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KHUPUII (pancada noKkTopu TUCCEPTANUICH AHHOTAIUACH)

Juccepranmss MaB3yCMHMHI J0J13ap0JMru Ba 3apyparu. MarHutiaHTraH
HEUTPOH I0JIy37ap KOMIIAKT Ba MAacCUB OOBEKTIAp cudartuia TypJiau rpaBUTALUA
Ha3apUSUIAPUHU KYWId TpaBUTAIUS MaWJOHM DPEKMMHUAA TEKIIUPUII Ba YyIIOY
Hazapusylap napameTpjliapura 4erapaBui KUMaTIap OJMII Ma3Kyp coXa
TaIKUKOTUMIAPH IbTHOOpHHM TOpTHO KenmMokaa. Illy Owman Oupra, ymap
atpoumaru SHEpreTUK skapaHinap (PU3MKACUHM Ha3apuil TaIKUK JTHII
paauoIyiabcap, aHoOMal PEHTreH MyJbcap Ba TaKpOpJaHYBYM IOMIIOK TaMma-
HypJaHuI MaHOanapu cudartuga Ky3aTUIyBUM HEHUTPOH IOJAy3JIap SHEPreTHK
XYCYCUSATIApUHU YYKYyppOK aHTrJalra UMKOH Oepanu. ByryHru KyHra xajgap, y4
MUHITAa SKUH MyJbcapiap, YTTU3JaH OPTUK MarHuTapiiap Ky3aTwiraH OYiu0
Ky3aTyB MabJIyMOTIapy YTa CHUHYKOBIWK OWJAH YpraHWwIMIIWTa KapaMaw,
YJIAPHUHT 3JIEKTPOMAarHUT HYpPJIAHWII MEXaHU3MJIAPUHU TYLIYHTHPYBYM aHUK Ba
aroHa (U3MK MOJEIb MaBXKyZ sMac. MabIlyMKu, yMyMHII HUCOMIIIMK Ha3zapusacCU
xo3upravya Kymiad acTpousuk sxapa¢Hiapja cuHairaH OYiaumO, y Ky3aTyB Ba
Taxpuba MabllyMOTJIapura Moc Kenaau. AMMO, ymi0y CHHOBIAp KYMYUIIUK
XoJulapAa Kydcu3 TpaBUTallMs pexXuMuaa OakapuiraHMHU HWHOOATra oOJicak,
YMyMUHl  HHUCOMWIMK HA3apUSACHMHMHI KOMMIAKT TPAaBUTALMOH  OOBEKTIap
¢u3nkacuHu Tyna TaBcu(nad OepulM y4yH eTapiau Oynuin €ku OYiIMaciiuru
TYFPUCHJIATH CaBOJI XaJd XaHy3 kaBoOcu3 koiMokna. lly ca®abmm, HEWTpoH
I0J11y371ap Ky3aTyBJIapy OpKaJld MyKOOMWJI TpaBUTALMs HA3apUSUIAPUHU TEKILIUPUIL
XaM PeNSITUBUCTHUK acTpo(dU3uKaIaru MyXyuM Ba J10J13ap0 MacajanapjaH Oupuaup.

JIYHEHUHT eTak4yM TaJAKUKOTUMWIapu Ba WIMHMH Myaccacaiapd TOMOHMJAH
ym0y AuccepTanus MaB3ycu OVitmdya Oup Katop wirop Kampuériaap KUJIMHTaH.
Kymnanan, 2018 #unma RX J0806.4-4123 Ba Oup Hewa KUCMaH HYpJIaHYBUd
nyJabcapiap Ky3aTyBJIapUHUHT HHPPAKU3WI CcOXacuaa aHOMall HYypJIAHMILLIIAp
MaB)XyUIMTH aHUKJIAHTaH. YHU OuUp Heua Hyijnap OpKalu HM30XJall MYMKHUH:
nynbcap arpodumarun MccHK (KaWHOK) aKKPEIHMOH JHCK, OMpOp HOMAabIyM
TYMaHJIMK, X.K. ByHJaH Tamikapu, ailHaH 1y HwiM Kamig 3TwiraH Ba Ou3laH
takpuOad 500 wmiaH EpyFIMK WWIM Y30KJIMKIA KOWIAIlraH rajakTHKaJlaH
kenaétran FRB 180916.J0158+65 Tte3 pammouaknamm (TPY) 13 oit maBommma
Ky3aTWJIMO, YHUHT JaBpUM TaKpOpJAHMILM aHUKJIAaHraH. SHa Oomka Oup
takpopsanyBun TPY FRB 121102 sca 157 kyHnuk naBp OWIaH TakpOpJIaHAJIU.
bupok, TtakpopnanyBum TPUmap wmanOamapyu Ba yJIApHUHT  HYPJIAHMII
MexaHu3MIIapu (U3MKAcH XalM XaHy3 aHHK ’Mac, 1y OOHC Typiid Mojesuiapiaa
Typiiuda TaJIKUH KWIMHAO KEITWHMOKJA. YOy IOKOpHIla KeITUPWITaH (akTiap
HEUTPOH IOJIAY3JIap HYpJIAHHIII MEXaHU3MJIAPUHU TYPJIU TpaBUTAIUS Ha3zapusiapu
Jovpacuia YpraHuil pPeIsSTUBUCTUK acTpOPU3MKAHUHT MYyXHUM Ba J0J3apd
MaB3yJlapuaaH OMpH dKaHJIUTH]IaH JanojaT Oepaiu.

OpTumu3ga xaM peasiTUBUCTUK KOMIAKT TpaBUTALMOH OObEeKTIap OYynraH
HEUTPOH IOJAy3J7ap Ba Kopa Ypanap (uU3MKAcH Xamja YJIapHUHT HYpJIaHUIIN
MEXaHU3MJIAPDUHU  YpraHuiira Karra 93bTHOOp  KaparwiradH.  Xo3upjaa
pecnyOnuMKamMu3ga HEUTPOH IOJAY3JIADHUHT DJIEKTPOMArHUT Ba TPaBUTAIMOH
HYpJAHUII MEXaHWU3MJIApU, KOMIAKT OOBbEKTIapJa TpaBUTAUMOH JIMH3AJIAHUII



sbdexTnapu, ynap arpoduiard ManjoHIAp Xoccajapd Ba 3appajiap XapakaTu
xamaa (a30-BaKT TEOMETPUSICHHUHT XyCyCUsATIapura OaFMIIUIAaHTaH WJIMHAN
TaJIKUKOTIIAp >Kajasl 011u0 OOpUIMOK/IA.

Ymby nauccepramus WM Basudanmapyd TacAWKJIAHTaH JaBiaT HOPMATHB
XyAOKaTnapd, Y30ekucToH Pecmy6mukacu Ilpesupentunmar 2017  imn 7
despannarn TTK-4947 “V36exncTon PecrnyOGnuKacMHM sHAAa PHBOMKIAHTHPHUII
y4yH dYopa-Tagdupiap crpaTterusicu Tyrpucuna’ ¢apmonu Ba 2017 #wmn 18-
deppangaru [1K-2789 connmu «®annap akageMusicu (HaoausiTd, UIMUNA-TAIKUKOT
UIUIAPUHU  TallKWJ ~ JTHIL, OOIIKApUIl Ba  MOJUSJIAIITHPUIIHU  sSHaJa
TAaKOMUJUTAIITUPUIT YOpa-TaaAOupiiapyu TYFpUCHUIIA» Kapopu Tayadjapura Moc
KeJIaJIu.

TaagkMKOTHUHI pecny0HMKa (paH Ba TEXHOJOTMSAJIAPH PHBOKJIAHUIIN-
HUHI YCTYBOp HyHajquuuiapura MYBOQUMKIMIH. Jlucceprauus TaaKUKOTH
V36exncron Pecriybmmkacu ¢an Ba TexHonmorumscuHuHT || ycTyBOp HyHAmMIIHN
“OHepreTHKa, JHEPTUs Ba pECypCiIapHH TexXaul ra MyBO(QUK OakapuIIIu.

MyaMMOHMHI YPraHWJITaHJIMK JapasKacu.

A¥inaHyBYM MarHMTJIAHTaH PEATUBUCTUK IPABUTAIIMOH 00BEKTIAp aTpoduaa
KyWwIM TpaBUTalUsl PEXKUMHJA DIICKTPOMAarHUT MAalJOHJIApHUHT TY3WIHIINA
EBpona, AKIII Ba Oup KaTop pUBOXJIAHTAaH [aBiaTiap OJUMIIAPU TOMOHMJAH
Yypraawnran (Hdowita, ['mH3Oypr, O3epHoli, Permosmia, AoOwumes). AinaHyBun
MarHuTJaHraH HEUTpOH Ioiay3iap arpoduia Ila3Ma MarHUTOC(EepaCHHUHT
MaBxXyuuru uik 6op [Nonapaiix Ba XKynuannap TOMOHUJAH Takiaug STHIraH Ba
TypAu TpaBuTalus Mojeiuapu aoupacuna beckumn, Xapaunr, MycauMoB Ba
[{urannmap TOMOHUJAH YMYMHUCOMUIMK 3 EKTIapHH XHcoOra ojraH XoJjjaa
PUBOKJIAHTUPWITaH. MarHuT/iaHrad oO0beKTiap arpoduia 3apsiajiaHrad 3appasap
JUHAMUKACH, 3KBUINIOTEHUMan cupriaapu bakama, Cryxmmk, Komom, Onm Ba
MacrepoBanap TOMOHUAAH TAaAKUK ATwiraH. HelTpoH ronaysnap skuH atpodu
MyKOOUJT TpaBuTalus goupacuaa SAxodcon, DauHr Ba Mwmiepiaap TOMOHHIAH
TAaAKUK OJTWIraH. YOy TpaBUTALMS XYyCyCUSTJIapyW Ba Ha3zapuil TaAKUKOTIap
HaTwxkacuaa M87 Kopa YpacCMHUHI COSICH, KOpa YpaJlapHUHT TYKHAIIUIIUAATH
rpaBUTALUS TYJIKWHU KAl 3TUIWIIN, KYIIAIOK MyJabcapiiap TU3UMIIAPU Ba raMma
Hyp YaKHalUIapUJaH OJMHTaH Ky3aTyB MabJIyMOTJIAPUHU COJMIITHUPUILI aCOCHIA
ymoy TrpaBuTanus napamerpiapura dekiosiap Moddar, Ounec, Aru, Iy Ba
KOcydumap ToMoHUaH OJTMHTAH.

PecnyOnukaMuzaa yMyMHUCOMIMITMK Ha3apuscUAa ailaHyBYM Ba TeOpaHyBUYU
MarHuTJIAaHTaH HEUTPOH FOJITY3JIAPHUHT JIEKTpOAUHAMUKAcH AxMenoB, TypUMOB,
Ab6xyxab6apoB, Mopo3oBa Ba AGarKkaMaaoBiIap TOMOHUIAH TAAKUK STUJITAH.

AMMO, MarHuTJIaHTaH HEUTPOH IOJAY3JIAPHUHT 3JIEKTPOMArHUT MaiJOHJIapH
yuyH MakcBe/ul TeHIIaMaJlapMHUHT e4MMIIapHa, Ila3Ma MarHurocdepanaru
SHEPreTUK >KapaéHjapra Ba MyJbcapiap AJIEKTPOMATHUT HYpPJAHULUIAPU YUMII
YU3UFUTa HEUTPOH IOJIY3HUHT JedopMaluscd TabCUPU MHOOATra OJIMHMAraH.
Bynnan rtamkapu, aiilaHyBYM MarHuTJIaHTaH HEUTPOH IHOJay3iap aTrpoduaaru
PENSATUBUCTUK 3appajlap JMHAMHUKAcUra Ba JHEPreTUK CHUpTIap Mpoduiuiapura
yMyMHUCOMIIUK 3¢ dexTiaapu mHOOatra oivHMarad. KysaTyBaaru sikkajdaHraH
HEUTPOH OJIYy3JapHUHT Ky3aTyB MabJIyMOTJIapu acocuJa MyKOOWJI rpaBUTALUs



Ha3apUsUIapUHUHT TapaMeTpiapyd KuMMarjiapura 4erapaBuil KHiIMaTjiap OJIMIII
yCyJI UIUIA0 YUKUIMAaraH.

Juccepranmsi TAIKUKOTHHHMHI JHMCCepTalusi Oa’KapuiraH WIMM-
TAAKMKOT MyaccacacM WIMHH-TAIKUKOT MIUIApU  pexanapd  OujIaH
Oorsmmkauru. Jluccepramus umm ACTPOHOMHSI MHCTUTYTH WIMHA-TaIKUKOTIAp
pexxacuHuHr DE2-OA-O113 “PenstuBuctuk actpodu3mka Ba KOCMOJOTHSAA
IPaBUTALlMOH Ba AJIEKTPOMArHUT jKapaéHiap, KyhHu Xapopariapaard Oo30HIap
tusumiaapu” (2012-2016), ED2-DA-0O-25046 “I'paBUTAlMOH KOMIIAKT 00BEKTIIAp
AKAHHUJIATY AWJIAHUIIra 3ra 3appajiap XapakaTh Ba dJEKTPOMATHUT TYJIKUHIAPHUHT
tapkammu” (2014-2015), BA-O®A-D2-008 “TypryH Ba JUHAMHK PEISTUBUCTHK
IpaBUTAllMOH OOBeKTIapAa actpodusuk kapaéuimap” (2017-2020) wimvuid
Joluxanap Jroupacuia oaxxapuiras.

TagKMKOTHHUHT MaKcaaM MarHUTJIaHTaH HEWTPOH IJIIy3Jap arpoduiaru
BaKyyM Ba Iula3Ma MarHurocdepacuga coaup —OyJagural  dHEPreTUK
XKapaCHJIIADUHUHT MOJCIUIAPUHU TYpJId TpPAaBUTALMS Ha3apusUulapyd JIOMpacHaa
PUBOXIIAHTUPUII Ba yJIApHU Ky3aTyBJaru acTpou3uK OObEKTIapra KyJulaluigaH
nodopar.

TaagkuKOTHUHT Bazudagapu:

alJJaHyBYM HEUTPOH IOJIIY3JIAPHUHT BAaKyyM OJJIEKTPOMAarHUT MaWJOHWUHU
nedopManusianrad pazo-BaKT/ia YpraHuiil,

alllIBHYBYM HEUTPOH IOJIAY3JIapHUHI IUIa3Majld  MarHuTocdepacuaaru
DHEPreTUK  ’KapaHJIApUHU  ypraHumHu  Jedopmarusuianran  (a3o-BakT
TrE€OMETPUSACH]Ia PUBOKIIAHTUPULLI,

aliJlaHyBYM MarHUTJIAHTaH KOMIAKT OOBEKTIap aTpoduard SHEPreTHK Ba
SKBUIIOTEHTHAJI CUPTIAPHU YPraHUIL;

asMalld ~ MarHurocepagard  SHEPreTHK  JkapaCHJIapHM  Hazapui
M3JIAaHUIIUIAp HATWKajlapyu Ba IMyJbCapJIApHUHT Ky3aTyB MabJyMOTJIApUHU
COJIMIUTUPraH xojiga »dupaard OUHIITEHH TrpaBUTalds MapaMeTepiapura
YEKJIOBJIAp OJIUILL.

