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KHWPHUII (10KTOPJIMK JHCCEPTANUACH AHHOTALMSCH)

Juccepranusi MaB3yCMHHHI 10J13ap0Juru Ba 3apypatu. Ly HEé MUK EéC U
onno bopmmaam Ba KOCMMUK TeneawWgmma@ag a
KWARMaH KawhprnéTtTnapnHpbdpa K Ty/paapiraagd caa1MoK
KypcaTtunuwmn, N AYy30apHMU KT MWK aKAA WKAP H |
BYXYyAra Ke/HTwmpuawugy 3 napHuMW nanpgo O6ynunuwy
XakKkwnpmga MwoHap- NAG@G@ODBAZBYKERODPPAOAW.PAI:
qoTOHNMNAPHWUHT xapakartmn TagkugKgortwn, XYy CYy
waknnapuwHuM TONMWMWW Ba TaxAua 3TUWW Kopa
MaBXYyANUT MHM MNCOBOTM BaAa OWMUSIHUHT T anackrtl
MabnyMOTNaAapPHMW ONUNW YYYH XUumM@QBHGWMnaghky
Hori zon Tel esop (EHT) XankKkapo nNnonnix
acTpoPusImnmkKkaHMHI MYyxum BaszumdganapumpgaH 6wu

MycTakunnukMamMmmakwpmmmanis ga Haszapuin du
MyHanumuwnapwmHMU pMBOXNaHTMNpPULW X &&eMaa n gy
MyaMmMOadapHMW Xxan a3TuMmwra anoxumpga 39bTuKMbO
obbekTnap PpenaTuBUCT UK acTpodusunkacwu
lonagysnap MarHMTOC Pepacwu MoadennapuHwU
bunpgaBak TPacDPYKTYypacCUHM TaxXungmH BR
anapHWMHI xapakaTu 6opacwupga ces3unnap
MMNnakT obbekTnap aTpodupagarmnm acTpod
HM Ky3aTyB HaTuxanapu 6unmnaH TakkKoOo-Cc
KT Xakumpga MabanymoTnapdsTawowiygamypwm 6
agnun -T a MKIUVKWONT na pH K, XymMnapgatH, Ky W
7 M3 nNaHMWNapHMU amManr a OwWwWnpwunLw M
6 N akHoangma K T rpaBumTtauynoH 0 6 BBER&K TNHIP
MPNOBYM T paBUTaUNWOH aHlaspaHMmMHT  [Ieo4impvan
L ; TONWAT aH eYnNmAgp L[OoOPPYPACKHAHacC an
Ja CUMHOB 3appanapWuHUWUHI, XycycaH, 3
namManapuHM ToOoNnMwWwuWw, Yy MYy MU R Huco6uinn
MTayumsa Ha3apmATMaHLOWPRET NYIPaTdP €M
ap COSACUHMU aHWKIMauw,; Kopa Vypanap
KT Ba YHWUHT aTpodmnpgarm MYXWUTHWUHT
3MTapPHUHT Hepr uns MykKoTuMmwmra T paBwmu
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aH na.opwogean T mpumnrad UWNAMMUNK TapkWUuKoOTINa
M a YCUHUHT pgons3apbébnmrumHum umsoxnanmpgn.

bek Petoy 6 bmpadpas nge HOBBN Himn -1 1
o a -559€16H «AcTpoHOMWMUK OGanaHpToOf o06ceps
Ky aTyBuUnm MaxgmayarmmpBa Y2PUR ninusil2cloHmap
« M o6 wun Heprund MaHOGanapuWHUT agiBbapaa PV
TV mncumpa»ru Kapopnapwupga Xampga Ma 3 K
M e RVKYKUIA XxXyXXaTnappga 6enruvmnaHraH Baeé
y w TagKkmKk@apaafisa XmMi3mMaT Kunapgwu.



TaagkMKOTHUHT pecny0jMKa (paH Ba TEXHOJOTMSJIAPH PHUBOKJIAHUIIN-

HHHT YCTYBOP HYHAJMILJIapura OorJukJura. Ma 3 KTA @ K njgeccmy 6 nm kK a
dbaH Ba TexXpoBoODKMAMAMWUNHHIEHDTT € T MKBAP € OHEQ T
TeXammoWwoTyBOp MVPwamc@maowmapumnr aH.

Jluccepranusi MaB3ycH OyinYa XOPHKHH MJIMMI-TaAKMKOT/IAp IApXu’,
Tawkun acMMONTOTUK OUP XMHCAU MATHWUT Ma
aTpodunpgarmnm sneKTpomMarHMWT MaMWpgoOH KOHQUT
annaHyBYMU KOWIr agnanammB gy p u ycTtTupmga :
XaXOHHWUHT eTakuwu MNnMniI MapKasnapwmu e
XyMnapaH poHaMBTMTYA., DN HNUT EKAH3 U B a On a
CunnasyH B e mc ndieextm AN, b 6 e YHan B e puc  IKeaTH a g a ) ,
A. OQNHWH®Mm glelamc MNaHK OH p apmi8 MEHIONT NT Y T U

n
B

®PpaHKdyHMB e mc(Mepgma Ywsm)BepcurtTeTtTnapapo ac
acTpodnsnk a Mapkaswu, ®dns3nkKa 6y nunmua

byHAaamMeHTan Tagkuni  MH/opang, TEopHe oA B W WA T am
KOCMMK TexXxXHoOnNnorvmanapprIiMmap K aB a(plcegrve@®umib g e

Mo c K
MHCTUTRoacAdp®p)o, PU3INKACKMCTPOCHOMPMTAUNTYTMU
Y3b6ek MUTIOIMIA YyHUWUBEPCUTETU TOMOHMULAH ONMU
TawKkun ™MarHuWT MaungoNpanxpunaawpwopedMWgROP A
xapakarTwu B a 9/1TeKTpPpoMargH nXaxvwaHigippo Hoap @ar
TagkKkumKkoTnap HaTuMnmxacwupga KaTop, XY M apg:é
ONNUHIYyMY MU HUMUCOMUNINK Haszapmacum Ba MoOA
rpaBurtauymns HaaappanapMmn agyg B A U Kopa yp
ONUMHT ayHN aP&aXMOHCTC anapun FAr amuw mroamHMa KMC
MnaHK rpaButTayUOHC T WMNPPAH KBy pABEMGUTET
Ffrepma¥YmmBepcunrteTnapapo acTpoHOMMA Ba a
bynmnmua wnnpveutiio pmabosa TaTa GyHagamMeHTan
XMHANCBm@eMeHaar m amMa/luUn KoOCMUKepgRXHMIONO
Mo cCc K B a aasBnart YHUBEPCUTETMN LitTepHbGeprT
MHCTUNPYgTan-DPapAdauin HKooMBMOgFaUrcutr OH MU N NUK Y}
Ko 3 0f I);caTioHA HY B 4 U kKkopa Yypanap aTpodwunpga
TY3UAUWN aHUKNaAaHIaH, TalWwWKKW MarHuWT Mamnapg
3apapgnadHr adt XaappapkaamTa p F i@ mr namMa Aapp & HO/MMH
MHCTWTYAT. Dinmapaiae n BaCromeymsmapapuee xenms
AnbbepPrmaBepuc,Kkanemg¥HumBepcurterTnapapo ac
acTpodnsunkmHumaakraoHy, bpemeHngarum amanwni
MapkKkaswu B a OnbpeHOy@p MaWMNVNIPIC N HATTIHO,N I
Has3apumacu Ba anNbTRPIHApPpUMBNAPaABOT@RAVIOHA
ypanap atTpodunpga SHepreTwmnk XapaéHnap,
Moagenupga Kopa VpanrapKkTaTEOmhymaY p a a o
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MuccepTtayns MaB3ycwu 6y iuwMagKk nKoOPmakm il httpd/arnmang,
https//webofknowledgeeom; https//scholafgoogldcom . Rhysical Rewew Letters XK. Physical Revi ey
Monthly Notices of Royal Astronomical Socie®K. Astrophysical JournabK. Astrophysics and Space Sciend¢;

International Joournal of Modern Physicsba 6 owka mMaHGanap acocwumpga uMmwnaod YKk
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(AcTpOHmEHMNU MTYA. OQnMaip e a 8 u Ba COmaBapgal
YHUNBE MGHEeTXeM AT b O & nB e puclmareahb@emeHpgarmm am

KOCMMUEK TEXHONO[ IAG /DA W THWEAIMHK A & A K C MnatHK
rpaBuTay N H N HhNBwmTypTarH K §/gHPUTB € McMa @ma H 1 4
YHnBepcunrteTnapapo acTpoOHOMMUSH Ba acrTpo
MNMWUIK N abeoap aTraoTpa Ay HAoaMeHTan TafgKWKOoOT N
Mo cCc K B a aasBnart YHUBEPCUTETMN LitTepHOGeprT
MHCTUNPgTan-DPapAdauninm HKoOMBMOgFaMrcut OH MU NNUK Y}
Ko3of ycTtToOH

Xa x oHagianm aHY BY MU Kopa ypanapHIBHMITaI;Io G HI ¢
bekKT/nap aTpooxdhpamaB/mppanadMep nTearjMkkn KX a
MW MyaRmManapukKkaToORYWKIEYBBDANHEEHY HaNWLWNaS
OKWKOTNap O Nywy MOMoONp Mmookl n n Kk Has3 apuA
aBUTaAaUMNOH Ha3apuAaAnNnappapaupe cr @ a ahboamw
anap CHMAaapummBmmHN onunbd 60pMUN LW, KoMnackT
podmnmaga 3NeKTPpPONMaAHAHMAP Wia TM@HET/A/pHMN H U

podgupga CWHOB xapaXma /MaMn HMADa M KN K M al 1 HUK
MpOoH MraBakay O Navi na HYy B Y U Kopa Yypanap

apaéHnapHuw ypraHwuuw,; KoMnackT BUTaluM
rpaButTauymnMoOH HyphnaHuwnapH®W Taapg

MyaMMOHHMHI YPraHWITAaHJIUK Aapaxkacu. A Ta HY B Y
codnapm MapkKkas3Iuin obeseEmMapHATr Yy
3apagwu, 6paH 3apsagwu, anbTepH
3apagunr a 6 O FN/AWAKT/TKayuman auby o 11 M n
(K.Hioki, KMaeda) , aMepunukanmek (J. Barde
repmaHunanunammer z(ath.lL,a V. Per | i ck, A. Gr
(L. Amaril | a, E. Biamba), weamaamkwmapPC( Z.
xmHagunmcrtoHnnknap ( N. Dadhi ch, S. Ghos h,
Ly nko, A. 3axapos, Ba w&mao/a@se ,T oo HIM@BR K K
KeTMHMOKA.AOa . bBnpawvyya@y w@pbapTnap YUYYH
6Gup eyummMnap poumpacumpga KWNUHT aH Kopa
Hasapusnapum Ba yYynyaw ycnyb6bnapura ©60fF N
bopmManunuisImvMamMBREB XY [

Talknm acumMnTOTMWNUK 6Mp XWMHCAWU MaAaTlT HUT
annaHyBYM KOpa ypacwmw YUYyH 3SnekKTpomMar HI
YHWUHT aTpodunupga 3apapgnaHraH 3appaHWHT
aTpodunpga 3appanapHWUHT Te3nauwnupno hngeak un
3appanapHWHT Tes3nawnwmpga MarHMT Maiipgo
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MacanadH, amepnkanuknap (M. Banados, J .
onunmmMmnapwu (R. Wal d Ba Oowkanap), pOCCMU:
A. Annes) , TYPKWA XmkH a(MN.n@zpd ¢nN.r )Dadhi c h,
Joshi, M. Pati |l ), poccuanuknap (O. LLy n
Ba O6owkKkanap TOMOHWMWAAaH ypraHunrau. bupo

nedopmMauns napameTpnapu HongaH dQopKAU

v



XOMnNnawir amnaHyBUYM KOopa ypanap aTpodupg
xapakartwu B a HepPreTunKs3 appRaIGHHMAM,T XT W &
ypranunmar aH. Ywoéy XapaéHnapHwu Tappgkuk
Aedpopmauyuns napamMeTpwmn CUHT apwu Kopa Vyp:
YypHaTuUWWw MMKOHUHN OGepapgwu.

YMYy MU i HUNCOUMUNKUK Has3apuscwu poounpac
obbekTnap aTpoxXapmpmak atharT a H maipa 3 Ma MY X WUTV
ypradHwuuw My aMMOC U 6unp Ka,T @ CCOoOMmmMAEA 3@
(. C. bwnckKioorgaaHtr,bln O. Lly n kK o) u VBOKKAX AN
A. A. TypcyHoOB, B.C. Mopos3oBa), KaHasganu
(V. Perlick, J.Kunz), xwHmpedpounmmmkn g H . F
Ghosh, P. Joshi, M. PatiBa 6owkKkanap ToMOHMUAgaAaH ypr
mwnappapga O6KWpPp MWHH ciyna 36Mya/HMaHTT Kopa Vypana p
abcupun,NXygTMERAMHTI aMNnNnaHyBUYU KAUNPAHWUPMHA
aXxXnun KWAUHMAaAr aH.

XopXapBaaB ITaLLWOH MOAenun pgoumpacumpga Kop
akKT XxXoccanapwu KBEpagappan@RPHUNHArC a 1 a M :
enmanunkna.pStuchl i k, waln vSkridepbramowiczo B &

OWK afnapiowsaymkgmapLobo T. Ha rvkco , o /Fu MEN a po
C. Laemmer z a hHackmanh.sKau n ©,0 wkEa na p TOMOHMWU[
Tunilymra Kapamaim XO0O3UEKIWKapa@HmMAapPPae
apamMeTpnap Ba MarlrHuWUT MaW[OHHWUHT pPoOnNMwU

I[l/lccepTauml MaB3yCMHMHI JUCCEPTAIIUA 6amapnnraﬂ 0JINH TaLJUM Ba
WIMHMA-TAAKUKOT Myaccacacu MWJIMHH-TAAKHUKOT MILJIAPU OUJIaH OOFJIMKJIMIH.
AnccepraguimsEkoTun Aapo GU3IACAPAHOMIET VA KT
MNMMAAKWEK O TUIAHON HHR 2RA7 9 + P06 9  «aPceTnpior gavB3vivak
Ba KocMonormapga TrpaBuTauMOH Ba 31eKTpPC

- -

Jo0O—0O\L w

xampga agpoHnap B a YyNapHWHT ys3apo T
beHOMOHONOT UK MO 4 €1 VBB omiU1aaHoT nypoah w ( 2 &
PADP2FO05 8 «FpaBunurtayumnoH nNnnH3anap, wa K njJ

acTpopnsmnmkKk oOo6GbBbEeKTNaAaPHWUHT yMywmMnawT-upumnr
2011); PE2DAD1 3 4 «Pengartwns onagys3nap B a an
Has3apumacupga Kopas3gppaapp axapaduanun B a
MaingoHWERAEH13) PABDP3046 «KomMnakT rpaBuTa
atTpodunpga CNUHT a 3r axap@kamaH BRappaganp
TYNKWUHMNAQPHWUHT T 2@%);aNg n-1ud » « IO P Ad 4K 03 K n
KOPOHTF U HeparTMmapangaTmBopNgy3nap atTpo

MAoOHM2W3011) MaB3ycugaru MnNnMnim no
Gaxapunr at.

TaagKMKOTHMHI MaKcaau K Opa ypanap cosaapuHu Ta
bopmManmnmism Ty3umw Ba anlhnaHyBuUMN Kopa Vyp:i
XapaéHsap KAHYHUATNaAapPUHN aHWKNnawapaH wno
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TagKuKoTHUHT Basudaiapu:

Kopa Yypanap cosnapuHm TaBCUPAAMK Y Y
nMaraH d¢opmanusmM Ty3unw Ba Kopa Vypal
Knnuvmw napaMmempmappbundnap Takaundg 3TuULW;
AHI N dupmasta O6o0owka Myannudnap TOMOHMU
anap cosanapwu waknanapwu CUKMUINMW nar
XAUMAUHN YTKasmnL,;

TaWKMW acuUMNTOTWUK OUP XUHCAW MaAarHWUT |
bopmMauyumanaHr at KOopa ypanap aB@RaO dPun A4
pAagNaHTI Xapawapawmapypr aHuuw,

TaWwWKMW MaAarHWT MalnpgoHpga XoWMmnawraH T pa
pa ypa aTpodgupga 3apgapgnaHraH 3appanap
annaHyBYMU KOopa ypanap coanapwu wa K J
a3MaHMHMamABOAaNH

T alWwkKwu MarHWMT MainpgoH MaBXyaAnur unpga
HIT Y NTAapAanKkK atTpodpunpga 3apaaxaPRKAA N BX a M
KHaWNIWUHUHT TaxNAUWAUHKW YTKasmulLw,;
XopxXaBa TrrpaButayuunmoH Mopgenpgarunm anmnadt)
eprma MUKOAUWQpPUHN OGaxona

penaTuns KoMnackT N ay3napHWHT anecx
NaHWWUWHWUHT CeKMWHNaWwMmWwWMmHKM Takkocnhnalu

o

TagKMKOTHUHI 00BbEKTH K O P a ypanapuvuas HeWwTpoH E
Aysnapawp

TaaKAKOTHHHT TpeaMeTH K O MM a K T obbvbekTnap aTpodwu
MOoOHNap, apgopaar pypama CUWHOB 3appanap
mnpaBsunm opburtanapu, nnas3mMa MaBXYANUT N
r'’MfMT MamnpgpoHparm anmnaHyBYM Kopa Yypan
cobnaHapgw.

TagKUKOTHMHT ycyJiaapu. Y MY MU A HUCOUUNNIUNK HOINAHEUN S (
eKTpoaoguWHaAaMMKa B MeTpPpuUK adpdpuH agundddep
nap@pRakKkaTtT Ba MaWJgOHHWUHT aunddpepeHynar
annTKUK Ba pakKkamMnu ycynnapuw KynnaHwunr
TagKUKOTHMHT MUIMHUM ASHTHJIMTHK Y WM gar nnappgaH umbéopart:
MNK Gop Kopangpamapnvnpgaooproudmama C
nmar aH AHT U bopmManmnism TY3UAT aH, 6y |
AanapuHMU 0, 1% aHUWKINNK 6unnat TaBCWuC(g
SphPpMuymMeHTNapPUHUHT gactnabkun OGewtTacwu
KAMWHUWHEIMWC MmKRwamMeTpnapu WOBKWUH CUT HaI-NI
pcaTtTunr adH,;

Kopa Yy MEAMHTOAYNYaMM sneKkTpoOMAr HUT H

a
7

MYMTMaga CUHMWN xuMcobBMra KamMaMlumwm KYypcar

yTa WKOpPU S3HepretTmnuk XapaéHnappaga WKOP

7

xooMncanamTnBpPpWBO 6y nmMacnAaurm Ba T paBUTa

a

NaHWIWKW JAaAaPKOPAUT KU KYypcaTWUNT aH;



3appanapHUWHT lOK O p U aHeprumaAnapra ap.
3appanapra TabCcuUp 3TYyBUMN aneKTpoOMaAr HI
bepumwnm MYMKUHAUT U KYypcaTuUANT aH;

XopXaBa aM0oaREBPEA@OUA axXpanumuw MeXaHW3MN
XapaéHun opKanum Kopa YypamaKWngaepaunusakakp
KypcaTtTunrat, GyHAgaH TawkKkapu XopxaBa |
3appavyanap YyekcusInNuMukKkkKkavya Te3NaWUNWNHUHT

penAaAmMNnBY 3HWUHT dNneKTpoOMAaAr HUIY O3THAELDATT ras
naTtTun WAAY3HWUHTI KOMNDaAaKTNAWUK TabCcCuUupu My
YMYMUN HUCOBMNNNK Ha3apumacu pgowumpacwuapg:
annaHyBYNMN HEeWTPOH wNpys3ra HumcbBataH Kyn
TagKMKOTHUHI aMaJIMil HATHKAJIAPH K Y Mmmparuvmnappmpgadt noopa
T awkKwu acuMMnTOT UK 6unp XWUHCAOMN Mar HW
bopMauyumsanaHraH Kopa YypanapHWHT BakKkyy
anunTunek mpopganap TONMUANraH Ba p[gedgopwma
AY KaymrsanH 3 1eKTp MauWwgoHun pgedopmauyuunmsa n
MOOH 3ca ywby napaMeTpPHWUHT KBapgpaTwur
rpaButTomMar HMT 3apap Ba TawWKW Mar HWUT
podgupgarmnm s3apapgnaHr i aWMIBYA/PHGE JINAGENEEN HATH K BIXH ¢
FYH pgounpasBuim opburtanapHuUuHr wundopganap
npwu 3appavanap YHeKCU3INUNKKaAUa Te
aTUNT aH;

pa Vyp COACUHWUHT Ky3aTununysuwu Wwa K
MHT annaHMnWw nNapamvMeTpwmuia BKANHKYHP A

cnumrmnmra ofunmw G6ypuyarunra O60fFnNMkK 6y nwu
KW TYPFYH aAouupaBumn op 6 unxaamMppap3Hanp NKAY 3
raH HaTwWmXanapHu TakKkKocnaw wWynwm 6u.

YpaHUHT AedopmMalHse rmgpma eyTmmug ayr my H
Hg<a W2 2 ;

Mp XMHCNWM Gy nmMaraH nnas3mMa MaBXymnnu
OANapUHUHT wakK /BAaapywbynnmwamAananp cCosanm:
cmMmMmMeTpuanapHuM aHuUuKnaw xampga Oy oOopka
ObeKTHMU T a BpcauvdesTropn¥amp ala Ma b /1y MOT 1apHM
wnaTMmaMWwWn MY MK WUH.

