT (JOTOHOB YMEHBIIIAIOTCS.

PaccMOTpeH crity3T TeHM YepHOU JBIPbI, OKPYKEHHOM I1a3Mou. Ecin uepnas
IbIpa, OKpPY)KEHHAasl IUIa3MOM, HAaXOAUTCA MEXIQYy MCTOYHMKOM CBE€Ta H
HaOJIoaTesIeM, TO MOCIEIHUN MOXKET HaONII0IaTh TEMHOE ISITHO Ha CBETIIOM (poHe.
NHucTpymeHT HaOmroaTeNsi perucTpupyeT CBETOBOM MOTOK BOKPYT TEMHOM
00JacTH, OTKyla MOTOK (POTOHOB HE JOXOAMUT 10 HaAOMrOmaTessl 3a CUET 3axBara
MOCIEHUX YEPHOU IBIPOW. DTO MATHO COOTBETCTBYET TEHH YEPHOW NBIPBI, U €€
rpaHUIla MOXET OBbITh OINpEJEJieHa C MOMOIIbIO aHajlu3a YPAaBHEHUS JBUKEHUS
(OTOHOB BOKPYT YEPHOM JBIPHI.
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Jyist ontrcanusi BUAMMOM (POPMBI UEPHOM BIPHI, OKPYKEHHOM TIIa3MOM,
PacCMOTPEHBI 3aMKHYThIE KPYTrOBbIe OpOUTHI. Tak KaK ypaBHEHUS ABUKCHUS
3aBHUCST OT COXPAHSAIOUIMXCS BEJIMYMH — SHEPTruu E, yriioBOro MOMeHTa L 1
KOHCTaHThI nHTErpupoBanus Kaprepa K, HCIIoib30BaHbl HOPMUPOBAHHBIE
rapameTphbl E.
E=L/ Ewn=K/

Cuiny>T TeHU YEPHOU JBIPHI B TPUCYTCTBHUH IJIa3Mbl MOXKHO HAWTH,
WCIIOJIb3YS YCIOBUS
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['panuna cuityaTa TEHU YEpHOM JBIPBI, HAOII0NaeMOil Ha «HeOeCHOM
IJIOCKOCTH OMHCHIBAETCS HEOECHBIMU KOOpMHATAMU
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IJIE o — PACCTOSTHUE MEXTY YEepHOM HAOIIONCHHS.

JIBIPOii U HaGIIoaTeIeM, OCH BpaleHus © o— YTOJl HAKIIOHa
YEPHOM JbIPbI HA MJIIOCKOCTh

Ha puc. 5 mpeacrtaBieHbl CHIIySThl TEHM BPALIAOLICHCS YEPHOW IBIPBI IS
pa3IMYHBIX 3HAUCHUI MapameTpa BpallleHUsl YePHOU JIbIPbI U yIJla HAKJIIOHA MEXKIY
TUIOCKOCTBIO HAOMIOATEeNsI M OChbI0 BpamieHus. 13 puc. 5 BugHO, 4TO M3MEHEHHe
napaMeTpa BpAILEHUS M yIvla HaKJIOHA NPUBOAUT K TOSBICHUIO MCKAKEHUN B
dbopme cumysta. Dusnyecku 310 CBA3aHO € IPHEKTOM TPaBUTAITMOHHOTO KPACHOTO
cMmenieHus: ((OTOHOB B IPaBUTALIMOHHOM I10JI€ YEPHO

IIBIPHI.

Puc. 5. Cuiry3Th1 Bpamammeics 4epHoi AbIPbI IPH OTCYTCTBUHM (CIVIOIIHbIC JTUHUH) U
HAJIMYUH (IIyHKTHPHbIE THHUH) I1a3Mbl

B tpeTheii maBe nucceprauun « JHepreTu4ecKue npoueccbl BOKPYr 4YepHbIX
AbIP B TPABUTALMOHHOM Moaeu Xopxasa-JIudumnay, paccMOTpEHbI
DHEPreTUYECKUE IIPOLIECCH BOKPYT YEPHOMU ABbIPbI B TPABUTALMOHHON MOJEIIH
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Xopxkasa. [IpuBonuTcs moapoOHBIA aHANIM3 TEOMETPUHM MPOCTPAHCTBA-BPEMEHH



Kexarnaca-Cdercoca. Cdepruyecku CHMMETPUYHOE PpEIIEHHE B  paMKax
MOIU(UIMPOBAHHON TEOpUM TpaBUTALMU XOp)KaBa, KOTOPOE BKIIOYAET B ceOs
npocTpancTBo-BpeMs LlIBapimmibaa Kak 4acTHBIN cliydail B PeeIbHOM cllydae,
TaK Ha3biBaeMoe npoctpancTBO-BpeMs Kexaruaca-Cdercoca (KC) B crangapTHbIX

cheprudecKkrx KOOpAMHATAX UMEET JTUHEHHBIN 3JIEMEHT B BUJIC
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rJIe W — MapameTp, MOABISIONIUNCS 32 CUET MOMPABOK TEOPUU I'PaBUTAIIUN
Xopasa.

[TonyueHsl ypaBHEHHUS ABWKCHHS (DOTOHOB M KEIUICPOBCKHE OpPOUTHI B
npoctpaHcTBe-Bpemenn KC. YpaBHEeHUsI NBUKEHUSI MCIIOJIB30BaHbI [ WU3YyUYECHUS
BBICOKOYHEPTE€TUYECKUX CTOJIKHOBEHHUM YaCTHUIl. DHEPTUsl HEHTPa MacC ISl YaCTHII
BBIUHCIJICHA JJISI TPEX XapaKTEPHBIX CiIydaeB. /[Ba U3 HUX COOTBETCTBYIOT CIIy4asiMm,
KOI'ZIa BBICOKOOHEPIETUUECKHUE CTOJIKHOBEHHS MPOUCXOIST B MPOCTPAHCTBE OKOJIO
sKcTpeManibHbIX TeomeTpui KC, a MMEHHO, CTOJKHOBEHHUSI YacTHUIl CBOOOIHO
najaromux 13 0eckoHedyHocTd (E = m u L = ()) B pajiuajbHOM HampaBJIEHUU C
JacTUI[AMH, JABWXKYIIUMHCS TI0 KPYyroBbBIM OpOWUTaM, WIH C paguaibHO
JIBIDKYIIUMUCSL YacTUllaMu, umernmMmu E=m u L=(0. B TpetbeM ciydae
paccMaTpuBarOTCsl CTOJIKHOBEHHS YaCTHIl, JBWXYIIMXCA B HSKBATOPUAJIbHOU
IJIOCKOCTH C MPOTUBOIOJIOKHBIMUA YITIOBBIMM MOMEHTAMHM B TOUKE MOBOPOTA MX
PaHAIBHOIO JIBUKEHHUS. {11 MPOCTOTHI PACCMOTPEHBI CTOJIKHOBEHHUS OJIMHAKOBBIX
YaCTUI], UMEIOIIUX OJIMHAKOBYIO SHEPTHIO MOKOA. DHEPrusl IEHTPA MacC YaCTHI]
NMeEET BHU/I

2(1), .,

Ecm= m = Zq Bu u(37)

PaananeHas 3aBUCMMOCTB YHEPTUU LEHTPA MACC CTAIKHUBAIONIUX PAAUATBLHO
najaliieil W Bpallarolelcss M0 KPYyroBOM KeIUIEPOBCKOM OpOUTE 4YaCTHII



IpeicTaBlIeHa Ha puc. 6. BUaIHO, 4TO MakCMMalIbHOE 3HAUEHHWE HSHEPIUU LIEHTPA
Macc YMEHbILIAETCsl C YMEHbIIEHUEM 3HaYeHUs napaMmerpa . Taxke Habmonaercs
CIBUI PAaCHOJIOKEHHS MaKCUMyMa B CTOPOHY OOJBIIMX 3HAUE€HUH paauyca c
YMEHBIICHUEM 3HAUCHUS NTapaMeTpa .

PanmnanpHass 3aBUCMMOCTH JHEpPrUM ILIEHTpa MacC I HEKOTOPBIX
XapaKTEepHbIX 3HAYEHWM MArHUTHOTO MapameTpa b U mapameTpa « NOoKa3aHbl Ha
puc. 7, NEMOHCTPUPYIOIIEH Ba)KHYI0 POJb MAarHUTHOIO IOJNS B 3HAYUTEIBHOM
YBEIIMYEHUM  YCKOPEHUS  YaCTULl B  COYETAaHMM TIPABUTALMOHHOIO U
AIIEKTPOMArHUTHOTO NOJIEH B OKPECTHOCTHU ronoi cuHryisipHoct KC Bo BHeIHEM
ACUMIITOTUYECKN OJHOPOIHOM MArHUTHOM II0JI€.