TagKMKOTHUHT 00beKTH cHudaTua MarHUTIAHTaH allaHyBUYM KOMIIAKT
PENSATUBUCTUK IPAaBUTALMOH OOBEKTIAP — HEUTPOH FOJITy3JIap TaHJIaHTaH.

TaagKMKOTHUHT npeaMeTH cudaruga  MarHUTIAHTaH HEUTPOH
IOJAY3JIAPHUHT BaKyyM Ba IUla3Malid MarHurocdepacu, KyTO IIankacu coxaiaru
HYPJIAaHUII MEXaHU3MIIAPH KapajraH.

TaakMKOTHUHT Yycy/ulapu cudarnma ymymuidl HUCOWNMIMK HazapusicHaa
MAarHUTJIaHTaH HEUTPOH IOJy3Jlap JJIEKTPOJAMHAMUKACH MAaTEMATHK alaparw,
HOYM3UKJIY Ba YM3UKIN U] PepeHrai TeHriaMatapHid aHATMTUK Ba COHJIM €4HIII
ycyJmapuian (HpongamaHmiu.

TagKMKOTHUHT WIMMIA SIHTWJINTM KyHugaruiapaad noopar:

uik 6op (azo-BakT nedopManusciHM WHOOATTa OJITaH XOJja aljlaHyBUYd
MarHuTJIaHTaH HEUTPOH IOJAY3 3JIEKTp Ba MarHUT MailioHiapu ydyyH MakcBesl
TEHTJIAMAJIADUHUHT aHWK aHAJIMTHK €YMMIIApU OJIMHTaH Ba MycOaT nedopmanus
I0JIIy3 CUPTUIard MarHuT MaiIOHNHU Ky4auTUPUIIN KYpPCATUJITaH;

MycOar aedopMalMsIaHTaH Ky4wId MarHUTJIAaHTaH HEUTPOH I0Jay3yap KyTO
miankacu coxacu ymdamu gedopmais HaTHXKacula KaMalMIId Ba Ky3aTyB



HaTWKajgapyu OWIaH MOC paBHIAa HEWTPOH IOJAY3JIApHUHI KyTOMIAru >KeT
WMHTUYKaJIAIIHNIIN KYpCaTUIITaH;

nedopmanys mapaMeTpy PaaMo MylIbCapIapHMHI HypJIaHUII KyBBaTHHH 10°
MapTarada OUIMPHIIM KYpCaTWJAM Ba OJMHIaH HaTWXa T€3 pajuo YaKHallapu
MaHOan (pU3MKACHHU U30XJI0BYU MOJIENb cudaTuaa Taking STHITaH;

WIK OOp HEUTpOH Monay3nap arpodungaru ¢a3zo-BaKTUHUHI MycOaT Ba
MaH(pui nedopManusIaHral XoJaTiapyuaa paauo MmyJbcapiap YUl YU3UFU MOC
XOJIJa IOKOpUIa Ba IAacTra CHJDKUIIM KypCaTWJTraH Ba OJIMHIaH HaTH)Ka KUCMaH
HypJIaHyBYM IIyJibcapjiap TaOWaTUHU Ha3apuil TYLIYHTUPYBUM (UMUK MOJEIb
cudaTtuaa Takaud >TUITaAH;

WIK OOp SIKKaJJaHTaH HEUTPOH HOJITY3JIapHUHT IOKOPHM aHMKJIMKIArd Ky3aTyB
MaBIyMOTJIAPU acocuja Typiau TpaBUTAlMs MOJEIUIApH  MapaMmeTpiapura
yerapaBuil KulMaTiaap OJMIUHUHT SIHTM yClyOW MIUIad YMKWITaH Ba >Qupaaru
OWHILITENH TpaBUTALMs Ha3apuscUra TaJl0MK KUJIMHIaH.

TagKUKOTHUHT aMaJIMii HATHXKAJIAPH KyHuaruiapaad uoopar:

WIK OOp HEUTPOH IONAy3dap IUla3Ma MarHutocdepacu Y4YyH Haszapuid
HaTWXaJTapHU PaJHO IMyJbcapiap/laH OJMHIaH Ky3aTyB MabllyMOTJIapu OWJIaH
TAaKKOCJIalll OpKaJId OMp KaTop myJbcapiap yadamcus aedopmaius napameTpu
Y4yH KyHH yerapa KHMMAaTJIapy TOIWJITaH,;

HEUTPOH IOJAY3HUHI MycOar aepopMalMsIaHUIIHA HATH)KACHIAa MAarHUTO-
IUNOJb Ba MAarHUTOC(HEpPUK >SJICKTPOMAarHUT HYypJaHWII KyBBaTH CE3WJIApIIU
OpPTHUIIM KYPCATHJITaH;

MycOar aeopManusiiaHTaH HEUTPOH OJAY3 KyTO IIamKacu CcoxXacuiaru
MarHuT MaWJOH Ky4 4YM3UKJapura napamiena OyiraH Te3NallTUPYBUM JJIEKTP
MaiI0H Ky4YIaHTaHJIUTUHUHT KUMMAaTH OPTUIIM KYpCaTUITaH,;

KyTO IIankacu coxacuja 3apsUlaHraH 3appajap Te3JallUIIMHUHT Hazapuil
Taxawin  (pa3o-BakTHUHT MycOaT nedopmarusicu HEWTPOH AYy3 arpoduaa
Kylmumya rpaButaius 3QPexKTuHr X0Cuil KMIIMIIMHU KYypCcaTraH;

Teckapy KOMNOTOH coOYMIMIIM Ba SrPWIMK HYpPJAHUIUIAPU YUYYH YUUII
YU3UFUTa OJIMHTaH Ha3apuidl HaTWXKAJIApHU SKKaJaHTaH HEWTPOH IOJILy3Jap,
paauoIyiabcapiap Ba TaKpPOpJIaHyBUYM IOMIIOK raMMa HypJIaHMII MaHOalapuaaH
OJIMHTaH Ky3aTyB MabJIyMOTJIapy OWIaH COJMIUTUPUIN OpKanu 3dupaaru
OWHIITENH TpaBUTALMACH TapaMeTPIIapy YUyH YerapaBuil KMiiMaTiaap OJMHTaH.

TagKukoT HATWKAJAPDUHUHI MINOHWIMJIMIM  Kydujarwiap OwiaH
TabMUHJIAHAAW: HUCOWIINK Ha3apUsCHHUHT 3aMOHABUH YCyJUIapy Ba Hazapuid
¢u3rka XaMmaa IOKOPH camMapaid COHJIM YCYJ Ba alrOpUTMIIApH KYIIaHWIIH;
OJIMHTaH Ha3apuil HaTIWKaJapHUHT Ky3aTyB MabJIyMOTJIapu Ba Oomika
MyaJTU(IIapHUHT HaTHXKalapura MyBOQUKIUTH CHHYKOBIUK OWJIaH TEKIIUPUIIH;
XyJjocajgap KOMIAKT TIPaBUTALMOH OOBEKTIap MaiJ0H Ha3apUSCHHUHT aCOCHUM
KOHYHUSTJIApUTa SIXIIA MOC KEJaHu.

TaagKMKOT HATHXKAJIAPUHUHI WJIMMH Ba aMajuii aXxaMHMATH TaJKUKOT
HaTWKAJIAPUHU HEUTPOH IOJIAy37ap aTpopuaard FOKOPHU SHEPTHsUIA KapacHiap
acocua HypJaHUII MEXAHW3MIIAPUHM TYIIYHTHPHII Ba Ky3aTyB MabIyMOTJIapy
acocuia MyKOOWJ TpaBHUTalUsl Ha3apusJapUHU TEKIIUPHUII Y4YyH KYJjall
MYMKUHJIATH OwnaH OenrwiaHaau. Pa30-BaKTHUHI KUYMK JiepopManuscuHu



alllaHyBUM HEWTPOH  OJAy3Jiap arpodupard BakKyymMiad Ba  IJIa3Malld
Marautocdepacuard 3HEpPreTuK jkapaHiapra TabCHpH, XyCycaH nedopManus
MaB)KyUIMTUAA HYPJIAHHUII EPKUHIUTHA Ba PaJuo MyJibcapiap YUYWl YA3UFUTa OUJT
axaMHUATIIM HaTHOKaJIap OJIMHIAM XaMJa yJap KUCMaH HypJIaHyBYM ITyJibcapijap Ba
TaKpOpJIaHyBYM TE€3 paJuo YaKHAIUIApM MaHOAJIapu Yy4YyH SHTHM MOJEIIap
cubatuna KymwlaHWwMId MyMKUH. CeKuH ailflaHyBUYM HEHTPOH IOJIy3Jap
aTpoduaaru pelaTUBUCTUK 3appavaiiap IMHAMUKACH Ba YKBUIIOTCHIIMAT CUPTIApU
TaAKUK OTWIIM, OyHIAa OJMHTaH HaTKalap MyJbCapJIapHUHT Ky3aTyBAaru
4acTOTaBUI NpoUIUTAPUHN HA3apUi TaxJIAI ATUIIA KYJUTAHUIIIA MYMKHH.

TaagKUKOT HATHKAJIAPMHUHT KOPUH I THITHLIH

Maruutinanran alaHyBYU HEUTPOH FOJITy3JTAPHUHT ra3ma
MarHuTocepacusiard SHEreTHK skapaéniapra aehopMalUsHUHT TabCUPUTa OUJT
OJIMHTaH HaTWXalapAa Takiaud OHTWIraH Te3 pajuo YaKHalulapu MaHOau
(u3MKacuHU W3JI0XJIOBUM Monenb Tagouru Kamudopuus laBnat YHuBEepcuTeTH
(Kamuopuus [laBiaar YHUBEpCUTETH MabiyMoTHOMAacH, 27 wuroib 2020). Mamwuii
HaTWXanap KYJUIAHWIUIIM IyJbcapiap Ky3aTyB MabIyMOTJIapd acoCHa
Y3rapTUpWITrad IpaBUTAlMs Ha3apusIapy apameTpiiapyura 4YerapaBui KHMariap
OJIMII UMKOHUHU Oepras.

Kucman HypnanyBuM nyJibcapiap TaOMaTUHU Ha3apuil TYIIYHTUPYBUU (UMK
Mmonemapura  OmaBamarm  Cune3uss  YHuBepcutetn, Uexuss — Dannap
KaMFapMAacUHUHT AJbOepT OWHINTEHH TpaBuUTanus Ba acTpodusumka Mapkasu
(Uexust) TagKUKOTUYMIApU TOMOHHUJAH HEUTPOH IOJAYy3idap arpoduja JTUHAMUK
xKapaéHuapra KYJUIaHUJITaH (OnaBanmaru Cunesus VYHuBepcureTn
MabiayMoTHOMacH, 29 uioHb, 2020). Mnmuit HaTwkanap KYJUIAHWIMIIA MYyKOOWIT
rpaBUTAIMS Ha3apHUsIAPUHY TEKITUPUII UMKOHUHH OepraH.

Jedbopmarusiianrad HEUTPOH IOJAY3JIap AJIEKTPOMATHUT MaWJIOHJIapu Ba
yaap atpoduaaru miasmMa Marautocdepacuiara HEpreTuk xapaéniap Oup Katop
MyaJTuQIIap TOMOHUIAH acTpodU3MK Xoaucanapura >xopuid stuiaran (Journal of
Plasma Physics (\Vo0l.82,635820502,2016), Astrophysics and Space Science (Vol.
361, 112, 2016), Physical Review D (Vol. 98, 024022, 2018; Vol. 97, 124005,
2018; Vol. 99, 104009, 2019), Progress of Physics (Vol.67, 1900077, 2019)).
OnuHraHn HaTWXanap HEUTPOH IOJAY3JIApHUHT IJla3Ma MarHutocdepacuaaru
KyWwId TpaBUTALMS peXUMHUAA acCTPOPU3MK >Kapa€HIapHU TaxXJWJd KUJIMII
WMKOHHWHH OepraH.

TagKuKoT HATHKAJAPUHUHT annpodaumusicu [{uccepranus Hatwxanapu 4
Ta XaJIKapo, 3 Ta MaxaLuiui KoH]epeHIusmapaa Ba Oup KaTop XOPHIKUM HMIMHMA
CeMHHapJiapJa MyXxoKaMa KUJINHTaH.

TagKuKOT HATWKAJAPUHUHI  JBJOH  KuiumHMmM. Jluccepramus
HaTWXanapu Oyinya 25 ta miamuil ui, my xxkymianan OAK pyiixarura kupyBuu
XaJIKapo Ba pecnyosMka uiaMuid xxypHauiapaa 10 tTa uimuii Makosa 4om STHIIIH.

JluccepTauMsIHUHT TY3WJIMIIU Ba Xa:xkMu. [{ucceprauus kupwuil, TYpT 600,
XyJioca Ba alabuétiap pyixaruaan ubopar.


https://www.cambridge.org/core/journals/journal-of-plasma-physics/volume/4817D180E3D2D1EE4DACD43D6F7264F8

JTUCCEPTALIMSIHUHT ACOCHI1I MABMYHH

Kupum kucmuna AuccepTalMsHUHT A073apOJurd Ba YHHUHT aXaMUSTH,
WITHUHT MakcaJ Ba Basudanapud xamjaa YHIard WIMHKA Ba aMalui SHTUIUTU
Kypcatunud yTunran 0ynuo, mry Ouinan Oupra OJUMHTaH HATHO)KaJapHUHT Hazapui
Ba aMaJIMii axaMHTIapH MyXOKaMa STHIITaH.

[ 600 “AilJIaHyBYM MArHMTJIAHIaH JedopManusara 3ra peJATHBUCTUK
HJIIY3JIAPDHUHT BaKYyM J3JIEKTPOMArHuT Maiaonaapu” 1e6 HoMmIaHTaH 0yino,
y nedopmammsianran  (a3o-BaKTAard ailaHyBYM MAarHUTJIAaHTaH HEUTPOH
IOJITy3JIaPHUHT 3JIEKTPOMArHUT MalIOHIapu YU9yH MakcBeIUT TeHTIaMalapUHIHT
SUMMJIIAPUHU OJIUIITa OaFUIIIaHTaH.