TaagKUKOT HATHKAJAPUHMHI HINOHYJIMJIMIM WU WA a Yy MYy MU I HWC!
azapmacm Ba Hal3zapuim GMU3INMKaAaHMUHT 3 aMOH
akamMmnamu ycynnap B a anropurtmMnappgat do
anmkanapHum axapPPHOWMMNMK Ky3aTyBrnap HartTwu
0O WK a MY a JT /& iKm® aonvarpanH CONMWTUPUAT AaHANN
ynocanapHWHT rpaBumrtaumnmoH KomMmackT 061
cocun Tamommnnapum 6GunaH Mocnurum 6GuUunaH

TagKMKOT HATHKAJTAPUHMHI MJIMMHA Ba aMajuil axamusitu. T a A K MK O T
aTmxanapuHMWUHT MNnMUuM axamMmnarTu AHT U
MnnunmerTp Avnanas3oHUpga AK WH Kenaxxak/mg

= S0 ™
Q T T O SV

< -4 4 o
<Ko < -

a
7

— <

® T
Q T c ST OOO

o =
o

P
b
P
K
a
K
"
7
P
7
6
A
7

SO0 O

O X T O I

= T
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coAnaHprMmAXNUAIKAa auncceprtauyunapga Ty3m
KynnaHuvmnunmwunm BmRa ODM8AvMHanNxkm@MMnkKkanapum wMapk
Kopa YpPpaHUWHT TYpAnwu napamMeTpnapwu B
Mab/lTy MOHTIOAPAHMWKM OMNaH wMU3oXxNnaHapgwu. ByH/
AHIrnM dopmManmMsamM oOoOpKanu TaxnNnuaunm yMyMnui
anbTepHaATWBl T[HpaaRBAMPATUALNMAEIK WN P U LU 6ynmua
nommxanawtTumMmpuw MMKOHMUHWN Oepapgwn.
TapkMWKOT HaTuXanapwHUWYHH [ agkeva,a U M P @ X @ [M b
TYypnAaw napamvMeTpnapwu, XycycadH, rpaBUTOME
Xxampga XopxaBa rpapvnoaApacnjadas3apmagac un
napameTpnapHMU baxonauwpga do i,gEayTHRIHHTWL € M Y
rpaBumrtTaymoH MaMWpJoOHHMHTI XxXapakTepu Ba n4
nagys3napHM TonNnwuw Ba aHUWKNnaw O6ynmmuya Te

nmwnaTtTunmnumuwm MY MK UH.

TagKuKOT HATHKAJAPUHUHT KOPpUH KujauHumu. KO Mn a kK T rpaBurT
obbekTnap aTtTpodupga 3appanap xapakarTwu
ONNMHIraH wndoopga Ba HaTwuxanap acocwupga:

KexaiCupgacoc a3sKcTpemMasnas OYUK CUHTYNAPp.
HKOPUW D3HepreTunKk XapagmwBoxmmrea KysaphysH

Kanmpg saTunmnunwm O6GYyMWmMmya ONWUHINaH XxXxynocanap
acTpopmnsnmkacumpga xankKkapo Haszapum Ba Ky
MHTerpannawy-gyBBaRKyAmao6 UT( TEMBdpookna B a Y
Pecny©6numkKkacwuHWHIXeE TAYa B NTanra n Mok boHAaoNnapl
MONMANawWTMNPUNT aH Ba Cz.1.07/2.3.00/20.
20162 01 4) jacTypwu agounpacwupga O4Y UK CUHT

AWCKNaAapHMN MogennawtTunpuuwpga mwnaTtunuAar a
YyHUMUBEpPCUTETNHMWHZI 2Z20TipAr vinnymaTHhomMaymoy
ModennawTuMmpuw HaTwumxacumpga ranaktTukanap
AXeTnapHWUHT TabumaTWUHUN TYWYHTUupPpULWTIra 3pu

kKkopa YypanapHWHTI cosanapuw Ba ynapra n.
Mapkasuim YVHO EepaogwumdAaas)p n3iu K édn mapkasuga
6opununyBuYUM MNMMiI nomvumxanap papgounpacumpga i
aTpodunpga boTOHNAPHUHT XxXapakaTuHMU X U CC
Mapkaswu yHMBepCcUuTecaHwmnasbdmmempainpgm oiTMH1o MA Q
Ywoy Xmcobnawnap la gexga c m pa s nbroapu o H
JouvmpacupgaompmanHrpaHt apHUWUHT CcOoOATapUHN X NCO

HeinTpoH N aoy3napHWUHT CeKMWHMaWMWNHI
Mar Hutocdcdepacu B a YyNapHWHT KoOMNDakT AW
mpopganoBuynm wudoganap XuHMRAUWUT OYHHHUBHETP CThyr He e
ACTPOHOMMA B a acTpodunusnk a MapkKkasupga
TagpkKkuKkoTtTnapasa HenTtTpoH onagys3nap MarHM
XOopwu KUWNWMUHT aH (YHuBepcuTetTnapapo a
MapKa3WHWUHT 210 L@ 1T abwAvgaaR/my Mo ) H O Mmayaub y

AN

s SO

0
"
7
a
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MogennawTunpumw Ba xuUucobnawnap HaTwMmxacm)|
Mar HMT MaWAaOH KMWMUNMATMUHU aHUKAAW UMKOHMU

TagKuKOT HATHKAJAPUHUHT anpodaumsicu. T a A K UK O T HaTuxarna
MAMWUN aHXyMaHNnapaa, Xy mMnapgat, «3aMOHa

Ao3napb6b MyamMMonnapwm» (Kapuwwn, 2010) , « 3¢
Myammonapu» (CamapkKkaHAia, 2010) , «Fusi on
39COSPAR Gener al Assembly ( Mysor e, 2
nPpUMEHEeEHNE» (CamapkaHpg, 2012y 6 A gevie lkq@ iy

bnsunmke» (Erice, 2013) , «Gener al Rel at
«Prague Synergy 2013: Accreting relativistic compact objects » (Prague, 2013),
«Synergy Olomouc- 2014» (Olomouc, 2014), 4A00SPAR General Assembly
( MockBa, 2natibral) Congresk ft Mathematicians» (Seoul, 2014), |,
“RAGTIi-n2e013"” ( Opava, 2902814 “RRGAQDme,
“RAGTrH@R® 15" (Opava, 2015) , “ X1 Mar ce
2015), 41COSPAR Gener al Assembly (Il sgRambdbul ,
Ba pecny 6 RaMMKaan nMin MKMoMH be peHumanapumga Mahb)|
3TMnNnraH xampga anpobaumapgaH YyTKa3UWNT aH.

AnccepTtauns MWNHUHT AdaApoOoCuUM3I HRAAKA MA
(20102016) AcC T prlomoamm T y(T22016) Y3 6eKkuncToH M n
yHuBepcCciwpoODe BB sHMm3apuinm duns3unREe)\Hekacdgapa
Cunnesna yHlOBaBamae Mmn pancadga Ba2063H da
FfepmaHuaéogmgerme e pic u { @000106 ) , e pMaaxkHcuK alfaa MK
rPraBuagaymsmnmkachm MHCTUTYTMWU (2013NunkK Terg
TexHonorunanap Ba MWUKpoOr,piaspmnampbajavarap K
dbyHOoamMeHTan TaagknKgoTnaPls) MXuegumcyougar
YHnBepcutetTnapapo acTpoHOMMNA #@16) acTp
XMHOUWCTOHAAr u hexnwu MapK2DAB ) nywakpaarpic
XankKkapo Hasapuim b3 nk a MapkasMmu (2011
KMWAMWHIaH Ba My.xoKkamMapjgaH YyTTr aH

TagKuKOT HATHKAJAPUHUHT IBJOH KWiMHMIIM. Jln ccepTtaumns M a
bynmnmuya xXamu 30 T a MNnmMni Mw Hawp K1 n
Pecnyb6nukacu OHMIOMNW@OWEBCWHHAWHMIEA OOKTOPANK
acoCUMN MAMUN HaTMmXanapuUHWU Yyon 3TMW Tas
MakKonxyM/ARTIRaxHo, p M XN N XypHannappga Hawp 23

JluccepTauMsIHUHT TY3WJMIIM Ba Xaxmu. lmcceprtayma TapkKkwu
TYypTTa O60GuTmaoBoap@B@anaapabadTnap pyi
mnoopart. AncceprtédGersHmnHramakmunastagw.

|
(
X
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JJACCEPTAIIUSIHUHI ACOCUM MASMYHH

Kupumm K mcMmpaga VyYyTKas3uWnraH TaAgKWUKOTNapHMU

acocnaHTr aH, TAaAKWKOTHWUHTI eKMaK Bajun peg M8
TaBCcudnaHr aH, pecny6bnumka GaH Ba TexXxHON
MYyHanunuwnapwuwr a MOCANUT N KypcaTunradt, T a
aManmmn HaTwuxXxanapwm O6aéH KWAWHTIAH, OJNMWUHT
axamMmaTmnm o04Yunmb KOOETp MHIA TaHX a JTaapaMkHaM a ManmneérT
Hatwp STUNT aH muwnap B a anccepTrtauymnsd T

KenTWPUAIT aH.

OunccepTakiigamyswrl kopa ypa arpoduaa ¢oronaap Ba
3appajJlapHUHT Xapakati» 4 € 6 H O MM AHWHA W] abDWOBK N acUMMNTC
GNP XMUHKKMIM WMalJgoOHTIa XoWnawTwmpunraH ann
xamMaa TpaBumutTomMarHuT 3apgapgra adra ©o6ynr a
3appaHMHT XapakaTu Ba 93nekxkT plyvHarw HInae Km ;
ywby ©6o0o06pga Kopa ypa COSCWUHKN Tag@MHPIoB
COSAHWUHT wak nu pagnmoacTpPOHOMMUEK Ky3aTyl
Ky3aTyBUYnN Kahwpg Kumnapwur at ACCU TeKucr
KYypUuHMwWMAaga ONUHT aH

dapas K Mal@MpPIaAK O M U K Ky3aTyBnap KkKopa
TeHrnama opkKkanwm PUpuUNaUBMRYypaRAKNABR Oe

Ri=Ri(yi), (1)
y eEpRIBayi - MapkKk D3my KT anmga 6ynr at KyT®o
McrTemMmachdUaAr BPpa bdbypyak. Kwaodp gMH@EWI aA AP U
XemMaTunuk TacBupwn 1la) pa 8 B AK YK3eaT Ty VBPHMIHT U
C MO H TEKUCTNTUT U K o,0yp/idiavpH a® prnapaH abiny nuwobo
McTemMacuUHN .TalWKKUA 3Tapgw

OO0 OO O

Bl 5

s’
3) D

l1-pacm. Kopa §ypanap cossiapy mMAaK/UIADUHUHI CXeMaTHK TACBHpPJApH: a) cos
IIAKJIMHUHT MapKa3WHH TonMuI, §) TasiHY aiijlaHa Ba CHKMWJIMII KO3(puuIMeHTIApUHI

a

AHUKJIA1I
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Ky natm KoopaoumHaTanap cmcrTemMacumuHMU aH
WleBapuwwopa yYyppaBun@owak nra 3ra ©o6ynapgwur
YYYH 3T pPpUW YN3UKHUHT 3dPdPekTMB MapkKkasnm a

2p
¢ Rl IRlgm(ORIdy i + g, [ ay
R, =2 y : - : (2)
Ore (ARi/ dy i) +9m]1 dy i

0

6y e agpaguan KooOpAaWHATaHMWH gy, 00 pP/KWK 6B € K
KoopaAuMHaTandRy)ameremMatpuk .pyHkuLuanapm
RBEKTOPHMWUHT KWIRNMAaTMHMUN GKAQIT PRIHU HXAOT/BA aM &

Mqoo,u,aCMHM Kynmpgarum KypuHuwga aHUKNawWwW ™
1%217 02 a2, "2!31/2
R: gfildyio ?l coy dyig +gﬁ| Slnde/|0U, (3)
- 0 + (;o H

Rj siny dy|
V. =tan’ ae” o (4)

aEf;] Ri? cog/dy|g
Mapkas3un 3Trpum YNUN3UKHUHT 3 dhe R TMBE Wy AEH
HITM KYyT6 KoopaumHaTtTanap(R)MIcke MEBZ 1N W T U
oopaguMHaTanap cuMcTemMacum:ys3apo kKyunumpgaru
R:= [(Ricog/i- R,coy/, ) +(Risiny i- Rosinyo)z]llz, (5)
1R|S|ny|— R,siny, ()
Ricoy/i- Rocog/0
AHI M KoOpAMHATannap C W carHeukacaiugmam nria svHyul

byHAaa alWnaHa umuympgarm pgoupa H3IXa IOB@AIC MY A
TeHGepun nR=&®HW) énmnkKk 3rpum 4YmsunmkKk 6GuUunNnaH Uver a
Kynmpgarunura TeHT
d
A= A gRngydR——n Redy ZmR(/)d’l//d/ (7)
6y edgBlaB a, =R°aKaHANUT ngaH ,heNp@MmaHmNnKK 6)
ONNMHIaH KaHpfanawngbeR-RWM/M). ATaappa MceoTsp Wa kK K
arpm 4YyusnmkpaH wnobéopatT 6V n.cray U nypgHT eAr puaanpil
opkanun Tyy/iEwBR @),
TadHY aMnaHaHWHI paguycuHamnm Kynmnmpar unu
2
R.=28 . ®)
cp =
KnpunutununradH anaaHar a Hnco6artaH-t CUKMWAL
KNP WUT.OMIPH UYNI3UKOAY=OMPEp/2B@NBHE2 X onatTnapapme
ETYBUYUMA Bugta HyKTanapHMu Kapauwdeprcaganari

< 0

y =ta
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Anar pamvMmar o okpagavaHzapr Map k a3 MOAQ HOMRDr agaH
Maco@aama®p Xxonga Kyunumpgarwuvmra TeHT

R.=R( =0)=& chlooy) =ac=A ©)

?=0

y =0

@=Rﬁwuﬂ3:§@awww :"Gﬂ?@ﬂfgzé, (10)

ly=pl2

R =R =3p/2)=4 chfcoy)  =R. (11)
?=0 ly =3p/2
R,=R,=R, WwWapTHMU KOHAOWPYBUYM AHT U napam
aHUMKNanmma3
o Gy (29 e
Crr1 = 02?8( 1) 22?(? !)2 ]H (12)
TasHY aMnAaHBIIMMHKTanappgaH yTagwm peob x
MYyHanwmuwga napamMeTpuKk arpwu A W3 WK KW HT
AHUKNAWNMUAN ME MK WHOWKIMYa UWyHanNnraHw Kopa
a KoopaumHarta 6ymnmnua Makcuman Yepnauwml
MYyHanumuwaa 4YyeTnawunuw Hmmara TEHT 3KaHAOWUT

ds,l = I:QS,I - |:g/,l (J/ :p) B a CZ" +a C2’7 1 (13)

?=1

EKn S'/J'I‘-IaMCVIB CI/IKVII'II/ILIJ mnmapamMeTpWu YY4VYH KY

. dI 251102?_1

L E = 14

- (14)

Cngkmnmnuw napamMeTpPUHUHT MKKWHUYMaHaBpUC(d
B HyKTar aua 6y nr at mMmacocdanap Te

PUTUNWNMUNU3 MR, ME.MHBY axemaga ykga sSHrMun |
aMuns3 KM, 6y HAuEa= EEBa ¢ cEdpaHiyakpT @ T S H Y annat
nnoé xusamMaT Kwunapgpgwu.

b ya a CUKIDRWME TPAH U ynumpgarmnya aHWUKNaLW

K
— dsII ’Z\ O
%’aw‘%%—fﬁ (15)

6y edg,,q—arpm UHUNI3 MWKHWMUHT aﬁﬂaHaﬂ,aH yeTnauwwu

C=Rly =3/2)=4 (- I, (16)

?=0

OO0 R @
<o = 9O

Yumu n , CUKMUNTNW napamMeTpP,WAHTLUAYRKWAMA /I
HmcobGaTtTaH CUMMETpPUK 6 Yybyvkud M6 MHMOaH  O6F MpLL  KGanTs

YyTMaBAbLWN T OPU3OHTIra HUCOaATEWMY KHIONK maF 1 W
éTmManpgun.
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Mapkaidun E HykKkTapga O6yAFT&EHY KTaa/HaAP AalHl aH
ne6 xucobnabob, aMmnaHaHWUHT pagunycum Ba C
mopoganapHm oMW MY MKMWUH

A2 2&/3(5'1 ;OC?F%(XS))+ (é'l ‘;OC?P?(&))Z

, - ) ] (17)
' 28,,G(1- Px)x)
- :_C'>P’7 - ":_ ?._Aé‘
A, =2R,, - R\+R =(3° op(x)| 2= Pl X80 AC
a. G- Px)x)
dS e @ ai- C,P, } éZ-C?- "&6
ch,III = = = 2(a. f):OC')P)(XS)) ~, ._(i— . n(XS) XS = f nl ! (19)
Ron A2 - ox AlA L oP (k) E L oPx)

6y exp/Kayhimparm TeHTNaMaHWUHT €e4Yunmu

- - dP(X) 2
AP &7,e =20 x)=0 20)
22pacmpa anmnaHyBuu Kepp Kopa ypacu cCoO
CuKuMnNnmmpameTpPnapuHMWHT KaTo?pr ak o6 dhthnu g 8 K
KentwupuwApraavHa.a r u yurtad,, &pasdamdk, CUKUNNNL
napameTpnapura mMOC Kenapguw. YwoyTepwmnnaH
GmnaH MOC XafgHWUHT PKUWHIA THY [Xala b Do K
Kopa ypa amnaHumnuw napamMeTpPUHWUHT Owun wwn
MOAOYNWHMUHTIT oOoOWWMWKN XaM Kys3aTunapgwu.
. é \‘ T T T T é . % T T T T é . % -“\\1'77_11\\ T T T T T T é
0.1 ; '\\:_\\ :::222—; 0.1 — - é 0.1 i— [ \_\ —i
F N a"=0.80 7 o Eo— _\"\( -
0.01 = \ ——a'=0.994 001 .:,':"_':_"_'"-'--}\\ E 001 ‘\'\\\\ 3
0.001 —; 0.001 — \\ —; 0.001 ;— -\‘-— . :-;\\‘ —;
g AN : =~ : : .
0.0001 — :\ 1 0.0001 - \5\\ 3 0.0001 =
1075: Loy 1] 1075: Lo ] oel L 11y ]
01 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10 01 2 3 4 5 6 7 8 9 10
{ { {

2-pacM. AiilaHyBYH KOpa ypa aililaHMII MapaMeTPJIapUHUHI TYPJH KUHMATIapH YYyH
CHKMJIMII NapaMeTPUHUHT KaTop KO3 (PUIUEHTIapH Japaxacura 00FJIMKJIUIH.

OJedopmMaymanaHraH kKopa ypa aTtpodupgar.
ACUMMNOTOT MUK AccuBak BAKYY M a Bb@a i@ ¢ /IE0oBUY e p M ¢
IMHAOKBUCT KOPWHa HKRAYAMN LAT U KYPUHMULWTNA 3T

o ~ f~2 2
0= M Qs pae - MG g+ STAEN) g
g =

S 32 D+ a’hsin’g
N 2(2 in2

+S7dg? + ¢S + 2 S +25|\2/|r)sm 91+ h)gsin?gd 2, (21)
& u
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6byepag=r’+a’cos’g, D=r?-2Mr+a’, h=eM¥/S*, e — B e dopmauyu
napamespPaae<O X onartTnap MOC xonpga Kepip KO
KaBapuk EoKOMbR@A@T AK TV Ff p30 xwoegagmuwk.opa VYypa
Yy MYy MU R HUNCOUMUNKUK Has3apuscwu gouvmpacwupal
OQnekTtTpomMar HVABRANOP e HBNKRYy/ U M A AT U KY.PUHMUL

2 2
A):-aBS - 2Mr;2MrS|n q(1+h)’ A =0 A =0, (22)

(2Mr +?)sin? g - amr
SZ

A = % Bsin® ngZ + a(1+ h)ba (23)
€ u

JedopmMaumanaHraH Kopa ypa aTpoxamaraa mn 3
FramMmumnseBro@@Hr namMmanapum opkKkanun TOoOnNnWAT aH

ma MS A MS Q_
9"'ee—- eA,cee—- eAo=-m’, 24
o entl - ent (24)
byeppeaBanCcMNHOB WUHaMpHpracMOC XxXxonjga 93NexTp
BakTCuUMOH B a a3z ocunumMOH Knnnwunur BEeKTO
3appacu y4yYyH TabCUPHKW Kynwmparm KYypuHuuw
S=-Et+L/ +S,(r/)., (25

6y gBAICUHOB 3appacuBHERPETMMK JRAEG M 6L.H 7

|11 e=0.5 18} RS
L10F 'IT ] | A e=0.5

Losf ' ] 16}

= ool

: A €0 ] AN 50

nonf g ] 12} - - :_‘_'_'_::---"""'.

M M

3-pacm. JledopMmanusi mapaMeTPUHUHT TYPJM KHAMATJIapu y4yH Kopa ypaaap arpoduaa
aoupaBuii opOuTa Oyilad XxapakaT/JaHaéTraH 3appajJJapHUHI JHeprusicu (4amjaa) Ba
HMILYJIbC MOMEHTJIAPUHHUHT (YHI/1a) paguaJj y3rapuiim.