Taxke B 9TOW IVaBe MPUBOAUTCS OINUCAHUE pELIEHUS MU 3procdepsl
BpallaloOlIENcs 4YEepHOM JbIpbl, M paccMarpuBaercsa npouecc Ilenpoysza B
sprocepe BpallaoIIEcs YEPHOH IbIpbl B T'PABUTALIMOHHONW MOJEIN XOpKaBa.
IIpoBeneH neTanbHblil aHAIU3 YCKOPEHUS YAaCTHULL B OKPECTHOCTH SKCTPEMAIIBHO
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BpALLAIOLIEHCS YEPHOU ABIPHI B paMKaX aJIbTEPHATUBHOM TEOPUU I'PaBUTALIUU
Xoprasa.
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Puc. 6. PaanajbHasi 3aBUCMMOCTD SHEPTMHU HIEHTPA MACC CTAJTKMBAIONIUXCS PAIMATbHO
NaJalIiInX U Bpamawmuxcs no kpyropoii KensiepoBckoii opouTe YacTHIl AJ1s1 Pa3JIUYHBIX
3HavYeHui mapamerpa o = 0,1, 0,15, 0,2, u 0,281

B derBeproil miaBe nuccepTaluy  «JIEKTPOAMHAMHKA M 3aMeAJIeHUe
BpallleHUs] HAMArHMYEHHbIX PEJATUBHBCTCKHX  3Be31», PAaCCMOTPEHBI
oOmepenITUBUCTCKUE 3PGEKThl Ha ANEKTPOMArHUTHOE U3IyUYECHHE BpalllaroIieiics
M HAMarHM4eHHOM HEWTPOHHOM M CTPAaHHOW 3BE3[Ibl, KOTOpas IMPOU3BOAUTCS 3a
CUET BpAICHUSI HEUTPOHHOW M CTPAHHOM 3BE3/Ibl C YIJIOM HAKJIOHA OTHOCUTEIIBHO
MarHUTHOTO  TOJII  JUNOJIbHOW  KoHpurypauuu. Ilokazano, uto 3ddekr
KOMIIAKTHOCTH CTPAaHHOM 3BE€3bl B 3HAYUTEIBHOM MEPE BIUAECT Ha IOTEPU
KMHETUYECKOW SHEPTrYMU 3BE3/bl 32 CUET DJIEKTPOMATHUTHOTO W3JIyYEHHS 3BE3Jbl
(MOXeT pa3nuyaTbCsi Ha JECATKM NPOLEHTOB OT MOTEPU HSHEPrHUH 3a CYET
AIIEKTPOMArHUTHOTO U3JTyYEHHs] HEUTPOHHOM 3BE3/Ibl OJIMHAKOBOI MacChl) U MOYKET
noMoub B OyAyIleM pa3iuuduTh CTPaHHbIE 3BE3[bl C IOMOUIbIO HAOIIONEHUS
3aMeICHUS TIEpUOIa BPaIleHUs IIyJIbCapOB.



PaccmoTtpeHo 3aMe/ieHre Bpalaroniencsi CTpaHHOM 3BE3/1bl HAOJII01aeMOi
KaK ITyJIbCap 3a CYET AJIEKTPOMArHUTHOTO MarHUTOAUIIONBHOTO U3JIYyUYCHHUSL.
CBETUMOCTb PEJISTUBUCTCKOM 3BE3/bI B Cy4Ya€ YUCTO JUIOJIBHOTO U3IYUYECHUS WU
MOIIHOCTb, U3JIy4aeMasi B BUJE JUMOJIBHOTO AIEKTPOMArHUTHOTO U3TyUYEHHUS,
JlaeTCs B BUJC

L,,=Q*R°B,-

CN —

X-(38)

6c3sin2

A€ THIbAA 0o003HavaeT O6IHepeJ'I$ITI/IBI/ICTCI(O€ 3HA4YCHHUC COOTBeTCTByIOHIeﬁ
BCJINYNHBI, MHACKC R o6o3navaer 3HaueHUE COOTBGTCTBYI-OHICﬁ BCJIMYMUHBI IIPH
r=Rn X — YroJl HaKJIOHa MCXKY OCAMH MAarHUTHOTIO I10JIsI U BpalllCHUS.
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Puc. 7. PaanajbHasi 3aBUCMMOCTD YHEPTUHU HIEHTPA MACC LHEHTPAJIbHO
CTAJIKHBAIOUIUXCS YIETPUYECKH 3aAPAKEHHOH YaCTUIbI 110 KPYTOBOM opOuTe U
HeNTPaIbHON YaCTHLbI, NA/Aal01Iell U3 06CKOHEYHOCTH, J1JIsl 3HAYEeHUZ MATHUTHOIO
napamerpa b: b = 0.10.
Yri10B0ii MOMEHT HelTpaJabHOM YacTunbl L =1

Ecan CpaBHUTHb C aHAJIOTHYHBIM HbIOTOHOBCKHM BBIPAKCHUCM IS IIOTCPb
OHCPIUU 3BC3bI YCPEC3 AUIIOJIBHOC U3JIYUCHHUC!

(Lem )Newt= Q4R6B 20
3. 39
6¢” sin? X-(39)
TO BUJIHO, YTO PEIATUBUCTCKHUE MOMPABKHU B BhIpaykeHUH (18) mosiBiIsitoTCS

YaCTUYHO M3-3a YCHUJICHUA MAaIrHUTHOTI'O I10JIA Ha ITOBEPXHOCTH 3BC3/1bI
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0 3
B 2 3 M R

Y YaCTUYHO 32 CYET yBeJanyeHus: 3(p(HEKTUBHON YINIOBO CKOPOCTH BpalllCHMS,

CO37aBacMOU I'PaBUTALIMOHHBIM KPACHBIM CMEILICHUEM
N RM?2

=

().
Q=0=Q@41)r,

N rM2 R

[Totepu sHEprun MOXKHO 3amucaTh B Oosee y1oOHOM Buje uyepe3 Haubosee
BaXKHbIC HAOJIOMAEMble XapaKTEPUCTUKU MyJbcapa: Mepuojl BpaileHus P u ero
MIPOU3BOJIHYIO IO BpeMeHUP = dP / dt. VI3 pe3ynbrartoB, NpUBEACHHBIX B Ta0d. 1
BUJIHO, YTO CTpaHHas 3Be€3/a 3aMeIUIsieTcs NPUMEPHO B 5 pa3 OwicTpee, 4em
TUNIUYHAsE HEUTPOHHAS 3Be3/a. ACTpopu3nUYecKue HaOMIOACHUS MMOKa3bIBAIOT, YTO
GOJIBIIMHCTBO ITyJIbCAPOB UMEIOT Nepuosl 1 ¢ U mpousBonHble nepronos 107 no
10", Tak kak IPOM3BOAHEIE TIEPHOIOB HAXOAATCS B JUATIA30HE OKONO JBYX
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MMOPAAKOB, MOKHO 3aK/IIFOYNUTh, YTO ITPOU3BOAHA IICPUOIAA HeﬁTpOHHBIX 3BEC31
IIPUHUMACT MCHBIICC 3HAYCHUC 110 CPABHCHHUIO CO CTPAHHBIMHU 3BC3/IdMMH.

Taoauna 1
3aBucumoctb oTHomeHus (PP)gy/ (PP)ys0T pa3Jn4HbIX IAPAMEeTPOB KOMIIAKTHOTO
o0beKTa: Macchl (B etuHUIAX Macchbl COTHIIA), payca i MOMEHTA HHEPIMH CTPAHHBIX
(R, /o)1 HeHTPOHHBIX(R yo,lys)3BE31.

(PP)ss/ (PP)ys 4,34463 | 4.53723 | 5.1094 | 6.16863
MM 1.2 1.3 1.4 1.5

, R km g 7.48 7.62 7.69 7.68

, R Jm s 11.75 11.72 11.7 11.68
2,10 g1 gm cm % 0.65 0.74 0.825 0.9
B2 10 sIgmem= | 1.08 1.2 1.36 1.72

[IpenmonoxeHo HaTMYHE Ia3MEHHOW MarHUTOC(HEpPhl BOKPYT BpAIIArOIICHCs
CTpPaHHOM 3BE3/Ibl M HW3YYCHO €€ 3aMEJICHHE H3-3a MarHUTOC(EpPHBIX MOTEPh
SHEPIuM 3a CYET OTTOKA IJIa3Mbl BJIOJIb OTKPBITHIX MArHUTHBIX CUJIOBBIX JIMHUM.

Hcnonb3ys BeIpakeHHE I MOTHON MOIIIHOCTH MTOTOKA PEJISITABUCTCKUX YACTHII



MOKHO pacCHUTATb MaAKCUMAJIbHOC 3HAYCHUC CBCTUMOCTU: 3

()(1),

max

L=K-KL,(42)

rae
K = 2/ / R*— mapaMeTp KOMITaKTHOCTH 3BE3/[bl ¢ MOMEHTOM HHEPITUH /.

Hcrionb3ys JaHHBIE U1 MAcChl, pauyca, MOMEHTA HHEPLUN HEUTPOHHBIX U
CTPaHHBIX 3BE€3J PACCUMTAHO COOTHOLIECHHUE 3aMENJICHU HEUTPOHHOM U CTPAHHOM
3Be3q. M3 pe3ynbTaToB NPUBEACHHBIX B Tall. 2 BUAHO, YTO CTpaHHas 3Be3la
3amMeUIsIeTCA IPUMEPHO B 5 pa3 MEJICHHEE, YEM HEMTPOHHA 3BE37a.