JlepopmanusutanraH CeKMH alaHyBUYM HEUTPOH IONAY3 TallKapUCHIATH
(da30-BaKT METpUKACH KyHuaarnda €3uiaan

ds® = (1+h)[ -Ndt> + N %dr® ]+ r*| d6” +sin” 0(d¢” — 21+ h)dtdg) |, (1)
Oy epna
2GM
c’r
xamaa M Ba R map Moc Xo/1a MarHUTJIaHTaH HEUTPOH IOJITy3HMHI Maccacu Ba
pamuycu. o=2GaM /(c’r®) Jlense-Tuppunr (MHEPUMSI CAHOK CHUCTEMATAPHHUHT
Cyapaiuii) Oypuyak Te3nurd Ba a=J/(Mc) HEHTPOH IOJIY3UHUHT COJMIITHPMA
Oypuak MOMEHTH Ba paauan aepopmanus QyHmusicu h=h(r) nepopmanus
napameTpu OpKal Kyiuaaru KypuHuniaa udoaaiaHaam:

3
S ®3)
cr

MakcBe TeHTIIaMaJTapUHUHT OMPUHYM Ba UKKHHYHY Ky PTIapu:

0,(V-9F*)=4r/~g3" and 0, (V-9 F*")=4zJ-g3",  (4)

Oy epna F,,- DIEKTPOMArHUT MalIOH TEH30pH, J“-3Ca TYPT YI4aMIIU DIEKTP TOKH

NZ=1— . r>R, (2)

BEKTOpH Ba ~F*'- TyaJ 3JICKTP MalI0OH TEH30PHHHUHT. MaKCBEJT TeHIJIaMaJlapHUHT
€YMMHHU OJIMII YYyH MarHuT MalJOH TAIIKWJI 3TyBUYWJIAPUA KyWHAAru KYPUHHIILAA
OJIMHIH

B?(r,H, @, 1) = F7(r)(cos y cos@+sin ysin@cosy), (5)
Bg’(r, 0,p,t) =G (r)(cos ysin@—sin ycosécosg), (6)
B‘;(I’,(p, t)=H"(r)sin ysing, (7)
F'(r), G'(r) Ba H'(r) MarHdT MaWJIOH TAaIKWJI ATYyBUWJIApU YYYH HOMAbIyM
pamuan QyHKIUsAIap,¢=@—Ot - BakTra OOFIWK OYiraH azumyTtan Oyiyak, y -

JTUTIONIb MarHUT MaWJOHUHUHT alJIaHUII YKUTa HUCOATaH OFUII Oypyary.

(5)-(7) Tenrnamanapuu (4) MakcBesu1 TeHIIamaiapura oo 6opud Kyitno
HOMABJIyM paauan (QyHuusuiap ydyH Kydugarun aud@epeHnuan TeHTiaMasap
CUCTEMACH OJIMH]U

(r’F?), +%\/1+ hG™ =0, (8)
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(N«/lJr_hH*)’r+(1+h)F*=O, (9)

H =G". (10)
(8) Ba (9) muddepeniman Tenrnamanap cucreMacuaan F(r) paguan GyHus yayH
KyWHIard HKKAHYK TapTuoau quddepeniiman TeHriaMa oauHIn

[NZ(rZF*)’r]J —2(1+h)F" =0. (11)

®da30-BakT AehOPMANMSICHUHUHT MarHUT MAWMIOHUHUHT Paayail Ba a3uMyTall
TAIIKWJI 3TyBYWJIApUTa TabCUPUHU Kypuil yuyH (11) TeHIamMaHnwHT eunMuHH (8)
TEHTJIamMara oJind 60puo Kyino, G panuan GQyHKIUSHA aHHKIAIHK.

1.5} LOf
\ 0.8}
B, 10} 5 0.6F
B
0 0.4}
0.5

0.2f

1.0 1.2 1.4 1.6 1.8 2.0 1.0 1.2 1.4 1.6 1.8 2.0
r/R r/R
1-pacm. lehopmaniust mapaMeTpUHUHT TYPJId KAAMATIApU YIyH MarHUT MalJJOHUHUHT KyTO
coxacuard pajuaji Ba a3uMyTajl TAIIKHI 3TyBUMIAPUHUHT Macodara OOFIaHUIINA XaM/a
yMyMHI HUCOUMIIMK Ha3apusacH Ba HpIOTOH MEXaHHUKACH/Ia OJIMHTaH KHAMaTIapy OuiaH
COJTMIITHPHIILIAPH.

1-pacmpa KkypuHranujaek, wmycOar pgedopMmanuss MapamMeTpd MarHUT
MaiJIOHHH olupaau, Manpuil negopmariust sca kamatupanu. JlepopmarussHuHT
ymlOy TabCUPUHU HEUTPOH IOJIYy3W aTtpopuiard MarHuT Kyd YW3HKJIapUHU
TaCBUPJIALI OPKAJIA KYypCATHUII MYMKHH.

1.4F | —CR

r — ()
1.2+ — ()
10°
0.8
06 -

0.4 .

. W

0.0 0.5 1.0 15 20 25 3.0
x/R
2-pacm: MarHuTiIaHraH HEUTPOH FOJIY3HHHT MATHUT Ky4 YU3UKJITAPUHUHT MycOaT Ba MaH(Hii
nehopmaIys xamia yMyMHid HUCOMMITMK Ha3apHsICH JTOUPACH 1A TACBHPIIAHHIIIH.

z/R

2-pacMia TacBHpJAHTAHHWICK, MycOaT pgedopmarus TabCUpuAa Kyd
YU3UKJIAPUHUHT YMYMUM HUCOUMINK HAa3apUsICHIa OJIMHTAaH HATHXKAcuTa HrucOaTaH
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3UYPOK OYIUINMHU KYpHUII MyMKWH, Oy 3ca MarHuUT MAaiJOHHHUHT MycOat
naedopmaius TabCUpUAAa KydallUIIWHU OWIaupanu Ba MaHuil gegopmarus sca
aKCHUHYa TabCUP ITA/IH.

MaxkcBen TeHTIaMalapuaaH dJCKTP MaWJOH TallKWJ JTYBUMJIAPH YUyH
€UMMJIaPHA TOMWIAW. MarHuT MaiJoH TAIIKWI STYyBUMJIAPUHUA OWITaH XOJjja
AJIEKTp MaWJOH TAIIKWJI STYBUMJIAPU yUyH €UMMJIApPHU KyHUAard KYpUHHUIIIA,
Y3rapyBUHIIApHU @XPAaTUII YCYJIU OPKAJIN U3JIaHa 1

E"(r,0,0,t)=[f (r)+f; (r)l(cos y(3cos® 6—1) +3sin ysinfcosfcosg),  (12)
Eg(r,é?, o, t)=[f, (r)+f, (r)l(cos ysin Ocose—%sin 7 C0S 20 ¢0S @)

2 (13)
+Wr(Q—w)F*(r)sin;(cos¢,

= (r,0,pt)= {%[fz*(r)+ fj(r)]—%[ﬁ—a)(r)] F*(r)}sin 7c0s0sing . (14)

(12)-(14) udonamaprun MaxcBemn TeHrnamanapura Kyiran xoiuga f) (r)—f, (r)

ANEKTP MAMIOH TAalIKWI ATYBUMJIAPU YUYYH paaual QyHKUMUsUIap Kylduaaru
KypuHunaaru auddepenHuuan TeHraaMmaiapyu CuCTeMacu X0CHII 0yiaau

(r2f), +ﬁ\/l+_h £ =0, (15)
(NVa+h f;)’r +6(1+h) f" =0, (16)
(r2f)), +ﬁ\/1+_h £ =0, (17)
(NVI+h fj)‘r +6(1+h) f, =30rF". (18)

bab3u mypakkal Oynmaran anreOpauk coaalalITUPUIILIApIaH CYHT f(r)
ga f; (r)HOMabayM paguan QyHKIHsIAp yu4yH HKKUHYH TapTHOIN 1udhepeHnat
TEHTJIaMaJIapTa OJIMHUO, MaxCyC yCyJaa SUrIaan

[N?(r*£)), | —B(L+h)f," =0, (19)
[N2(r f;),r]r —6(1+h) f, =30rF". (20)

®a30-BakT nMe(HOPMANUSICHHUHT SJICKTP MaWIOH TAIIKWI ATYBUMJIApUTa
tabcupunn (19) Ba (20) nuddepennnan TeHIaMaTapHUHT SYUMIAPUHA 0JIHO MOC
xonaa (15) Ba (17) muddepeHnman TeHrIamanapra KyhranmaH KeiuH rpaduk
KYPUHUIIIA TACBUPJIarad XoJiaa Kypuod YUK IH.

12
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3-pacm. MarauTiiaHras ailylaHyBYd HEUTPOH FOJTY3HHHT HIObTOH MeXaHUKacHAaru KHAMaTura
HOpMaJUTaITUPWIraH paguai (YHrAa) Ba a3uMyTall (Yamnja) 2JIeKTp Mai1oH TallKui
STYBUMJIAPUHUHT Macodara OOFIaHUIIN KeITUPUIITaH.

DJIEKTp MaIOH TalIKWJI 3TYBUYWIAPUHUHT Xap MKaja TallKWI 3TyBUUIApU
MycoOar (Man@uii) nepopmanusi TabCUpHIa OPTUILMHU (KaMalHMIIUHK) 3-pacMIaH
KYpHIII MyMKHH.

Il 606 “Jedopmaunmsiianran ¢as3o-BakTAaru HEHTPOH HJIAY3J1ap
I1a3MaJIn Marterocpepacuau” neb HOMJIAHAU Ba ¢dazo-BakT
nehopMalMsCHHUHT HEUTPOH FOJITy3Jap Ila3Ma MarHuTocepacuiaru SHEPreTHK
*apaCHyiapra TAabCUPUHU YpraHuIlra OaruiiaHaau.

Acnuza, ailllaHyBYM MarHuT JUNOJIA OYJraH MarHUTIAHTaH HEUTPOH OJITY3
¥3 cUpTHIA DJICKTP MAaWJOHWMHU XOCHJI KWJIaad, Oy JJeKTp MahaoH 3ca V3
HaBOaTHAA IOJAY3 CHUPTHUA WHIYKIUSJIAHTAH DJICKTP 3apsiAJIapuHU KEITHUPHUO
yukapaau. by 3apsianap ronay3 atpodumaru (azora kupaau Ba yiap JlopeHi
Kyujgapu Tydaili Te3namaad XamJa 3JeKTPOH-TIO3UTPOH Ky(TiIapyuHU Maijo
KWIYBUM Kackaj >kapaCHUHU OolUIalUraH IOKOPU DHEPrusuidi raMmma-
KBaHTJIapuHU uuKapaau. Opataa, HJIEKTPOH Ba MO3UTPOHIAP Ky(PT-)KydT
peKOMOMHAIUsJIap XOCWJI KWJIaad, aMMO aWJlaHyBUYM KOMIAKT OOBEKTIap
aTpoduaa rca Xocus 0yiran mycoar Ba Man@uii 3apsiayiap (a3oHUHT alijlaHUIIN Ba
reoMeTpuk dddextnap Tydalnum axpaniaau Ba IIyHAAH CYHT HEUTPOH HOJIY3U
MabJIyM OUp 3aps]l TAKCUMOTHTA 3ra OYJIraH KaJMH 3JIEKTPOH-TIO3UTPOHIIH TU1a3Ma
Oowran Vpanamu. by dazoBuit 3apsn MarHUT MaWIOH YW3HMKJIapUra mapaylienl
OysraH KyIum4a 3JIeKTp MalJOHMHN XOCHIJI KWJIaIy Ba 3apsjiap FJay3 CUPTUHIaH
Y30KJIAMuO TEe3NMAIUIUra onud Kelaau Ba MyJbcap OKETIIAPUHU KEITUPHO
guKapaau. Ymoy Kymmmua WHAYKIMOH (azoBuit 3apsa [omapaiix-XKynuan
3apsiaM 10 HOMJIaHaId Ba Yy YMyMUM xoijga Kyuugarn wudoga OpKaiu
aHUKJIaHAH.

Py :—4i§(N\/l+h§x§). (21)
7T

HeiftpoHn ronay3 MarHuT MaiJIOHMHM CTallioHap Ba y OwiaH Owupra
Kymuauo aitmanagun ned dapa3 KuiraH Xojja cKajlsgp NoTeHIuan & y4dyH
ITyaccoHn TeHrimamacu Kynuuaada €3uiiaan

1
—0

% VO |=-47(p-ps,), (22)
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P~ Pe spdextun (ha3oBuii 3apaa 3UUIMTU OYIMO, Y MATHUT MaiIOH YM3HKIApU
Oyiinab WyHaIyBUM HKpaHIAllIMaraH 3JIEKTP MaWJOHHUHUHI MaHOAcuIup. DIEKTP
MalJOHUHUHT Mapajuiesl TAIlKWiI 3TYBUUCH E; TE3JIAITHPYBYH JJIEKTP MalOHH
BazudacuHu 6axxapuO, CKajsip MOTEHUUATHUHT TPaAUCHTH OpKaiu udoaananaim

E) =% (23)

1.0} \ — e-0(GR) 1

0.5

0.0+

1.0 1.5 2.0 2.5
r/R

4-pacwm. [lapanien amekTp MaiJOHUHUHAT Macodara OOFITaHUIIN TYpIn Ae(opMariHs

mapamMeTpjaapugaru Ba YMYMHHC6HﬁHHK HazapuiaCuaaru Kuiimatu OuiaH TaKKOCJIallln
KCJITUPUIITAH.

IlyacCcOH TeHrIamMacMHM  €YMII OPKaJIu CKajgsdp MOTEHIHAI Ba
napajuIeTIdIIeKTp MaiioH yuyH udonanap onuaau. Jedpopmanus napaMeTpuHUHT
OPTHUILIM 3JIEKTP MAaWJOHHU KyYalTUPHUIIH aHUKJIAH]IH.