3pacmepapo@mmMmalyu s nAapaMeTPPIMIH KMnnmatnap/

Yypanap aDPKBRWDP U an DIeKpaBRMROAaopoONTa
xapakaTtTnaHaérTr aH 3appanapHWHT SHEepPT N1
pagnan ywkemapmmu¥oubgH pacmgaH pgedopmayus
MaHhnimn KnmnmatTnapumigma ocmpadsBmn N3 app@nTaga

17



KaTTapoK 3Heprumara a3ra o6ynuvw pgapkopnwur
napamMeTpun xucobura rpaBmtTayumoH NOTeHUWN

NMwpawyHUWHT g&ea®@O6MN gouvnpasBui opo6urtanasg
lNsco=lsco/M M O A@M TONMUAT aH

Fioco = 6- %e +ole?) (26)

AcCcTpodusunkap=eBWMANEG/HIMATH X OlfscdR Mi@ap mar n
KYypuHunmuwra :ara ©o6ynapgm

1- 2a°/M?- e

7o + O(b' 2, e ) (27)

lsco =1+

Wy HMHTOOQMEKM HYU M BGob6aga rpaBuTOMaArHMT 3 a
aTpocdhnpga wapuaewr 3 1eKTJPO6 y3nanpaHama np aBu il
opbunKappa@aKk aTnaHaéTraH WKKWTa 3appaw®wumHTr |
VTUNMEKMNHYN S3NeKTpP XuxartTpaH Hentpan 6
HyeKCWU3NUKA/ILaH Kenuno Tywagm. TYKHawy B Y |
SHeprmacum Kynmmparum KypuHumwra 3r a

E... 96- |2
i Nl 29

6y dpmMiapkasnMi Kopa YpPaHWUHT T paBuUTOMAaAr HI
OAnccepTadianmdv MABKYILIUMIHIATH KOpa VPajJapHUHI ONTHK
xoccajgapu» [ € 6 H O MWIKAKHUWHaYHN K O @ @u yaoa aTtTpodmpagar u
YHUHI ONTWUK XycycuaTtTnapura Tabcupwm ypr
AlnaHyBUYMN Kopa VypBRakwmpoynpaanmn pmeop
TaBcudgnaHnapgwm
2

o ~ - 2
a8 =-%- 2Mr Qait? - —4aM;'n thdj +%dr2 +
(; -

SZ

2 2 P2
a (S +28|\2/Ir)sm q§sin2qdj 2

+Squ2+g§2+
é

(29)
6y eMm@-Kkopa yYpawmwKacunm Ba conumwrumpma 6\
AKcuan KOopa ypa aTpodunpga. NMmaammea
CUHAWPWLW K&ftp:en()(‘m&,lﬁuym epaRra” TesNNKKa 93T a
Kys3aTyBuMu TOMOHMAAH acCcyr/ouraaHcrna H - QJOOT TOOHHH U H
SHepr mmFemu® KypuHmnwrfiBnasa MaHUHT CUHOoWNP W LW

TYypT ynyamnaum MUMOYNAbCHWUHT QyHKLMACKH KYPp
2 _ pap

ot (30)
p,u

a
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nnasma WYyK OynradHpga nemrdHgg npiermwa 3 ma@d MK KK
ypa aTp@apmxkaTnaHaéTr am MNAOGTTIOHHKYRWHI U 4 & T |
KYypuHumuwra 31 a:

H e, p*)= %[9 ', . + (- Yp,u ] (31)

Mnas3MaHWUHT CUHYMPYYWY KYipYL@mrgar n undoaa
W}

n®=1- We (32)

b6y empAmMmMNaazimc TOMT a

BEepunr amHakdraH3uoH r T e 0 M e Xavaskcanr i at edpia TIGHV &
aHuUKnNnatl awwmyHBkToGK® HT fTaManapugaH dQoliaganat

5 L (- Yo g 3

6y em AUS/ .

afM=0.1 a/M=0.5 afM=09
14 BT 7 20
12 b L
10
.. 08
0
= 06
04
02

00 00

4-pacM. AyIaHMII [apaMeTpd Ba IUIa3Ma CHHAUPHMII KYPCATKMYUHHUHI TYPJIH
KuMaTJaapu Y4yH (OTOH pajuajJ Xxapakatd 3(@eKTuB NOTEHUHATHHHHI paJuaj
y3rapumm; 0y epaa 3¢pdextuB noreHuman Ve ¢oron 3Heprusicu E ra nHucoOaran
HOPMaJ/UIAIITHPHJITAH

4pacmigaanl napameTpun Ba Nnas3ma CUHAV
MMmMmaTnapum YUy pa pdaoktaotTHn poadnodreak/m 1B N OT € H U
3raxeummw mpRmgaHkentTupunnraygyknrpadpug napgaa
3NYyKCNU3 4Yuns3suwA@PO.4O.8% xiomananapra FYFfpwu
acwmpgadt CUHANP N LW KYypCcaTKUWUYUMUHUHT K a
p6buntTanapHUWUHI paguycnapumw KamMaunlwumwm Kypec
Kopa YypaHUHT aamaodovygiar amn xongar u C C
nKkaMuap nnasma O6uMunaH ypanraH kKopa Vyp
pacupga Xohnauwca, Ky3aTyBUYun EPKUH ¢dOH
y3aTtTyBuum acbobwu K Yy pamwmma r 103pa0ma HKap
Opa C oaxTapHouguurg a H K BUYKN POYTUDOHYN apOHin K @
YypaHUHT codcur a T n Kenapgwu B a Y HUL
PoOTOHN XPPHHAT TEHT acumu opkanun TOnNuAKN
Mnas3ma 6umnaH KypwanraH Kopa yYypa COS8Af
YUY H €nu/xapoHpMo nkrap a a plalkkgarM MBe HIr nf1amanapu
KaTTa/noKkireappr, ay puwaokveiBa WHTer pannarma gou

O OKK K=

(X X O <£

opa
eny
yfop
JamMm
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6O011KK OYyNr a(llDOP MY MIyaWT UPUNT aH x=H/ETBANNK]J
h=K/E°doliganaHammns3
Mnasma wMamBaoky oKimpa ypa COACUHUHT wWak/J
opKkanu TonNnWW MY MKMH
r — dur_
u" =0, dr_o’ (34)
6y pAaaadPoT OH PRaapgaMkaalT UHUHT TEeHTr ntamachmu.
CoOAHMRBT apaaank TeHr famManapum opkKkanu uc
WlHra kKapawmalh, CO@CMOHaT $BM AR NB ABTAN /TR 4 U
OCMOH KoOoOpAaWHaTanapu opkanm TaBcudnaHa

a=lm& rozsinq0£8, b=lim& rozd_"8 (35)
To- “(!‘ dr = To- BQ dr -

6y erp-aopa yYypapgaH Ky3aTyBgiKrogpwa yGyan raaini
YVKMUHUHT Kys3aTyB TeKuUWcnunmrura OoOfunmw 6ypUa

5pacmMpa Kopa Yypa auMnaHuww napamMeTpwu
KummMaTtTnapum YUYYyH anamymBw umwaxilopaa yybakHel/mT
pacmMagaH alnnaHwmw napavMeTpwn Ba oOofwna O6YyPp
CUKMINAPHWUHT namnmpo oynmuwunr a onnobbykenwu
boTOHNAPHWUHT Kopa Yypa TrpaBuMuTauUuWOH MalMm
6unaH O60fF

n

n n
a/M=02, 0,,:; a/M=0.7, 90=5 a/M=0.99, 09:5

CpmM

4 2 0 2 4 6

n
a/M=04, 9(,:;

B

a/M
S5-pacm. Kopa ypajapHuHr cosiiapu: mjiasma oyamaran (y3JyKCH3 YHM3HMKJap) Ba mja3ma
OyJaran (MyHKTHP YM3HKJIAP) X0LJIAp Y4YyH

OwncceprTauXopikapa-Hutpuiul rpaBUTAIMOH MOJEJUAATH KOpa
ypamap arpoduaa ’>HepreTHk kapaéwaap» € 6 HO Myl am 6006 u
XopXaBa MOAe nalh ndjoHwpBadcun oaopa Yy panap aT
XapaéHnap .Yyhexa@upe@socBa®haxno reomMeTpus
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AVMNN KeXopmeawBaaH paBUTaALULWOH MoOAen [

T ax
CMUMMETpPUK KOpa Yy psaaKarTHMo druamacrnh-Dhz@sTac o K e
( KC) MeEMp LKhe pMK KoOOoOpAMHaTanappjga Kyihnhumpga
L .8 s wmeB. & ¢ s B
ds’ =- §+ W‘ﬂ%—ouod i V@L%—OUQ dr2+r2(dq2+sinzqdj2), (36)
E feomtld Fofc Wl
(; = =
byepaoa— XopXaBa T paBUTauUyMKmcumb T ya3 amawagica p 6
napamerTp.
KC PFRraOTNOa Gapakanp TeHrn.aXVIaapcaMKamn\

TEeHT Nnamajpppam apHUHT
mwnatuynaa
xMmcobnabo

IOK O p 1
XapakTtepnu
UNKWUNT aH.

HepreTmwuKk TYVY
xonafTtnap YUYYyH M
YnappgaH -BMBKK MT aacTUp 0K

TYKHawuvnwnap pyn OGepunw xonaTtTnapuHawH Tapg
pagavnan WyHanunwpa EemuudrOamo BmpPpPAmapp 6 n
XapakaTtTnaHaéeTTr aH 3appa 6unnaHt e KMu MKKMWU
3appanapHWHT ys3apo TS'/KHaXLILI/II/I.IJHl-II\ME-lC)QO'Ifaa'I'Ia,[pE
3appanap ) TOpUaAsK AP EIK & CA/UHR A A4 aK a f a M

K B a
opo6MNTanapxamayial

a/babBymwa@nN Yy napHUWUHT Oypuart
nMwopagafpuw Ba opbuTanapwu pagunan O6ypunwu
CopgpannmkK YUYYH TWHYAMKIAOTYW raaHe prkiyrmed 6 1k
yunmadacca MapKkaBduumndeapgapCMAKyMnNmngarm KYypu
Ec.m. = 2m2(1_ 9. lulauzb) (37)
1.8F ~ ! g
1.6F 0.2:‘31 \\
,§ \
= 14F /
= Ve i s
W [l 92 s e
12/ / o N
,"”/ // A0 ]—-- oy
| s
1.0kLL . .
2 3 4 5 6
r
6-pacm. ¥ = 0,1, 0,15 0,2, Ba 0,281 kuiimataap yuyH Kenmiep opoOuraaa
XapaKkaTJaHaéTran Ba paauaj HYHAIMIIAA KeJaéTraH HKKUTA 3appajlapHUHI Macca
MAapKa3H YJHEPrusCUHHUHT PajguaJl y3rapuim
6-pacmMpga [0V paXapa KoaprommaTtHaagear r a H Ba pa,
KenaérTtr aHt MKKUT a 3appanapHUHT Macca
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y3rapwuuwwu K.eKnyTpumpHinner a H yop Mm@ mpamie , T P HIMWHWN K a
bnmnaH OSHEePrMAHMUHT MakKcuman WywWmmewm, X a i
napamMeTpPHUWUHT KamMmanmwm oO6GMmnaH MaKCWUMYyMH
Ky3aTunmokaa.

7-pacmMpga wMar HomsarMmapmpme T PHUHT 6unp Hewvu
Knmmatnapmu YyUY4yH 3appanapHWHT Macca M
y3rapwuuwmn KenTupunraH.oTBYHAGU P T aMuwKHIC NacC
ManpgoHpga XOoMWnauwr aH KC O4YmnKkK CUHT Yynsap.!
Tes3nauwunuw XapaéHwur a rpaBumrtaumnmoH B a 3
TabCcupwupga Macca MapKasMu SHEPTI NACUHUHI
MY MK 1 H

Wy HUHT g ek, y woéy 6 0 6gaAamM 0 M 0 pnkeaBean b I p/As
ONWMNHT aH amnaHyBuYMN Kopa WY BRUYMEeUYmmpa TY
sprocdepacuMuHNUHT Xoccanapwu B a SHeprwus+
XapaéHnapwu Tapgkmuek STUNT aH. QkKkcTpewman

3appanapHUHT KOPW 3 HXEAPHr MBAWIIaApPra. YTPer 3a/HanLr

3.5

3.0

2.5

12m’

2
cm

2.0

[.5

m r r r [ r 11 1| 1 1t 1 1 [ T T 1 1T [ T 1T 1T T []

1.0

]
(]
:
u,
(o

r/M
7-pacm. Maruut Maiiion b = 0.1  xapakrep/im KHiiMaTH YYyH 3appajlapHMHI Macca
MAapKa3M SHEePrusIAPUHUHT PAIUaJ Y3rapuilu.

OAuncceprTauyn skMarmaTianrad HEUTPOH HJIAY3J1ap
IeKTPOAMHAMHKACH Ba CeKHMHJamummu» e 6 HOoO MTAapT amuyma 606
aMnaHyBYM Ba MarHWTNnaHrIaH fanaTwun wOAAY:
Yy MYy MU R HUNCOUMNNNK Ha3apwmadaécHh H ke .N H Bpe g
nNeKTpoOMaAr HNT HyphnaHunw fanartwu PN AY 3 HMU
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aH MaAarHWT MaWnAgoOHWUT a H wicabHauTuaMH XOWF C1oLLD
AT a Kenapgw. Fanartwu PNAY 3HUWUHT K O M
TPOMAr HNT HYpPANaHWWKM HaTuUuxXacumpga 3HEe
afumyummpam Maccanu HEeWTPOH WNAY3HUHT
6ura oasHeprwus+ My R O Tvaupvka a K 1 nynHwja 6 m ygwm
naHpagwu. By Kenaxakazaga FanarTtu 10 J
HNaWwWWMWMHN Ky3aTuw épgamMmpga aHUKNnauw
NaHyBYM FfanaTtun WAALY3HUHT 3NeKTpPpoOoMa
our a CeKMHNaHWWUHN KY P UM aH U KK/MINY3 3
MNTOAMNONDb HypnaHunw Xucobfpmeaéd wmhppaa
Mwm3anonb HYypAnaHWWwWw XxXuMmcobura penaTuns
Nb 3nNeKTpoMarHMWT HYPpPNaAaHMWHWUHT KYBB
62
Ly, = WGF;BOsn c, (38)

DI =Ko

=X = X O DX X W T O
SS90 S

O3 70 P>PXSOT DX O
OPIOSXSXTOOXRNK ™

byepam@aMm i yammymm HMCOGMUNNNK Has3apuscwu Ty3a
KaTTanNUWKHUWUHT yY3rapraRnuHgemaTnea @oaagwa
rFRoparvmv KuummMaTUWHUWMG—-dATr AaTamaingaH Ba alMmi
opacunpgarun o¥waw d/ygpHagm

KOnoy3 OSHepr nmacumHMHUKU  AXMUNCOONObWIT BV HOWMIAKHO T
HbiTOH MexaHukKkacupgarum wndpogacumHm Kapaca

WR°B]
(ben) e =gz 9" € (39)
(18) npopgagaymnaTmam@anpPM BK M C MaH MarHUT r
cuprTmpga Kyudyahnumuwmu
O_BOR3_ _ 3R ¢
B, 2m fr 8M3§ (40)
Ba KuWucwMaH a%mmmmmwmuwmmrqHMHr OWwnuwm X
9KaHAUT MHUN KYypuw MY MKMUH
W) = W e = ";‘ae—f 28 (41)
OQHeprma WUWYKOTWUWWHW nNynbcapnap Kys3aTyasB
6ynr at Kynaﬁ KY pPpWHWWA aa AnndaoHapalrPaIEBR BXDaHNN H M Y
BakT OVyiinuymr=d{d.&dmaaBanga O6epunraH HaATMUX
TYypuoéagunkmn, FanaTtTu wnapysnap opgaTtTunln HewW:
Te3pok C € K.WAHC/TapuoadpyK3anHK Ky3aTtyBnapl «kynr |
annanvnw pal®PwmoalT@dapodmnga pfaBpPUHIHA X
6ynagwuvwnap. LaBpnap X0OCUNMACUHUHT y3r
y3rapumuwunuHm xmcobr a onr aHtH XONA®MWHEHAE
XxXocunanapwm
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fanaTtu wnpy3 aTtpodumpga nna
OUYMK KYUY YHUXMEHMAPMHOY KXumead
XxXmcoo6namnunek

3appanap 0K U MMEAHEVEPr 0 JTW 61,1
KMUMNMaAaTUHN XKUcobn

AnaHyBuYM
AeOnNNNOBYHUMUHT
CeKWMHNaHWLWNHW.

PenaTtTuBunucrTtMunk
EPKMHNUKHMUHT MaKCKUMaIl

L,),.= gk(l- )L g (42)

6y HXKa2l/R MONEeHBM WBUTILYRBMHMNOAKT ]

napameTpWu

—MHepuwnsH

1-skanBag
(PP)s/ (PP), GOFIaHMIIHUMHT KOMIAKT 00HEKTIAP TYPJIH NApaMeTPJIapra GOFIHKININ:
maccacu (Kyém maccacu Oupsmkinapuna), radatu (Rg,l) Ba meiitpon (R.,l.)

HJITY3JIAPHUHT PAIMYCH Ba HHEPIUSI MOMEHTJIApPH.

(PP)/ (PP), 4,34463 | 4.53723 | 5.1094 | 6.16863
M /M 1.2 1.3 1.4 15
R, ki 7.48 7.62 7.69 7.68
R, km 11.75 | 11.72 11.7 11.68
lo,® 10° gm cn? 0.65 0.74 0.825 0.9
|, 10° gm cnt 1.08 1.2 1.36 1.72

HelWTpoH
MOMEHT Napm
XMNCOOMazZwkragalB angar u
Mar HutToc depacwu

a fanarTwcalguapwms, Tapagmuy c UuMasB
bonpganaHnob,

KMnMmumaTtnapuwgadt

MaBXyn

HaTuxanappagaHnagk@u H |
Mo @a wa

6y Nr awsma

Kypa 5 MapTa CeKUWHnawapkKadt.

2-KanBaJI
Inasma maruutocdepacn mapxkynauruaa (PP)/(PP), . Ooraanummmunr xommakt
o0beKTIAp TYpJH mnapamerpiaapura Oorsmkaurum:  maccacm  (Kyém  maccacm

oupsiukaapuaa), ranatn (Rg,l) Ba meiitpon (R.,l, ) toaaysnapuunr paamycn Ba

HHepUHs MOMEHTJIApH
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(PP)/ (PP),« 0,2053 | 0.2165 0.2199 0.2146
M/M 1.2 1.3 1.4 1.5
Ry, ki 7.48 7.62 7.69 7.68
Ry » km 11.75 11.72 11.7 11.68
s, 10°° gm cnf 0.65 0.74 0.825 0.9
lys,® 10 gm cnf 1.08 1.2 1.36 1.72
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OnunHT aH HaTunmxXanapHMWHT MY X UM Ky nna
NaHYBUYMN NOFRAMUAT WOIHEPT KNA MYy KOT MW WMWK X
cbumnmnk poumpacupga fanatwu wnanpy3nap He
eprma MUYyKOTMWKM aHWUKNaHAOW. OnunMHTr aH Ha
Fpucumpgar u acTpodnsunk Ky3aTtyBninap HaT
BYlapHUHTI Kenrycumpga aHUKANaHUWWN OYyMNMYa
MarHuMmTnnaHT aH onagy s KYyT6 Kannofwunpgat
epr unsa MYy KOT U WK KyT®o COXaCWUHUHT y My
HWUHT YYYH O3Heprus MYy KOT U WK nnabés3 maHMU
NMNOFfF MHUHT o3 acur a 6O0F NUK 6ynapgmw.

3aTManapu nnas3Ma OKMUMUHMUHTI Kydyaunwumwur
Fr'HMNT MaMW[goOH KUUMATUHUHT OWULWIN XWNCOOM
mpacumpa KYyT6O6 Kannof MHMUHHE PH3MEAC U3 NKIaTWE

OpTMWN KYTO6 COXACUHWUHTI KaMaMMWUHN KOMI
SHeprmnma wWykoTwuwnap YMYMWUN HUCOMMUNWMK [
tongpys3napaga KoMnakKT napaMeTpun HENTPOH K
cab6abnwun, fanartT m A0 AOYyK30ITAMpUO, ac €3KHUEHPPro Kk p y 1

HioBamapma T alUKMW Marlr HUT MalhgoHpagaruw pedopm

aTpodunpga a9sneKTpoMar HUT MaWmaiH/BaHMa Vi 4 A
rpaBumrtTomMarHMT 3apsapara 9ra O6ynraH Kopa

X T =0 =

o< OOOD 4 X O

a
"
a
a

a
7

y

1.

y
0
c
a
T
"
a
"
Lw
H
2.

MooHANap ;wdauyxarnapair HU T Man-fdbaenaoa &ex
HIT Y NSApPNWTIaw exTTPCOMMERE AHOMHT N O T eHLUyBRawmKk wm o
Fr'fnMT ManpgoH@dhe Mc K@ X@Y mKa CC U H rdyonTsopHymar pu
3app xaipgpkHanTHIr

XVJOCA
«“AK C r@UIMMEe TP UK K O MLVA X Hf a wewmTT/aa p arT
ppadvyanap B a dNeKkPpVEMEBYRBMOoaMaANnL @O R
cceprtauyuumsacwu 6yinunmya onno 6opunr at T ¢

nocanap TaAKAWUM 3TUAAMN

Kopyapanap codnap WwWakKANMHW TasBcwuhnauw
nAMaraH opManuns® ,TYyHY AQ@AHN KT wak nu

opagvuHaTanap TU3IUMNLAaA NexaHpgp MOMWUHC
ocnaHr aH., AlinaHyBuYMU Kopa yYypanapHWUHT
BCuUumdpnaw YydYyH KaToOp NONTMHOMU KO3 ddwuuy.l

apnu axHwmxHmHARRBHKW. PopmManmsm Cox@mimmm X
AMMnapra acoc/naHMaraH Ba 3T pu YN3UKH
pameTpnapwu Tabpudduakw n a KT r a B a Icvo. S
KMnauvmw napamMeTpnapum WOBKWH CWUT HFaawM T a
6y napamMeTipaiap /1 WKHWBLIWT YyBYTMNNaéTr aH T a
MKnNuKkKapa Taxnanumn 3TUWNW MMKOHWMUHUKM OG6epapgwu.
TawKkamc M MNTOT UK 6unp XMUHCAON Mar HuUT

aedopMayumnmsanaHraH Kopa YypanapHWUHT BakKkyy
aHanuTMNMKkK nmdnongaasHap MAdreciopmMauyuumsnaHTr aH K O |
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yKuuMANaHIr an 91eKTp MaunwpgoHun pgedopmal
AOH 39ca ywby napaMeTpPHWUHT KBamppudiyur
nymoTnap Kys3aTyBnap éppamvMupga gedopwm
WW MMKOHUWUHWN OGepapgwn.

MukmypfyH gounpasui opbuTtanapHuwu Ky 3

S o St(h

ONNTMHTI aH HaTwWXanapHuW TakKkKkocnaw uWynum 6u.
Kopa yYpaHWUHT aedDpoaOLpPmMa Udred mapme TKpyi n g ar
onneguns 22

. bup XMchmnmqmwarmaBmyAnmrmna annat
cCoOsSsnapUHWUHT waknnapwm ONUHAN. woy C
acnmMmmMeTpuanap nNnnas3mMa Ba MapKasmm KOoMINa
MabnymoTnap ONMW MUMKOHWUHKW OGepapgwn.