B kauecTBe Ba)XHOTrO NMPUMEHEHHSI MOJYUYEHHBIX PE3YJIbTaTOB PACCUYUTAHBI
NOTEPH PHEPIHM MEJUIEHHO BpalllalolIEHCsl CTPAHHOM 3BE3/1bl U OOHAPYKEHO, UTO
CTpaHHasi 3Be3/la TepsieT OoJbllie B3HEPruu, YeM OOBIUHbIE BPAIIAIOIIUECS
HEHUTPOHHBIE 3Be3Ibl B O00mIel Teopuu OTHOCHUTENbHOCTH. [lomydenHas
3aBHCHUMOCTh B COYETaHMM C acTpOQU3MUECKUMHU JaHHBIMH O 3aMEUICHUU
MyIbCAPOB MOXET OBITH M10JIE3HON B JAJIBHEUIINX UCCIIETOBAHUIX 10 BO3MOXKHOMY
O0OHapy>KEHUIO / BBIJIEJICHUIO CTPAHHBIX 3BE3/I.

OOmiass morepsi PHEPruM HAaMarHWYEHHOW 3BE3/bl BBI3BIBAETCS OTTOKOM
IJIa3Mbl 4€pe3 MOJSAPHYK IIANKYy M ONPEAEISIETCS CYMMHMPOBAHHUEM IO BCEU
wiomaaM nojspHod mankd. [lodToMy OHa 3aBUCHUT Kak OT IUIOTHOCTH
KMHETUYECKOW DHEPI'WM IIIa3Mbl, TaK U IUIOLIAAH ITOBEPXHOCTH NOJSPHOMN LIATIKH.
Xotrs obumiepensiTuBUCTCKUE AP(EKThI MPUBOIAT K HEKOTOPOMY YBEIMYEHUIO
IUIOTHOCTU 3HEPIrUU UCTEKAIOIIEH IJ1a3Mbl (B CBSA3M C YBEJIMYEHHEM MArHUTHOIO
NOJIi Ha IOBEPXHOCTU 3BE3/bl), IUIOIIAAb MOJSPHON WIANKd YMEHBLIAETCS B
pamKax o01el TEOPUU OTHOCUTEIBbHOCTH U YBEJIIMYEHHUE IIJIOTHOCTH SHEPTUU
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IJ1a3Mbl HE MOXET KOMIICHCHPOBATb COKpAILEHHE pa3Mepa IOIAPHOM IIAIKU.
CymmapHble MOTEpPU SHEPrUM 3BE3/bl 3HAYUTENIbHO YMEHBINAIOTCS B OOUIEH
TEOPUU OTHOCHUTEJIBHOCTH. Tak KaKk KOMIIAKTHOCTb Yy CTPaHHBIX 3BE3]] HMMEET
Oosblilee 3HAUYEHUE, YEM Yy HEHTPOHHBIX 3BE3], MOTEPS IHEPTUU CTPAHHBIX 3BE3]]
IIPOUCXOIUT ropasao MeIJICHHEE.

Taoauma 2
3aBucumocts oTHoeHust (PP)g/ (PP)ys0T pa3jJu4HbIX NAPAMETPOB KOMIIAKTHOI'O
o0bekTa: Macchl (B exmHnIax maccbl CosiHIIa), panyca U MOMEHTA HHEPUUH CTPAHHBIX
(Ry5, 15 )1 HEATPOHHBIX(R 5,1\ <)3B€3/1 OKPY/KEHHBIX IJIa3MeHHO MarHuTochepoii

(PP)ss/ (PP)ys 0,2053 0.2165 0.2199 0.2146
M/ M 1.2 1.3 1.4 1.5
s R km 5 7.48 7.62 7.69 7.68

s R km s 11.75 11.72 11.7 11.68




2,10 51 gm cm % 0.65 0.74 0.825 0.9

#2,10 ysI gm cm X 1.08 1.2 1.36 1.72

B npu/iokeHUsIX MPUBENCHBI TOUYHBIC BBIPAKECHHS AJIEKTPOMArHUTHOTO IOJIS
BOKPYT Je(hOpPMUPOBAHHON YEpHON MABIPHl BO BHEIIHEM MAarHUTHOM TIOJE;
BBIPAXECHUA UL IEKTPUYECKOTO MU MAarHUTHOTO IIOJIEH BOKPYI HEBpPAIIAOLIECUCs
YEPHOU JABIPBI € HEHYJIEBBIM I'DABUTOMArHUTHBIM  3apsOM; I[OTCHIUAJIBI
AIIEKTPOMArHUTHOTO IOJS TOJIOM CUHTYJISPHOCTH BO BHEIIHEM MAarHUTHOM IIOJIE;
YpaBHEHUs JIBH>KEHHsI (DOTOHOB M YACTHUL B OKPECTHOCTH T'OJIOM CHHIYJISPHOCTH
Kexaruaca-Cdercoca Bo BHEIITHEM MarHUTHOM IOJIE.

SAK/IIOYEHHUE

[Io pe3ynbTaTam uCCIEIOBaHMM, MPOBEAECHHBIX IO TEME JOKTOPCKOU
aucceprauuu «YacTUIpl U 3JEKTPOMArHUTHBIE MOJIS B OKPECTHOCTSAX aKCHAJIBHO
CUMMETPUYHBIX KOMIIAKTHBIX TI'PABUTALMOHHBIX OOBEKTOB)»  IPEICTABIICHBI
CJIETyIOLIUE HUKE BBIBOJIBI:

1. PazpaboTaH HOBBI KOOPAMHATHO-HE3aBUCUMBIN (HhOpMaIU3M JIsl OUCAHUS
(GbopMBI CHITydTa YEpHBIX IbIp, I1e (hopMa TEHH OMUCHIBACTCS KakK MPOU3BOJIbHAS
KpUBasi, BBIPAXEHHAass B MOJSPHBIX KOOpAMHATax moiauHomamu Jlexxanapa.
BeisBiaeHo, 4to mnepBele MATh KOA((ULUUEHTOB IOJIMHOMA IPHU Pa3ioKEeHUU
JOCTaTOYHbl JJIi ONHCAHUS CBOWCTB CHUJIY3TOB BpPAIIAIOUIMXCA YEPHBIX JbIp C
TouHOCTHIO 10 0,1%. HoBbIil hopmanm3m He mpeamnonaraeT Kakux-1uo0 3HaHUN O
CBOMCTBAaX CHJIYITOB M MpEeIUIaraeT psJl ONPENCICHUN s XapaKTepUCTUKU
CBOMCTB KpuBOM. [lokazaHO, 4TO MpeNIOKEHHBIE ONPENETIEHUS UCKaXKEHUS (POPMBI
CHIIy3Ta YEPHBIX JBIP SBISIOTCS YCTOMUMBBIMU Ha CUTHAIBHBIC IIIYMBI.

2. HaiineHsl aHaMUTUYECKHUE BRIPAKEHUS IJIS1 BAKYYMHBIX AJIEKTPOMArHUTHBIX
noJiel BpalaroumXxcs 1e(pOpMUPOBAHHBIX YEPHBIX JbIP BO BHEIIHEM
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ACUMIITOTUYECKH  OJHOPOJAHOM  MAarHUTHOM  moJyie.  BeisBiI€eHO,  4TO
WHYIIUPOBAHHOE EKTPUUECKOE MOJI€ BOKPYT JAe(HOPMUPOBAHHON YEPHOU JIBIPHI
3aBUCHUT OT IapameTpa aepopMaluy JUHEHHO, @ MAarHUTHOE T0JI€ — KBAJPATUYHO.

3. Ilonyuen BepxHUM Tpenen s napamerpa jAcdopMalud Bpallaromiencs
neOpMUPOBAHHON YEPHOW IBIPHI ITyTEM CpPaBHEHUS HAOTIOMACMBIX 3HAUYCHHMA
paanyca BHYTPEHHHMX CTaOWMJIBHBIX KPYTOBBIX OpPOUT C TEOPETUUYECKUMU
pe3yJbTraramu, NOJIyYEHHBIMHU B IMCCEPTALIMU B BUJIE B BUAE € < 22.

4. Tlomydenbl (QOpMBI CHIY3TOB TEHHM BpPAILAIOIMIMXCS YEPHBIX AbIP MpHU
HaJIMYMU HEOAHOPOAHON TIUIa3Mbl, KOTOPbIE MOTYT OBITH HCHOJB30BaHbI JJIs
BBISIBJICHUS JIOTIOJTHUTEBHBIX ACUMMETPUH B (opMe CHIIydTa U H3BICUCHUS
uHdOpMaIK 0 MapaMeTpax Iia3Mbl U EHTPATHLHOTO KOMIAKTHOTO OOBEKTA.