IOkopua TabKHIIAHTAHWIEK, TE3NAIITHPWITaH 3appajap ramMma HypHU
yuKapaau Ba Oy Hypiap KyWwId MarHUTIaHTaH MaiJoHAA 3JIEKTPOH-TIO3UTPOH
Kyprinapuau xocun kunaau. Ly tap3na, HEUTPOH OJIY3 HypiaHWII TYydailin
KUHETUK SHEPIUsICHHU WYKOTaAu Ba CEKHUHJAlmaau (MarHUT MalJoOHM Yy3rapmac
oynranna). Kyr0 coxacuia 3appaJlapHUHT TE3JAHUIIU TE3NAIITUPYBYM MATrHUT
MaiJJOHUTa Mapajien 3JeKTp MalJOHWra Ba 3JIEKTp MalWJOHM 3ca Y3 HaBOaTHaa
CUPTIArd MarHUT MailJloHWra MyTaHOCUO OYJIMO HEHUTPOH FOJAY3HUHT aiJlaHUII
JaBpura Teckapu nponopuuoHamaup. HelTpoH ronay3u cekuHmamuO Oopuinv
OwIaH YHUHT aiIaHuII JaBp YcuO Oopaay Ba TE3JIAIITHUPYBYM MHIYKIIMOH DJIEKTP
MaiioH kKuiMatm macasau. [lynmait kwnmmb, 3apasim 3appanap 3TPUIIAHUII
HypJaHUIIM €KUM Teckapy KOMNOTOH COYWIMINM HaTHXKAacuga XOCHUJ Oynrax
dboToHIaAp KaM PHEPTUsIN OYIraHauru cadbadau AIEKTPOH-TIO3UTPOH Ky (PTIapuHu
XOCWJI Kuia ojimaiinu. SpHU mnazmMa Marmurocdepacujga OOLIKA 3JIEKTPOH-
MO3UTPOH Ky(priuru xocwn OYynmaiinu. Huxost, mymbcap Oepunran (paauo)
IYana3oHIa «IOPTIAIHW» TYXTaTaau Ba IyJibcap «ydaam». [lynbcapHUHT «yuuin
YM3UFW»  yuyH (Oomikaya adTraHga oSHeprus  1maptu)  (a30-BaKTHUHT
nedopmarnuscu MaBxyd Oyiaran xojmaP—PauarpaMMana KyWnaard TEHraMa
OJIMHU

IgP = % lgP . +3.046+1g f,(e), (24)

P, =Px10%s-s" Ba f,(c) OyHU ce3rHpiUK QYHKIHsACH 1e0 HOMIAHAaIH Ba Oy

VUUI YU3UFUHUHT JedopManns napaMeTpura HucOaTaH Ce3rUpIUTUHU OUaaupud
Ba y cepuk cummerpus xonatuaa € = 0 ga, f,(0)=1.

14



~18.5 — =0 (GR) — g=22 — g=-22

=100

=185} - &b
. b.,n X ]
E] =00 A — JII4E-07ED; e-26.5

b - JOO24-T24D; es-56.3 7

=20.5

=210 € = JH024-T204H; e=4.273

=115

d = JOSTR-6523K; es17.4 —

0001 D.002 0.00E 0010 0.020 0050 0.100

P, mer

5-pacm. P —P muarpamMMacuaaru paauoryibcapiIapHUHT YIHUII YU3HFH.

S-pacMIaH KYpHIl MYMKUHKH, MaHbuil aedopmarus YUuill YU3UFUHU
Ce3WJIapiid Japaka/la IOKOpUra CUDKUTAAU, MycOaTH 3ca YUYWl YU3UFUHM 1acTra
cupkurag. Ilynmaii kumud, P—Pdasona yumm umsuruga 6yaran ON-daszana
(pamno OanaHj OBO3JIM pPEXUMIA) KypuHaguraH acdopMmanusuiaHMaraH pajauo
mynbcap, (xarTo kuukmHa Oyinca xam) OFF-¢azara (pagmo-ThHY pexumra)
airananu) manduii nedopmanus €KUM akcUHYA, MycOar naedopMarivs XoJaTHIa,
VUUII YM3AFUIAH TIACTAA KOMJIAITaH KYPUHMAWIUTaH Paauo IMyJibcap KypUHaIu
(pamgmo numanaszonuga). bomkaua kunu0O aiTraHaa, paauoIyJIbCAPHUHT MycOaT
nedopmanusacu Typaiinu mia3Ma Marautocepacuia 3JIeKTPOH-TO3UTPOH XKy (PTr
XOCHJT OYHII skapaéHu macasy Ba pajuoIyiabcap OopTUK HypiaanManau. [lynnai
KUInO, y KypuHMai Konaau (Ydaau) Ba mycOat aedopMamus YUuill YA3UFUHUHT
Ba3USATUHU TACTra CWDKUTAIW. by miyHu anrnmataaukd, nedopmarusi 3J1eKTPOH-
MO3UTPOH Ky(PTH XocHJ1 OVIuII KapaéHUHM KaiTa (paosuiamTupaan Ba Ky3aTyBa
HyKoamO KoJiraH paauo mynbcap (€kwmaam) sHa maigo O6ynamu. Huxosr, Takmud
KWIMHTaH KBa3UMEPUOAUK (UMK MOJENIb KUCMaH HYpJaHYyBYH IyJIbCAPHUHT
Ky3aTyB MabIyMOTIapu €pJamMuia KUCMaH HYpPJaHYyBYHM IMyJbCapiiap «HIILJIAID)
MYXaHU3MHUHHA TYIIYHHAII Yy9yH (olganmaHviaaurad CleHapuilapuaan Oupu
OYITUIIIM MYMKHWH JIeTaH XyJiocara KeJIUI MyMKHH.

AlillanyBYH MarHuTJIaHTaH HEUTPOH FOJIAy3JIApHUHT Iasma
MarHuTocepaciHM Ba yHAArd DJHEPreTUK > Kapa€HIapHUHT  acTpou3mK
KyJmaHwmmy cudaruaa, OupuHIM HaBOATAA, alllaHyBYM MarHUTIAHTaH FOJITY3
co) MarHUT-AUIIONG HYPJIAHWII OPKadW Paauo Myibcap cudaruga Kys3aTuiIaiw,
1e6 TaXMUH KuiiamMu3. JIunolib 3JIeKTPOMArHiT HypJIaHHII Ty(aiau peISTHBUCTUK
FOJITy3HUHT EPKUHJINTH KyWUJarura TeHT

24
L, = Bé?* R®Sin? y, (25)

6y epna O?=Q/N(1+h)"” Heiftpon ronmysnapuunr Oypuak Tesnmurn Ba B.

CUPTHJArd MarHuT MalJIOH KUMMAaTH.
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6-pacm. Hypianum épKUHIUTUHUHT 1edopMalivs napaMeTpura OOFIUKJIUTH TYPJId KOMIAKT
napaMmeTpliapuaa.

Kyt6 mankacu coxacuna XOcwil OynaauraH 5SHEPIrus HypJIaHUIIUHUHT
nepopMmanus napaMmerpura OOFIMKINTU 6-pacmaa kentupwirad. Jledopmanus
NapaMEeTPUHUHT YCUIIM EPKUHIMKHUA TAacalTUpad Ba HSHEPTUsl HYpPJIAHUIIWHU
CEeKMHIAITUPaau. By 3QQexT koMmakTiMK aapakacu IOKOPU pPENSTUBUCTUK
I0JIy371ap YUYH siHaJa KywInpoK. byHnan tamkapu, gedopManus napaMmeTpUHUHT
(KOMIIakT mapameTpura OOFJuK OYJraH) KpUTHK KMWMAaTH/Ia MaKCUMal €pKUHIIMK
(10% spr/c) mapxyn, Oy omaTuii (HEHTPOH FOJIAy3IapHUHT HBIOTOH MexaHuKacuaa
xucobnanran) épkunnnkka (10%3pr/c) Huc6aTan 103 MUIIMOH MapoTaba KYIpoK
Aeranuaup. YmoOy XOJIAaTHH arap HEWTPOH IONAY3HU FIOKOpPH MAarHUTJIaHTaH
MarHutap n1e0 xucoOiacak Ba YHHUHT Jaedopmarusicu BakTra Oofiauk ae0 dapas
KWICAaK, IOKOpPH JSHeprusiiu Takpopianaauran TPK wMarnurtapnapaan kenu0
YUKUIIM MEXaHW3MHUHM TylIyHTUpHIIra épaam Oepaau. Jedopmanuus napamerpu
HYpJaHUII EPKUHIUTUHA MaKCHUMall Jlapaxaja OIIMpaJuraH KPUTHUK KhKWMartra
eTraHjla, MarHuTap >yJa IOKOpU EpPKUMHJIMKKA 3ra MyjlbC cudaThIard KUCKa
PAIUOTYIKUHHN YHUKAPAJIH.

1l 606ma marHuTiIaHTaH PENSTHUBUCTHK IOJAY3Jap aTpoduuaru 3apsiiu
3appajlapHUHT  JIMHAMUKAcu ypraHuiaradl Ba “MAarHuT/JIaHraH HeMWTPOH
JAy3Japu atpoguaaru 3apsiijin 3appaJjap JKBUNOTEHIUAJ cUpPTIAapu” 1eb
HOMJIaHA/IH.

by 60012 MarHuTIaHTaH HEUTPOH IOJITY3JIapUHU aTpoduaa pelaTUBUCTUK
3apsA/JIaHTaH 3appajiap YYyH SHEPreTHK Ba 3KBUIOTEHLMAN CHUpTIapra yMyMUN
penaTuBUCTUK S(QeKTnapuHu TaxIwid Kentupwirad. byHna pactinald cekuH
alilaHaIMraH MarHUTJIAHTaH HEUTPOH FOJITy3HUHI MarHUT Ba 3JIEKTP MaiJIoHIapu
yduyH MakcBell TEHIVIAMaCMHUHT aHaJUTUK €YMMH €pAamuia dSJIEKTPOMAarHut
MaiJOH Y4YyH BEKTOp MOTCHTUHAUVIAPUHM  aHUKJAIJaH  OoluiaHaau

A =-oA, +®(r)—%[ f,(r)+ f4(r)]{(3cos2 0—-1)cos y+3sin ysin 9cos€cos¢} :

A=0; A :—%F(r)rzsin;(sinqﬁ ;

1 . . .
A, = F(r)r?sin@(cos y cos@+sin ysin&cosg) , (26)
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2au

OyHma o(r) = o —aN?’F(r).

Tamku 3JeKTpOMarHuT MaiiJloHUa Maccacu M Ba JIEKTpP 3apsAau ( Oynran
CHHOB 3apsiJ] YUyH XapakaTr TeHIJIAMacH Kyriuaaruda €3uiiain

du”

dr

3appaHuHT 3apsv Ba HEUTPOH IOJIIY3 MAarHUT MalJOHW XamJla alJlaHWIl JaBpU

y4yH SIHTM IapaMmerpiuap: f :105( B j( R j(gj(ﬂj HEUTPOH IOJIy3HHUHT

10%G )\ 10°sm )\ e A\ m
MarHuT MalJOHU Ba 3apsUIM 3appa OpacHIard y3apo TabCUpHU udogaiail yuyH

+I4uu” = % Fru. (27)

BaﬂZZ%(lmisj HGfITpOH HOJIOY3HUHT alJIaHUII HJaBpUHU Ba pPaauyCHHHU

udoganam yayH KUpUTUIIH.

10 . . . 10 . , . = N ]
papqpeeps 4Ef,.~1—1go 1/ N\
5L ] [ H". Lll 1 |
- - 2 \l I

1Y

y Of z Of 1 z 0 Jiil]

.] 1 | |

ro=4., th=1.6 4 |
10 10
10 5 0 5 10 10 i 0 5 10 0 2 4 6 8 10 |
X ¥y 4 / |
10 10 [ |
£=0, E=097 \
L j I | |
p, L‘. | ] |
I [
ot ' z O z |
W \i"\-\_\-j ) __'E i | ] |
g 5 e | |
, of ot el \ |
1 1 . { \
10 5 0 5 10 10 i 0 3 10 g 10 W
X ¥ X |

7-pacMm. 3apsanu 3appajapHUHT MarHUTIAHTaH HEUTPOH 10Jay31ap aTpoduaaru
TpoekTopusiiapu. bynna ¥3apo TabCcup mapamMeTpH g =100 Ba 3apPaHUHT XyCyCHi Oypyak

MOMCHTH HOJIIr'a TCHI' I[66 OJIMHI'aH. AflﬂaHMaﬁI{Hl" aH (IOKOpI/II[aFPI paCMnap) Ba CCKHUH
ailTaHyBYM HEHTPOH OJy3J1apH yuyH (nactaaru pacmiiap). Kyapaur qoupa HEHTPOH 10711y 3HH
kypcaragu. KoopanHara yKjapy 3ca HEUTPOH I0JAY3 paAlyCcura HopMasulallTHPUIITaH.

XapakaT TeHIJIaMaJlapyu pakamiid yCyJijia TYpiu XWJI IapTiapaa eduiaa. /-
pacMlla FOKOPM KaropJard TPaeKTOpUsUIap MAarHUTJIaHraH anjaHMalJauran
HEUTPOH I0JIMy3 aTpoduma 3apsiy 3appajap TPASKTOPHSICH Ba MACTKU KaTtopna
aca aillaHaMraH HEWTPOH IOJAY3 aTpoduaard TpaeKTopusiiap Kypcatuirad. by
epaa y3apo tabcup mnapamerp S =100 Ba anmanum napametpu f, =0.1ra TeHr

KWIKO TaHJIaguK. Xap HUKajla XO0JJa XaM 3appaHuHT OOIJIaHFUY JHEPTUsiCU
£=0.97 Ba xycycuii Oypuak momeHTu L = 0. Ym0y pacmaan Kypuin MyMKHHKH,
HEUTPOH IOJIIYy3HUHT aWJIaHUIIM 3appa TPACKTOPUSICHHUHT OapKapOpJIMTUHU
MacauTUpaIu.

PenstuBucTuk 3appajJlapHUHI  KOMIIAKT  OOBEKTHUHI  CTalMOHap
IPAaBUTALMOH Ba JJIEKTPOMATHUT MaWIOHJApAArd YMyMHA DSHeprusicu &
Kylujarunia aHuKJIaHaau
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5=%+a)L+q(A+wA¢)_ (28)

(28) ndomanmaru Tyna YHEPrUSTHI KHHETHK Ba MOTEHTHAI YHEPTHsUIapTa
KyHumaruia axpanaam

E=T+U, (29)
Oy epJa KMHETUK dHeprus T

T=mN (ﬁ—l}+wL, (30)

Ba MIOTEHIIMAJ SHEPTHUsA 3ca U =Vmc’Kyiuaarnda YITd0BCHU3 IIAKa €310 OJTMHA TN
q
V=N+—(A+wA) . 31

/ v_’l: ’ \ ]
/ ] Vi

N -

,/[.'
8
1 3

x

8-pacm: 3apsiu 3apparapHUHT OFMaraH MarHUTJIAaHTaH HEUTPOH F0Jy3 aTpoduaaru
SKBUITOTEHIIHAN CUPTIAPUHUHT KECUMH Ba EPKUHIIUK Tpadury.

8-pacMumars SKBUIIOTCHIIMAN CHUPTIAp Z-X TEKUCIWTHAA OJMHTaH OYIuo
OyHza HeWTpoH rommy3 Maccacu M, 1.4 Kyém maccacura Tenr Ba paanycu R = 10
km, maspu P = 0.1 cexynn. Ym0y pacMaaH CHUPTH SKMHHIA SHEPrEeTHK CHUPTIIAp
QKPATUIINHU KYpUIIT MyMKHH, aMMO 3KBaTop TEKHUCIWTHAA CUPTTa XKyJa sIKUH
Macodanap/ia SKBUIOTSHIIMAT CUPTIIap KyAa 3uwiaimud 6opaau Ba Oy rpaBuTaIus
(G (PEKTUHUHT YCTYHIMK KWJIUIITUHU OWIITUPAIH.