FpaBwaAaTTasl@P A4 Ba TalWwKkuW MaTWHIUATAL av akiqqpaH
othnmpgarnm 3apapgnaHraH 3appanapHWUHT 3|
M TYPFYH aAoupaBUN opbGUTaAaNnapHWUHT n o
A4 Tabcupwu 3appavyananp HeKCMUW3INMKKaAaAHN
catTuniyauwy HaTuXammp AERKET pPEREET T aB .
ennapuHun apatunwpga dpoMmganaHuMmw MY MK UH
Mnas3mMa O6GuUuNaH Kyyppaw acia SACHU HKMOHpra K Y A T U N
3Ma napaewyepapuy@aHNUHT ainaf Bguo praa pyapvee
AHNWW YKWUHWUHT Ky3aTyaB TeRknagrgwur ronyrnam w;
caTunraH. viepa ypaammwsaoenekTpoMar HU
3M@AT MFAa CUHMUWKM XMUCco6UT a kaiwamcuwns Kiys
aMeTpPpPUHWUHT opTUMwnm OGMUNaAaH Kopa ypa H
anmmwm aHUKNaHTFIaH. yya@wpHaEDMRapPamacr
MMeTpuanap TabumaTuUHM TywyHTMmpuUMmwga K
7. YT®@KOPU HSHepretTuk xapaéHnappga OKOp

oo x0T

=S XW=EDo
OO IS 5 0<c £ 4 OO , 303 ,3»DTI

QX O3 X © 3O
S =TT SO

yyyxogmncanap T OPUSOHTUHUHT O6GyAamMacaurmnm i
AapKOpPUT K KypcaTtTunr am . 3 HeprpasipapMHived r :
Ky WwWnmmy a 3apapgnaHdHr adt 3appanapr a Tab
XapaéHNapHUHE Geagw@wmrmy @K U H.

8. XopXaBa Mopgenupga OS3Heprmna axpanumuw MEe
XapaéHu opkanum Kopa ypamxakwuvmgaepaunsmkakxp
KypcatTbyHamawKk apun XopxaBa wMogenu KV Wn
3appadyanap 4Y4eKCUM3INUKKayva Te3/aWNBUMHMNHI
ywbéy mMabnymoTnappjgaH KomMnakT ob6bekTnap
bovnpganaHmw MYy MKMWUH.

9. PenaTunue WNAY3SHUHRePMELX THRYRIBREA HMWHENMa
FanaTtun WAAY3HWUHI KOMNAKTAWK TabCUPU MY
HUCOUNINNK Has3apuacu pgowumpacupga fFanaTtwu

HEMTPOH WNAYy3ra HUcCOGaTaH KYyNpPoK 3HeprT
HaTuxanap KeammayumgangysnapHmu aHNKIMalL
nMwnaTtTunmnumwm MY MK UH.
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HAYYHBINA COBET no IIPUCYXKJEHUIO YYEHOU CTEIIEHA
JOKTOPA HAYK 14.07.2016.FM.01.05 npu HAITMOHAJIBHOM
YHUBEPCUTETE Y3BEKHUCTAHA

ACTPOHOMMYECKH UHCTUTYT

ABJAY/KABBAPOB AXMA/I’KOH AJIMVI'KAHOBHNY

YACTHULDBI A QJIEKTPOMATI'HUTHBIE ITOJIAA B OKPECTHOCTAX
AKCHAJIBHO-CUMMETPHUYHbBIX KOMITAKTHBIX
I'PABUTAIIMOHHbBIX OB BEKTOB

01.03.01 — AcTpoHomus,
01.04.02 — Teopernueckas puznka
(pu3nko-MaTeMaTHYECKHE HAYKH)

ABTOPE®EPAT JJOKTOPCKOM TUCCEPTAIIUA

Tamkent — 2016



Tema JOKTOPCKO qHCCEPTAIIMH 3aperncTPHpoBaHa B Boicieii aTTecTAlMOHHO KOMHCCHHI
npu Kaounere Munuctpo Pecnyoauku Y30ekucran 3a Homepom 28.04.2016/B2016.2.FM31.

JokTopckasd BBICOSIHEMIEAN 9B MHcTuntyrTe AanepHON dhn 3
MHCTUTYTEeE.

ABT (hpe TC CR MT aHlpn T p e(X 3 GIBKAKYANOAR HT WM ilicak3 Me WleH Ha B
cTpamaye Hor owwwainp.@ma H@hpopvauro@panoBaT e Nikiyonet> nopTa.
(www.ziyonet.u3.

Hay4yHplii KOHCYJIbTAHT: Axmenos bo6omypar KypaeBuu
LOKTOpP -MBUT3E&MMKEOT MY € C K Ip o e

OdunuanbHbie ONMOHEHTHI: MycaxanoB Mup3arwcyd MupzamaxmyaoBu4
LOKTOpP -MBUT3E&MMKEOT MY € C K Ip o e
akagpemnk AH PYs

TypakyJioB 3adap SnxkunoBuy
LOKTOpP -MBMT3&MMKEOT MY e CKUX H

AoumeB Meaey Ep:xanoBuyu
LOKTOpP -MBMT3&MMKEOT MY e CKUX H

Benymasi opranuszanusi: HucruryT puzunku B Onase
rOnaBadewckasa Pecnyo6nunk
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38-21; -mail: info@inp.u3.

JokTopckasd AncceppapamHa3eper APERE@PMECLHWOMH H QL € H T
Ha u n o HraolybHHOB € CW3TeeTK U PEH A C T pPpaLMUNOHHBWR HKOMBPKTOPCI
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BBEJEHUE (AHHOTAUMs TOKTOPCKOM THCCEPTAINH)

AKTYaJIbHOCTh U BOCTPEeOOBAHHOCTH TeMbl auccepranmuu. CO B P € M€ H H bl €
ACTPOHOMMYECKMNE biIpDBORIGPOBERBA KMOCMUYEC
TeneckKkodgmaBHMeEH OTKPbLITNUNA npepgcrtaBuan yo
TOT O, 4yToO YepHbLE AbIPp bl W Me G N N3 HI&E YKA TN ST
O6beKTb BOKpPYT, M3MBCUMAE CMIOUWHBISOT N @MA
3Be€e3[qbl, M CTUMYNUpPYyH- pocCT ymcna HOBbI]
MccnepgoBaHMeE OBUXEHMNe bdoTOHOB BOKpPYT
yacTHOCTM, HaxXxoXAgeHVNE MWUNAHOIONEBDKCHAP OB K C
7 S PdPe K TUBHOE ocyuwecTB/ipeaHvea C TPOABRA C
HabnwaoeHIwWiK asaTeyMHeTBBEOBaAaHNA T OPU3OHTa
AbIPp WU U3IBANEYEeHUWIW MHPopMaAauLUuUWM O ULeHTpannt
paMKax MexXpayHap &lack Hole Cammp(BHCX T Bwvent Horizon
TelesopfEHT) aBnatwTCcd OAHMUM M3 BaxXHbX 3ajgau

B oAbl He3aBUCUMOCTMU yoLenedo 60nNnbL

TeopeTunyeckKkom AHU3IUKKU MU acCTPOHOMUN U |
mccnepoBaHMNpR@TIemMRNMM HRAEA MWUPOBOM YpOoB
yganochob LOCTMWNYDb 3HaAayYuMMblM pe3ynbTartTanl
acTpodus unmk u, B Y4acCTHOCTMW, nNo pas3paboTkK
3Be3 b, aHanunsy CTBYKMEPB WP OLCBTVPIAEHHCUT KB
4y a

CTULU YEE@KHDIKT A blp
N3ydyeHune acTpoMunaunmyecckKmnx npoyeccos
bEeKTOB UM CpaBHeHWEe NUX SBRAOTICOA aB eAAaE
eManboiee BBam3HybMME HMU M aCTPOPU3INKY KO
XHelnwnmn 3agadyamu ABNAEXKCSHA Haypo®e
cnepgpoBaTenbCcKMUX pab6orT, B HyacTHOCTM
npaB/lieHNAM: MOMCK TOYHBLIX PpewBpPAamMsa on
KpyTr KOMMaKTHbIX rpaBmMTalnoHHBbBIX 06
ocTp-apemBaMN B paMKax 3TMUXe HME LW eIHBMIAK €
O6HBLX 4YacTwuuy, B, JoarncpTreHaoec/nTerH Ndao TCOMHIOYB3 T O
MKaXx obwenm TeopuUW OTHOCUTENbHOCTMU MU
peageneHne BAUWAHMA nNnapamMeTpoB UeHTpan
o p Mbl; BCbMSIBy/BBTKAC IBMAO C T b NOTEepPb 3Heprwu
e34bl OT BbOOpa rpaBuMTayumMoebBOBHOGBHEBALW
TYyanbHOCTDb H3 aMiHEPQa D0 M ayypHHBHE® uUcCCcCnepgo
JaHHaa -HaymMeiDoBaTeNbCKas pab6borTa C C
YTBEPXAEeHHBbBIXPCB BEHHbLYX]T HOMPaAaATMWBHbIX 40 K-
Mpe3unageHTa Pecnyonumkn -553% e kidDC TRHCOX@T
ACTPOHOMMUYECKMNX obcepBaTtTopu4dax n KomMMAN
¢
a

QW ITOTIIWIS{WWO
X WY OVDTT OO DT O

eBpand 1993 HMdboAa®, «Va mMMpadki no pganbHEe
NTepHaT N BWHKbIXB UXCHT@OHMHN M » OoT 1 w™MapTa 201
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CooTBeTCTBHE HCCJIEI0BAHUS ¢ TNPUHOPUTETHHLIMHM HANPaABJIEHUSIMU
Pa3BUTHA HAYKHM U TEXHOJIOTHIi pecnyouku. JncceprtaymnoHHOE WNC
BbINOMBEBOTBETCTBUU C NPUOPUTETHBM HanNnp
TexXxXHonor umn B YPeeniyOHauKk ec dHepreTtT#uma, 3
pecypcocbepexeHunue»,

O030p 3apy0esKHBIX HAYYHBLIX HCCJIEI0BAHMII 110 TeMe AHCCEPTALUNZ,

HayuyHbe wuccor@wmByHaINIK U CTPYKTYpPpb 31e
BO BHeWHeM acuUMOTOTWUYEeCKWUW O[JHOPOIABOM N
BpauwatluWwmxc A UMEPHBIXA 9 X & 9 BeAy WU MNn MWUDPpO

LeHTpPpaMun MmMmuo 6B paB®/BEAKY YpPpEeXLEHNAMU, B T
ACTPOHOMMYECKMUM MHCTUTYTOM, LleHTpowMm
yHuBepcutetTomdegpsaOvasere p@ns 6 e fKrabH g a4 a )
MHcCTUnTyTOM Ma K c a MnaHKa rpaBumrtTauyuunnoHH
PpaHKpPpypTCcKMUM yHuUBepcutetrTom (lFTepmaHmMma)
ACTPOHOMMUMU n acTpodusnkun, Hay 4yHOI na

MHCTUTYTOM QYyHpJaMeHTaNnbHbLX UCCRHnapgoBRAHLU
KOCMMWYECKNUX TexHOoONormm wm MUKpPpOrpaBwuTa
OnbpaeHb6Yypr a [(ofceypovaapHcutsB)e,HHbIM aCTPOHOMMUUY
nmMm. LT e p HoOcekporBaclo By mapcTBeHHOT O PyeaaBg)(
MHCTNTYyTOM AA0epHON bPnsumknm, TYTAGM pPOHKUO
HaumnoHBMI HHU B E PaAMBT @errna T@QU3 06eKkKNcTaH) .

Mo wmccnepoBaHWI ABUXeHMWHI dvyacTwuUuy w3

UYepHOW Ablpbl BO BHELUWHE MMWMWEATEBHMUM HY MO B1H 1 €6
paa OPUT MHANDbHbIX Hay4H blX Ppre@/yYiba HH 0 B/
mccnepoBaHb CBOWCTBA CUNYS3TOB BpauWwatowy
Teopuwu OTHOCUTENBHOCTMN 7 M ORI T QLM Ipio B
rpasumtddueannt(yT Ma kK c a [MnaHKa rpraBunrtTa
OQNHWTeNHaAa U PpaHKPYPTCKUN Y HUNBTEPTCUK BIT ,
LEeEHTP AacTpPOHOMUNMW N acCcTpPpoOdUM3INKMU, Hay 4H
MHCTUTYT dyHAaMeHTa arnbHbIX mccnepoBaHMII
KOCMMWYEeCKNUX TexHonormm un MaeppnapaBBREA
ACTPOHOMMYECKUN UHCT WMCKTOBEN®OY AlHEOEHEOEPH
Yy H 1 B e p chAorcectvas, , Kasaxckuii HaluWoHAaINb H bl
bapabun, KazandixijeHaH CTPYKTYpPb 3neKkTpowmar
Bpawawwemncsa YepHOW Ablpbl, mccnepoBaH-b
yacTunUL BOKPYT BPp IR0 WMEMC SH aYTaApIHANA BMH € WH e
noans (AcTpoHOMUMUYEHeKm] AHDI MUY & NHaA n

YyYHUBepcuTerT Be x; MOV aB®BEe pC ATeOre,p Km Hapja,;

MeXyHUBEPCUTETCKMUIN LeHTDPp ACTPOHOMMM l
NPUKINAMDHbIX KOCMMUYECILKUKUK T@XPDBIIOT i,

OnbpageHOYpPrckum yHUBepcutTert, FrepmMaHwus

20630p 3apyGexbXMmcialye OBaHMUIA npaasrpeaMéeo T@AMMC CHeap TaqQquUuaBe

n c T o u Hhitpe//anav:org; https//webofknowledgecont https//scholafgoogldcom . Bfysical Review etters

X. Physical Review D; X. Mont hl y; JN ddtropbysical JoufnaliRoy a l A
Astrophysics and Space Sciengg;International Joournal of Modern PhysicsiD; o p .
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eTnNYecKNUX nNpouLeccoB B OKPEeCTHOCTM
Teopuwn OTHOCUTENBHOCTMW 7 anbTef
WepPWWMGCNenCBOHE TBa N-ppempaamnC TBBOAK |
Ablpbl B T paBUTauUWeeHH @ AM OOieH U € )
CKMUN yHNBY@XWTA@Be Bc OMaBKeaHamHae,p T
pUKnNnaagHbLX KOCMMUYECKUX TexXxXHONOr v
T 1 nMwaHKK ca no rpaBmMTauULmnMOHHOI du 3
Ha N OPpaHKPYPEeEPNMAHN MEKYBABEIWT T S
acCTPOHOMMUN N aAaCTPOPU3INKMN, HayuH
TUTYT byHOLaMeHTanhb HblX mccnepgoBaHUI
MUXeEeCKIWKHONOrmMm U MUKkporpepgapgmneeH-H
POHOMMYECKUN UHCT IWICKOBIENOY AlHEEHEOEPH
B e p cHiorcecturas, , Kasaxckui HaluMWoHAa/Nb H bl
abun, KaszaxcTaH

HacTogduwee BpewMs B MiA D8 a HIMoA  NCPUoSIBYIT
wawwmxcsa YepHbX Ablp, OBUXEHMNA 4YyacTy
ECTHOCTWNW KOMNDAKTHBX T paBuUuTAaLWOHHLBbBIX
paaAy NPUOPUTETHBIX HanpaBAeHWUNW, B T
OHOB UM NONYywaKMEALNE B AY HTEP HBIE AbIPp B
PUN OTHOCUTENbHOCTWN U anNbTepHAaAaTMUBHE
peTmnmyeckoe MoOAgeNnunpoBaHWUe 3nexKkTpomMar
BUTAULUMWOHHBIX O06BEeKTOB WU aHanNnwmus [OBMWXE
YyomMEPr eTMYeCcCKMUMX NpouyueccoB B OKpecCTH
Hanumuwuwu BHewHeTr o nekKTpoMar HUTHO
aBMuTayumMoHHOE MU3INYy4YeHWUWEe OT KOMMNDAakKTHBIX
CreneHb H3y4YeHHOCTH mpodjeMbl. CWN N1y 3 T bl Bpauwatuemnc A
AbH 404 pasnunuyHbIX napameTpoB ueHTpPpan
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NeKTpPUUYeEeCcKOr o 3apsaga, 6paH 3apsaga,
anbTepHaTUBHOMN Teopuwu rpasurtayunwu ncC
Hanpumep A KoHokikKa mMmnMaleda) , a mJe Pandeed), H C K 1 |

ronnaHpgekmaeke , ( He me@ kaemmerzaf)l V. Perlick A.
Grenzebacha pr e H T n L.AMariliavE. Efrod, n T a n b 9 HEC .Rammy  (

4y e wc K d.igtmchlik J. Scheq, nH A M N CK UMM ( N. Dadhi ch,
M. Patil ), poccuniAc. K ndvamx a(p@.B , L yBn. Kk o® pagai o B
OpHaAaKO BCe€e BobIMMO NpHaAGIMTTw B pamMkKkax oTAaen
KOMMNOAaKTHBX a@eeKTTocBYy TCTBYeT 06w GPopmMm:e
YepHbBX AbLIPp He3aBUCUMO OT BbibBoOopa mMoagenwu
MeoTpa M3IMEPEeHNS .

PeweHMNe ypaBHEHUN SNeKTpPpoOMaAr HMUTHOT OO
Ablpbl Keppa BO BHEWHEM acuUMNOTOTWUYECKMN
ABUXEHNE 3apsdXeHHbLX YyacTwuu BOKPYTr Bpal
BHEWHEM MarHyYCKOpPEHWOIeyRC BIPLA LWAEBDUP A C A
AbIPpBIO N MAarHMUTHOINIO NONA Ha nNpouyeccsob CT
MeagNneHHO Bpauwatwuein aa Cc NHEaapoHBOaiitD I [MEUMbl Y 4 € H
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Hanpuwmep, a M El.Banadosd Sikk /BEMrWestn Jp. aHT A MilcCK
(RWadn ppoccuwuwmnm (O.B. TambuyudBmeB.) , dgy/p
(N. Ozdemi, mMHaomnmckummm ( N. Dadhich,n Sgp.Gh
OaHaXKeOTaNnbHOE MU3YyUYeHUEe L[LBUXEHUA 3apsdxe

npoyeccos, B Y4acTHOCTMW, C T O JIEK/HCOSIB €' HAN[HH O
A4 blp bl, NnoMeuweHHOMW B O BHEeWHEeEE MarHmnT
rpaButTomMar HUTHBIM 3 apagom mni nnwn napame
M3yudeHHBIM. M3ydeHwUe 3T UX 3 e KT OB no:
YN CNEHHLbLE 3HayYeHNHd pas3nunuyHblX nNa@RAMET
rpaBumrTomMar HUTHLINKN 3apsaanj, napamMeTp pagedgop
3apgauwn, CBA3aHHbBE ¢ mccnepoBaHMewm

NBUXEeHUNEe APGOTOHOB BOKPYTF KOMNOAKTHBX T p
obwen TEeoOpUNMW OTHOCUTENbLHOCTWU MU3IyYaNnuUChkb

poccumckummm (FKdCr.aHb,uc®.oBlayrmKio) , Y3 06eKCl
A. A. TypCcyHOB, B. C. MAaRpger3 Q B aH) e M eM| & W a [ C
Perlick J. Kunz) , ronnatgalckets mm oy mckmnmnmnm ( N. Da
Ghosh, P. Joshi, M. Patin' 4 p . B6 mdTTauxx opracyTcTBYye€eT |
BANMAHNE HEeOAHOPOAHOWM nNnAaas3Mbl Ha oOoONnTwuMyec
4blp, B 4YacTHOCTMU Ha @GopmMb cunyasata Tet
Hanunymm HEeOAHOPOAHOW nNas Mbl,

CBoincTBaA METPUKBIPEMBEA@T P H CATBBADK € H U €

OKPEeCTHOCTMW 4YepHOMW AbIPpbl B pamMKax T paBMu
M3ydeHb pagomMm aBZoSwuohBk,J ySwbheeaMu MONbCK
Abramowi cz wu pgp. F LoboToldarkg F. &irod ¢ K tHMem e (L, K U |
( C. LaelmniumzEZa hHackmgnngijem He MeHee, H ¢
MOMEHT B nnrteparTtype H e paccMOTpPEeHbl
napameTposB rpaBmrtTayunoHHENWNE MOpQeOeC HEB I8
Mar HUTHOIo nosnda B 3TWX MnNpoueccax.

CBa3b TeMBI AUCCEPTAIMH ¢ HAYYHO-HCC/I€A0BATCIbCKUMHA paGOTaMI/I
BbICIIET0 00PA30BATEJIBLHOT0 W HAYYHO-HCCJIEN0BATEIbCKOI0 YUpPeKIeHUs,
rae BbINOJHEeHA auccepramus. fncceprtauyunoHHOE mccnepos.
paMKax HayuHWKCc TIMpToyeTkar osBA € pH O PU3I UK N
MHCTUTY TaaMd i® 2Pr0e7v® + P06 9 «PaspabowypaBmep
NeKTpPoOMAr HUTHOINIo WU T paBUTAUWMOHHOTNIO NO
n KocMONor nwu, a Takxe hbeHOMEHONOT UY e
agpoOHOB 7 n x B3 awid)peAdc2FO B8 » «(N2C@ 0 e 4ok
rpaBuMTayumMOHHBIX JIMHS3,Nn 000GpeaBU)eBHAHHBNER [T paanBalk
MO A4enun»2011)2¢0E0FAP1 34 «BUXeHUEe YyacTuy WU
OnNd B OKPEeCTHOCTMW pPenaTUBUCTCKUX 3 BE:
eopuax T p222043) 1ABD3046 «ABUXeHUE Y
MMUHOM 7 peaHcunep O COTIER&H poMar HUT H bIX B ON
OMNAakKTHBbIX rpaBunTaolez0ibpiMe 1-D6 b &xHB@H M L bl
ond B OKPecTHOCTUW PpPendaTUBUCTCKUX T pa
Heprumu u K [ROLB2DELRIX HOPpP »

O OX O -4 3
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Heanpio HccaenoBannss A B N A €O aHNeYareamemanmnms mMa
McCaHMA CUNYITOB YepHbLX AbIp WU BbABNE
COKOOHeprertTumyecekHmx npoyeccos B H €
auawMLpPHssBIX  4blp.