5. HaiigeHsl BbIpak€HHS IS SHEPTMM M MOMEHTA MMIIYJIbCA, A TAaKXKE
BHYTPEHHUX CTAOWUJIbHBIX KPYTOBBIX OPOUT 3apsKEHHBIX YacCTHI[ B OKPECTHOCTHU



YEPHOU ABIPHI ITPY HAJIMYMHU TPABUTOMATrHUTHOTO 3apsiia U BHEIIIHETO MAarHUTHOTO
MoJig. YCTaHOBJIEHO, YTO Mu3-3a 3(@deKTa TpaBUTOMATHUTHOTO 3apsija YacTHIIbI
MPeI0TBPAIIAIOTCS OT OECKOHEYHOTO YCKOPEHUSI.

6. IlokazaHo, 4TO IpY HAJIMYMU IJIa3Mbl HaOmonaeMas GopMa U pa3Mep TEHH
Bpallalolencs YEpHOUW IbIpbl U3MEHSAETCS B 3aBUCUMOCTH OT (@) IUIa3MEHHBIX
napamMeTpoB, (0) cnuH mapaMeTrpa 4YepHOM IbIpbl W (B) yIvla HAKIOHA MEXIY
IJIOCKOCTBIO HAOMOAATeNsi U OChIO BpAIICHUS YEPHOUM NbIPbl. YCTAHOBJIEHO, YTO
MoJl BO3JCHCTBUEM IUIa3Mbl, HAONIOHAaeMblii pa3Mep TEHU YEPHOU JbIPbI
YMEHBIIAETCA 34 CYET IPEJIOMIICHHS OJIEKTPOMAarHUTHOTO HW3JIyYEHHS B
IUIa3MEHHON cpejie. BhIsSBIEHO, YTO ¢ yBeNUYEHHEM 0e3pa3MEepHOTro IIa3MEHHOIO
rapamMerpa MaKCHUMaJIbHO€ 3HAU€HUE WHTCHCUBHOCTU W3JIy4YEHUsI DHEPIUU U3
YEPHOU BIPHl YMEHBIIAETCA 3a CUET YMEHBIIEHUS pa3Mepa TEHU.

7. TlokazaHo, 4TO AJig BBHICOKOW 3(()EKTUBHOCTU JAOCTHIKEHUSI CBEPXBBICOKUX
HPHEPreTUYECKUX  MPOIECCOB  OTHOCUTEIBHO  yAaJIGHHOTOo  HaOmromarens
HEOOXOJJMMO OTCYTCTBHE TOPH30HTa COOBITHI M CHJIbHOE BpalleHue. BrisiBieHo,
4YTO  3HAYUTENbHOE  yBeluyeHue  A(P(EKTUBHOCTH  CTOJIKHOBEHUH 110
YIIBTPABBICOKUX YHEPIUM BO3MOKHO 34 CUET JOMOIHUTEIBHBIX JJIEKTPOMATHUTHBIX
SABJIEHUM, BIUSAIOIINX HA CTOJIKHOBEHUE 3aPSKEHHBIX YaCTHII.

8. IlokazaHo, 4TO W3BIEYEHUE FHEprum 4epe3 npouecc IleHpoysa sBusercs
0osiee peaNMCTUYHBIM TPOILECCOM CPEeId MEXaHW3MOB H3BJICUEHHUS SHEPIUH W3
BpAILIAIOIICHCA YEPHOU ABIPbI B ClicHapuu XopkaBa. KpoMe Toro, n3-3a monpaBok
IpaBUTALIMOHHON MOzAeTn Xop:KaBa YacTUIIBI MTPEIOTBPAIIAIOTCS OT OECKOHEYHOTO
YCKOPEHHUS.

9. Tlokazano, 4TO 3(QeKT KOMMAKTHOCTH CTPAHHOW 3BE31bl HA TIOTEPU
MOIIHOCTH DJJIEKTPOMArHUTHOW DHEPIrUM PEIATUBUCTCKOW 3BE3/bl  SIBIISIETCS
3HAYUTEJbHBIM, U MOXET IMOMOYb B OyaylieM OOHapy UTb CTpPAHHbBIC 3BE3Jbl
yepe3 HaOMIOJCHUE CHUHXPOHM3AIMH IyJIbCapoB. YCTAHOBJIEHO, YTO CTpaHHas
3Be3qla TepsieT OOobllle PHEPTUU B CPAaBHEHUH C AHAJIOTHYHOM Bpamiaromiencs
HEUTPOHHOW 3BE3/I0M B paMKax oOOIlel TEOpHu OTHOCUTEIbHOCTH. [lomydeHHas
3aBUCUMOCTb MOXKET OBbITh IOJIE3HON B AAJIBHEHIIMX HCCIENOBAHUSX C LEIbIO
BO3MOKHOTO OOHAPYKEHHS CTPAHHBIX 3BE3/I.
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Topicality and demand of the theme of dissertation. Modern astronomical
observations on myrovom level on the ground and space telescopes, and recent
discoveries have provided convincing evidence that black holes have a significant
impact on nearby objects around, emitting powerful gamma-ray bursts, absorbing
the next star, and stimulating the growth of newborn stars in the surrounding areas.
Study the photons motion around rotating black holes, in particular, the discovery
and analysis of the form of silhouettes of these objects, setting and effective
implementation of relevant radiostronomical observations on the proof of the
existence of the black hole horizon and retrieval of information events on the
central object in our galaxy within the Black Hole Cam (BHC) and Event Horizon
Telesop (EHT) international projects is one of the most important tasks of modern
astrophysics.

In the years of Independence, huge attention is paid to the development of
theoretical physics and astronomy and basic research in these areas on a global
level. In this regard has been achieved significant results in the field of relativistic
astrophysics, in particular, developping a model of the magnetosphere of a neutron
star, the analysis of the space-time structure and motion of test particles around
black holes.

The study astrophysical processes in the vicinity of compact objects and their
comparison with observational data is now one of the most important tasks in
astrophysics of compact objects. The most important tasks is to conduct solid
research work, in particular studies on following directions: to find the exact
solutions describing the space-time around a gravitational compact objects;
analysis of space-time structures in the framework of these decisions and find the
equation of motion of test particles, such as photons; determining the silhouettes of
black holes in general relativity and alternative theories of gravity; determination
of the influence of the central object parameters and the plasma environment on the
form of a silhouette; identify energy loss dependence on the choice of the
relativistic star of the gravity model. These objectives justify the topicality of the
global level of scientific research.

This research work corresponds the tasks given by governmental regulatory
documents, Orders of President of the Republic of Uzbekistan # UP-559 “Onhigh
level astronomical observatories and complexes of their service” from February 11,
1993, # UP-4512 “On works further developing alternative sources of energies”
from March 1, 2013.

Conformity of the research to the main priorities of science and
technology development of the republic. The dissertation research has been
carried out in accordance with the priority areas of science and technology in the
Republic of Uzbekistan: I1. “Power, energy and resource saving”.
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Review of international scientific researches on dissertation subject’. The
electromagnetic field configurations in the external asymptotically uniform
magnetic field, as well as shadows of rotating black holes has been carried out by
the world's leading research centers and institutions of higher eduaction, in
particular, Astronomical Institute, Albert Einstein Center and the Silesian
University in Opava (Czech Republic), the University of Alberta (Canada), the
Max Planck Institute for Gravitational Physics - Albert Einstein Institute and the
Frankfurt University (Germany), Inter-University Centre of Astronomy and
Astrophysics, Research Laboratory of Physics and Tata Institute of Fundamental
Research (India), the Centre for Applied Space Technology and Microgravity and
the Oldenburg University (Germany), State Astronomical Institute named after
Sternberg of Moscow State University (Russia), Institute of Nuclear Physics,
Astronomical Institute and National University of Uzbekistan (Uzbekistan).

On the study of particles motion and electromagnetic fields around the black
hole in external magnetic field it has been obtained a large number of original
scientific results in the globe, including obtaining and study the properties of
rotating black holes shadow in the framework of General Relativity and modified
alternative theories of gravity (Max Planck Institute for Gravitational Physics -
Albert Einstein Institute, Frankfurt University, Germany; Inter-University Centre
for Astronomy and Astrophysics, Physics Research Laboratory, Tata Institute of
Fundamental Research, India; the Centre for Applied Space Technology and
Microgravity, Germany; State Astronomical Institute named after Sternberg of
Moscow State University, Russia, Al-Farabi Kazakh National University,
Kazakhstan); it has been found the structure of the electromagnetic field around a
rotating black hole and studied the equations of motion of charged particles around
a rotating black hole in the presence of an external magnetic field (Astronomical
Institute, Albert Einstein Center and the Silesian University in Opava, Czech
Republic; University of Alberta, Canada; Inter-University Centre for Astronomy
and Astrophysics, India; Centre for Applied Space Technology and Microgravity
and Oldenburg University, Germany); study of energetic processes in the vicinity
of rotating black holes in the framework of General Relativity and alternative
theories of gravity, in particular, study of the properties of space-time properties
around a black hole in the gravity model of Horava have been carried out (Albert
Einstein Center and Silesian University in Opava, Czech Republic; University of
Alberta, Canada; Max Planck Institute for Gravitational Physics - Albert Einstein
Institute, Frankfurt University, Germany; Inter-University Centre for Astronomy
and Astrophysics, Physics Research Laboratory, Tata Institute of Fundamental
Research, India; the Centre for Applied Space Technology and Microgravity,
Germany; State Astronomical Institute named after Sternberg of Moscow State
University, Russia, Al-Farabi Kazakh National University, Kazakhstan).