9-pacm. OrMarad MarHUTJIaHTaH HEUTPOH 10N Ty3nap aTpoduia aiIaHuII YKUTa napaien
TEKUCITUK/A 3aps/IIaHraH 3appajjap yuyH SHEPrUsiIi 103ajapHu TaCBUPIaHUILIH.

9-pacmza Typiii KHHETHK SHEPTUSIN PENATUBUCTUK 3apsAJiv 3appajiapHUHT
TyJa DHEPreTUK CUPTJIapU TacBUpJaHraH. Kypum MyMKHUHKHM, KHHETHK
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SHEPTUSHUHT OPTUIIM OWJIaH 3appaHUHT TYJa SHEpPrusick kamanub Oopaau Ba y
sHaJla MYKapuaard MaH(uil SHEPreTUK KaBaT/JaH YPUH OJIAJIM Ba 3apsJIJiv 3appajap
KaHYQJIMK PENSTUBUCTUK TE3JIMKKa 3ra Oynmuimmra KapamacaaH ymly cOXaJaH Ha
yuKUO KeTa 0Jaau Ba Ha il Oaxkapud HypiaHa osianu. boiika cy3 Ounan ailTrania
KYyHU HEPTreTUK caTXJIapAard 3apsiii 3appajlapHUHT TE3IUKIapu KaTTa Oyiaau.
IV 0600 “3¢upaarn JilHIITEeliH rpaBUTALMS HA3apUACHIA IyJbCcapJap
AVIAHUIIMHUHT CeKMHJIAIIMIIM Ba PaJANO-IIOBKUHJINTH” 1e0 HOMJIAHAIU Ba
pPaAMoO-IIOBKUHIN  MyJbCapJapHUHT  (PU3MKAcH Ba  SIKKaJAHTaH HEUTPOH
IOJAY3JIAHUHT aWTaHUIIUHUHT CEKUHJIAHUIIM >Qupaard DUHIITEHH rpaBUTAlUs
Ha3apUsACU JIOMpacHia ypraHwiajan. Yoy rpaBuTaius mapamerpiapu (Ciz Ba Cia)
ra myJibcapjap/laH OJMHTaH Ky3aTyB MabJIyMOTJIApUTa acoCIaHUO YeKIJIOBJIap
onvHaau. Ddupaaru DUHIITEHH TPaBUTALMAICU Ha3apHsICUIa CEKUH ailllaHyBYU
KOMITaKT 00BeKT aTpoduaaru ¢azo-Bakt merpukacu (1) udoxa kypunuiiga 6yimuo
yHIaru rpaButanus GyHkipscu N Kyidunarnda udoanaHaim
Oy epna

N2 =12V (1+2C13_C14 M), r>R (32)
r 1-c, A4r

Ymby 606ma Ci3 Ba Ci4 mapameTpiapUHUHT ailllaHaguraH MarHUTIIaHTaH
HEUTPOH IOJIIY3JIAPHUHT MarHUT MaWJoHHWra Tabcupu ddupaaru DUHIITEHH
TpaBUTALIUSICU ¢dazo-BakTHAA MarHuT MaiiJIoH! YUYH Makcgein
TEHIJIaMaJJApUHUHT AHUK AHAJUTUK €YMMHHU OJUII OpKalu YpraHuirad. Cis
napaMeTpHUHT MycOaT KuiiMaTiapu CUPT ro3acura sSIKMH Macodanapaa MarHut
MalJIOH KHHMaTUHU OMPO3 KydalTUpaau, aMMoO Ci3 MTapaMeTpu 3Ca YHU CE3UJIapiiv
napaxana cycatupanu (10-pacm).

15k \\ ----- Newtonian i 0.81 \\ ----- Newtonian
— GR — GR
LY \ 06' » \
g 10} ‘ -=== ¢13=0.8; c14=0 || B"‘-’: ‘ === 12=0.8; c14=0
3_0 N = = c13=0; cu=19 g 04F “ = = c1a=0; c1s=1.8
0-5¢ 1 o2
0.0~ - . 1 ool . . -]
1.0 1.5 20 25 10 1.5 20 25
/™ ™M

1-pacm. Dpupnaru DUHIITEIH rPaBUTAIMIACH TTApAMETPIAPUHUHT TYPJIU KUHMATIapuia MarHuT
MaiIOHHUHT paaua Ba Oypyak OpTOHOPMa KOMIOHEHTIAPUHUHT Paral KOOpuHaTara
OOFJIAaHUILIH.

Kusimanran xonga — aillaHyBuM TMyJbcapiap acoCaH WKKU KYpPUHUIIAA
HypJIaHaJM:  Mar"Hero-munoisip  (Bakyymim) Hypianumn — ([lodiHTHHT)  Ba
MarHurocgepasaru Te3JalTUPUITaH 3apsJlaHral 3appaiapAad Kenul YMKagurad
MEXaHU3MJIap OpKaJIM XOCHJ OYIyBuUM IUIa3Ma MarHurocdepa HypJaHHUILIAPH.
Ymly 606ma acocuil 3pTHOOP HWKKajlla HYpJAHUII TYypJIApUHHUHT Xap Oupura
sabupaar DUHIITEHH paBUTALUACUHUHT TabCUPU YpraHuiira Kaparuirad. [lna3zma
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MarHutocepacuaaru SHEpPrus WYKONMI Kapa€HaapuHu >upaard DUHIITEHH
IPAaBUTALMACK  JIOMpacuJa MarHuTJIaHraH HEUTPOH  IOJAY3HHMHI  IUIa3Ma
MarHUTOC(EPACUHUHT SJICKTPOAMHAMUKACHHH YPTraHUII OpPKATU Kapaml MYMKHH.
O¢dupaarn DUHIITEWH TrpaBUTALUACHIA HEUTPOH IONAy3/map KyTO coxacuaaru
Te3NaIlIraH 3apsaiu 3appaiap €paamuaa Xocua OVIyBuYM MiazMa MarHurocdepa
HypJaHUILIAp TYna EpKUHIUTUHU Kyiuaard udoaa ounan XxucoOaai MyMKUH

L, =§;{1+5—°14_2"13}{1—{1&‘3“_—2“13}}8@, (33)
2"\7 3 1, 3 1-c,

0y epna S,m:(é )Neml f?°(Le,C5C,) KHHETHK OHEPTHSACHMHHHT  KaMaiHIIn

rot
(yxomumm) Ba f(Le,C,,C,) dca apupnaru DUHINTEHH TpaBUTAIMSICH dPPEeKTIapH
TabCUPUHU KypcaTyBuu (HakTop.

—_
h O
o O

€13=0

=== c13=0.3

._.
T O

—— C13=0.3

(-[- em )AE / (L em )Ncwt

— C13=0.5

C14 C14
11-pacm. MarauTtoaunons (damnjaa) Ba mia3mMa Marautocepanaru Hypianunuiap (YHraa)
EPKUHIUTMHUHT Ddupaarn DUHIITEHH rpaBUTALUACH TapaMeTpiiapura OOFJIaHUIIN

C14 TIAPAMETPUHUHT KUYMK KUWMATIapuaa, yml0y MapaMeTpHUHT OPTHUIIN
OwlaH BakyyM HYypJIaHUIUIapU EPKUHIWTH acTa-CeKUH Tacasau Ba MUHUMAI
KUUMaTHIaH KeWnH Te3 yca Oouutaiiim Ba ci3 MapaMeTpu MakKcHMal HYKTaHU
omupanu (1ll-pacm, wampa). Illynra yxmam >¢¢ekTiapHn HEUTPOH OIAY3
MaraHutocepacugard HypJIaHUIIMHUHT EPKUHIIUTH YUYYH XaM Ky3aTUIIl MYMKHH.
c13= 0 yuyyH, €pKUHJIUTU- C14 TapaMeTpra OOFIUKIWK STPU YU3UFU MaKCHUMAal
HyKTara sra: ci4 NapaMeTp OpTUIIM OWIaH EpKUHIMK OpTaad, KeHMHH 3ca Te3
cypatria nacas 6opagu. AMMO, c13 TapamMeTp OpTUIIN OuilaH EPKUHIMKHM SHAIa
nacaluinmra oaub KelaguraH KylmuM4ya MUHUMaN KuiiMaTHU xocwi Kuiaau (11-
pacm, YHraa).

Kyt6 mankacu mopenura OuHoaH (a30-BakT aillaHWIM WHOOATra OJIraH
XOJI71a SJEKTPOH-TIO3UTPOH Xyt ManOau Oynran Teckapu KoMnToH Ba Arpuiink
HYpJIAHUTIUTApY YUYYH "VUUII YU3WUFU" HYpPJAHHUII SHEPTETUK MapTu >dupaaru
OWHIITEH TrpaBUTALMSCK Joupacujia ypraHwiau. HeWTpoH onay3 cUpTUlaH
SHEprus ojrad Gupaamuu s5eKTponnap yuys Jlopenn daxropu 10° + 107 srpunmk
Hypnanuniapy Ba 10 + 10% ra kagap sca Teckapu Komnron (TepMan peHTreH)
HypJapu €pAaMHuaa dJIEKTPOH-MIO3UTPOH KYy(PTH XOCWJI KHIYBYM KackKal
xKapaCHUHU Y3JIYKCU3JIMTMHU TabMuHNaiau. [lnasma marautocdepa mopaennapu,
ANEKTPOH-TIO3UTPOH  Ky(Tiapu  XOCWJI  KWJIYBYM  Kackaja  KapaCHUHUHT
Y3JIyKCU3JIMTH yJIbCap AJIEKTpOMarHut (pajno) HypiiaHuILiapu MaHOau OYauo y
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OUYMK YU3UKJIap Oyiliad Xocus1 OYIUIIM MyMKUH, arap CUpT MarHUT MaJJOHU Y4yH
KyWduJary mapt Oaxkapuica
Bcr Z Bsun‘ = BDL ! (34)

Ooynma B, =6.4x10°VPP  (rayccimapia) CHpPT MarHuT —MaaoHd  6YimO,

Ky3aTyBJaru myJjibcap CIIMHH Ba YHUHT CEKMHJIAHUII Japa’kacy opKaiu udomaani
MYMKHH. B, =B, =m’c’/en~4.4x10°G llIBuHrep kBaHT dyerapacu OYauO Oy

MAarHuT MAaWJOHUJIA DJJEKTPOHHUHT LMUKIOTPOH SHEPTUSCH DJIEKTPOHHUHT
THHWIMKIATH DSHEPTUSICHTa TEHT OYIagurad dYerapaBUil MarHAT MaWJOHHH
owTupaIy.

Mynnait kunub, B, - 3JEKTPOH-TIO3UTPOH >Ky(DTH UILIA0 UYMKAPUIIHU
TYXTaTUO KysSauraH, ‘YUl 4YH3WFW® PEeKUMHUHU OeNTwiaiiurad, MarHuT
MAMIOHHUHT MHHUMAJ KHWMATH. Y9l YU3UKJIApU HEUTPOH IOJITy3HUHT
CUpPTAard MAarHUT MaMJOHra, IIYHHHTIIEK, SJEKTPOH-TIO3UTPOH KYy(HTU XOCHII
KWJIAJUraH raMMa KBaHTUHU XOCHWJI KHJIYBUM 3TPUWIMK HYPJIAHUIILJIAPU Ba TECKapHU
KomnTon counnuuiapu MexaHu3mMura OOFIHK.

Panno mynecapnap ydyH “yudin 4WM3WFW’ TE3NAIUTUPWITAH 3apsjiaHraH
3appavanap  Y-GaKTOPUHMHT MakKCHUMal KUWMaTH OWiaH CKaJsp MOTEHIUAI
MakCcUMaJl KUWMartra TeHr OynraH macodaiap TYFpuU KeJlaJuraH mapT OuiiaH
aHukmaHagu. Teckapu KOMITOH COUMIIMINM Ba STPHIIAHKIN HypJaHUIu Jdupaaru
OWHINTEHH TpaBUTAIlMA Hazapuscuaa “‘YUuIll YU3WFU~® TEHIVIaMacu (dHEreTHK
mapTH) Kyiugaruda €3uaaau

lgP = 3.8094+§[Ig P, +lgD(cg, c14)], (35)

4 .
IgP =—7.37+ [ IgP 15 +19 94(Cs,u) |, (36)

Oy epaa D(cs,c,) 2hup rpaBuTanus napaMmerpiapu y3 WUYUra OJyBUM Ty3aTMma
¢yHKUMsACH Ba p,(C,,C,) OYMK MAarHUT MaWOH STPU YM3UKJIApU PaJUdyCHHUHT
HEUTPOH IOJIAy3 paadyCcura HOPMAUIAIITUPUITAH KUWMath OYnud y adup
Ha3apusCH NMapaMeTpIIapyuHU Y3 UUUTa OJIa]Iu.