3agaum uccJIe10BaHNA:

pa3paboTaTb HOBKRBABOCPpNMBHATIHO@MANMA 3 M
nyarTa YBIPHWN N @&IPNOXNTb HOBGBlEe onpeaj

KaXeHunsa GQOpMb TEeHW YepHOW Ablpbl;
NnpoBeCTUW CpPpaBHWUTEeNbHbLW aHanNnmMi3 napamMe
p bl, NpepanoxXeHHbX B pamMKax HOBOT O C
NYyYeHHbLMN [APWT MWMU aBTOpa

M3YyUYNTHb nNeKTpoMar HNTHOE none n O B
pecTHOCTMXW Bpawawweuncsa p[gedopMMpPOBAHHDO
ewHee acuMMNTOTMWYEeCKW OoOfHOpPOAHOE MarH
paccMoOTpeThb CTO/NNTKHOBEHMNE neKkTpuyec
PHOW [JTblpHEHY/TEeBbLM rpaBuToOMar HUTHBIM
ewHee MarHuWTHOE nNone;

onpepenunTesb BAUAHUE HeoOA4HOPOAHOIMW nJ
alawuwenmncs YepHOW AbIPbI;

npoBecCcTMW aHanus AOBUXEeHU4 3apsaXeHHbl:
ONKHOBeHNA BoOoOKpyond&Kiexeaemumaygnspgheocoie B
ewHer o MarHMUWTHOTNIOoO nons4da;

NONYUYUTb OLEHKHMWU Ha BEeNWUWYUHY M3 BNekKa
PHOW AbIPpLl B rTpaBuTayumMoHHONW mMoagenu Xo
CpaBHMUTHL nNeKTpoMar HNT Hble nonsda n
NATUBUCTCKNUX KOMNAaKTHbBX 3Bes3/q.

O0bexkTOM wmHccenoBaHusi A B /1 94 OT € @ H bl e O bl p bl, He Ty
paHHbBE penaTUBUCTCKNE 3 BEe3[qhbl.

Ipexmerom wuccaenoBanuss S B /1 A KOT/TEAK T pOMaArlr HUT Hble M
MNnaKTHBX O06beKkTOB, BHYTpPpeHHMNe cTabwu
CTUL BOKPYT UepHbBX OARP,N PN SHYATTVEH N W e
epreTmnyeckKkmne npouyecchbl B OKpecTHOCT.
MCYTCTBUN BHEWHEr o MarHWTHOTIO Nonsga.

Mertoabl ucciaegoBanusi. MaTemMaTumMyecKMUIN annapart M

nekKTpogunHaMHMNKMNH B O6LL|,€I7I Teopuwn OTHOCMUT

AN

bdhepeHyumMmanbHONW T eoMeTpPpuUMn, aHanntTunyec
bdhepeHUMaAaNbHBLX YpaBHEHWUN [OBUXEeHUS U
Hayunasi HOBU3HA MCCJIeIOBaHMA 3 & K /Tl0H aeT Csd !B CJ/epnytoLle
BnepBble pa3paboTaH-H@D&BBIWC VKVOLDAD 4,00 @& M & J
McaHMMH o pMKP HBXM N VIDIPa BeldB/1eHO, yT
dPPMyuMeHTOB NONMHOMA NPU pas3ToXeHUMN
NYy3TOB Bpauwawwmxcsa YepHbBX AbIpP € TOou
efNnoXeHHbe onpefgeneHnda MckKkaxeHuma dQop
TOMYVNEBMMIM aHlad Hble WY Mbl;
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ycTaHOB/MEHO, YT O Habnwpaembinn paszmMenp
a cyeT nNpenomMseHNa 3nNeKTpoOMaAar HUTHOT O
MNOKa a34YaTHOP/LB bIC O B OPIBPEe K T M BB C T M KCEBHEMPAX B bIC O K U
HeEpPreTvVN@EOKEBXCDBOCUT ¢//tailOHOR @b ntgaTens
€e06XO0mpUMOYy TCTB@AER3 OCHOTGALIT M C U N1 b HEOEA WE H N e
pasBMuT aLUMCOTHOHUYPDHN MOK a

BbIABNEHO, 4Y4TO 3HauYyuUTeNNbHOEe YyBe/IUWYEeHMU
NbTpPaBbLCOKNUX O9HeprmMmm BO3IMOXHO 3a cuyerT
BNleHWA,loUBM X Ha CTONKHOBEHMUWEe 3apsaXeHHblX
mMokKkas3aHO, YTO MWU3BJ/leYyeHUEe SHeprunwu Y e
ONnee peaiMCTUUYHBIM nNnpouLeccoM cpegn Me
pauwatwuwemcsa UYepHOMW AbIpbl B cueBapwRApABD
paBwWHaAHLOM Mopgenm XopxXaBa YyacTuUuubl npepno
CKOpeHuS4;

NnoKas3aHO, 4ToO ek T KOMNaKTHOCTMW
owHocTWU NnNeKTpPpOMaAr HNTHOM AHepr unun p e
HauyunutTenbHBLBM,;

ycTaHOBI/IeHO, 4T O CTp aeH Haawie p3revens gga Crpeq
Hanor myHOI Bpauwatwuelmcs HeEMWTpPOHHONW 3B
THOCUTENbHOCTMW.

IIpakTnyeckue pe3yabTarhbl HCCICA0OBAHMA 3 A K Tl0Y alT CAa B C /e,
HaMWageHb aHaNUWTWUWYeCKNUEe BbIpaXeHWMa ANA
onei BpawawwmxecmaHmaxpo pwmerp H bl X A bl p E
CMUMNTOTMUMYECKN OAHOPOAHOM MATHUTHOM O
neKTpuuyeckKkoe none BOKPYT AedopMMpOBa
apamMeTpa pgedopmMayumn  JTHAKHBEAAMHPE T vAY HIGA;T H U T
HatlpmgeH bl BbipaXewmmsa Mg NIMOMBHERI MUMOY NbC
HY TPEHHUNUX CcTabuMWNbHbBX KPYTFToBbX o0opoKUT
eEepHONW AbIpbl NMPU HaAaNUMUYUWM T paBMmTOMar HUTH
ons; ycTaHoOBaewaphexmTa wmpaBuMmToMar HUTH
pefgoTBpaLWa®@eECKHOHEYHOrIo YCKOpPEeHUSH;
NnoKa3s3aHO, 4YTO HabGbnwgaewmas dopma n
3MEHAKTC A B 3aBMcCUMOCTM oT napameTp (
epHOM AbIPpbl  ” yr na HakK/NnoHa Me XAy Mnnc
paweHMsa YepHOW AblPbl.

NnonyuyeH BejpexHugnsanprapameTpa pAfedopma
edpopmMnupoBaHHOW YepHOW AbIPpPbl NyTemM cpa
agunyca BHYTPEHHMUX CTabwnunbHBbBX Kpyr oB
esynstTatamMu B BUAe & < 22;

NnoNyyeHb @MOPMbB CUNYy3ITOB TEeHW Byvanya oLl
eoOAHOPOAHONW nnas Mbl, KoTopble MOTyT 0bl
ONONHUTENbHBLIX acumMmMeTpunm B Gopme cCcun\
apamMeTpax nnas3Mb MU LeHTpPanbHOINoOo KoMNa



JlocToBepHOCTH pe3y1bTaToB HccJIe10BaHus 0O60CHOBGbBLIBAEeT
mMcnomaBWeEeM COBpPEMEHHbIX MeTopoOB o06wWwem
TeopeTunyeckKkKonm GU3INKMU, a TakxXe BecCbMa
MCNONb3yeMblX anropuTtT mMoB ; TwaTtTeNnbHOIN
MOMYUYeHHblX TeopeTmnyeckmx pe3ynbTaToB
atpodmnanmyueckKkunux HabnwageHuMm M pes3ynbTarTa
BblBOJSOB c OCHOBHGBIMM NMOMNOXEHUNAMM Tea
KOMMNaKTHBX O00bekTOB

Haquaﬂ H NMPaAKTHYICCKasd 3HAYUMOCTH PpPeE3yjabTaTrToB HCCICI0BAHUA.
HayyHaa 3HaAauYyMmMmMOCThb pPesIPRUERAFNE@HE CAC B AIC
npumeHeHNa paspaboTaHHOrNIo B AuccepTauyyv
4epHblX O blp, MONYUYeHHblX B MUNOAUMETPO
pagnmoTtTeneckonoB HOBOINIO NOKO/JeHUMUA B 6n
MHPopMaLUuM O pas/UCBEIKC TNBaapxa MEB @ @XM auc C U
Ablp B LeHTpe Hawenw ranakTuUKKWU N TanakTwu
C noMouwbtkw HOBOTINo Gopmanunmsma paeT BO3N

TecTOB NO NpoBepkKke obwWwem Teopuum OTHOCMU
TeopuunrtTapaan.

MpakTuMmyeckKkasas 3HaAayYumMoCTb Ppes3ynbTaToB
4UToO OHM MOT YT 6 blT b MCNONb3O0OBAaHL A4
napamMeTpoB 4YepHblX A blp, TakmuxX K aK
rpaButTomMar HUTHBLIW 3apaag, a Tagxenoapame
6onee BLCOKOINo nopdaagKka B T paBUTaUuWOHE
MOT VYT 6bITb Takxe MOoes3Hbl 4N A aHanmu
rpaButTaulUUuOHHOT O nons4, B pa3paboTkKe H
KpuTepunes XBEHUNKWOHABbLABAEHNUIKW CTpPaHHbBX 3B

BHenpenne pe3yabTaToB  HccieqoBaHusi. B bICOK O3 HepreTtwutr
CTONKHOBEHMWSA YacTuy B O0KpecOdgeTccTMC 3rKoC/T
CUHTYyNapHOCTENn U BO3IMOXHOCTbL WX Habnnw
6 bl 1 W MCNONb30BaAH b an4 pa3pabomBKuNUB MO,
OKPEeCcCTHOCTW 4YepHbIX Ablp anbTepHaTWnBH
nporpamMmmbl «lMoapepxXka 7 pauyunwn C Me 3
H efpoBaHU B
K

a6bnwpaTtenbHOIN ceTbio n
X aMiVH O @ O HC T 8P IK
H

H r
n n

HbiIXx o06-2@&k4pBXnNno¢A P

ckoro Cowsa u To LapCTBEeHHOT O

TpupoBaHHONW CZ o @ Romde@®m 20 . 00"

CKOro yHuBepcuteta B OnasBe, Ye w

oMnNak
EBpone
3aperwm
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B

T €
ccC
f e
cy
71

SO S

CunysTbl 4YepHBbX N  CBIVIOWIALH3NOEB a M /Bla 3NMVPbN VB |
TpaeKToOpUN APOTOHOB BOKPYTI KoOMMOakKTHBX T
NPpoOeKTOoOB LleHTpanbHOTIWH oy BERPEWMAT € Lla H T
YyHUBepcuTerTa Oenw, NH powna oT 20 CeHTH4
BblYH4MNCNEHUN N OJ/bly HEHHI bIXN /AWIP B paMKax T pe
BopMmH e nb pga.
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MarHmnrtTocdepa u 3amMmeagneHus HeWTPOHH
MOAENNUpPOBAHMWUU NMa3MEHHONW MarHWUTOC Qe p bl
NpoeKkTOB MeXyHMBEPCUTETCKOrNo uUepAB&X aac
MeXYHNUBEPCUTETCKONoO LeHTpa acTpoHOMMUMNM
BO3MOXHOCTb NOAYYMUTb OLEHKWU HaAa 3HaUYeHMU
PeENATUBUCTCKON 3BE3qbl.

Anpobauusi pe3yJbTaTOB HccjeqoBanuss. Pe 3y 1b T aT bl mnccene
npeacTaBAgEeEbYXEOWK TagoB U &6n pMedSHIIPYOHBAaAPHOb, |
n pecnyo6nunkKaHICPKaUKXT U HAG KIHX , KBOH (D@ & M) IC T

«AKTyanbHbe npob6bnemb COBpeMeHHOW (U3 MUK
«AKTyanbHbe npob6bnemb CcOBpPeMeHHuiohandn 3 1 K
PlasmaPhysice (Triest 2011), 39COSPARGeneralAssembly(Mysorg 2012),
«fAdpepHaa Hayka M ee npumeHeHunme» (Camap
no cy 64pnepHlbrige 20i8)3 weneral Relativity and Gravitatior
(Warsaw 2013), ®ragueSynergy2013: Accreting relativistic compactobjects
(Prague 2013), &ynergy Olomouc 2014» Qlomoug 2014), 46 COSPAR
GeneralAssembly( Mo ¢ Kk B a , Inté2natibrallCqngressof Mathematicians
(Seou| 2 0 RAMGTime—-2 0 1 ®pava( 2 0 RAGTNimMe—-2 0 1 #ragug

201 4 )RAGTIme — 2 0 1 BOpava( 2 0 XIb Marcel ‘GrossmanMeeting
(Rome 2015), 41COSPARGeneralAssembly(Istanbu) 2012).

OCHOBHBblE pe3ynbTaTtTb AuccepTrtauyuwnu n
HayuHblX ceMMWHapax MHcTtTunTtyTa -2016),aep
AcCTpoHOMIWBY enciica v ¥2y01lab ) (, 2 KlaOhbe o pbl A A4epHO

¥y
e

€
H C
0
bnsumknm HaumoHanbHOINro YyHUBR2PLtG@rert &a
Cc
K
7

T AS(I T

I
dbunnocodcun n HayKWu Cwune3sckwmw20132016),n B (
PpaHK pypHuB@PECUMYyeT a2 0rleer)e, (IRHOCIT3n THKTaa Me
FfpaButTayumoHHON 206 Kk LéADR A anKnap,Ht
TEeXHONOT N 7 MMUKpPpOTrpaBurtTauyuumm B e
dyHAaMeHTanbHbIX ncecne&MHAdobgHuniiMe kg Har B e p( 2
LeHTpPpa acTpoHOMMUNM -R016R c T oid W A mBGEHPOC MBTOeyT(a
Odemn VNHAWK201620MEOXaYyHaAapPOAHOTNIoO ULeHTpPpa Tec
MTtTanuwnm. (2011)

Ony0MKOBAHHOCTH pe3yJbTATOB HMccieaoBanus. [0 T emMe pguccep
onyo6nmkoBaHo 30 HayBiHHayXyY HPBIXO OCTT, a T3 HBU X3
XYypHanax, peKkoosMmepoaanRBa6IXaBUBOHHONW KOMMU
Y3bekuncrtaHt AN s nyoénumkauwumu OCHOBHBIX H ¢
ancceprtauyuumin.

O0bem u cTpykTypa amccepramum. lucceprtauyuma cocToOMunUT
4yeThbFexasB, 3 a KNn/pHMuIeokesH, Ncin U ¢ K a NOOBPETY |
Ancaapmm cod8liaBmpmaedl.
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OCHOBHOE COIEP KAHUE IUCCEPTALINHN

BoBBenrehum 0O OOCHOB8BHAYANBUHBDCTBP € 60 BTGEHVHLD C T |
Anccepcegnpmy 11y ema & aBubkd, B TEHIENKpTe, A M e T
eTouicbL Ne /[l OEPHEWISE,DO®H B ENCTBARLOBDWMST €T HbM
anpasB/NEaNBMTANYSIUT e X HO IBDOP enadiny 6 im&keek nc T aH
3/TOXE@®RH YHHAOSIB M 3NMHCaC Ne o BRdHOIEMOBAEBAO0OBEPHOC
oNnyvyemwmBY Nb PATKBPBIXAEOPET U KU ENCPKAKEAT K A 5
HayY M MDPMBEOKEPHabT K IB@ A eEHBAE AP OHEWBW NbWaT OB
Npoo6@aldoam A ,KOKCET Py KATUYyCpcee p T a  nu u .

B nepBoiMa@ecCep kdBuwrenie (GOTOHOB H 4YACTHI B
OKPECTHOCTH BpallaOLIEcs YepHOW AbIpbD», P a C C M O TAPBEUH¥6E H N €
3apAaxXxeHasxXmipacnpejomeKkn@oNMOMNEOAMBBRPYT
Bpauwawgmenpop MU P G B P HILOOAHY € P HIGMOGH € HY /1 € B bI M
rpaBmMTOMaBApPAABMME LWEe BHBIH € LULHAECEN MN TOT MUY EC
ogHOpPOM&ADIEN MHOIEE aK Xea TR W rnase opammancdo
bopmManAaasMONNCaKMMY UTE PH @IBIP bIPO P Ma cunyas
paccMaepPUB 3RARMKIHIWKTPABB aCUMNTOTMHAOCKDAM
NMPOCTPpPAaBHKCOTTBOEM G M O paRenrmyaaeMblXx papgumnoacrTp
MNHCTPY OYHIETBT \iMWAanenwabirniwogartenem.

MpeanoONOKaAMT, POHO MMA @ L WO MAEHICIN Y 3T UYepH
N blPK a4 €0 H 6 RE BHIOMK HK/ [T WOBBOAL, A Y W@ B HEHWNEM

Ri=Ri(yi), (1)
ro® W yi —pagunanbHas m yrnosas KooOpAauHa
KoopaunHat EKE TEHKCHOMAT N NPEKTCa aBol/esHpMEeOo 1
KPpUBIOK DB PHWM L ar o8N bi—-He be KW@ 4 WHHdTIHo 4 aT e s
M NpeancTadoIGI@P T O O/HOT/MECH & 10 O P A I HO3OTH MIB
€ 0UNHBNMXB B K T HAXE,[ 9 BlA G/TVEH M P MBOUAL U MO C T WU .

QY waszIT=

Bl s

SI
5} D
V4 7
Puc. 1. CxemaTtuueckoe usodpaxenue GopmMbl CUIYITA YePHOM AbIPHI:
a) HAXOXK/IeHHe HeHTPa (POPMBbI CHIIYITA,

0) onpeaeJieHre OMOPHOI0 KPyra v napaMeTrpa UCKaKeHust

a
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OnaaxoXgeHNSa gy mbekaoHoopaawaed a CTHBEOMB PO
yepHasalepapuBuaanwe o p My CUNY ST aomBp eBAel/Ee HKC
NONOXEgMde KOTTUE HAK P N K @ IK

2p

C
C I"PR.(V i)Ri[gRiRi(dRi/dy i)2 + gyn/i]llsz/i
R ="—;

: - )
e (dRi/ dy i) +gy-yi]“ dy |
0

r 4€-e AV HUYHBIW B EHKOTIO PK Opoapa@AMAHIIGbT-M € M P M Y e C K U
DYHKUMUU B NONApPRBMEK KoopAaAMHAT aX
V 7

Ecnum 3HauyYeHR @3 BeXTOO@MO XHO HaWTWU BbIP:

Koopawmeirame @ Mbl CcMUNyaTa B Bupge
1/2

g gleg g & oK
REgRA g R oy g RISV @
g 0 = 0 - Q 0 - H

o 2 ) ~
1ge’rgijizsmydyi8
a2 Q
gq;]” Ri?coy/ dy i0
BB e /IHEOVB V1 10 /1 1 PCHWOOT KMy P A, M HHAaTY a ;TO K O T O P O i

C oapde Kk MMBeHHaTMD C U N(RP)THOOPAMHATHL HOBO I
nonaAgEwMaCiMemBA3IaHb cneagywowum ob6bpas3oMm:
R:= [(Ricog/i- R,coy/, )’ +(Risiny i- Rosinyo)z]ﬂz, (5)
y =tan’ Risiny i- Rysiny, _ (6)
Ricoy i- R,coy/,,

B HOBOW KCONOCPTOEMVEBESORD NP eMareb/l OMNMORP PY Wi OC T
MMe MIT YKen /10 u,a3fabk Nk HBBHY TPUW  paccMa.T puUBE
Ans 3agamKoeMiap amMe OpmpiBERXRy)n nowagpraeTcCs
B BuUAe

A= dv R dr=2 & Redy = { R(/ )Y o 7

.—I;/]l ym gRngy _201 y _Zr/]l d/ ’ ( )
 A/eC NONbE OB@O T HORHIESMHOW, AR*, / —HEe Kmap a MeOPI b
KpuBoi,R=Rp(/))e EcnipopMa T eHMU3 asAMBKIHIYeTTOCIHO i1 ,
MWHTEer pu poorBpaaHHUME s/ B,a € 3 H a 4 €OHPUbEX  KMOOTKH @ 3 H a I
ycnowmsony(/)=2p.

MoXHwaipejeAlOYIOP K@IY® aB N g e

oAJ/Z
R, =20 . 8)
cP =

Beegem HOBbLEe oOonNpefgenNneHBANWVMTIKBXOHRHDC
ONOPHOT O K PpY paT, okum AINooNsSbBHIABAGBIM D, K O T 0 p bl €
3 aHW MAaotHTHYbI &1 OB I U Y ¥0Ny =p/2 Ny =30/2,C OO TBETCTBE|

Y, =tan

(4)




(cgnarpasepwydhCooTBemaprayYioT ©OA OB AODO T
LeEHTRKP®P AOMMYO bl Bl P a bkke & K

RA:a(y:o):éc?a(cos/ﬁ “Hc=A ©)

ly =0 ?=0

-4 (v 2e=8, o

R =R =p/2)=4 cPfcoy)

R,=R(/ =30/2)=4 ch(coy’)  =R.. (11)

Onp eeqre@oaBst aapM e T PA K P@ABAL NTHOT O REH =R, 1
Yy 1 OB/ a@TB/OOMY HOYIE/MYB U 10

s I
Croy = Cz?g(' 1)?% B 13 (12)
& 27 h
Mpeagnonar as, YTO ONOPHLNA KpPpYPMOKERGX O [
HaWwOMWEKIIOHIEaHPUBEPM @ Y € E P @ BEAOTM O N O P H OB MIOKOPpWw I a
yr noseioM oxXxeUanmnonbs3ys M3 BECTH bl dbakT 0

BpauanHePHbIPHd B KB P a WeBHAOITGAN Metean 6 0 b WK e
OTK/NTOHEHCHMISMOK®D NPELPRAUNTVMEGXAY NPV B B 12 W
y =pK a K

:Rs,| - Fi|(y :p):§_ aczv"'a Crr1, (13)
2=0 =1
nnunu 6e3pa3|v|epr||7| napamMerT)p MCKaxXXeHMWniH
250
d 22-1
d, =—t=-"2 14
TR (14)

BTopoe BO3MOXIIO @ apRaMe J @ /AEPHEUT K1 & MeTHolm & T
pacToOoOsaHWNAA mBO TT oHHaekKanna KoopawuHaT Heobdas
COO6O0NR, R.BeTemymaxpaccMoTpeTb EH@EWIO TOU
TaKkompagsomaccT & EHBIMK O TAaOApO BGILC Ny XU E BT P O M
ONOpPHKPIYT a.