3 Review of international scientific researches on dissertation subject composed on the basis of the following
sources: http://arxiv.org; https://webofknowledge.com; https://scholar/google/com. J. Physical Review Letters; J.
Physical Review D; J. Monthly Notices of Royal Astronomical Society; J. Astrophysical Journal; XX. Astrophysics
and Space Science; J. International Joournal of Modern Physics D; and others.
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Currently, in order to study shadows of rotating black holes, the particles
motion and energetic processes in the vicinity of compact gravitational objects
there have been carried out investigations in the world in a number of priority
areas, including: the study of the photons motion and obtaining shadow of rotating
black holes in the framework of general relativity and alternative theories of
gravity and their analysis; theoretical modeling of electromagnetic fields around a
compact gravitational objects and analysis of particle motion around these objects;
study of energetic processes in the vicinity of rotating black holes in the presence
of an external electromagnetic field; electromagnetic and gravitational radiation
from compact gravitating objects.

Degree of study of the problem. Shadow of a rotating black hole with the
various parameters of the central object, such as electric charge, brane charge,
magnetic charge, in the framework of alternative theories of gravity have been
studied by many scientists, for example from Japan (K. Hioki, K. Maeda), USA (J.
Bardeen), Netherlands (H. Falcke), Germany (C. Laemmerzahl, V. Perlick, A.
Grenzebach), Argentina (L. Amarilla, E. Eiroa), Italy (S. Bambi), Czech Republic
(Z. Stuchlik, J. Schee), and others. However, all these works have been carried out
in the framework of particular choice of solutions of compact objects and it does
not exist a formalism describing shadows of black holes independent from the
choice of the model of black holes, gravity theories and methods of measurement.

The solution of the electromagnetic field equations for rotating Kerr black
hole in an external asymptotically uniform magnetic field, the study of charged
particles motion around a rotating Kerr black hole immersed in an external uniform
magnetic field, particles acceleration around a rotating black hole, the role of the
magnetic field in the particles collision processes in the vicinity of slowly rotating
black hole have been studied by many scientists, for example, from the USA (M.
Banados, J. Silk, S.M. West et al.), the UK (R. Wald et al.), Russia (D.V. Gal'tsov,
Frolov, A. Aliyev), Turkey (N. Ozdemir), and others. However, a detailed study of
the motion of charged particles and energy processes, such as the particles collision
near a rotating black hole in an external magnetic field with a nonzero
gravitomagnetic charge and/or deformation parameter has not been yet considered.
The study of these effects would make constraints on the values of the various
parameters of the black hole, such as gravitomagnetic charge and deformation
parameter.

Investigations related to the study of the plasma effect on the photon motion
around the compact objects in the framework of general relativity have been
studied by various authors, in particular from Russia (G.S. Bisnovatyi-Kogan, O.
Tsupko), Uzbekistan (B.J. Ahmedov, A.A. Tursunov, V.S. Morozov), Canada (A.
Rogers), Germany (V. Perlick, J. Kunz), Dutch (H. Falcke), India (N. Dadhich, S.
Ghosh, P. Joshi, M. Patil) and others. In these studies, however, there is no
investigation related to the study of the impact of inhomogenous plasma on the
optical properties of rotating black hole, in particular form a shadow of rotating
black hole in the presence of an inhomogenous plasma.
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The properties of space-time metric and the motion of the particles in the
vicinity of a black hole within the Horava gravity model have been studied by
several authors, for example from Czech Republic (Z. Stuchlik, J. Schee), Poland
(M. Abramowicz et al.), Portugal (F. Lobo, T. Harko, F. Eiroa), Germany (S.
Laemmerzahl, J. Kunz, E. Hackmann et al.), India (N. Dadhich, S. Ghosh, P. Joshi,
M. Patil) and others. However, at this moment in the literature there is no research
works addressed the study of the impact of the metric parameters of the gravity
model on energetic processe and the role of the magnetic field in these processes.

Connection of the topic of dissertation with the scientific works of
scientific research organizations, where the dissertation was carried out. The
dissertation work was carried out in the framework of the scientific projects of the
Institute of Nuclear Physics and Astronomical Institute: FA-F2-FO079+F069
"Development of the equations of the electromagnetic and gravitational fields in
relativistic astrophysics and cosmology, and phenomenological models of QCD in
the description of hadrons and their interactions" (2007-2011); FA-F2-F058 "Study
of Gravitational Lenses, Formed Galaxies and Generalized Gravita- tional Models"
(2007-2011); FE2-FA-F134 "The particles motion and electromagnetic fields in the
vicinity of relativis- tic stars and black holes in the alternative theories of gravity"
(2012-2013); EF2-FA-0-12477 "Motion of particles with spin and propagation of
electromagnetic waves in the vicinity of compact gravitational objects"
(2014-2015); 1-10 "Particles and fields in the vicinity of relativistic gravitational
objects from dark energy and wormholes" (2010-2011).

The aim of the research is the development of a theoretical formalism
describing shadows of black holes and the identification of the physical laws of
high-energetical processes in the vicinity of rotating black holes. The tasks of the
research:

to develop a new coordinate-independent formalism to describe the shadow of
a black hole, and define new parameters of distortion of black hole shadow; to
make a comparative analysis of the distortion parameters of a black hole shadow,
proposed in the framework of the new formalism and parameters obtained by other
authors;

to study the electromagnetic field and the charged particles motion in the
vicinity of a deformed rotating black hole immersed in an external uniform
magnetic field;

to consider the collision of electrically charged particles around a black hole
with a non-zero gravitomagnetic charge immersed in an external magnetic field; to
determine the influence of an inhomogeneous plasma to the form of rotating black
hole shadow;

to analyze the charged and neutral particles motion and collisions around
Kehagias Sfetsos naked singularity in the presence of an external magnetic field; to
obtain estimates of the value of extracted energy from rotating black holes in the
gravity model Horava;



to compare electromagnetic fields and spin down of the rotating relativistic
compact stars.
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The objects of the research are the black holes, neutron and strange
relativistic stars.

The subjects of the research are the electromagnetic fields around compact
objects, innermost stable circular orbits of the test particles around black holes,
black hole shadow in the presence of plasma, energetic processes around rotating
black holes in the presence of external magnetic field.

The methods of the research. On the theoretical level, the research methods
are mathematical apparatus of macroscopic electrodynamics in general relativity
and metric affine differential geometry, analytical and numerical methods for
solving differential equations of motion and field.

The scientific novelty of the research is the follows:

For the first time a new coordinate-independent formalism to describe the
shape of the black holes shadow has been developed and it was revealed that the
first five coefficients of the polynomial expansion is sufficient to describe the
properties of rotating black holes shadow with the accuracy of ~0.1%, it has been
shown that the proposed definition of distortion of black holes shadow are stable
under the signal noise;

it has been found that the observed size of the shadow of the black hole
decreases due to the refraction of electromagnetic radiation in a plasma
environment;

for the first time it was shown that for the high efficiency of the ultrahigh
energy processes relative to distant observers, both the non-existence of the
horizon, and the strong rotational effects are necessary;

it was also shown that significant magnification of the efficiency of the ultra
high energy collisions is possible due to additional electromagnetic phenomena
influencing collisions of charged particles;

for the first time it was shown that energy extraction through Penrose process
is more realistic process among the energy extraction mechanisms from the
rotating black hole in Horava-Lifshitz scenario; moreover, due to the Horava
Lifshitz gravity correction particles could be prevented from the infinite
acceleration.

for the first time it was shown that the effect of compactness of strange star
on the electromagnetic power loss of the star is non-negligible;

it was found that the strange star will lose more energy than typical rotating
neutron star in general relativity.

Practical results of the research are as follows:

The analytical expressions for the vacuum electromagnetic fields of deformed
rotating black holes in the external asymptotically uniform magnetic field hads
been obtained and it has been revealed that the induced electric field around the
deformed black hole depends on the deformation parameter linearly, and the



magnetic field squared;

expressions for energy and momentum, as well as radii of innermost stable
circular orbits of charged particles in the vicinity of a black hole with
gravitomagnetic charge immersed in external magnetic field has been obtained. It
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has been established that due to the existence of gravitomagnetic charge particle
are prevented from acceleration to infinitely high energires;

it has been shown that the shape and size of the observed shadow of black
hole varies depending on the plasma parameters, the rotation parameter of black
hole and inclination angle between the observer plane and the axis of rotation of
the black hole;

an upper limit for the deformation parameter of a rotating non-Kerr black hole
has been obtained in the form ¢ < 22 using the comparison of the observation
results on the radius of innermost stable circular orbits with the theoretical results;

it has been obtained the silhouettes of the rotating black holes shadow in the
presence of an inhomogeneous plasma, which can be used to identify additional
asymmetries in the shape of the shadow and retrieve information on the plasma
parameters and the central compact object.