CexuH  ailJlaHaAWTaH MAarHUTJIAQHTaH HEWTPOH  IOJAYy3Jlap  IUIa3Ma
Marautocepacuga onubd Oopuiran 6apua U3IaHUIUIAPHU YMYMIIAIITUPTaH X0J11a
nyJibcapiap Ky3aTyB MabJIyMOTJapu OujiaH OupiamTupuil opkaiun Odupparu
OWHIITEHH Ha3apusaCH TpaBUTAlMs MapamMeTpliapura 4YeKJIOBJap OJull yuoy
OOOHMHT MyXHM MakcajiapuaaH Oupu. [lmasma marautocdepacuna O6axxapuirad
Hazapuil XMUCcoO-KUTOOJap sSKKaJlaHTaH HEUTPOH I0JIIy3 Mojie/iapu OuinaH OOFIUK
Oynu0O, ynap acocaH YJapHUHT aiJIaHUI KWUHETUK OJHEPTUACH XHCOOUIaH
HypJaHUIUANP. DPupaaru IUHIITEHH TPaBUTAIMSICH TTapaMeTpiiapura YerapaBui
KUiMaTigap oOJIMII Y4YyH OW3 Ky3aTwiraH KyHujard sIKKaJaHraH HEUTpPOH
I0JITy3JIaApUHUHT TTapaMeTpiaapuHu OuiaH coaumtupauk: (l-kamBai) aimaHMI
KAHETHK JHEPIUsACH XacoOura HypiaHaaWraH mysbcapiap; (2-okamBaji) aHoOMal
pPEeHTIeH TmyJbcapiapu (3-)kafBai); TaKpOpJaHYBYH FOMIIOK TaMMa HYypJIaHHUIII
MaHOamapu (4-kanBan), ailaHAIWTaH PAgU0 YTKA3TUWiIap Ba PEHTIEH HYPIH
SIKKaJaHTaH HeHTpoH tomaysnap (5-kaasan). YUy Yn3HFMHEHET Tabpuura Kypa,
P—PauarpamMMajia myJibCapHUHT KOMIAINYBH YUYHWIN YH3UFA OCTHIA OYIraHua,
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asMa Mariutocdepacuaa d3JEKTPOH MHO3UTPOH Ky(PT Xocuia Oyiuml Kackas
xKapaHu y3winamy cababnu Mynbcap SJIEKTPOMArHUT HYpJIaHUIIMHUA YHKapa
OJIMaiiM Ba UIYHUHT yUyH pajguo AMANa30H]a yHH Ky3aTuo Oyiamaiinu. Ddupaaru
OWHINTENH Ha3apusCU TpaBUTALMsA NapaMmeTpiiapy KUilMaTiapu OKOpU (KyiH)
yerapaBuid ~ KuMMatimapgaH okopu (kam) OynraHujga — myjdabcap  pajauo
Ky3aTyBJlapAaH MYKOJaau Ba IyJibcap YUYW YU3WFU ocTuAa €TraH ae0 TaXMHUH
kunuHaau. bomkaya xunmmO adtaauraH Oyncak, Ci3 Ba Ci4 MapamMeTpIapUHUHT
KaHJail KuiiMatiaapu OpajuFuja YUMII YU3WFU Ba3HMATH IOKOpPUra KyTapuiaau Ba
P—P a3zomaru pajauo IIOBKUHJIM IyJbcap BasWsATUTa €THO Yy pajguo THHY
nyJjbecapra ainaHaau. OnuHrad 4yekiosiap D¢upaaru DWHIITEHH rpaBUTALUACH

XYCYCUSATHHU SIHAJla aHUKPOK TYIIyHHUIITa Eépaam Oepau.

Kyiinga Kkys3aTwiran Typiad HW3OJSUUSJIAHTaH —IMyjibcapiap (HEHTpoH
I0JIy371ap) yuyH ODdupaaru DUHIITEHH TpaBUTALMACH TapameTpliapura IoKopu
yerapallapHu KaJBaJiap KYPUHUIIAA TaKIUM STHIIJIH.

1-skanBan
PaI[I/IO‘H_IOBKI/IHJ'H/I N30JIA0UsAJIaHT'aH HeﬁTpOH HOJIAY3JIapu
Hetitpon | J[laspu, P P C13,(€14=0) | C14,(C13=0) | C13,(C14=0) | Cu4,(C13=0)
FOIITY3 MUJLTHCEK e ICS (TKC) | ICS(TKC) | CR(9H) CR(3H)
PR e | 197.114 583 | 0952158 | -39.8041 | 098342 | -42.3326
PRI | 88925 917 | 0951734 | -39.4366 | 0.98658 | -41.6524
PS+R3J2159252 39.534 5.83 0.951968 | -39.9528 | 0.98698 | -42.1368
PiR336240130 200.129 6.51 0952160 | -39.8130 | 097986 | -43.0021
PSRJ2043 | o5 139 1.23 0952085 | -39.7405 | 0097963 | +>0124
+ 2740
2- JKaaBaJ
PaiMo-THHY U30JIAIMIAHTaH HENTPOH HOJTY3J1apH
Heiirpon | /[lapw, P P C13,(C14=0) | Cu4,(C13=0) | Cu3,(C14=0) | Cu4,(C13=0)
FOIIIY3 MHIUTHCEK ‘15 ICS (TKC) | ICS(TKC) | CR(3H) CR(OH)
PR a0 | 199,541 656 | 0952171 | -39.8153 | 098465 | -42.6547
POR IR0 | 83157 0428 | 0951896 | -39.3827 | 098015 | -430154
PRS0 | 173.264 15 0951938 | -39.3482 | 0.98652 | -43.65812
POR S | 76,707 486 | 0952156 | -39.8026 | 09845 | -42.6895
PORIZS | 282849 18 0.951767 | -39.4654 | 0.98432 | -43.0098
PORIALY | 227,070 649 | 0952144 | -39.7917 | 098654 | -42.3651
PRI | 374806 6.83 | 0952022 | -30.6858 | 07986 | -42.3651
o | 319.561 4.11 095196 | -39.6324 | 09814 | 1986
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MuutCeKyH I AaBpiu ITyJbcapiiap

3- KaaBaJ

Heiitpon Jaspu, P B C13,(C14=0) | cC14,(c13=0) | c13,(C14=0) | cC14,(c13=0)
0JI1Y3 MUJLIHCEK s ICS (TKC) | ICS(TKC) | CR(®H) CR(3H)
MPS J1448 | 5 og 141232 | 094949 | -37.6018 i i
— 24464]
MPs J1448 || gg 88495 | 090317 | -18.6547 | 095624 | -30.154
— 2446ak
M ae | 27191 | 0862(5) | 093545 | 289865 | 09687 | -35.6508
PSR J1326
S ea | 41088 27349 | 0941174 | -31.983 | 096547 | -36.172
o e | 361799 | 07(5) | 092367 | -242052 | 09468 | -32.687
PSR J1944
Dot | 51852 | 1713(2) | 0930695 | 268579 | 095364 | -36.7654
PS+ROJ1118544 7.1855 107(2) | 0875762 | -14.0982 | 094689 | -25.3654
PRS0 | 35507 | 109(s) | 0932877 | -27.796 | 096547 | -36.145
PSJrRZJZE%M 49092 | 059(2) | 0872144 | -13.6426 | 09465 | -21.4468
4- xaaBana
PeHTred HypiaM U30JIUMsIaHral HEUTPOH IOJIIy3/1apu
Heiirpon Jaspu, P P C13, (C14=0) | C14 (c13=0) | C13 (c14=0) | C14 (C13=0)
HOJI1Y3 MHUJUIUCEK 5 ICS (TKC) | ICS(TKC) CR(DH) CR(DH)
RX J0720.4
R 8.39 7.01 0950961 | -38.7836 | 09688 | -42.6687
el T 112 | 0951088 | -38.89 | 098744 | -41.9978
RX 108064 | 11 o 55 0.950229 | -38.1841 | 0.98035: | -41.7768
4123 : 30 | £000007 | £0.0564 | 00014 | +0.099
vy 0 297 | 0950353 | -38.2851 | 0.98664+ | -42.0036
%6 ' £0.07 | +0.000028 | +0.023 | 000095 | =0.1455
RXJ21430 | ¢, 41 0.94998 | -37.9894+ | 0.97886 fgggg
+ 0654 ' £18 | £0.00066 | 0526 | +0.00142 :
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AHOMaJ peHTreH MyJbcapiapu

5- kaaBaa

Heiitpon Jaspu, P B C13,(C14=0) | cC14,(c13=0) | c13,(C14=0) | cC14,(c13=0)
0JI1Y3 MUJLIHCEK s ICS (TKC) | ICS(TKC) | CR(®H) CR(3H)
CXOU

3010043.1 8.02 1.9 095233 | -39.9552 | 0097994 | -42.556

721134

aJ %1142 " 869 0.2 0952178 | -39.8216 | 098112 | -42.6654

D0 20 23 0.952368 | -39.9883 | 097442 | -43.3387
CXOU

1164710.2 10.6 0.092 0051098 | -39.6649 | 0098664 | -43.6819

— 455216
1RXS

1170849.0 11 2.4 0.952323 | -39.9493 | 098447 | 430067

— 400910

6- skaaBaJI
KOM1oK raMma Hyp TaKpOopJIOBUHIIAP

Heiitpon Haspu, P P C13,(C14=0) | cC14,(c13=0) | cC13,(C14=0) | C14,(c13=0)
0JITY3 MUJLIHCEK e ICS (TKC) | ICS(TKC) | CR(QH) CR(3H)

SEF;7°24918 0.1 0.011 0951211 | -38.993 | 0097664 | -41.9975

Sfisofgl 5.76 0.71 0952314 | -39.9119 | 098006 | -43.0011

SGR &526 8.05 6.5 0952357 | -30.9788 | 0098771 | -42.7768

SGR 411627 2,59 1.9 0952363 | -39.984 | 0098132 | -42.6681

S‘f%ggf 76 0.72 0052206 | -39.9256 | 008552 | 432254

Ky3aTyB MabayMOTIapuHM VpraHuil HaTwkacuga ODdupaarn ODWHIITEHH
IpaBUTAIMSICH TlapaMeTpJlapura uyerapaBuil Kuiimatiap ojquuHau. Hatwxkanap 1-6
XKaJBaJylapAa KEJITHPWIraH. PanvoOIIOBKMHCH3 HEWTPOH OJIAY3Jap, PEHTTEH
nyJibcapiap Ba TaKpOpJaHyBYM IOMILIOK raMMa HypJIaHHUII MaHOaapu Aespiu Oup
Xy HaTwxanap Oepamu (Cia ~ -40 Ba Ci3 ~ 0.95). MuucekyH1 myibcapiapaa
OJINHT'aH HaTW>XKanapa Ci4 HUHT TUCTIEPCUSICU KaTTapoK.
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XyJs0oca

“AliaHyBYHM HEUTPOH FOJITY3JAPHUHI 3HEPIeTHK XYCYCHUATIApU AUCCEPTALMSICH
Jovpacua Oakapwiral TaIKUKOTIAp HATHKajJapy acocuja KyWHIaru xysocasiap
OJIMH]IU:

1.

Nnk Oop, aiimaHyBYM MarHUTIAHTaH HEUTPOH IOJAY3J1ap 3JIEKTPOMATHUT
MaiJIOHJIapu Y4yH MakcBelll TeHIJaMaJapUHUHI AaHUK AHAJIUTUK €YUMU
nedopmanusianrad $ha3ojia OJIMH]IM.

Wik Gop, pamuo MyJbCapJapHHHT YUWIN YU3UFd P—P auarpaMMacuaard
Ba3uATH JedopmMaliis napaMeTpuHUHT MycOaT (MaH(uil) KuiitMaTu1a mactra
(tokopura) cumkumM Kypcatuinau. OnMHraH Hatwxkaitap aedopmarus
napamMeTpu KBa3H-/IaBpuil KYPUHUIIIA BaKTra OOFIMK OYITaH X0Jij1a KUCMaH
HypJaHyBYM (paauo) Mysbcapiiap HYpJIAHHUII MEXaHU3MUHU TYIIUHTUPUO
O0epyBUM (UMK MOJIEIh HMILIA0 YUKUIIIN.

Nnk Oop, paauo MyJbCApIApPHUHT  3JEKTPOMArHUT  HYypJaHUILIAP
paBIIAHJIUTUHUHT Jiepopmanus napaMerpura OoriaaHuIl ndoaacu TOMUIIH.
PaBmanmik wmanduit  (MycOar) agedopmarnust Tabcupuaa — ogaTHard
KHiiMaTuaaH Oup Hewya VYHIA0 MWUIMOH MapTa OPTUIIM (KaMaWHILN)
KypcaTWJIIM Ba HaTWXalap Te3 PaJuo YakHAILIap HypJiaHUII MaHOanapu
TaOMaTUHU TYITyHTHPIH.

Nnk OGop, MarHuTOMUIONbL (MarHerochepuk) HypiaHuuuiap sdupaaru
OWHIITENHH TpaBUTAIM MapaMeTPIApUHUHT KPUTHUK KUWMATIapH SIKWHUA
Oup Heya YH MUHTIIA0 MapTa OPTHUIITH KYPCATUIIIN.

Nnk Oop, sAKKamaHraH ailaHyBUYM HEWUTPOH OJIY3JIAPUHUHT Ky3aTyB
MaBIyMOTJIapu acocuja Teckapu KoMNTOH coumnum Ba 3SrpHIJIAHUALL
HYpJAHUIIUIAPU YUYWLl YU3UFH OpKaiu 3dupaard DWHINTEHH TpaBUTAIUSL
rapameTpiapura yerapaBuil KuMMatiap OJuH]IN.
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INTPRODUCTION (Annotation of PhD dissertation)

Topicality and demand of the theme of dissertation. Magnetized neutron
stars being highly compact and massive objects, draw attention of many
researchers as a powerful tool of testing different gravity theories in strong field
regime as well as constraining and estimating parameters of those theories, which
may help to get deeper insights into the physics of energetic processes which play
a most important role around neutron stars observed as radio pulsars, anomaly X-
ray pulsars and soft gamma-ray repeaters. Up to now, no unique theory has been
developed to properly explain the observational data from the compact objects in a
different wavelength. In spite of thousands of neutron stars and dozens of
magnetars are observed and studied in detail, still, there is no exact model for
explanation of electromagnetic radiation from them. It is also important to test
alternative theories of gravity. Despite general relativity (GR) being tested in a
number of astrophysical processes and is generally consistent with observations
and experiments, tests have been usually constructed in weak field regime which
leaves the question whether GR is enough for full description of physics of
compact gravitational objects open.

Leading researchers of the world made several discoveries relevant to the
dissertation topic. The observation of several part-time pulsars and pulsar RX
J0806.4-4123 in 2018 showed anomaly emission of electromagnetic waves in the
infrared band, which can be explained by several ways: hot accretion disc around
the pulsar, some mysterious type of nebula, etc. Moreover, the first fast radio burst
(FRB 180916.J0158+65) discovered in 2018 and sourced from a spiral galaxy
located approximately 500 million light-years away from the Solar system has
been observed over a period of 13 months and found that the FRB is repeating with
a accurately regular period. The second repeating FRB 121102 repeats with the
period 157 days coming from deep space. Physics of emission mechanisms of the
repeating FRBs are still not clear and strongly model dependent. These facts
indicate that the study of radiative mechanisms of neutron stars is one of the most
Important and hot topics of astrophysics.

There is also much attention being paid to study the neutron stars and black
holes in our country. There is a wide on-going research on electromagnetic and
gravitational radiation and mechanisms of energy extraction from neutron stars,
details of gravitational lensing on compact objects, particle motion in their vicinity,
features of spacetime geometry, etc.

This dissertation work corresponds to the tasks by the following state
regulatory documents: Decree of the President of the Republic of Uzbekistan No.
UP-4947 "On the Strategy of Actions for the Further Development of the Republic
of Uzbekistan" dated February 07, 2017, Decree of the President of the Republic of
Uzbekistan No. PP-2789 "On Measures for Further Improvement Academy of
Sciences, organization, management and financing of research activities "from
18.02.2017.
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Relevance of the research to the priority areas of science and technology
development of the Republic of Uzbekistan. The dissertation research has been
carried out in accordance with the priority areas of science and technology in the
Republic of Uzbekistan: I1. “Power, energy and resource saving”.

Degree of study of the problem.