MapamMeTp MUCKaXeHMd B S3TOM Ccnyyae MO

sl a AC @
S:——:g;f 15
N &” QBZ+A2 ()
rgoe, —OTKJIOHEHWEe KPUBON OT Kpyra u

C=Rly =3/2)=4 (e, (16)

?=0
Tpe&K B O3 MO XHOOT, el T U M a /IobMHPOEE, € /Meapeve T p a
npeanonaraerT, 4yToO beEwa aagwmme DPIB@HA B a
OTHOWEHKMIHAI e pPECOEAECGHY NTeBBRAKMIQHAOMES, TBOUYK
KOTOPOI KEYBRAEDM/MWMELOCNT OPHMBOHTaANbHOMN
nexXmT HKHa ocCcwu
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Mpepgnonar ada, 4 TCOL €®IIT @@ Wbl BBN ETEOYHOKAEN T 4 €
TOUYUKWUS AMBXHO HaWTan up angavpyacM eKTppy T'mM C K a X € H U S

_A- 2x A& L ep )+ @ L epx)

| , (17)
! 24 G- P(x)x)
4. cP(x)- XA, Cn.- AC
Aoy =2Ry - Riv+R-=(A aP(xs) =07 =L . (18)
11 11 A ( 0 a’): (1 P(XS)XS)
d 3" cP(x)- .- AC
d,, =s—"”=2(a¢,:oc?F’?(><s))~ a'*‘l '__;,(XS) Xsa?‘ﬂ.z.f . (19)
R - 2x Ala e x )+ @ ep(x)f
rA—peweHnNe ypaBHEHMUSA
5° ohdx- 470 PWa. )=0 (20)

dx

Ha pwu @.veBa2e Bl a 4 OHEIBSP a 3 MIeappHabMKENTCPKOaBK € H N 4
BblUMCNE@AHBAKANY I3Ta BpaapHiHpKe ppasaBUCUMMOC
oT Koadpdpaaan X2 HHpM a HMe NTH a paMaco T BY2KOTC T B
napameTpaM dic&ame,jmMeA0 0T B e T.cMI3B eH&EHBOU C U MO (
BWUAHO, UYTO 4Y/T€eHb pa3NoXeHNUsaA BCEXTaPeENX
noMepyeBe/TMyYyeHNA CcTeNnECamxeaBaoxxegaaTcC s
MOAYNSA TrpapammeKk aXeHunsa ¢ YBe/TnyeHUNnew na|
[ bl A bl

r T T I L I T T I —
) E ) E ) - E
E E E N E
0.1 k& 01k w . 01k T, \\ -
E E -— 3 E ~ ~ 3
= E 3 o - -\ 3
£ Foe 1 F L e 1
0.01 & 001 & o : - E 0.01 £ S S E
C L ] L = ]
0.001 0.001 \ \ e 0.001 £ A
E F NN E E . 3
0.0001 0.0001 £ 3\\ E 0.0001 g E
£ £ \ B £ B
g g A g 3
108 108 = 6311 ‘f\ E 10 £ (Ss,lll E
E E N E El
10-e L1 10-¢ Lo N ] S Y T B Y
0 1 01 2 3 45 6 7 8 9 10 01 2 3 4 5 86 7 8 9 10

{ ¢
Puc. 2. 3aBucHMOCTH IapaMeTPOB HCKAKEHU OT MOPSIAKA Pa3JioKeHUs I
Pa3IMYHBIX 3HAYEHUIi MapaMeTpPa BpallleHUsl YePHOii AbIPbI

Me T p,MKoan U C biB a KCUTaas, 1 0 H AKX HC MU NHME T P U Y H O
ACUMNT O TNWYOECCBKAVE Yy Y MPOETpP-BPEeNMBQOPMUPOBAH:
4 epHO Ii BCOTbiapHb|l aK) OF tH bl MBicauFaexip [ K am e ® IT [

o ~ 2
=% 28'\ﬂr8(1+h)o|2 —4""'\"?'” 9(1+h)dtd + SA+h) 42,

D+a’hsin’g
A 2 2 HoJ
+S2dg? + gsz +2 (s 28|\2/|r)sm 91+ h)gsinzqdj 2 (21)
é u :
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r o & =r’+a’cos’g, D=r?-2Mr+a’?, h=eM¥/S", BeM/H neka— napameTp
Ae dop maBuewmmn.y pHoa M e<0 COOTBET BBIF WHETIT /bIM
CNNWCHYO bIMKOTTAHM C U He /poinoaptole p plp e=0uepHasd
AblpcaB O A KTTasAHAapa @bl pkee p pp a M Koadbxwea .o p 1 U
OTHOCMUT e /MBHXCC TOWIHOLTNE H ULAM @/ e K TPOMamMWMHAHOT
MPUHVUMAESZY BN

S%- 2Mr + Mrsin®q

7 (1+h), A =0 A =0, (22)

A, =-aB

A 2 )\cin?
%:}Bsinzqgs%(zwlr +S )s;n q- 4Mra2(1+h)g (23)
2 é S u
OB X BBpPAXEeHBABXBMQAUK pyypayaouge@Pc@PmMmmnpoBadH:t
4yepHBPHLS Y Y @MHObM O LYHKA B HIead AN bATK coHoan

g””"a"e“—sm- e&%eﬁ- eA 8=-nt, (29
X" g +

roeyMmmaekKkTpPpUNHETHKWaAIC TROOHABT LD, TBETCTBEF
CywecTBBPpPEMEHNNOWODPOOT DHOCOHOHBIRETOpP OB
KnnnwmHria o3/1aa0eaT B A C TBMEO OwWadTecuesn apabenbH
BUAeE

S=-Et+L/ +S,(r/), (25

rgeoXpaHsamB@Eme cMLL-Ed H e P MO M eVHM N Y JTIbPCoad H O 1
HyacCTWM@ BICKOHEYHOCTMW.

L15f

| 1| e=0.5 18} L
I . | \le0

Losf -e=05

= Loof

<F "-\\
0.95 O\ r__E:O

0.90f ___ ] 12+ -- — :_'_'_'_::---"""”

™ M

Puc. 3. PaananbHasi 3aBHCHMOCTDb JHePruM (cjieBa) U YrJI0BOro MOMeHTa (CrpaBa)
YaCTHLBI, ABUKYLIEHCSl BOKPYT BPalaKoleics 1e()OpMUPOBAHHON YEPHOI IbIPHI 110
KPYIOBBIM OpOMTAM /ISl pa3/IMYHbIX 3HA4YeHUI mapaMerpa aegpopmManuu

Ha pucaka®@. paigna@dbaHBUCHM BB EDPNKWIM TOBOT O
MOMEHTpPaa 6 MM aC T UABIN XY WEADEPY T oBROIME@KpPYT
e PoOpMUD HEEPHEDENPIBIO KB aTOp Mal/JOKCHKA@IB T UPD.U C Y H K ¢
BULOHOIQOPWOTPWULUGDXE NBbHAaB@PpaAaMEE (ha p M@ [ obbsH
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yacaunMnpagoOnNXHaA@ONMBHE PAVINIONTOMBOMEIH/TMA X O X 4 e HN A
HaK pPYTl opdm3TeaB NS eTIed@cCc IlyBleaIM UYepHRIBMT allMmoHH
NOTeHLU veap/Rawano swes e o p MU P O BAEHH®AbIP biNn p K
oTpuMyuaxesdHaBapamre@opmMmaymnm.

B paboTe BhlgpBaKERHBNPAA 4 M YCTOaBO N Nk HBIX O B bl X
N pb H bHXa C T Ydtreo/ M,

2e
Fisco = 6 §+o(e2). (26)
B acTpopuUBaNaH/BICKGMBXMBIA LL M A X Korpga ™Mar H
b=eBMMm4 1, aHanNnm TunyeckKoOoOe | &dpakaerniee T4 /BM 4 :

1- 2a°/M?- e

Jeb

+olp2,e) 27)

lsco =1+

TakXe B Ne@RE@MPVNBEBETPAaACIbMH/OKH @B KN E
Yyac B@KPEC TYHEOPCHIGMIPOH € HY € PRI B U T O M a3raHpvATAHOLMV
nNpeanNQYI BB P T WMXAC MM I COWI N1 e K T p usvaepdskm i
MNBpPpalWaRE Py r @pdmrpey.maitse K TPHE @ C P AYIaHTAKAL a
C BO OO OlfaHoOAH @I € P HYyHOPW3b e C K OHe He P A A TMpEAE C
CTanNnkKunpB ayk@UCUIXINCIEIR T € [ Y 18 LY I A

E.. /96-|2 U4

rgler pasunToMaraHpuagm bIpl aYle [HH P bl .

BoB T op gliamrec ¢ e p@Oaryueckne CBOCTBA YEPHBIX AbIP NpPH
HAJIHYHH IUIA3MbI», PACCMOTPEHL ONTUWYECKMUE CBOMNC
Hanumuyunmum nnanas Mbl.

MpoCTpa&@PEMBBOO Kpaymaaodiay e p WA bIHDO MM C bIBAaeTC
MeTpUuk Keppa

o ~ ) 2
o =- G- 2 Qg . FAMISING iy 4 S e
¢ S =+ S D

az(S2 + 2Mr)sin2 q
SZ

+S%dg® + gsz + Ssinzqd/ 2

e u

(29)
r oMmO-macca M yagenbHbLW yYyr 1oBOW MOMEHT Y

PacomwmMperHmaas MB O K py I -CauKvMCM/eaT SIPbUHEOR B i biHD
I‘IOKa3anTpeemwMJmmrawmm:n(x‘,W),r,qa/—qaCTabGHOHa
M3 Mmevposiie a 6 N0 A BCTER K10 P 0 0T bJHED e K T MIBHHEAPAP M THO H a
nme eam pw=-p,u®. MoK a3 ampeeubo M/ NeTHBIN a KPY HK L 1 A

HeThbipeXx eV iy OWHVER & /TEe A Y 1B 1Y i il
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n2:1+ pap =, (30)
(pbub)

NPMW OTUCMY TICSTB3 Mbl NOoOKas3daTe/NM=1L.NPpeMAOMTOHMNSA

ANAOT BHEK B P HIGIPMBLP 1 H al/uaH3mmsle @ T e 4 Y 1B i i

a a 1 a
e p)=2[a b p,+ - ] 31)
Ana nokasaagmemeHMP MCNONb3YyeM BblpaxeH
A
2:1_ _e’
n ” (32)

r oW —-nNnNnas3MeHHasa 4YyacToTa

NcnooBoadHma B Hleaim e 1 bATKCOHAaM GIN P eeHEWT D a B A € H U
ABUNXeJoTsoO B o3Ba L a M iROMEempPuUuUT p-apemBau

5 2. (- o o 3

r A’ =HS/ux’,

afM=0.1 a/M=0.5 afM=09
14 T 70 20
2 jeaiay o
10
0.8

06

Vet

04
02

0.0 00

Puc. 4. PaananbHas 3aBUCMMOCTD 3¢ (PeKTHBHOI0 MOTEHIHAJIA PATUAIBHOIO IBHKEHHS
()oTOHOB /ISl Pa3JIMYHBIX 3HAYEHUI MapaMeTpa BpalleHUs U MOKa3aTeJIs MpeJoMJIeHUs
mia3mbl. 31ech 3¢ PpekTUBHBIN MOTEeHIHAJ Veff HOPMHUPYeTcs Ha JHepruio ¢orona E

Ha puwuc. 4 amoa ABaABIMC NMPEO T KT UNBOHTOETHOL, N a /1 8
pagunanbHOT O 4B UK HWWaa3 /1 Mp@BAHERXH BN 0 KA 3 a T € N !
npenommetHamsmmbl apaMeTpaiepRmamM@bpB. 1 padunkax
npuBsBegeHHBb pMcy02x0x#4 089419 TouyeuHblX, nyH
CNNOWHBLIX JINHUN,. BUN@®OB € TYCTTOB €EGH H Y ME H b LLIEe H |
npenomneHmsa paguycb CTabUWAbHBLX KpPpYyT 0B bl

PaccemgBVmY &M € P HI®I GIK P Y X enHHao3inkd o e p H a A
Ablpa@OKpPpYyHKESHA Na3,MOMHaXOoOM@RLGWC TOUYHIBBE® WA
Habnwpjart eupecMm,e B KT O NIOL & MBNOSET HAC B €T 10 M
POHKBHCTpPYMEHT HabnNLaBE/TS B@EIKN CBTOPKMPPYYre TT
obnacrtwun, oTKyana nNnoToOK aGomna o e N M FaoTEao §
nochNnewepHGGEPADITODATEHOO T B e TTRTHEE/ [EHIGLI Hie e
r'PaHMOE®BITOBN P e [ E€CMOHWMD ULEbHA TIYIB@BHABURE HMU A

hboTOoOBOBE R P HIGIP bl .

43



[ n so n vHcmas B U AHIO BVYie P HDHAP B K P Y X €’ A &3v
pacAaTpPEeHDBMKHYKDPYHE OoBble. T@mxbamTpba B HAB U X e H WU A
3aBUCTCTO X PaHSHBUEWNXNCHIB M e PF,UNYT NTOBOT &N mome
KOHCT aHT bl MHTErpnp,oB@QHOAb3KNBRAM@PAaB aHH:L
napamegILpE n h=K/E?.

Cuylas TeHWEPHOWMP B NPUCYTCCOTIRABIMBIXHDANT N,
MCno /NybC3/YCAB U A

P [V
u" =0, ar 0, (34)
rane—-pagmanbHas CKOPOCTb ABUXEHNUA QPOTOH

FfpaHwWMAY 3TT@AHWEe PHOBKPpb HabNniwpgae me@Heo i
NMNOCKOCTWIE bl BrRe2Or ed¥d Bl 0 P fauvHAa T

a=lim& r2sing, 978, b=lim& 12998 (35)

To- “g dr = To- n(;‘ dr =+
roe—-paccrtTosHMUE MeXAY YepHOH-VMBIEPOWNH @K HAI
OCKW BpPpawWeHWUss YepHONW AbIpbl Ha NNOCKOCTHDb

Hapunc 5 npejacT aBT/iegHs [Bla L aHi L|eERPasosIp bin A
pas3 /I HEM erHapia M8 P p ale HeI M HDHIp Wy ra/HAa K N O Ha

MEe X MYl0oC K OoHartb/1a0 g4 @ DE BBopube H MA3pn &. B U A HO, Yy
M3 MeHeHMNe napamMeTpa BpaweHU4d n yrna
MCKaxXeHNNR B hopmarnwEe tBYOBTacs 9 &g & T O M

['PaB T a LUKAPOAHCHAOOI EDQL €JHOMNTSIO BITOBA B U T a L[ WD OUHEHPOHND 1
O blp bl.

e n n n
a/M=02, ga:g a/M=04, 09=5 a/M=0.7, 9{]=E a/M=0.99, 9n=E

BIM
BIM

s
a/M=04, 9,,=5

BIM
BIM

4 2 0 2 4 6 -4 -2 0 2 4 6
a/M a/M a/M a/M

Puc. 5. Cuiry3Thl Bpamamoueiicst 4epHoii AbIpbI NPH OTCYTCTBUHU (CIJIOIIHBbIE TUHUH) U
HAJIMYMHU (IIYHKTHPHbIE JTMHUHU) IJ1a3MbI

B TpeTbr@8RARBACCeEDP KMepremmieckne Mpoueccbl BOKPYT
YEepPHBIX AbIP B IPABUTALIMOHHOM Moae M XopkaBa-/lupmuna», p ac c MO T p e H
SHepreT My e B @&KpMYErp HOOLMP BIT P a B U T a LUMIOOOHEH/TOUIA
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XopxalpamBoamo g BP0 GHEBUTILIOMEeMpPaAAT p-apemBa My
Kex ardeTtmc oCcdae.p M 4 eCaMKMMM € T P PR HUEEH Bl ep a MK a X
MO AWMU UNPDEaPEgHWwmB 1N TXa Lp NKBKBOATQoeR K /1 10 YBaceeTo 4
npocTp-apelimapy WrkamMg@T Kb BA @A € pHEO/M 1Y Y a e,
Takka3 biB a@oacag p-apefavar-Gipectaq KdBc TaHgapTH b
ChepunuyrecxmxNHMETEDH € NSH/BENMBBHATA, €

-1

1
o
l

2 ,¢ 5 ame®B, B L% 5 am
d§:-§+r2wq- %+—382U0d i 2nAl- %+ 02” dr® +r (dq +sin® gd/ ) (36)
2 € ¢ w=tly ZF € W—%
c é Gt ¢ é ke
ronew —napammMmeaspB /18 OREHOIATO A B OTKE O prupa B U T a L U v
XopasBa.

MonNyJygpBEBHEBMUSNKEHO HO HIOKBE N 1 € P OOBPCOKUNIB Ebl
ocTpapemiBEY paBHABHMNXEVHCMNAO Nb Q0BG Y M e H N A
COKO3HEPCEONKRBRORERIHIE.pPU @1 M@ TIAACT N L
YUNCHRTHPAE BAPK T € CHIBNY ARIB3H VX0 O T B € TCC/MTYyBUyaHATM
BALAC OK O3 HepCeoOnNnKerAPOERKBSBODPACTPAKOMNSB e
cTpevMaprepmMBXKGW®MNMEHBO P /TKH OYBAECHTAMALO 6 O 1 H O
Aawmmpd>e cKoHeERromuiLEr O)Bpagmn a /HbAHNIOPVE B €1 € H U
CTUWUMRBIMXY WNMBPEPYTI OBRPOUNTIAMYUC pafjmnanbHO
MXy wmnwmac AN uawe wownbrsm n L=0. B TpeTE@yMYae
CCMaTPUKEDHKHDBEHMBEB N XY WIBXXCKABATOpPUANDb
OCKOMCPTAUT MBONOYDXEBWMWEH BABMUKEB O MXT a
ANnanbMHBOUXEe HAANPOCT PTAL C MO TPEBG BIK HOBEH
M H a KYoaBCbIMMMIE, 10 LDUOXN H & KOoBe/pon n o@#M e poanTpa
C@Acmmemrir[j

o O

T

2 0T ITh £330 XwWWwW 3
O YO WY® Y XO

Ec.m. = 2m2(1' 9. Hlauzb) , (37)

PaagvangmmBa L NIMHEPEMHM M@ACC a 1 K N BaqqMa 1 b H O
Alpaeoin BpalWawwe oK@y r oeomne posxr&maiec T 1 U
enc aaBpmetiBn o HOT,MAa K C U Ma3/HbaHYOSEH e @ [ T p a
OME Hb LUAYEMECHAb LIS HIA M AP A MeTPpraKab NnwgaeTcC
BREAacinno/oKekHuAMYCMao p 6 B Y b IBHXA 4 epHamgiin § Cc a
EHbLBHAAMAPA METpP a
PagunansBaaficCu MOHCETPLIUMENH T pla C @ /1TAH € K O T O P bl X
PakKTERaweaHaumiH M MHR@raamlewmaap a Me T @ A& a 3HaaH bl
Z.,eMOHC OPEREPERXHP @/MbA T H W TANHOOBAB Ha Y NT € lb HC
eNny eyHelKrmplewacT B COYeTaMHMaMBUT aLUMDHHOT
€ KT p O ManroHeoikd p € 0 TrHoo/ W I 'y N SKpGB BCHTEULH € M
MMNTO DWW @ IOMIAHT OHMA M @ 0 @& .
Tak¥esaTOoOMNaBEUBOANTILCEAHMIWE HIWFAIPT O C oe P bl
BpawawweedpHAaaMpbl paccvmEeETempaydledHpoy 3 a

3 pr OCEpE®LEa 0 UYEEHPCHAOLVP BI P a B U T a LM @HENIopa X a B a .
MpoBegieeTHA NABHAIHVKLKX OPEHU MBI PECTHWTCTME MANDb ¢
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BpalulaueeipcHIpLp BIp a MKaa/Xb T € P H A TRWDOBDH@A B U T a U N v
XopxXaBa.

M (4mﬂ]
=
|

2
o
(3%
/
/

3%}
w
o
1]
=2}

Puc. 6. PagnajibHasi 3aBHCHMOCTh SHEPIrUH HEHTPa MACC CTATKHBAIOIIHXCSH
PaIHAJIbHO MAIAIMX U Bpalmawimxcs no Kpyrosoii KensiepoBckoii opouTe yacTuu s
pa3nyHbIX 3HaYeHuii mapamerpa ¥ = 0,1, 0,15, 0,2, u 0,281

B ueTtTBepnaHfreccep kKJmeKpoiuHAMUKA H 3aMe/lJeHHe
BpalllCcHUA HAMAarHn4C¢HHbIX PECIATHBUBCTCKUX 3BE31», pacCcMOTpPpeH
obwepensarTwEIUPE KEILMESK T P O M @3 JTHWUT @D el a o Wwe i c 4
MHaMarl HUHEHWRP D HCHTOpPIA HIHBCRIBKAGLIT, OID@GIN 3 B BAN T C A
8 P a L EHHEWAAT P O K€ A @ I&1H IH30B €3 IA/bld MK NT@HHO C UT € Nb t
HUTHDOO@AWNNOINDbBKHOHWIGK T Yy plaoukmans. adHT 03 pde K T
MM aK THTOT & HBHBOE3BABIH & YU U T eMIEbPHEC! I SHeamnm O T e p U
HET W WDHEKS B & BHbH ©@TI e KT PO Mau 3H/MYT HEOBI €03 [ bl
OXBas3s Nnvymageccaasnpo L e wTOBT epHe pBAMNY €T
EKTPOMANBNYHEORHAT POHB®INIHM H a KN BObI)
XemomMosbOy Ay W@am3 NV CIW PR HBBIEe3@ B OMO Wb 0
6 N ozeaHwess N € p mm malelHywlsb c ap 0 B .
Paccep® amMe [ /BEPHAULEA 10 UCETPCasH3HBOEBHMLD N 104 a € MO |
K NyJlaCTPHETKTPOMAaMENAHADO QN MBME M@MHM A
ETVNNEOITHE VMBBBEBEBYYAETIONO T WMBAIYGIE/HM A
LWH O I By Y aBEBMASEEN N O /1 bH/DEFKOT pOMaM HMY WO H 109,
eBCBMNUAE

IZTO—~AXX=Z0
DO S=T =0T

Pz OX
oW W

_WRB}

L., o °sin® ¢, (38)

r’oaennwwbOaB HaOdAEPENAT BHIBHTEGKOEEB € TC T BY 0
Be/TUWYMHABEROCOO3HBH@AGTEHIWE BT C BB Y IO M@ ML
rIFRUG—Y T GLAK NNOERO Y AMair HNUTIIOMWMB@ aleHNS .
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Puc. 7. PaamanbHasi 3aBHCHMOCTDH JHEPrUM LEeHTPa MacC HEHTPAJIbHO
CTAJIKHBAIONIUXCS JIeTPUYECKH 3aPSKEHHON YacTHIBI 10 KPYroBoii opouTe u
HEeHTPaJIbHON YacTHIbI, NaJaloel U3 0€CKOHEeYHOCTH, 1JIsl 3HAYeHUZ MATHUTHOI0
napamerpa b: b =0.10.