Reliability of the research results is provided by the followings: modern
methods of general relativity and the theoretical physics and highly effective
numerical methods and algorithms are used; careful check of a consistence of the
received theoretical results with observational data and results of other authors is
performed; conclusions are well consistent with the main provisions of the field
theory of gravitational compact objects.

Scientific and practical significance of the research results. The scientific
significance of the research results is determined by the ability of the developed
formalism in the dissertation to analyze the black holes shadow obtained by a new
generation of radiotelescopes in the millimeter diapason in the near future, and get
an information on the various parameters and properties of the supermassive black
holes at the center of our galaxy and galaxy M87. In addition, analysis of the
silhouettes with the new formalism makes it possible to design new tests to verify
the general relativity and other alternative theories of gravity.

The practical significance of the results of research lies in the fact that they
can be used to obtain estimates of black holes of different parameters such as
rotation, deformation, and gravitomagnetic charge, as well as the option that
appears due to the higher-order corrections in Horava gravity model. Results can
also be useful for the analysis of the nature and dynamics of the gravitational field,
in the development of observational experiments and criteria for the detection and
identification of strange stars.

Application of the research results. Ultra-high-energy collisions of particles
in the field of near-extreme Kehagias-Sfetsos naked singularities and their
appearance to distant observers have been studied in the frame of the program
"Supporting Integration with the International Theoretical and Observational
Research Network in Relativistic Astrophysics of Compact Objects" (2010-2014)



(supported by the Operational Programme Education for Competitiveness funded
by Structural Funds of the European Union and state budget of the Czech Republic
and registered by number CZ.1.07/2.3.00/20.0071).

Shadows of the black holes and plasma influences have been used to obtain
the trajectories of the photons around compact gravitating objectswithin the
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projects of the Central University of Delhi, India (Letter of Central University of
Delhi, India from September 20, 2016). This trajectories have been used to obtain
the shadows of the black holes within the Born-Infield gravity theory.

The magnetosphere and slow down of the neutron stars have been used to
develop the model of the neutron stars within the projets of Inter University Centre
for Astronomy and Astrophysics (Letter from Inter University for Astronomy and
Astrophysics, Pune, India from September 21, 2016). The models of the neutron
stars have been used to obtain the value of the magnetic field at the stellar surface.

Approbation of the research results. The research results were reported in
the form of reports and tested at 16 international and local scientific conferences,
in particular: «Modern Problems of Physics and Astronomy» (Karshi, 2010),
«Modern Problems of Modern Physics» (Samarkand, 2010), «Fusion and Plasma
Physics» (Triest, 2011), 39-COSPAR general Assembly (Mysore, 2012), «Nuclear
Science and Its Application» (Samarkand, 2012), International school on
subnuclear physics (Erice, 2013), «General Relativity and Gravitation» (Warsaw,
2013), «Prague Synergy 2013: Accreting relativistic compact objects» (Prague,
2013), «Synergy Olomouc 2014» (Olomouc, 2014), 40-COSPAR General
Assembly (Moscow, 2014), «International Congress of Mathematicians» (Seoul,
2014), , “RAGTime - 2013” (Opava, 2013), “RAGTime - 2014 (Prague, 2014),
“RAGTime - 2015” (Opava, 2015), “XII Marcel Grossman Meeting” (Rome,
2015), 41-COSPAR General Assembly (Istanbul, 2012).

The main results of the study were tested at the scientific seminars of the
Institute of Nuclear Physics (2010-2016), Astronomical Institute (2010-2016), of
the Department of Nuclear and Theoretical Physics of National University of
Uzbekistan (2015-2016), Faculty of Philosophy and Science of Silesian University
in Opava (Czech Republic, 2013-2016), Goethe University (Germany, 2013-2016),
Max Planck Institute for Gravitational Physics (Germany, 2010-2016), Center for
Applied Space Technology and Microgravity (Germany, 2011), Tata Institute for
Fundamental Research (India, 2014-2015), Inter-University Center for Astronomy
and Astrophysics (India, 2010-2016), Delhi Central University (India, 2010-2016),
International Centre for Theoretical Physics (Italy, 2011).

Publication of the research results. On the dissertation theme there were
published 30 scientific works, including 15 scientific papers in international
scientific journals recommended by the Supreme Attestation Commission of the
Republic of Uzbekistan for publishing basic scientific results of doctoral theses.

Volume and structure of the dissertation. The dissertation consists of an
introduction, four chapters, conclusion, one appendix and a bibliography. The size
of the dissertation is 181 pages.



59
THE MAIN CONTENTS OF THE DISSERTATION

In the introduction the topicality and relevance of the dissertation theme
were justified, the aims and objectives were formulated, the scientific novelty and
the practical results of the study were set out, the reliability of the obtained results
was proved and their theoretical and practical significance were disclosed, a
summary of the application of the research results and the structure of the
dissertation were given.

The first chapter of the thesis entitled “Photon and particle motion around
rotating black hole” is devoted to study the charged particle motion and the
electromagnetic field around rotating non-Kerr black hole and black hole with
nonvanishing gravitomagnetic charge immersed in external uniform magnetic
field. In this chapter we have developed new general formalism to describe the
black hole shadow. The shadow is considered as a closed curve in a flat space, as
the one in which the image will be available to us as distant observers.

Assume that the astronomical observations provide the shadow as an one
dimensional closed curve defined by the equation

R=R(Y), (1)

whereR'and angular coordinates in a polar
y'can be thought of as the radial and

coordinate system with origin inO'. A schematic example of the polar curve is
shown in Fig. 1a, where  f'are the so-called the
a'n “celestial coordinates” of
observer, and represent an orthogonal coordinate system with one of the unit
vectors being along the line of sight.

a) b)

Fig. 1. Schematic representation of the black-hole shadow:



a) defining the center of the curve
b) defining the reference circle and distortion parameter

In order to find a better coordinate system, and, in particular, one in which a
Schwarzschild black hole has a circular shadow, we define the effective center of
the curve in strict analogy with the definition of the center of mass in a collection
of point particles

60
2
m X ()]
1/22 I!II+!()[
eRgdRdgdyyyy/
—_ RRR
X R O— vy
0 b
. [()]gdrdga @
m r + I
J’ Yy
/
0 Wy
RR
X 1s the radial-coordinate unit gz, g,are the metric functions of the
where,

e.
polar coordinate system (R, @').

x, the coordinate position of the effective

From the knowledge of the vector R,

centre can be expressed explicitly in terms of the radial and angular coordinates as
2 1

_ ) ) 1/2

T
2 2

KV

r



|'tf”'z |'n |\

2

+Il!

RRdL|JRL|JdL|JRL|quJ(3):cossin,III

0

2 T 0 0
0 | |{HI
[LHTL
_I Rd
2
IIILIJLIJ
) sin
W
. = " Yy
.tanz_[ s )
0 CcoSs
Rd

Having determined the effective centre of the shadow, it is convenient to

define a new polar coordinate system centred in it with coordinates(R, @ ). The
relation between the two coordinate systems is given by
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A well-defined centre of coordinates allows us now to obtain a robust
definition of the reference areal circle as the circle having the same area as the one
enclosed by the shadow. In particular, given the closed parametric curve R = R(y)
its area will in general be given by
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where in the second equality we have setgg,=1u

gyy= R, while in the third
equality we consider the representation of the curve in terms of a more generic

parameter closed curve, the integration limits
Ai.e. R = R(y(N)). If the shadow is a
A..can be found from the ~ W(A) = 0n define the
conditions W(A) =21 . We can then
areal radius RA of the reference circle simply as

| A | 1/2

( )

R,(8)
= Ll

We define the distortion parameters relatively the reference circle passing
three points on the polar curve A, B and D, which occupy precise angular positions
at g =0, y =1 2and diagram in Fig. 1b). The

W = 31 2, respectively (see

corresponding distances OA, OB u OD from the centre of coordinates O can then
be expressed as
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Next, we define a new parametric curve for which R,= R,= R,and thus that
satisfies the following condition
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We can now compute the deviation of the parametric curve from the
corresponding background circle passing the points A, B and D at any angular
position. However, as customary in this type of considerations, we can consider the
shadow to be produced by a rotating black hole with spin axis along the f axis, so
that the largest deviations will be on the axis of negative a. More specifically, we
can define the difference between the curves at

DENN

Y = Tras

dRRBcc 1 y,PT(13):

=—==—-+4

+ 21

or for the dimensionless distortion parameter



5 (14)

A second possible definition of the distortion parameter is slightly more
general and assumes that the radial distance of points A and B from the centre of
coordinates is not necessarily the same, i.e. R, # R,. In this case, one can think of

introducing a new point E on the a axis, such that the distances AE=EB and which
could therefore serve as the centre of the reference circle.