The structure of electromagnetic fields around rotating magnetized compact
objects in strong gravity regime has been studied by Deutsch, Ginzburg, Ozernoy,
Rezzolla, Abishev. Plasma magnetospheric model of rotating magnetized neutron
stars has been proposed by Goldreich and Julian, and developed by Beskin,
Harding, Muslimov and Tsygan taking into account general relativistic effects.
Dynamics of charged particles, equipotential and energetic surfaces around
rotating magnetized neutron stars have been studied by Bakala, Stuchlik, Epp,
Masterova and Kolos. Neutron star properties in alternate theories gravity have
been explored by Jacobson, Eling and Miller. Constraints on parameters of
alternative theories of gravity have also been obtained comparing the theoretical
predictions with observational data from shadow of M87 black hole, gravitational
wave events, binary pulsars and gamma-ray bursts by Moffat, Yunes, Yagi, Zhu
and Yusufi.

In our republic electrodynamics of rotating and oscillating magnetized
neutron stars in general relativity have been developed by Ahmedov,
Abdujabbarov, Morozova, Turimov and Abdikamalov.

However, in derivation of solutions of Maxwell equations for
electriomagnetic fields of rotating magnetized neutron stars the possible presence
of spacetime deformations has not been taken into account. Effects of deformation
on energetic processes in the plasma magnetosphere surrounding the neutron stars
and deathline for pulsars have not been explored. Moreover, equipotential surfaces
and dynamics of relativistic charged particles around rotating magnetized compact
objects in general relativity have not been studied. Observational properties of
isolated neutron stars have not been applied to get limiting values on parameters of
alternative and extended theories of gravity.

Connection of the topic of dissertation with the scientific researches of
the higher educational/research institutions, where the dissertation was
carried out. The dissertation work was carried out in the framework of the
scientific projects of Astronomical Institute, Uzbek Academy of Sciences: EF-2A-
FA-1-10 "Particles and fields in the vicinity of relativistic gravitational objects
from dark energy and wormholes" (2010-2011); F2-FA-F113 "Gravitational and
electromagnetic processes in relativistic astrophysics and cosmology, a system of
bosons at low temperatures” (2012-2016); EF2-FA-O-25046 "The motion of
particles with spin and propagation of electromagnetic waves in the vicinity of
compact objects gravity" (2014-2015); VA-FA-F-2-008 "Astrophysical Processes
in Stationary and Dynamic Relativistic Gravitation Objects" (2017-2020).

The aim of the research of the dissertation is to develop the models of
energetic processes in vacuum and plasma magnetosphere surrounding magnetized
neutron stars in different theories of gravity and their applications to the
observational objects.
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The tasks of the research:

to study the vacuum electromagnetic fields of rotating magnetized neutron

stars in the background of deformed spacetime.

to develop the study of energetic processes in plasma magnetosphere

surrounded deformed neutron stars.

to study energetic and equipotential surfaces around rotating magnetized

compact objects.

to obtain constrains on parameters of Einstein-aether gravity using

comparison of theoretical studies of plasma magnetospheric radiation
mechanisms with observational data from pulsars.

The objects of the research are rotating relativistic compact gravitating
magnetized objects — neutron stars.

The subjects of the research are vacuum and plasma magnetosphere of
neuron stars; radiation mechanisms in polar cap region.

The methods of the research are general relativistic pulsar electrodynamics
mathematics apparatus and methods of numerical and analytical calculations of
some differential equations.

The scientific novelty of the research is as follows:

for the first time, the exact analytical solutions of Maxwell equations for
electric and magnetic fields exterior to rotating magnetized neutron star have been
obtained in the presence of spacetime deformation around the star and shown that
positive deformation increases the surface magnetic field of the star;

for the first time it was shown that the negative and positive deformation causes
the shift of the deathline up and down, respectively, being useful to explain the
mysterious nature of part-time pulsars;

for the first time, it is shown that positive deformation decreases the size of the
polar cap of magnetized neutron star being consistent with the observations of
shrinking of the neutron star jets;

for the first time, the irradiance of radio pulsars was shown to increase 10°
times at a critical value of the space-time deformation parameter, and the result
obtained could be used as a model to explain the physics of repeating fast radio
bursts source;

for the first time, a new physical tool to obtain constraints for the limiting
values of parameters of extended gravity theories based on observational data from
isolated neutron stars has been developed and applied to the Einstein-aether
gravity.
Practical results of the research are as follows:

for the first time, the critical value of deformation parameter causing the pulsar
turned from radio-load mode to radio-quiet one has been obtained,;

for the first time, it is shown that luminosity of magneto-dipole and
magnetospheric radiations of rotating magnetized neutron stars significantly
increases due to the positive deformation of the neutron star;

for the first time, it is shown that the accelerating electric field being parallel to
magnetic field lines on the polar cap of magnetized neutron star increases due to
the existence of positive deformation of the star;
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the study of charged particle acceleration in the polar cap region has shown that
positive deformation can occur as an additional gravitational effect around the
neutron star;

for the first time it was obtained constrains on the parameters of Einstein-aether
gravity using inverse Compton and curvature radiations deathline which is
responsible to radio and gamma ray radiations cut-off together with observational
properties of isolated neutron stars, radio-load pulsars, Soft-gamma ray repeaters
and millisecond pulsars.

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

Scientific and practical significance of the research is defined by the
possibility of using dissertation research results to explain radiation mechanisms in
description of high-energy processes around neutron stars. Results on effect of
small spacetime deformation on electromagnetic fields of rotating neutron stars
and processes in plasma magnetosphere were obtained, particularly on effect of
spacetime deformation on radiation luminosity and radio pulsar deathline. The
results can be used to create a new model of part-time pulsar physics. Moreover,
dynamics and energetic surfaces of relativistic particles around slowly rotating
neutron stars were studied, result obtained in these studies can be used in
theoretical analysis of observed frequency profiles of pulsars. Finally, a new
methodology for obtaining constraints on the parameters of different gravity
models based on observational data from isolated pulsars was developed at the
range of electromagnetic waves from radio to gamma rays and it is applied to
Einstein-aether gravity.

Applications of the research results
The results of the study of plasma magnetosphere of pulsars in the presence

of background deformed spacetime have been applied as follows:

results of the study on effects of spacetime deformation on plasma
magnetosphere of neutron stars, especially the models suggested to explain origin
of repeating fast radio bursts have been used by the researchers of California state
university (confirmation from California state university, 27 July 2020). The
results were used to get limiting values for parameters of extended theories of
gravity;

the suggested model for explaining physics of part time pulsars by the
researschers from Silesian University in Opava and Albert Einstein Centre for
Gravitation and Astrophysics under the Czech Science Foundation in research of
dynamic processes around neutron stars (confirmation from Silesian University in
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Opava, 29 June, 2020); The results were used to get limiting values for parameters
of modified theories of gravity based on observational data from pulsars.

Results of the study of vacuum and plasma magnetosphere of magnetized
neutron stars and energetic processes in it has been used by several authors
(Journal of Physics (Vol.82,635820502,2016), Astrophysics and Space Science
(Vol. 361, 112, 2016), Physical Review D (Vol. 98, 024022, 2018; Vol. 97,
124005, 2018; Vol. 99, 104009, 2019), Progress of Physics (Vol.67, 1900077,
2019)). The results were used to analyse astrophysical processes in plasma
magnetosphere of neutron stars in strong gravity regime.

Approbation of the research results. The results of the dissertation have been
discussed in 4 international and 3 local conferences, and several workshops and
seminars.

Publication of the research results. 25 scientific publications have been made
on research results, 10 of them - research papers in the refereed journals.

Volume and structure of the dissertation. The dissertation consists of

introduction, four chapters, conclusion, appendix and list of references all in 124
pages.
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MAIN CONTENTS OF THE DISSERTATION

In Introduction topicality and significance of the dissertation are outlined,
aims and tasks are defined, scientific novelty and practical results are shown and
their theoretical and practical importance is discussed.

Chapter | entitled ‘Vacuum electromagnetic field of rotating magnetized
deformed relativistic stars’ is dedicated to obtain exact analytical solutions of
general relativistic Maxwell equations for electromagnetic fields of rotating
neutron stars in deformed spacetime background. The spacetime metric exterior to
the slowly rotating deformed neutron star is

ds? = (1+h)[ —Ndt? + Ndr? |+ 2| d&” +sin? 0(d¢* — 2e(1+h)dtdg) |, (1)

with

N? 1—255—';", (>R 2
where M and R are the mass and the radius of magnetized neutron star,
respectively. o=2aGM /(c*r®)is angular velocity of dragging of inertial frames and
a=J/(Mc)is the specific angular momentum of the star, function of spacetime

deformation h=h(r) can be expressed through dimensionless deformation

parameter €as

3

h ={G§" j | 3)
cr

First and second pairs of Maxwell equations can be expressed as follows

0,(V=aF* )=4zJ=g3" and o, (=g F*)=4zJ-g3",  (4)
here F, is the tensor of electromagnetic field, "F*is dual form of the

electromagnetic field tensor and J“ is four- electric current. Here we look for
solutions of the Maxwell equations (4) for magnetic field components in the
following form

B?(r,e, @,t) = F (r)(cos y cos @ +sin ysin&cosg) , (5)
Bg'(r, 0,¢,t) =G (r)(cos ysin&—sin y cosdcosy), (6)
B‘?’(r,qo, t)=H"(r)sin ysing, (7)

where F*(r), G'(r) and H"(r) are unkown radial functions for the components of
magnetic field, g=p-Ot is time dependent azimuthal angle, yis inclination angle

between rotation axis and magnetic field at the polar cap.
From the system of Egs (5)-(7) one can now easily obtain differential
equations for the unknown radial functions as

(r’F’), +—J1TG =0, (8)
(NJ1+_H ) +(@+h)F =0, (9)
H =G". (10)

From the system of Egs. (8) and (9) one can easily obtain single and the
second-order differential equation for the function F(r) as follows
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[NZ(rZF*)’r],r —2(1+h)F" =0 (11)

One may see the effect of spacetime deformation on radial and azimuthal
components of magnetic field of rotating magnetized neutron star solving the
differential equations (11) and substituting the solution for F"into equation (8).

1.5} LOR
0.8}
B, 10 1B, 0.6}
By By (4l
0.5 -
0.2}
L0 12 14 16 18 20 10 12 14 16 18 20
/R r/R

Figure 1: Comparison of the radial dependence of the dimensionless radial and azimuthal
components of the magnetic field on the polar cap of the magnetized compact object near the
surface in general relativistic and Newtonian cases for the different values of dimensionless
deformation parameter.

As illustrated in Fig.1 the positive deformation increases magnetic field,
while negative one decreases it and one may show the effect by illustrating
magnetic field lines of inclined magnetized neutron stars.

z/R

0.2 \
0.0 ALY AN} VAL .
0.0 0.5 1.0 1.5 2.0 2.5 3.0
x/R
Figure 2: Profile of magnetic field lines of inclined magnetized neutron star for the negative and
positive values of deformation parameter with the comparison to GR. Gray painted area
represents NS.

Magnetic field lines become more concentrated (compared to GR), so the
strength of the field increases with positive deformation and the opposite effect is
observed in case of negative deformation as shown in Fig.2.

We have found the analytical solutions of the Maxwell equations for the
electric field of the slowly rotating magnetized star with nonzero deformation
parameter. Using the expressions for the components of the magnetic field, one can
immediately write the Maxwell equations for the electric field exterior to the
misaligned rotating relativistic star. One can look for the components of the
electric field in the following separable form
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E" (1, 0.,t) =[1; (r)+ 5 (1)](cos (3cos” 91+ 3sin ysinOcosgcosg),  (12)

Eg(r,e, o,t)=[f, (r)+f, (r)l(cos sin ecose—%sin 7 C0S 20 ¢0S @)
(13)
+%(Q—a))F*(r)sin 7 COS @,

£ (1,0 (p,t)={%[f;(r)+ f;(r)]_%[g_w(r)]F*(r)}sin Jcososing.  (14)

Substituting expressions (12)-(14) into the Maxwell equations (4), one can
obtain the following differential equations for the unknown radial functions
f, (r)-f, (r) for the components of electric field.

(r2t)), +%\/1+_h £ =0, (15)
(rNVI+h 1=;)'r +6(1+h)f =0, (16)
(r2f), +%\/1+_h £ =0, (17)
(rNJlTh f[)'r +6(1+h)f, =30rF". (18)

After making algebraic calculations, one can get the second-order
differential equation for the function f7(r) and s (r)

[N2(r fl*)vr]r —6(1+h)f, =0, (19)

[N*(r*£)), ] —6(1+h)f, =3arF". (20)

One may show the effect of spacetime deformation on the components of
electric field substituting the solutions of the differential equations in to the
equations (15) and (17).
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Figure 3: The radial dependence of azimuthal (right panel) and radial (left panel) components of
the electric field normalized to its value at the surface of the magnetized neutron star.

Components of the electric field decrease (increase) with the growth of
positive (negative) deformation parameter, as shown in Fig. 3.

Chapter 1l entitled ‘Neutron star plasma magnetosphere in deformed
spacetime’ is dedicated to studying the effects of spacetime deformation on the
energetic processes in the plasma magnetosphere of neutron star. Being essentially
a rotating magnetic dipole, the magnetized NS induces the electric field which, in
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turn, creates the induced electric charges at the stellar surface. Those charges get
injected into the space surrounding the star, where they are accelerated due to
Lorentz force and radiate gamma quants, which start the cascade of electron-
positron pair production. In usual circumstances, produced pairs recombine, but in
the vicinity of rotating compact objects, produced charges get separated due to
frame dragging and geometric effects, and after that the neutron star becomes
surrounded with a thick layer of plasma with a specific charge distribution of
electrons and positrons. It is believed that this spatial charge induces an additional
electric field which is parallel to magnetic field lines and might cause the charges
to accelerate away from the stars, creating pulsar jets. The additional induced
spatial charge is called Goldreich-Julian charge and it is calculated using the

following general expression

%?(N\/H hgxB). (21)
T

Assuming that the magnetic field of a neutron star is stationary in the co-rotating
frame one can get the Poisson equation for the scalar potential ®as

ﬁ(\/_l?n§®J=—47z(p—pGJ), (22)

effective space charge density is given as p-p,, Which is able to explain
production of unscreened parallel electric field along the open magnetic field lines.
Component of electric field E, produced by the gradient of this potential will look
like

Pei =~

— od
E =—= . 23
Il or ( )

0.5F

0.0+

1.0 1.5 2.0 2.5
r/R

Figure 4: Radial dependence of accelerating electric field for the different values of deformation
parameter € with the comparison to the results in GR.

Solving the Poisson equation, expressions for scalar potential and
unscreened parallel accelerating field are obtained. As shown in Fig. 4, positive
deformation makes the accelerating electric field stronger, while negative
deformation weakens it.