Yri10B0ii MOMEHT HelfTpajbHOM YacThubl L =1

Ecnun cpaBHWUTbL HGG 0T & /OB X I WSMHMEEAMT € P b
9 HepIrmens g ROeV3n O Nib H/DYY e H e
WR°B?
0
(Lam) o = o3 ——%dn® ¢, (39)
TOBUOHIOT,@ e NATNBMOMPKIBE MPp axXeBymoaBnawTcA

yacT IHI":’SH&OCVI]'IENHiHWSH-IVIﬂH)mHIFEDOBer%EDG)ﬁp(IbI

BO_BOR3_ —_

B, 2m R 8M3
I/Il-IaCTVBLIEG-IH)TyBeﬂVIH3qu-KZb’BF|KTD}’BH1@BK)p(BCpTaI/LLI,eHVIFl,
C 0 3 [ a BrapeavBOWAT a LKVPOAHCHELWIWE! e H 1 € M

N [&R- 2M g
r)=Wy—R =W, [&———§5—.
W) =W N “Vcr-2m °r (41)

MO T espHe PN MMB @ N NEB@AOT BERO OB AWM preaBn b onee
AXHHIEO N[ XN T e Uy ¢ b icnagppansopia W efmeir o
POWV3B OMAHYEM @HAR/dt. N3pe3 ynNbM@WBa]6Ha blr .
MoHor,oTpamBBEBARAMEe JNHETCERHPaBLICT pleev,
MOUNWHEAT peBEeadTa.podpni3 Wwa e a i ecHKnasd3s bIBTaao T |,
GONbWLNAYE MB@ANEe PEPUOEUEN po 3 BOE@ER B AEEMDIEO
10 Tak aRPON3IBOEMBMOHIZOXBO ABI A AN AG KO BB Y X
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NOPAAM®MMBHOAK THOHITTOP,0M3IBOAPAAAAT P OHBHGIX]
NPUHVUMEAKkBERBAYEELPEABHEOBMIPAaHBBIOIRANLAMU.

Ta0nanna 1
3aBucumocts orHomenusi (PP)_ /(PP) . 0T pasauuHbIX napaMeTpoB KOMNAKTHOIO

o0beKTa: Macchl (B exuHMIax Maccbl CoJiHIa), pagnyca ¥ MOMEHTA HHEPIUHN CTPAHHBIX
(Rg, ) m meiitponnwix (R, 1, .) 3Be3n.

w

(@] |

w w

3w IT O 3

(PP)/ (PP),, 4,34463 | 4.53723| 5.1094 | 6.16863
M /M 1.2 1.3 1.4 1.5
R, kT 7.48 7.62 7.69 7.68
R, km 11.75 | 11.72 11.7 11.68
lo,® 10° gm cn? 0.65 0.74 0.825 0.9

| e, 10° gm cnf 1.08 1.2 1.36 1.72

NMpepanewoakw MM/MaE&3 MevHaH i T oBcodreppybia La tole il ¢ A
T P a H3HBOEM3NAMLB § H @ €3 a Me [l /MesHaM@a r HU T 0 C P& P & bl
HepBIW T T akK a3BMbOOITbK P bMIabiXH U T W BI® B BIK U i1 .

McnonB®Y A XEIHIWE THMGMULHODB O MOPKEAT A TUBUCT C |
aAacCMOKPACCUYUMARKCBLMB/HAHEBRE UMOCT U !

(Lp)max = gk(l' k)Lem’

fle=2I/RR-napamMme@MmaKk BB®EWMBIMe HATHoeMP L 1 1
NMcnongawybneAaac QPR A ARO MEUA@QPH®@MT P OMH H bl X
TPpaMWBHBERBaIC CYHBDaAaARAORAEMaAA HEHITP ACH @@ HHOMN
BebBlape3y nbmpmwee] 8 RKOAIB M A HIT,0OTPpaBBES 4a
aMe o mpemTVCeBibp avie A Te HEmWe T p ol ad a .
BkauyueeBaK®DPp U ME HNEOH/MYSY €[HEH3bIYX /1 bPTAaaCTCOYBN T a H b

(42)

OT M PM enM 1 EBHPHAOLLA O WGETIPCQASB B @M QB H A P YUK M O,
T p a H3HBAeA3Taeap A6eoT/1 b 1@ € p ryveMwp 6 blY HBbIEA Wa rwm e c 4
enTpoOBBES BbDOWETNEOPBMHOCMUT e NTbOH/DYCUTENH. H a 4
ABNCUMBCCUYSTaHAAT PO P33 B EICKBOWMEIMA Me 4, 1€ H N U
YNbCavupookee@blT HONEe3B00ManbHEMIOKY € 0B BIaOHN A X
03 MO XHOOHViayp ¥ XXEeetiMeon e A p @ B HBHX [ .

O6 wando 7T espHe p HA M AT H 1N B & 1 BEIELB bl B a0ETTTCOAK O M
nNaswelpeG /1A pMWE MKAYO N peegd eT\CMMMN P O BlaOB B € M

nouwampmumnapuwank losToavyaB aBUMEIAKO TN NOTHOCT MU
NHETNDRECPOMaI3MaAKN N o WanB e p XMHO/TT MHAK 1 .
OTEOWe pensdaT neBgnJTeTKoTRLM B OKAME K O T OB eWYymn 4 € H U 10
NOTHDKKEPW VME K anopEe3fVMeiB AGYMB e T MY RAMNB MT HOT C
ONMKMan O BEeEPXBABEBIABAD WAIMDL A PIHDMKYME Hb LUBE T C A
a MKaaOKWErie O pOUTUH O C U T €My B © O M UNEHOUTEH B E B P T U U



NMNa3memo X &T MM € H C UCPOOKBPAATLER &HINER P A S PLHEOK U .
CyMMapHABEeypPHEr M 3 Be3 bl 3HaAauUMaTBOBGHIENW yMm
TEOpPMMHOCUT e T K@K OIM.N A K TYHCOTCPTabHHBIEXIB Me e T
6GONbHARBAY eUHEMVEN € i T P O3HBHELBX@ T © Hse PT M M a HIHBbEX3 [
NPOUCX ®/plAMBEAIONT € HH e e .

Taoauna 2
3aBucumocts ornomenusi (PP)_ /(PP) . 0T pa3nuunbIx napaMeTpos KOMIAKTHOrO
00bexTa: Maccol (B equHunax Macchl CoJTHIA), paInyca H MOMEHTA HHEPIUH CTPAHHBIX
(Rg, ) u neiitponnbix (R, 1, ) 3B€3/1 OKpy:KeHHBIX MUIA3MeHHOI MarnuTocdepoii

(PP)&/ (PP) s 0,2053 | 0.2165 | 0.2199 | 0.2146
M/M 1.2 1.3 1.4 15
Ry, ki 7.48 7.62 7.69 7.68
Ry » km 11.75 11.72 11.7 11.68
l s, 10°° gm cnf 0.65 0.74 0.825 0.9
lys,® 10 gm cnf 1.08 1.2 1.36 1.72

B npuiioskenusix T P M B e 16 HHBbbED A KO AB A T POMATlr HUTHO

BOKPYT ned@dopMUupoBaHHOMW YyepHOMW [ bl p bl B
BblpaXeHUsa ANS9 9NeKTPUUYECKOTOoO U Mar HUTE
YyepHOHMW A blp bl Cr pra@sHmyT JOMEBH M U T H bl M 3apapgo

neKTpoMar HUTHOT O
ypaBHEHMUA AOBUXEHMNUS
Kexarpemacoca BO BHEILWHeEM

NnoNsa TONMNOWMW CUHTYNAPH
doTOHOB MW 4YyacTwuu B
MarHWMUTHOM 1 O é

3AK/TIOYEHHUE

Mopes3ynbnaTloOEB a HIMPAO, B € A ENHOH EBXMEO K T O P C K O
Anccepddacmmpbn e K TP O MAAITOHBMTKHPBEEC T AR C M & X b H O
CUMUMMET P VKYOHMbINXA K THOERXB U T a Ll 10 @ 1@ W XMNOpBE A4 C T a B /1 € H
cnepaymwuMees B 0 4 bl :

l.Paspa@oBaBopgnHaIavmddapmMapgmemnmaH
o p MBI T YWE AHOLLKET ,A4O P M& WM U C biBKAEMPCOAN 3 B O 1 b H &
KPMBBHPAMSBABHI ONNAPKBRYPANHMDTIaMHOMENXAHAP A .
BoiaBnerwa,epBBILTKLO 3 PP MAUBNEOHTTM HIO MIP a3 TOXKEHUMN
[ 0CT aTAO/MBHMbU C acHB/OAN € W B Y 3BTPGARL A 10 LHMEKPBI ST, bl [T
TOYHOG DAaUHOB KO p Ma AM3PM ANOKAARBMEBH a NN
CBOMWCTBAYIMOBE A N Ppraguempege maemipak TepuncrTl
C B O MKCPTMBBIDOIK. @ 34aTHO®P ,e A /1 O XOeMHPHEL|OEE 1 Ge KH aA e G 1 1A bl
C W NYyYseTpaHibbdP B /1 A PTT T O MMM EEBA T H a Uty Htie

2 Hanpgawmm NMNT UBHMRCXMEBABAK Y Y RABRX TpOMar HUT
nonepipawamWU>EdO PMUPOBEPHEKXIPB O BHELWHEM
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CUMNOTOT NHEHXKMO A MA@ MHNT HIOM € biB B 1 e HyoT, 0

HAOY U WP 00BI3EHKHT OpeNnyoe/Ber 10 @Y Mo P M U P GIEB pA HOHEDPIbI

a B vocTMa p a MEer pap wianHIenamM &1, H UM HAREB a ApaT MUY HO
.NMonyuBeeHp X AP @ ageniAa apamvMge ap MBI & wma ouwe nc 4
edhopMUNpPp HEEPHDPEEBIY T E@ aB HB & @A 0L aseHVBbHXE H U 1A
AaAVNYBCHY TPEHRARMVMNKPYROBROUTTEOpPETNUNYECKYV
e3yNbMadaTyMIe,BEBIOGC € PBIBULBEBM E €22

4. Tlo Ny 4 edJHOLD MBI 1Y STTEOHEMP a W a o LW & [T K BIX P p U
ANNHEW SHOPO/LHMHDKE T O MODE YEBEITWC NONb 3IM/BAH DI
BISBNAKWMD NHNTEOBLMMEE (PA@MaN Ny B M3 BWMEHMNA
HdopvMaElppra METIRaE HT PaRbBNMOBROH®WE IOT a .

S5 HangeBbIpaXemHMHAHEP MO ME ATMAN Y T R T @ ,K X €
HY T P €CHTHaVOXN JKbPHYbl XOOBPLOXB & p A XK €UHBHCHMEWDIK P e C THOC T
epH®IPHLPMaAaNNHP&RBNT O M a3 aHPVATEHARTIEOM@ I H U T HO T O
OnNAcY aHOBUITEBHO P hPhpe R paBUTOMaAaT aMmMAMOD T @A L bl
pefgoTBpaMEBOROAFEBKOPEHMNA
6.MOKa3s@aHOpHWa/TVMEAEAA3ZHVELD NIOA e pEHAA3 MEM U

p alia o uHeeipCHACLIP BI3 M e H B8 Ta@sM C MM camMnm a g MB X
apamvme(T@oBiMHapamvee pambip Bl ( BYr /Haa K nma x4y

10O C K OHCaATOL/0 [ A 0 @ BB a LU eYHeMpAHIoLIPp Mic T a HO BT ®H O
OB O3 AEeNCT/BYUEWMA,O0 TI04aRMBMEEHWME PHAOHBP b
MeHb laseaccude M p € /1 0 M JIR/HANKAT PO Ma MIBYH e1H0 B 5O
nasveHpr@RaB NEeHM/ BEeNTNY@el @ a3 MEIPaH3OM EeoH H O T
apavMeapaunMazThaH'D@HHMTEE HC UBB O YA BHRBP NAN

ep HoiPYbME Hb WA E T § M e H b LpeaH3UMEEpHAN .
7.TOKa3aRMJIBbLICOR PPe KT NHEOT N MEBHEVPSAX B bIC O K U
HeEpPreTrVwMPOKIEX CDBOCWUT g/NEAHICE H HoarbontogaTtT e n.
e 06 X 0QaTMCMYOT C DPUNBHG AN @ N N bBI O & LWe HolBeB /1 e H 0,
TO3HaAUUTeEe/yBHOIAN Y eSHIUJEe K TN B BT OTIK H O BOEOH U 1A
Nb TP aBDILOPEGAM O3NEHUYOE D N O ST H U TOGIUELKHTEDXO Ma Tl H U T
BNEBMNWAIHIE X O TK HO B O KA KEIHAHCLI XU L
8.[oka3ammd3B/ewaHEpP@ @aprRpBOoLEEeRBPOAB3/AA €T C A
onpeannc TMpiHLLIMC Pe @de@ X a H UB3VIBO/BE DEHHEIPT 3 U
pauwawnHePHIbIPEL LLe H XDPpUK.aple menrys aonpasok
paBuTamo@éoopikanaTmpel0oTBpPaMB8IOROMEYHOT
CKOpeHMnSsa.

O.ToKk a3 aiH®@, PPekKoTMNaK THOETATHHBDA3IHIaEN 0T epn
OWHO®TIRKTPOMAaAT HeITPWWM AT U B UCBTEC3KIPBINT A € T C 4
aynTemmamweo MOBIGYy Ay We ®MH ap yOKMI aH3HBbEE3 [ bl
peabdbnogemmx pOHMYyaABILAPYEHOBYIRHTOP aHHaAaH
ETIRPp OO bACE PBUPABHEAHWA N O VBYPHAOWA o Lle i1 C A
M T p O3HBHEO3E PO AIM KOaOXLLE e O pPOUTVMH O C U T € NIIHYO'w er mH a o
BUCNM®XE @B TMLO /1 € 3BHAOAIWT b H e QUMM /X € [1 O B 1A & M 51 K
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INTPRODUCTION (Annotation of doctoral dissertation)

Topicality and demand of the theme of dissertation. Modern astronomical
observations on myrovom level onetlyround and space telescopes, and recent
discoveries have provided convincing evidence that black holes have a significant
impact on nearby objects around, emitting powerful gamagabursts, absorbing
the next star, and stimulating the growth of bem stars in the surrounding areas.
Study the photonmotion around rotating black holes, in particular, the discovery
and analysis of the form of silhouettes of these objects, setting and effective
implementation of relevantadiostronomicalobservations onhe proof of the
existence of the black holeorizon 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 impotéakisof modern
astrophysics.

In the years olndependencehjuge 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 relativisti
astrophysics, in particular, devefmpg a model of the magnetosphere of a neutron
star, the analysis of the spaome structure and motion of test particles around
black holes

The study astrophysical processes in the vicinity of compact objectheind t
comparison with observational data is nowe ofthe most importantasksin
astrophysics of compact objects. The most important tasks is to conduct solid
research work, in particular studies @wllowing directions to find the exact
solutions desching the spacéime around a gravitational compact objects;
analysis of spaegme structures in the framework of these decisions and find the
eqguation of motion of test particles, such as photons; determining the silhouettes of
black holes in general reébaity and alternative theories of gravity; determination
of the influence of the central object parameters and the plasma enviramteat
form of a silhouette; identify energy loss dependence on the choice of the
relativistic star of the gravity modeThese objectives justify theepicality of the
global level of scientific research.

This researchwork correspondghe tasksgiven by governmentaregulatory
documentsOrders of President of the Republic of UzbekistddR559“ On hi g h
level astronomicab b s er vat ori es and cfroomfebraary éls of
1993 # UP-4512“ On wor ks further developing a
from March 12013

Conformity of the research to the main priorities of science and
technology development of the republic. The dissertation researdims been
carried outin accordance with the priority areas of science and technology in the
Republic of Uzbekistan: 1. “Power, en
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Review of international scientific researches on dissertation subject®.

The electromagnetic field configuratioms 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
paticular, Astronomical Institute, Albert Einstein Center and the Silesian
University in Opava (Czech Republic), the University of Alberta (Canada), the
Max Planck Institute for Gravitational Physief\lbert Einstein Institute and the
Frankfurt University (Germany), IntetJniversity 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 Astvmical 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 aroundable b
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
alternatie theories of gravity (Max Planck Institute for Gravitational Physics
Albert Einstein Institute, Frankfurt University, Germany; Intariversity Centre
for Astronomy and Astrophysics, Physics Research Laboratory, Tata Institute of
Fundamental Researchndia; the Centre for Applied Space Technology and
Microgravity, Germany; State Astronomical Institute named after Sternberg of
Moscow State University, RussiaAl-Farabi Kazakh National University,
Kazakhstajy it has been found the structure of the etmutgnetic 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 UniversityOpava, Czech
Republic; University of Alberta, Canada; IMéniversity 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 sgiawe properties
around a black hole in the gravity model of Horava have been carried out (Albert
Einstein Centeand Silesian University in Opava, Czech Republic; University of
Alberta, CanadaMax Planck Institute for Gravitational Physic#\lbert Einstein
Institute, Frankfurt University, Germany; Int&iniversity Centre for Astronomy
and Astrophysics, Physics Raseh 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, RussigAl-Farabi Kazakh National Universiti{azakhstah

3 Review of international scientific researches on dissertation suigjegiosed on the basis of the following
sourceshttp://arxiv.org; https//webofknowledgeom https//scholafgoogldcom J. Physical Review etters J.
Physical Review DJ. Monthly Notices of Royal Astronomical Societly Astrophysical JournabK. Astrophysics
and Space Science; J. International Joournal of Modern Piyséxl others

54



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
areasincluding: 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 gravittonal 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 fieldlectromagnetic and gravitational radiation
from compact gravitang 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 ly many scientists, for example from Japan (K. Hioki, K. Maed&A (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), ammdhers. 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 holegavity theoriesand 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 immenseoh 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 exafnphe 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 asittlespaotlision
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 vafui® various
paraméers 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 variouswhors, in particular from Russia (G.S. Bisnovafgigan, O.
Tsupko), Uzbekistan (B.J. Ahmedov, A.A. Tursunov, V.S. Morozov), Canada (A.
Rogers), Germany (V. Perlick, J. Kunz), Dutch (H. Falckedia (N. Dadhich, S.
Ghosh, P. Joshi, M. Patind 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 spageme 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. LobpT. Harko, F. Eiroa), Germany (S.
Laemmerzahl, J. Kunz, E. Hackmann et &hglia (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 thepamnt 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 InstituteA-F2-FO79+F069
"Development of the equations of the electromagnetic and gravitational iftields
relativistic astrophysics and cosmology, and phenomenological models of QCD in
the description of hadrons and their interactions" (200¥1) FA-F2-F058 "Study
of Gravitational Lenses, Formed Galaxies and Generalized Gragital Models"
(2007%-2011); FE2FA-F134 "The particles motion and electromagnetic fields in
the vicinity of relativis tic stars and black holes in the alternative theories of
gravity" (20122013); EF2FA-0-12477 "Motion of particles with spin and
propagation of electromagnetic ves in the vicinity of compact gravitational
objects" (2014015); 110 "Particles and fields in the vicinity of relativistic
gravitational objects from dark energy and wormholes" (ZZ2A11).

The aim of the research is the development of a theoreticarralism
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 coordinatedependent formalism to describe the sivaadf
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 nonzero 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 Sfetsasaked 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
compat 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 hole
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 macroscaectrodynamics 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 coondateindependent formalism to describe the
shape of the black holeshadow has been developaadd t was revealed that the
first five coefficientsof the polynomial expansion is sufficient to describe the
properties of rotating black holestadow with theaccuracy of 6.1% it has been
shown that the proposed definition of distortion of black helemdoware stable
under thesignal noise

it has beerfound that the observed size of the shadow of the black hole
decreasesdue to the refraction of electromagetic 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 theexmience 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 extratthrough Penrose process
IS more realistic process among the energy extraction mechanisms from the
rotating black hole in Horavhifshitz scenario; moreover, due to the Horava
Lifshitz gravity correction particles could be prevented from the infinite
aceeleration

for the first time it was shown that the effect of compactness of strange star
on the electromagnetic power loss of the star ismegligible

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

Practical results of the research are as follows:

Theanalytical expressions for the vacuum electromagnetic fa#ldeformed
rotating black holes in the external asymptoticallyiform magnetic fieldhads
been obtained and has beerrevealed that the induced electric field around the
deformed black hole depends on the deformation parameterljin@sd the
magnetic field squatce

expressiondor energy and momentum, as well raslii of innermoststabke
circular orbits of charged pactes in the vicinity of a black holewith
gravitomagmetic chargeimmersed inexternal magnetic fielthas been obtainedk
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has been established that dudlte existence ofjravitomagetic chargeparticle
are prevented froraccelerationo infinitely high energires;

it has beentsown that the shape and size of the observed ®had black
hole vares depending on the plasma parameters,rtiation parameteiof black
hole andinclination angle between the obseryadaneand the axis of rotation of
the blackhole

an upper limit for the deformation parameter of a rotating-Kerr black hole
has been obtained in the fotn<  21ing 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 centcaimpact object.

Reliability of the research results is provided by the followingsmodern
methods of general relativity and the theoretical physics and highly effective
numerical methods and algorithms are used; careful check of a consistence of the
receved 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 thedissertatiorto analyze the black holeshadow obtainetly a new
generation of radiotelescopesthe millimeter diapasom the neafuture, andyet
aninformation on the various parameters and properties of the supermassive black
holes at the center of our galampd galaxy M87 In addition, analysis of the
silhouettes with the new formalism makes it possible to design new testsfto v
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, rad gravitomagatic charge, as well as the option that
appears due to the higherder corrections in Horava grayitnodel Results can
also be useful for the analysis of the nature and dynamics of the gravitational field
in the development of observatidrexperiments 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 neaextreme KehagiaSfetsos naked singularities and their
appearance to dista 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)
(supported by the Operational Programmeidadion for Competitiveness funded
by Structural Funds of the European Union and state budget of the Czech Republic
and registered by number CZ.1.07/2.3.00/20100

Shadows of the black holes and plasma influeiee® been used to obtain
the trajectorie of the photons around compact gravitating objectswithin the
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projects of the Central University of Deldindia (Letter of Central University of
Delhi, India from September 20, 2016). This trajectories have been used to obtain
the shadows of the black lesl within the Borsinfield 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 Unsigr 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 regd in
the form of reports antested at 16 internatiahand local scientific conferences,
in particular: <Modern Problems of Physics and Astronomy» (Karshi, 2010),
«Modern Problems of Modern Physics» (Samarkand, 2010), «Fusion and Plasma
Physics» (Tries 2011), 39COSPAR 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: Accretingatigistic compact objects» (Prague,
2013), «Synergy Olomouc 2014» (Olomouc, 2014)-CASPAR General
Assembly (Moscow, 2014), «International Congress of Mathematicians» (Seoul,
2014) , , -2BAGTI h®Opava, 2DA B3, (" RAGJ u eng
“RAGE-2015" ( Opava, 2015) , “ X1 Mar ce
2015), 41COSPAR General Assembly (Istanbul, 2012).