We can introduce the distortion parameter as

bl
a|' B AC
(
| U+~
K 116 s1(15)
125,
- BA
R
s, o~
where, ,dis the distortion of the curve from the reference circle and
Zm +
(3/2)(1).
CRy T (16)

===-4
+ = 0

A third and possibly optimal definition of the distortion parameter is one that
is meant to consider the case in which the shadow is still reflection symmetric
relative to the a axis, but does not cross the f axis with a zero slope, i.e. the point
S, where curve has zero slope does not lie on axis f.

Assuming that reference circle passes the points A and S with the center at E,
one can easily find the radius and distortion parameter in the form
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In Fig. 2 the values of the dimensionless distortion parameters as computed
for the shadow of a Kerr black hole and for increasing values of the expansion
index +. The three different panels in Fig. 2 are relative respectively to the
parameters O .., respectively. From thesee
0,5 0 M dependenc one can easily
that each of the three distortion parameters decreases as the expansion includes
higher order terms. At the same time, because larger rotation rates introduce larger
distortions in the shadow, they also lead to larger values of the distortion
parameters for a fixed value of + .

Fig. 2. Dependences of the distortion parameters from the expansion order for the
different values of rotation parameter of the black hole



The deformed Kerr-like metric which describes a stationary axisymmetric,
and asymptotically flat vacuum spacetime, in the standard Boyer-Lindquist

coordinates, can be expressed as
2
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where 7= r*+a’cos’ deformation parameter. The€ < Ocorresponds to the
0, A = r*-2Mr +a?, h =eM°r quantity cases in

>* and the constant
which the compact object is more prolate or oblate than the Kerr black hole,
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respectively. As typical Kerr black hole
€ = 0, the black hole 1s reduced to the
known in general relativity. The the 4-vector potential A, of the electromagnetic
field will take the following form

90’ 41=0,4,=(22)

22

MerAaB+Z—+

2 sin

(1),

2 22



(a)y.
o

MerAB
1,2sin4
+5 -
22
6
0(23)=X+ah
2 sin 2
2

The motion of the charged particles around a rotating non-Kerr black hole can be
studied using the Hamilton-Jacobi equation

0 S 0 S
IL(_ IJ] IL(_ ) 2
“(24) ¢ | = -
eA eA m
0 ““Vva J

where e and m are the charge and the mass of a test particle, respectively. Due to

the existence of the timelike and spacelike Killing vectors one can write the action
in the form

o (.9)- 4
SEtLSr=-++,25)
where the conserved quantities £ and L are the energy and the angular momentum
of a test particle at infinity.

Fig. 3. Radial dependence of the energy (left plot) and angular momentum (right
panel) of the particles moving along circular orbits around around rotating non-Kerr
black hole for the different values of deformation parameter



Fig 3 shows the radial dependence of both the energy and the angular
momentum of the test particle moving on circular orbits around non-Kerr black
hole in the equatorial plane. One can easily see that the presence of the negative
deformation parameter forces a test particle to have bigger energy and angular
momentum in order to be kept on its circular orbit. It is a consequence of the
increase of the gravitational potential of the rotating non-Kerr black hole with the
negative deformation parameter. In the case of positive deformation parameter the
shape of graphs shifts towards the origin and means that the stable orbits shifts
towards the central object.
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In the dissertation it has been found the solution for the ISCO radius p;5=
risco/ Min the limit of small € in the following form
2 ()
£
P isco= — F 0(26) 6’

9 €

In the astrophysical situation when b=eBM/m > I, the analytic expression for
ISCO has the form
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Consider the center-of-mass collision of two particles in the vicinity of a
black hole with nonvanishing gravitomagnetic charge, when one of these particles
has the mass m and charge ¢ and rotates along the circular orbit. Another particle is
neutral and freely falls from the rest at spatial infinity. The center of mass energy
of the colliding particle has the following form:

=(28)



where / is the gravitomagnetic charge of the central black hole. The second chapter
of the thesis entitled “Optical properties of black hole in the presence of
plasma” is devoted to study the optical properties of the rotating black holes in the

presence of the inhomogenous plasma. The spacetime around rotating black hole is
described by the metric
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where M and a are the total mass and the specific angular momentum of the black
hole, respectively.

Consider the plasma surrounding the central axially symmetric black hole.
The refraction index of the plasma will be( ,w)
n =nx , where the photon frequency

1

. uis « wIn this case the effective
measure by observer with
. energy of
velocity
photon has the form plasma as a function
a

#&w = — p,u . The refraction index of the
of the photon four-momentum has the following form:

X pp °
n=+30)1,,

0

pus



and for the vacuum case one has the relationn =1. The Hamiltonian for the photon
around an arbitrary black hole surrounded by plasma has the following form: 1
O[O ]
28
“ePHxp=gpps+n-pu(3l)
2 ap

Assume that the refractive index has the general form
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w,is the plasma frequency. n = - (32)
we 1 92
where > w

We will use the Hamilton-Jacobi equation to define the equation of motion of
the photons for a given space-time geometry
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Fig. 4. The radial dependence of the effective potential of radial motion of photons for the
different values of rotation parameter and refraction index of the plasma. Here the
quantity Vetris normalised by the energy of the photon

The radial dependence of the effective potential for different values of plasma
refraction n and black hole spin a has been presented in Fig. 4. In the plots, in Fig.
4 n* = 0.2; 0.44; 0.89 for dotted, dashed and solid lines, respectively. One can
easily see, that with the decrease the refraction parameter of the plasma the radius
of the circular orbits also dcrease.



Consider the shadow cast by black hole surrounded by plasma. If black hole
surrounded by plasma originated between the light source and the observer, then
the latter can observe the black spot on the bright background. The observer at the
infinity can only observe the light beam scattered away and due to capturing of the
photons by the black hole the shaded area on the sky would be appeared. This spot
corresponds to the shadow of the black hole and its boundary can be defined using
the equation of motion around black hole.

In order to describe the apparent shape of the the black hole surrounded by
plasma we need to consider the closed orbits around it. Since the equations of
motion depend on conserved quantities £, L and the Carter constant K, it is

convenient to parametrize them using the >
. P 5 ¢ =L/ Eand
normalised parameters N =K/ E .

The silhouette of the black hole shadow in the presence of the plasma can be
found using the conditions

du’, (34)

r dr
where” =0

uis the radial velocity of the photons.

66

The boundary of the black hole’s shadow can be fully determined through the
equation of motion of photons. However, the shadow will be observed at
“observer’s sky’, which can be referenced by the celestial coordinates related to the
real astronomical measurements. The celestial coordinates are defined as

® d 0
| d | |
- ) lu )
af,=- B (35)
2
lim sin , lim |
= - r
0 0
. - dr r ~*dr

whereris the distance between black hole and observer, 6 is the inclination angle
between axis of rotation and observer plane.

In Fig 5 the shadow of the rotating black hole for the different values of black
hole rotation parameter, inclination angle between the observer and the axis of the
rotation is represented. From the Fig. 5 one can observe the change of the size and
shape of the rotating black hole surrounded by plasma. Physical reason for this is
due to gravitational redshift of photons in the gravitational field of the black hole.
The frequency change due to gravitational redshift affects on the plasma refraction
index.



Fig. 5. Shadow of rotating black hole in the absence (solid lines) and presence (dashed
lines) of plasma

The third chapter of the thesis entitled “Energetic processes around black
hole in Horava-Lifshitz gravity” is devoted to study the energetic processes
around black hole in Horava-Lishitz gravity. The geometry of the Kehagias-Sfetsos
spacetime is analyzed. The spherically symmetric solution of the so called
modified Horava gravity, allowing for the Schwarzschild spacetime as an
appropriate limit, is the Kehagias-Sfetsos (KS) spacetime, described in the
standard Schwarzschild coordinates and the geometric units by the line element
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We consider the photon motion and Keplerian orbits in KS spacetime. Ultra
high energy collision of the particles have been studied. We calculate the center of
mass energy of colliding particles in three characteristic cases. Two of them
correspond to the situations when the ultra-high-energy collisions were treated in
the field of near-extreme superspinning Kerr geometry — namely the collisions of
particles in radial free fall from infinity (£ = m and L = 0) with particles following
geodesic circular orbits, or with radially escaping particles having E =m and L = 0
that inverted their motion at » = (. As the third case we consider collisions of
particles moving in the equatorial plane with opposite angular momentum at the
turning point of their radial motion. For simplicity, we consider collisions of
identical particles, having the same rest energy. The CM energy reads

2(1).

2 apl2

E.,=m— gqpuu(37)

The behaviour of the CM energy of the collisions between radially falling
particles and orbiting particles on Keplerian orbits is presented in Fig. 6. One
clearly sees that the maximum of the collisional CM energy decreases with
decreasing value of parameter . The location of the maximum shifts to the larger
values of the radius r with decreasing value of the parameter ®.
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Fig. 6. The
plots of the CM energy of the collisions between radially falling particles and orbiting

particles on Keplerian orbits are given for five representative values of the parameter ©
=0.1, 0.15, 0.2, and 0.281



The results obtained for some characteristic values of the magnetic parameter
b and KS parameter o are illustrated in Fig. 7. They are demonstrating a critical
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role of the magnetic field enabling a significant enhancement of the acceleration of
particles in the combined gravitational and electromagnetic fields of the KS naked
singularities immersed in a uniform magnetic field.