The main results of the study were tested at the scientific seminars of the
Institute of Nuclear Physic€0102016) Astronomical Institutg20132016) of
the Department of Nuclear and Theoretical PhysicsNattional University of
Uzbekistan(20152016) Faculty of Philosophy and Science of Silesian University
in Opava (Czech Repub)iz0132016, Goethe University (German20132016),

Max Planck Institute for Gravitational Physics (Germa2§102016, Center for
Applied Space Technology and Microgravity (Germa211), Tata Institute for
Fundamental Research (Ind20142015, InterUniversity Center for Astronomy
and Astrophysics (Indj&20102016, Delhi Central University (India, 2012016),
International Centre for Theoretical Physics (ltaly, 2011)

Publication of the research results. On the dissertation theme there were
published 30 scientific works, including 15 scientific paparsinternational
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, conclusiameappendixand a bibliography. The size
of the dissertation is8ll pages.
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THE MAIN CONTENTS OF THE DISSERTATION

In the introduction the topicality and relevance of the dissertation theme
were justified, the aimsnal 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 ohé¢ research results and the structure of the
dissertation were given.

The first chapter of the thesis entitleBhoton and particle motion around
rotating black hole” is devoted to studyhe charged particle motion and the
electromagnetic field around eding nonKerr black hole and black hole with
nonvanishing gravitomagnetic charge immersed in external uniform magnetic
field. In this chapter weéhave developednew general formalism to describe the
black holeshadow The shadows considered as @osed arve in aflat space, as
the one in which the image will be available to us as distant observers

Assume that the astronomical observations prove shadow as an one
dimensionaklosed curve defined by the equation

Ri=Ri(yi), (1)
where Rj andy i can be thought of as the radial and angular coordinates in a polar
coordinatesystem with origin i®j. A schematic example of the polcurve is
shown inFig. 1a, whereaj n bj arethesec al | ed “cel esti al
observer, and represent an orthogooabrdinate system with one of the unit
vectors being along the line of sight.

Bl 5

S/

b) D

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
Schwarzshild black hole has a circular shadow, we define the effective center of
the curve in strict analogyith the definition of the center of mass in a collection
of point particles

60



2p
¢ Rl IR[gm(@RIdy i+ g, [ ay
Ry=2— : p , 2
gR|R|(de/dy |) +gyjl/i]1 dyl

0
where &, is the radiaicoordinate unit g, g,,, are the metric functions of the

polar coordinate systeiRiy i).
From the knowledge of the vectG\%, the coordinate position dhe effective

centre can be expressed explicitly in terms of the radidlangular coordinates as

&1ese £ g ng’z

Q
R: gﬁldy |0 ?l coy oy ig +§Rl siny dy |0 u -, (3)
: 0 Z H

Ri®siny dy|o
y,=tan® aen (4)
aeﬁl Ri° coy/ dy.g
Having determinedhie effective centre of the shadow, it is convenient
define a new polar coordinate system centred in it wihrdinater, y). The

relationbetween the two coordinate systems is given by
R:= [(Ricog/i- R,coy/, ) +(Risiny i- F?Osinyo)z]llz, (5)
_tanit Risiny i- R,siny,, (©)
Ricoy/ i- Rocog/0
A well-defined centre of coondates allows us now to obtain rabust
definition of the reference areal circle as the circle havingdinee area as the one
enclosed by the shadow. In particular, gitee closed parametric cune=R(y)
its area will in general bgiven by
:fj:dyﬁ 0, ,dR= = D Rdy =2) i R (/)‘;J// d/. (7)
where in the second equality we have gg,;-l n g,,=R*, while in the third
equality we cosider the representation of tiserve in terms of a more generic
parametet i.e. R=R(/(/)). If the shadow is a closed curve, the integration limits
/,,canbe foundfrom the conditiong/(/)=0 n y(/)=20. We can then define the
areal raius RA of the reference circe@mply as

ang”
R.,=&-0 . (8)
CP +
We define he distortion parameters relatively the reference circle passing

three points on the polar curge B andD, which occupy precise angular positions
at y =0, y =p/2 and y =3p/2, respectively (see diagram in i§. 1b). The
corresponding distanc&3A, OB n OD from the centre of coordinat€3 can then
beexpressed as

y =
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=8¢ =A 9)

R.=R [/ =0)=4 e (coy)

L0y sE o

R, =R/ =p/2)=4 cPcoy)

ly=pl2

=R,. (11)

R, =R (/ =30/2)= & c,P(coy)

Next, we define a new parametric curve for whiRh=R, =R, and thus that
satisfies the following condition

Gy (22) e
Croq Cz?g( 1) 22?(? !)2 ]H (12)
We can now compute the devaii of the parametriccurve from the
corresponding background circiassing the points A, B and & any angular
position. However, as customary in this type of consideratiwags,an consider the
shadow to be produced by a rotating black hate spin axis along thé axis, so
that the largest deviations whle on the axis of negatiugé More specifically, we
can define the difference between theves aty =pas

ds,l = Rs,l - R/,I (J/ :,0): g' a 02?+é Cor 1 (13)

?=0 ?=1

or for the dimensionless distortioanameter
. d 29102?-1
(=== 14
TR, 5 (14)
A second possible definition of thastbrtion parameter is slightlynore
general and assumes that the radial distance of points B8 &man the centre of
coordinatess not necessarily the same, iR., R,. In this case, one cahimhk of
introducing a new poirE on thea axis, suchthat the distance& E-EB and whch
could therefore serve as tbentre of the reference circle.
We can introduce the disrtion parameteas

d aB%- ACO
0’5 = sl — 2% (15)
! Rau ¢ 2+ A 8

is the distortion of the curve from the reference circle and

s, —

whered

s,
o]
.

C=R [y =30/2)=3 (- 1)'c.. (16)

?=0
A third and possibly optimal defimiin of the distortion parametés one that
IS meant to consider the case in which the shadow isratiiction symmetric
relative to theJ axis, but does not cross theaxis with a zero slope.e. the point
S, wherecurvehas zero slopdoes not lie on axib.
Assumingthatreferencecircle passeshe pointsA and S with the center at E
one can easily find the radius and distortion parameter in the form
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R = A - 2xs/1(é ;OC?P?(XS))+(6'1 ;OC?P?(XS))Z an
N1 — e O ’
28 ., G(1- Px)x)
o A, CP(x)- X8, Cn.- AC
d,, =2R, - Ri\+R. = P, L . = , (18
1l Rs,lll A F% (a. f_>=OC? (Xs)/ é_,) OC,,(l- P(XS)XS) ( )
ds||| a0 a:_ C'7P'/‘(Xs) Xsa CZ'? AC
dS,lll = , :2(a 7=0C7P7(XS)) ~, ._?-. ve @ L ! (19)
R A 2 AlE ?_OC?P?(XS))+(a }_oc?F’?(xs))2
wherex, is the solution of the equation
ax O ax O P
a._,CP(x)x- akocod lx )(1 x)=0. (20)

dx
In Fig. 2the values of the dimensionledsstortion parameterssacomputed

for the shadow of a Ketblack hole and for increasing values of the expansion

index ?. The three different panelsn Fig. 2 are relative respectively to the

parametersy,,, d,, n d,,, , respectively From the dependenc one can easily see

that each of the three distosh parameters decreases as ¢kpansion includes
higher orderérms. At the same time, becalaeger rotation rates introduce larger
distortions inthe $adow, theyalso lead to larger values of thesidirtion
parameters for a fixedalue of 2.
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Fig. 2. Dependences of the distortion parameters from the expansion order for the
different values of rotation parameter of the black hole

The deformed Kerlike metric which describes a statiary axisymmetric,
and asymptatally flat vacuum spacetime, in the standard Beyiedquist
coordinates, can be expressed as

2Mr 4aMrsin’ g S*1+h)
1+h ———*(1+h d
% 8(+ dt? - = (1+h)dtg/ *oranina "

2[c2 P2
(s +28'\2’”)S'” 9(1+n)sin g dj ?, (21)

u
where S’ =r*+a’cos’q, D=r’- 2Mr+a*, h=eM%/S*, and the constané wus t h e
deformation parameter. The quantigy 0 and e<0 corresponds to the cases in
which the compact objeds more prchte or oblate than the Kerr black hole,
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respectively. Ase=0, the black hole is reduced to the typical Kerr black hole
known in general relativityThe the 4vector potential A of the electromagnetic
field will take the following form

S?- 2Mr + Mrsin’ g

A =-aB o (L+h), A=0,A =0, (22)
A 2 H,
A =%Bsin2q§s2 + (2Mr +S );n q- AMr a?(1+ h)§,j (23)

The motion of the charged particles around a rotatingiem black holecan be
studiedusing the Hamiltorlacobi equation

mA IS A MS o_ -
9" - eA,ce— - eA0=- 1T, (24)
GHX X’ +

wheree andm are the charge and the mass of a test particle, respeciuedyto
the existence of the timelike and spacekllting v ectorsone can write the action
in the form

S=-Et+L/j +S,(r/). (25)
where the conserved gquantitiEsandL are the energy and the angular momentum
of a test particle at infinity.
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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 ofthe test particle moving on circular orbits around -Kamr black
hole in the equatorial plan@ne can easily see that the mmse of the negative
deformation parameter forces a testrticle to have bigger energy and angular
momentum in order to be kept on its circular orbitis a consequence of the
increase of the gravitational potential of the rotating-Kemnr blackhole 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 founle tsolution forthe ISCO radius
I'sco=Tsco!/ M N the limit of smallUin the following form

Fieco = 6- 2—99 +ole?) (26)

In the astrophysical situation whéreBMma 1, the analytic expression for
ISCO has the form
2 2
rISCO:1+1 Za\//é\s ©
Considerthe centetof-mass collision of two particles in the vicinity of a
black hole with nonvanishing gravitomagnetic charge, when one of plaeseles
has the mass and charge and rotates along thercular orbit. Another particles
neutralandfreely fallsfrom the rest at spatial infinitythe center of mass energy
of the colliding particle has the following form:

E... 96- |2
=n @03 | Wbﬂ“, (28)

wherel is the gravitomagnetic charge of the central black hole.

The secondchapter of the thesis entitlé®ptical properties of black hole
in the presence of plasma” is devoted to studyhe 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

o ~ =2 2
d? =-%- 2Mr8dt2— —4aM;§|n thd/ +%dr2+
g -

+olb?,e?) 27)

SZ

22 1a2
a (S +2l\2/lr)5|n qgsinzqdj 2
S U (29)
whereM andQ are the total mass and the specific angular momentum of the black
hole, respectively

Consider the plasma surrounding the cehtaxially symmetric blackhole.
The refraction index of the plasma will Ine= n(x‘,w), where the photon frequency

measureby observer with velocityy® is win this case the effective energy of
photon has the forrrw=- p,u®. The refraction index of the plasma as a figrct
of the photon foumomentumhas the followingorm:

n* =4 b, (30)
(b}
and for the vacuum case one has the relatied. The Hamiltonian for the photon
aroundan arbitrary black hole surrounded by plasma has the following form

a a 1 a
. p)=2lo .p. + - Yo (D)
Assune that the refractive index has the general form

+Squ2+gsz+
é
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2

n’=1- -2, (32)

SIS

wherewy, is the plasma frequency

We will usethe Hamilton-Jacobi equatioto definethe equation of motion of
the photons for a given spattime geometry

S le . 2 [ 00
HE:-E% bpapb-(n '1)(p0 -9 )zg’ (33)

where p, = uS/ux?.
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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
guantity Vest is normalised by the energy of the photon

The radial dependence of the effective potential for different values of plasma
refractionn and black hole spia has been presented in Figldtheplots, in Fig.
4 r? = 0.2; 0.44; 0.8%or dotted, dashed and solid dis, respectively. One can
easily see, that with the decrease the refraction parameter of the plasma the radius
of the circular orbits also dcrease

Considerthe shadow cast by black hadarrounded by plasma. If blatiole
surrounded by plasma origindtéetween the light source and the observer, then
the lattercan observe the black spot on the bright background. The observer at the
infinity can onlyobserve the light beam scattered away and due to capturing of the
photons by the black hotbe shadedraa on the sky would be appeared. This spot
corresponds to the shadow of thlack hole and its boundary can be defined using
the equation of motioaround black hole

In order to describe the apparent shape of the the black hole surrounded by
plasma we ned to consider the closed orbits around it. Since the equations of
motion depend on conserveguantitiesE, L and the Carter constatg, it is
convenient to parametrize them using thermalised parameterg =L/Eand
h=KI/E>.

The silhouette of the black hole shadow in pinesence of the plasma can be
found using the conditions
du’
ar 0, (34)
whereu' is the radial viocity of the photons

u" =0,

66



The boundary of the black hole’s sha
equation of motion of photonsHowever, the shadow will be observed at
"observer’'s sky’ , bywhe cetestial coardinatbsaelatedtétb r e n
real astronomical measurements. The celesbiatdinates are defines

a=lim& rozsinqod—fg, b=lim& rOZ%cO; (35)
- °C dr = - 2 ¢ dr -

where r, is the distance between blabkle and observerg, is the inclination

angle between axis of rotation and observer plane

In Fig 5the shadow of the rotating black hole for the different values of black
hole rotationparameter, inclination angleetween the observer and the axis of the
rotation isrepresented. Fronthe Fig.5 one can observe the change of the size and
shape of the rotating black hole surrountbgdplasma. Physical reason for this is
due to gravitational redshift of photons in evitational field of the black hole.
The frequency chamgdue to gravitational redshift affecis the plasma refraction
index.
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Fig. 5. Shadow of rotating black hole in the absence (solid lines) and presence (dashed
lines) of plasma

The third chapter of the thesis entitlédEnergetic processes around black
hole in Horava-Lifshitz gravity” is devoted to studyhe energetic pocesses
around black hole in HoradMashitz gravity. The geometry of the Kehagt&$etsos
spacetime is analyzedlhe spherically symmetric solution of the sollexh
modified Haava graity, allowing for the Schwarzschild spacetime as an
appropriate limit, is the KelggasSfetsos (KS) spacetimedescribed in the
standard Schwarzschild coordinates and the geometric units by the line element
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We consider the pbton motionandKeplerian orbits in KS spacetim¥ltra-
high energy collision of the particlésive beerstudied.We calculate theenter of
massenergy of colliding particles in three characteristic cases. Two of them
correspond to the situations when thga-high-energy collisions were treated in
the field of neaextreme superspinning Kerr geometrynamely the collisions of
particles in radial free fall from infinity = mandL = 0) with particles following
geodesic circular orbits, or with radia®gcaping particles havirt= mandL = 0
that inverted their motion at = 0. 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 simplicityye consider collisions of
identical particles, having the same rest enefgg. CM energy reads

Ecm = 2m2(1' 9. Hlauzb) (37)

The behaviour of the CM energy of the collisions between radially falling
particles and orbiting particles on Keplerian tshis presented ifrig. 6. One
clearly sees that the maximum of the collisional CM energy decreases with
decreasing value of parameter w. The |
values of the radius r with decreasing

l £ 8 = L Ld
b ,""
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= 14} /
= ] / R “‘\\_\\
By T s
] / _’,/"'_ —"——_‘___Q_
1.2F / 0.15 Py
b /’ ____—-"'P S —— :‘_:;—3:-322
» /o
4 / // ,///
1.0k a— A

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 chdeaistic values of th magnetic parameter
band KS par ameate@ inFigoY. Tey eredemoisasing a critical
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role of the magnetic field enabling a significant enhancement of the acceleration of
particles in the combined gravitational andcelemagnetic fields of the KS na#
singularities immersed inuniform magnetic field

3.0F 0.45 ]
[ 0.4 ]
S 2T 0.3
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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 takentobe L =1

The description of the rotating black hole solution and ergosphere around it
has beertonsidered. Penrose process in the ergosphdte aotating black hole
in Horava-Lifshitz gravity has been studiedlso in this chapter westudy the
particle acceleration mechanism near the black hdtormavaLifshitz gravity.

Thethird chapter of the thesis entitlédElectrodynamics and spin down of
magnetized neutron stars” is devoted to studythe general relativistic efféz on
the electromagnetic lumosity of a rotating magnetic strange statich is
produced due to the rotation of the strange star with the inclined dipolar magnetic
field configuration. It is shown thatéhefect of conpactness of strange star on the
electromagnetic power loss of the star is-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 timingetvations.

We studed the spindown of a rtating strange star due to nmegodipolar
electromagnetic emission. Assume that the oblique rotating magnetized star is
observed as radio pulsar through magnetic dipole radiation. Then the lumofosity
the rehtvistic star in the case of a purely dipolar radiation, and the power radiated
in the form of dipolar electromagme radiation, is given as
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6 2
L= %sin2 c, (38)

where tilde denotes the general relativistic value of the corresponding quantity,
subscriptR denotes the value of the corresponding quantity=aR andac is the
inclination angle between magnetic and rotational aWés usel the spacetime of
slowly rotating relativistic star.

When compared with the equivalent Newtonian expressiorthiorrate of
electromagnetic enerdgss through dipolar radiation

6p2
(Lem e = %sinz c, (39)

it is easy to realize that the general relativistic corrections emerging in expression
(19) are dugoartly to the magnetic field amplification at the steflarface

B, B,R’ 3R°e , 2MA& . Mg
—9 = =f_ =- ANNr+—A+ ‘
B, 2m " 8M 3§ TR % R (40)
and partly to the increase in the effective rotational angukcity produced by
the gravitéional redshift

N aR- 2M gr
r)=Wy—==W,.|&e———06—.. 41
V\'() RN RQI’-ZMEE (41)
Energy lossc an be written in a more umzf ul

important observables: the peri®dand its time derivative® =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 siathE period and
dot denotes the time derivative. According to the astrophysical observations the
majority of pulsars have the periods of 1 s and period derivativd§f to 104,
Since period derivatives are in the range of about two orders opeonalude
that the neutron stars have less period derivative with compare to the strange stars.

Assune the presence of plasma magnetosphere around a rotating strange star
and study the spirdown of it due to the magnetospheric energy losses through
plasmaoutflow along the open field lines.

Using expression for the total powearded away by the relativistally
moving particles one can calculate maximum value for luminosity:

3
L) = k- K)oy (42)

Where the parametek =2I /R® is the compactness parameter of the star with
moment of inertion.
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Table 1

The dependence of the ratio (PF’)$ / (PP) \sfrom the different parameters of the compact

object: mass (in units of solar mass), radii and moment of inertia of the Strange
(Rg.lg)and Neutron (R, I, )stars.

(PP)/(PP),« 4,34463 | 4.53723 | 5.1094 | 6.16863
M/M. 1.2 1.3 1.4 1.5
Ry, kmr 7.48 7.62 7.69 7.68
Ry » km 11.75 11.72 11.7 11.68

| os,2 10 gm cnf 0.65 0.74 0.825 0.9
lys»3 10% gm cn?f 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 ragirotiown of neutron star to
one of the strange star for the compact stars of the different massess Result
summarized in the tablefrom 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) \srom the different parameters of the compact
object: mass (in units of solar mass), radii and moment of inertia of the Strange

(Rg.l)and Neutron (R, I, .)stars surrounded by plasma magnetosphere

(PP)/ (PP),, 02053 | 02165 | 02199 | 0.2146
M /M. 1.2 1.3 1.4 1.5
R, KT 7.48 7.62 7.69 7.68
R, km 11.75 | 11.72 11.7 11.68
lo,® 10° gm cn? 0.65 0.74 0.825 0.9
| e, 10° gm cnf 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 galepends on both the kinetic energy density of the
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outflowing plasma and th 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 isagmaller 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 tham Newtonian theory. Since strange
stars have bigger compaqgtgess parameter than that of neutron stars the energy
loss of the strange stars is much slower.

In the appendices we present the exaetxpressiongor the electromagnetic
field aroundrotating non-Kerr back hole immersedin external magneticfield;
expressions for the electric and magnetic field around nonrotating black hole with
nonvanishing gravitomagnetic chargeotential of electromagnetic fild around
KehagiasSfetsos naked singularity in texnal magnetic fieldequation of motion
of photons and particles around Kehagdstsos naked singularity in the external
magnetic field

CONCLUSION
According to the results of the research carried out on the theme of the
doctor al Bartdes and elexttomagmetic“fields around asihmetric
compact gravitating objec¢ts, t he f ol |l owi ng concl usi on

1.We have developed a new general and coordind&pendent formalism in
which the shadow is described as an arbitrary polar cexpeessed 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 expmssions 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 deédion parameter linearly, and the
magnetic field squared.

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

4.1t 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 tHeadow 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 chhge 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.

6.1t has been shown that In the presence of a @af®m observed shape and
size of the shadow changes depending on (i) the plasma parameters, (ii) the black
hole spin, and (iii) the inclination angle between the observer plane and the axis of
rotation of the black hole. It has been found that the obseizedf 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 fronacke bl
hole decreases due to the decrease of the size of the black hole shadow.

7.1t was shown that for the high efficiency of the ultrahagtergy processes
relative to distant observers, both the +existence of the horizon, and the strong
rotational effect@are necessary; it was also shown that significant magnification of
the efficiency of the ultrdigh energy collisions is possible due to additional
electromagnetic phenomena influencing collisions of charged particles.

8.1t was shown that energy extractidhrough Penrose process is more
realistic process among the energy extraction mechanisms from the rotating black
hole in Horavalifshitz scenario; moreover, due to the Hordvishitz gravity
correction particles could be prevented from the infinite acagbn.

9.1t was shown that the effect of compactness of strange star on the
electromagnetic power loss of the star is-negligible and may help in future in
distinguishing the strange star model via pulsar timing observations. It was found
that the rehtivistic 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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