Fig.7. Centre of mass energy of head on collision of charged particle on circular orbit and
neutral particle coming from infinity for the value of parameter b: the parameter b = 0.1.
The angular momentum of the neutral particle is taken to be L =1

The description of the rotating black hole solution and ergosphere around it
has been considered. Penrose process in the ergosphere of the rotating black hole
in Horava-Lifshitz gravity has been studied. Also in this chapter we study the
particle acceleration mechanism near the black hole in Horava-Lifshitz gravity.

The third chapter of the thesis entitled “Electrodynamics and spin down of
magnetized neutron stars” is devoted to study the general relativistic effects on
the electromagnetic luminosity of a rotating magnetic strange star, which is
produced due to the rotation of the strange star with the inclined dipolar magnetic
field configuration. It is shown that the effect of compactness of strange star on the
electromagnetic power loss of the star is non-negligible (may have the order of tens
percents of the value for the neutron star) and may help in future in distinguishing
the strange star model via pulsar timing observations.

We studied the spin-down of a rotating strange star due to magnetodipolar
electromagnetic emission. Assume that the oblique rotating magnetized star is



observed as radio pulsar through magnetic dipole radiation. Then the luminosity of
the relativistic star in the case of a purely dipolar radiation, and the power radiated
in the form of dipolar electromagnetic radiation, is given as
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where tilde denotes the general relativistic value of the corresponding quantity,
subscript R denotes the value of the corresponding quantity at » = R and y is the
inclination angle between magnetic and rotational axes. We used the spacetime of
slowly rotating relativistic star.
When compared with the equivalent Newtonian expression for the rate of
electromagnetic energy loss through dipolar radiation
L 462R o

em

Neth B

() sin,

=(39)

it is easy to realize that the general relativistic corrections emerging in expression

(19) are due partly to the magnetic field amplification at the stellar surface
- BR 33

===—-+4 4+
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and partly to the increase in the effective rotational angular velocity produced by



the gravitational redshift
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Energy loss can be written in a more useful form in terms of the pulsar’s most
important observables: the period P and its time derivative P = dP / dt. Results are
summarized in the Table 1 from where one can see that the strange star is spinning
down approximately 5 times faster than that of the neutron star. P is the period and
dot denotes the time derivative. According to the astrophysical observations the
majority of pulsars have the periods of 1 s and period derivatives of 10°to 107,
Since period derivatives are in the range of about two orders one may conclude
that the neutron stars have less period derivative with compare to the strange stars.
Assume the presence of plasma magnetosphere around a rotating strange star
and study the spin-down of it due to the magnetospheric energy losses through
plasma outflow along the open field lines.
Using expression for the total power carried away by the relativistically moving
particles one can calculate maximum value for luminosity: 3

()@).
o

Where the parameter moment of inertion K = 27/ R*is the compactness parameter
L of the star with

L=K-KL,(42)
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Table 1
The dependence of the ratio (PP)/ (PP)ysfrom the different parameters of the compact
object: mass (in units of solar mass), radii and moment of inertia of the Strange
(R lso)and Neutron (R, /ys)stars.

(PP)ss/ (PP)ys 4,34463 | 4.53723 5.1094 | 6.16863

M/ M 1.2 1.3 1.4 1.5




s R km 5 7.48 7.62 7.69 7.68

s R km s 11.75 11.72 11.7 11.68
2,10 g1 gm cm % 0.65 0.74 0.825 0.9
#2,10 ysI gm cm % 1.08 1.2 1.36 1.72

Using the data for the mass, the radius, the moment of inertia of neutron
stars and strange stars we have calculated the ratio of spin down of neutron star to
one of the strange star for the compact stars of the different masses. Results are
summarized in the table 2 from where one can see that the strange star is spinning
down approximately 5 times slower that the neutron star.

Table 2
The dependence of the ratio (PP)/ (PP)ysfrom the different parameters of the compact
object: mass (in units of solar mass), radii and moment of inertia of the Strange
(Rl o)and Neutron (Ry.[¢)stars surrounded by plasma magnetosphere

(PP)ss/ (PP)ys 0,2053 | 0.2165 | 02199 | 0.2146
MIM 1.2 1.3 1.4 1.5
, R km g 7.48 7.62 7.69 7.68
, R Jm s 11.75 11.72 11.7 11.68
2,10 g1 gm cm % 0.65 0.74 0.825 0.9
B210 sIgmem= | 1.08 1.2 1.36 1.72

As an important application of the obtained results we have calculated energy
losses of slowly rotating strange star and found that the strange star will lose more
energy than typical rotating neutron star in general relativity. The obtained
dependence may be combined with the astrophysical data on pulsar period
slowdowns and be wuseful in further investigations of the possible
detection/distinguish of the strange stars.

The total energy loss resulting from the magnetized star causing plasma
outflow through the polar cap region, is determined through an integral over the
whole polar cap area, and so it depends on both the kinetic energy density of the
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outflowing plasma and the surface area of the polar cap. Although general
relativistic effects lead to some increase in the energy density of the outflowing
plasma (due to the increase in the surface magnetic field strength for a given



magnetic moment), the area of the polar cap is smaller in general relativity and the
increasing the energy density of the outflowing plasma cannot compensate for the
shrinking in size of the polar cap. Therefore the total energy losses of the star are
significantly smaller in general relativity than in Newtonian theory. Since strange
stars have bigger compactnqqgess parameter than that of neutron stars the energy
loss of the strange stars is much slower.

In the appendices we present the exact expressions for the electromagnetic
field around rotating non-Kerr back hole immersed in external magnetic field;
expressions for the electric and magnetic field around nonrotating black hole with
nonvanishing gravitomagnetic charge; potential of electromagnetic fild around
Kehagias-Sfetsos naked singularity in external magnetic field; equation of motion
of photons and particles around Kehagias-Sfetsos naked singularity in the external
magnetic field.

CONCLUSION

According to the results of the research carried out on the theme of the
doctoral dissertation “Particles and electromagnetic fields around axial-symmetric
compact gravitating objects”, the following conclusions are presented:

1. We have developed a new general and coordinate-independent formalism in
which the shadow is described as an arbitrary polar curve expressed in terms of a
Legendre expansion. It was revealed that the first five coefficients of the
polynomial expansion is sufficient to describe the properties of rotating black holes
shadow with the accuracy of ~0.1%. Our formalism does not presume any
knowledge of the properties of the shadow and offers a number of routes to
characterize the properties of the curve. It has been shown that the proposed
definition of distortion of black holes shadow are stable under the signal noise.

2. The analytical expressions for the vacuum electromagnetic fields of
deformed rotating black holes in the external asymptotically uniform magnetic
field hads been obtained. It has been revealed that the induced electric field around
the deformed black hole depends on the deformation parameter linearly, and the
magnetic field squared.

3. An upper limit for the deformation parameter for the rotating non-Kerr black
hole has been obtained through comparison of the observable values of the radius
of innermost stable circular orbits with the theoretical results obtained in the
dissertation as € < 22.

4. It has been obtained the silhouettes of the rotating black holes shadow in the
presence of an inhomogeneous plasma, which can be used to identify additional
asymmetries in the shape of the shadow and retrieve information on the plasma
parameters and the central compact object.
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5. Expressions for energy and momentum, as well as radii of innermost stable
circular orbits of charged particles in the vicinity of a black hole with



gravitomagnetic charge immersed in external magnetic field has been obtained. It
has been established that due to the existence of gravitomagnetic charge particle
are prevented from acceleration to infinitely high energires.

6. It has been shown that In the presence of a plasma the observed shape and
size of the shadow changes depending on (i) the plasma parameters, (ii) the black
hole spin, and (ii1) the inclination angle between the observer plane and the axis of
rotation of the black hole. It has been found that the observed size of the shadow of
the black hole decreases due to the refraction of electromagnetic radiation in a
plasma environment. It was shown that with the increase of the dimensionless
plasma parameter, the maximum value of the energy emission rate from the black
hole decreases due to the decrease of the size of the black hole shadow.

7. It was shown that for the high efficiency of the ultrahigh-energy processes
relative to distant observers, both the non-existence of the horizon, and the strong
rotational effects are necessary; it was also shown that significant magnification of
the efficiency of the ultra-high energy collisions is possible due to additional
electromagnetic phenomena influencing collisions of charged particles.

8. It was shown that energy extraction through Penrose process is more
realistic process among the energy extraction mechanisms from the rotating black
hole in Horava-Lifshitz scenario; moreover, due to the Horava-Lifshitz gravity
correction particles could be prevented from the infinite acceleration.

9. It was shown that the effect of compactness of strange star on the
electromagnetic power loss of the star is non-negligible and may help in future in
distinguishing the strange star model via pulsar timing observations. It was found
that the relativistic strange star would lose more energy than typical rotating
neutron star in general relativity. The obtained dependence may be useful in further
investigations of the possible detection/distinguishment of the strange stars.
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