As we have mentioned above the accelerated particles produce y-rays and
the y-rays create electron—positron pairs in a strong magnetic field. Thus, the NS
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loses its Kinetic energy due to the radiation and slows down (when the value of
magnetic field is constant). The particle acceleration in the polar cap region
strongly depends on the (magnetic field) accelerating parallel electric field and the
electric field, in turn, is proportional to the surface magnetic field and inversely
proportional to the period of NS rotation. As the NS slows down, the period
increases, the acceleration field value decreases and the particles radiate through
CR/ICS photons with less energy which at some stage does not produce enough
plasma pairs (even a two-photon pair of electrons— positron). No further electron—
positron pair is ejected in the plasma magnetosphere. Finally, the pulsar stops
“shining” in the given (radio) band, and the pulsar dies. The “death line” equation
(in other words energy (budget) condition) of a pulsar in the presence of spacetime
deformation is defined in the P — B space and/or P—P diagram as

bPz%@Pﬁ+&M6Hgg¢L (24)

where P, =Px10"s-s™ and f,(e) is the function of “sensitivity” (a “sensitive”
function) of the death line equation from the spacetime deformation and it shows
how sensitive the death line equation to variable € and for spherical case, when €
=0, f,(0)=1.
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Figure 5: Deathline of the radio pulsars in the P—P diagram for the different values of

deformation parameter €.

Figure 5 shows that the negative deformation shifts the death line upward
significantly and the positive one shifts the death line downward, but the effect of
positive deformation is smaller when compared with the negative one. Thus, a
visible non-deformed radio pulsar “working” in ON-phase (radio-loud regime),
which is lying on death line in P—Pspace, becomes in OFF-phase (radio-quite
regime) in the presence of (even small) negative deformation or vice versa in the
case of positive deformation, the invisible radio pulsar lying just below the death
line becomes visible (in radio band). In other words, due to the negative
deformation of the radio pulsar, pair formation process in plasma magnetosphere
diminishes and the radio pulsar cannot radiate any more. So, it becomes invisible
(switches OFF) and the positive deformation shifts downward the death line. It
means that the deformation causes to reactivate the pair formation process and the
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lost radio pulsar in observation will be visible (switches ON) again. Finally, one
may conclude that the suggested quasiperiodic model can be one of the useful
scenarios to explain/understand the mysterious physics (the existence) of part-time
pulsars using the observational data of a part-time pulsar.

As an astrophysical application of the studies of plasma magnetosphere of
rotating magnetized neutron stars and energetic processes in it, first, we assume
that the rotating magnetized star is observed as radio pulsar through pure magneto-
dipolar radiation. The luminosity of the relativistic star due to dipolar
electromagnetic radiation is given by

24
L, = Bé?* R°Sin? z, (25)

where ©2=0Q/N(1+h)" is the angular velocity of the neutron star and B. is the
surface magnetic field in the polar cap of the NS.
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Figure 6: Dependence of the energy loss from the deformation parameter for different values of
the compactness of the neutron star.

Dependence of the luminosity of energy radiation generated in polar cap
from deformation parameter is presented in Fig. 6. Growth of the deformation
parameter makes the luminosity lower, effectively slowing down the emission of
energy. This effect is more prominent for the relativistic stars with higher
compactness values. Moreover, there is a maximum in luminosity (10%® erg/s) at
critic value of the deformation parameter which is hundreds million times more
energetic than normal luminosity (10%%erg/s). This effect may help to explain
mechanism of origin of high energetic repeating FRBs from magnetars considering
the magnetar’s deformation is quasi-periodically time dependent. When the
deformation parameter reaches its critic value which makes radiation luminosity
maximum the magnetar emits short radio wave as a pulse with extremely high
luminosity.

Dynamics of the charged particle around rotating magnetized compact stars
Is investigated in Chapter Ill entitled ‘Equipotential surfaces for charged
particles around slowly rotating magnetized neutron star’

Here we have focused on analysing the general relativistic effects of
energetic and equipotential surfaces of relativistic charged particle moving around
inclined rotating magnetized NS. First, the expressions for the vector potential of
the electromagnetic field of the slowly rotating magnetized neutron star, by using
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an analytical solution of Maxwell equation for the magnetic and the electric fields
of the star are derived as

A =-wA, +®(r)—%[ f,(r)+ f4(r)]{(3cos2 0—1)cos y +3sin ysin ecosecos¢} :
A=0; A :—%F(r)rzsin;(sinqﬁ ;

A, =%F(r)rzsin O(cos ycosd+sin ysindcosg) (26)
2au

I,.3

where d(r) = —aN’F(r).

The equation of motion of a test charged particle with mass m and electric
charge g in presence of electromagnetic field has the general form

U
ddur +I4uu” = % Fru. (27)

We have introduced the following new parameters for particle’s charge, magnetic
field and period of neutron star: ,5'1:105( B j( R j(ﬂj(ﬂj Is responsible for

10”G )\ 10°sm )\ e )\ m
interaction between charged particle and magnetic field of NS and

5, ZZ’T—RG(L) stands for period and radius of the star.
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Figure 7: Trajectories of charged particles around magnetized neutron stars with the interaction
parameter s =100 and zero proper angular momentum, in the non-rotating (top panel) and slowly

rotating (bottom panel) approximations. Gray shaded region represents central object and axis
are normalized to radius of the central compact object-magnetized neutron star.

Equations of motion were solved numerically for the different settings.
Figure 7 demonstrates trajectories of charged particles around magnetised neutron
star. In upper row of the profiles show the particle trajectory with the charge
parameter S =100 around non-rotating magnetized object and the bottom ones

demonstrate the particle with the same charge parameter trajectories around
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rotating magnetized compact object with the rotation parameter g, =0.1. In both

cases we have chosen for the values of the specific energy £=0.97 and the specific
angular momentum L = 0. One can see from the Figure 7 that particle trajectories
of the particle are more stable in the case of non-rotating magnetized neutron star.

The total energy E of a relativistic particle in a stationary gravitational field
of compact object in the stationary gravitational and the electromagnetic field is

8=\/%+a)L+q(A+a)A¢)_ (28)

The total energy in the expression (28) can be separated into the kinetic and
potential energies as follows

E=T+U, (29)
where the Kinetic energy T reads as

T=mN [ —1J+a)L , (30)

1
V1-v?
and the potential energy is defined as U =vVmc?with the following dimensionless
potential energy

V:N+%'(A4:coA¢') . (31)
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Figure 8: Sectional view of equipotential surfaces of charged particlés around non-inclined
magnetized neutron star.

Fig. 8 demonstrates equipotential surfaces for electrons in the z-x plane,
where the z axis is aligned along rotation and magnetic dipole axes of the neutron
star. Here, we consider typical neutron star with mass M = 1.4Mg and radius R =
10 km, and angular velocity Q=2x/P (P = 0.1 sec). Here, we have shown that the
surface lines are separable at the surface of neutron star; however, it is not possible
for the separated the lines the close to the neutron star in the equatorial and off-
equatorial planes and indicates that the gravity effects are dominates at the close
distances to the surface of the star.
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Figure 9: Illustration of the energetic surfaces for charged particles in meridional plane around
non-inclined magnetized neutron stars.

Figure 9 illustrates that the charged particle can reach the last energetic
level, depending on the initial kinetic energy of the charged particle. It is clear
from Fig.9 that an increase in the value of the initial kinetic energy of the charged
particle coming from infinity increases the energy of surface for which charged
particles cannot escape far away. In other words, kinetic energy of the charged
particles at the lower energetic levels is greater.

Chapter IV entitled ‘Radio loudness and spindown of pulsars in Einstein-
aether gravity’ is dedicated to physics of radio-loud pulsars and spindown of
isolated neutron stars in Einstein-aether gravity and to obtain constrains on the
parameters of the aether gravity c;3 and ci4. The spacetime metric around slowly
rotating compact objects is described by the metric (1) with the following lapse
function which includes the effects of exterior aether parameters

N2 =1 2M (1+ 265 —Cy Mj, r>R .
r 1-c, A4r

First, the effect of the parameters ci3 and ¢4 on magnetic field of rotating
magnetized neutron stars is studied obtaining the exact analytical solution of
Maxwell equations for magnetic field in spacetime Einstein-aether gravity.
Obtained that positive values of cy4 slightly amplify magnetic field close to the
surface, while cy3 significantly weakens it (Fig. 10).

(32)
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Figure 10: Radial dependence of radial and azimuthal components of magnetic field for
different values of Einstein-aether gravity parameters.
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Inclined pulsars radiate in two ways: magnetodipolar (vacuum) radiation
(Poynting), and plasma magnetospheric radiation which comes from accelerated
charged particles by different mechanisms depending on magnetospheric
conditions. Here we will focus on studying the effects of Einstein-aether gravity on
each of these two types of radiation. Now, we turn towards plasma magnetosphere
and consider the effect of Einstein-aether gravity on electrodynamics of inner
plasma magnetosphere of the magnetized neutron star. This has potential
applications in the theory of pulsar electrodynamics. One can calculate the total
luminosity of the plasma magnetospheric radiation by accelerated charged particles
in Einstein-aether gravity by the following expression

LEM =§K£1+£CM_—ZCBJ{1_K[1+ECM_—2CB]:| E.rot’ (33)
2 3 1-c, 3 1-c;

where E,, =(Erm)NeM/ f?(Le,c,c,) IS the loss of kinetic energy in the aether gravity
and f(Le,cgc,) - a correction function that reflects the aether gravity effects.
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Figure 11: Dependence of luminosity of magneto-dipolar (on left) radiation and radiations of
plasma magnetosphere (on right) of NS in Einstein-aether gravity from the parameter c,, for the

different values of parameters c,,

The dependence curve of vacuum radiation luminosity from ci4 has a
minimum, for smaller values of parameter luminosity slowly decreases with its
growth, switching to rapid increase after the minimum. Introduction of c;3 adds the
maximum point, making the dependence more complicated (Fig. 11 on left).
Similar effects can be observed for magnetospheric radiation luminosity from NS.
For ¢13=0, luminosity-c;4 dependence curve has a maximum point: luminosity
increases with increase of ci4 then switching to rapid falloff. Introduction of ci3
creates additional minimum point, making luminosity decrease with increasing Ci4
for small values of the parameter (Fig. 11 on right).

“Deathline” within the framework of Einstein-aether gravity in polar cap
model with inverse-Compton and curvature radiation photons as the source of pairs
taking into account the effect of inertial frames dragging in the Einstein-aether
theory is also studied. The primary electrons extracted by the strong electric field
from the stellar surface can be accelerated up to Lorentz factor 10%+107 and 10+10?
by curvature radiation and inverse Compton scattering of thermal X-ray,
respectively, which in turn provides the pairs cascade production. The plasma
magnetospheric models predict that the pulsar’s electromagnetic radio emission
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could be generated along the open field lines in the electron-positron plasma
produced by the cascade generation of the electron-positron pairs taking place only
if the following conditions are fulfilled.

B, >B, >B,, (34)

where B, =6.4x10°vPP (in Gauss) is stellar magnetic field at surface that could

be extracted from the rich observational data in precise measurement of pulsar’s
spin period and its derivative. B, =B, =m’c’®/en~4.4x10°G is the quantum

Schwinger limit which is define the threshold magnetic field at which the cyclotron
energy of electron exactly equal to the rest mass energy of electron.

Consequently, Bp. is the minimum value of the magnetic field defining the
“death line” regime which switches off the pair production. The deathlines strongly
depend on configurations of the magnetic field at the stellar surface as well as on
mechanism whether the origin of gamma quanta being responsible for pair
production is curvature radiation or inverse Compton scattering.

Based on space charge limited flow model radio pulsar’s turnoff through cut-
off of inverse Compton radiations in the polar cap of the magnetized neutron star is
studied. The deathline of the pulsar is defined by the condition when the position
of accelerated charged particle radiation with maximum value of the y-factor
corresponds to the distance where the potential drop has maximum value. ICS and
CR deathline equations in Einstein-aether gravity reads

lgP = 3.8094+§[|g P.s+1gD(C,:.C0) | (35)

surf

4. . 4
lgP = § lgP s —7.37 +§ 19 05(C3:Ca) » (36)

where the function of the aether parameter D(c,,c,) Stands as a correction to the
theory and p,(cs,c,) is curvature radius of the open magnetic field lines

normalized to the typical radius 10° cm of the neutron star which depends on the
parameters of the aether theory.

The important issue on obtaining constraints on the parameters of Einstein-aether
gravity by combining all studies performed on the plasma magnetosphere of
slowly rotating magnetized neutron stars with observational data on pulsars periods
is explored. The performed calculations on the plasma magnetosphere are linked
with the isolated neutron star models for which the luminosity is powered by their
rotational kinetic energy. In order to obtain upper limits for the values of Einstein-
aether gravity parameters, we explore the parameters of observed isolated neutron
stars by (i) rotation powered pulsars (RPPs), (ii) anomalous X-ray pulsars (AXPS)
(iii) soft gamma-ray repeaters (SGRs) (iv) rotating radio transients (RRATS) and
(v) X-ray dim isolated neutron stars (XDINS). According to the definition of
deathline, when the position of a pulsar in diagram is under the deathline, the
pulsar cannot radiate electromagnetic radiation due to lack of plasma
magnetosphere and hence cannot be observed in radio wave observations. One can
get upper limits for the parameters of Einstein-aether gravity based on the
condition that at the values of the Einstein-aether gravity parameters being greater
than the upper limit values a pulsar disappears from the radio observations,
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assuming the pulsar lies on the deathline with its current observed parameters in
Einstein-aether gravity with the corresponding parameters. In other words, we are
looking for the range of values of the parameters c13 and c14 when the deathline
shifts due to the effect of Einstein-aether field up to the position of the radio-loud
pulsar in space. The obtained constrains can help understand more clearly the
nature/feature of Einstein-aether gravity. Below, we provide tables for different
types of observed isolated pulsars (neutron stars) and get numerically the upper
limits for Einstein-aether gravity parameters.

Table 1
Radio-load isolated neutron stars
Neutron | Period, P p C13,(€14=0) | Cu4,(c13=0) | Cu3 (c14=0) | Cu4,(C13=0)
star millisecond 15 ICS ICS CR CR
PR e | 197.114 583 | 0952158 | -30.8041 | 098342 | -42.3326
PRI | 88925 9017 | 0951734 | -30.4366 | 098658 | -41.6524
PS+R3J2159252 39.534 5.83 0.951968 | -39.9528 | 0.98698 | -42.1368
PiRBﬁOf’O 200.129 6.51 0952169 | -39.8139 | 097986 | -43.0021
PSRJ2043 | o5 131 1.23 0952085 | -39.7405 | 0097963 | ~+>0124
+ 2740
Table 2
Radio-quiet isolated neutron stars
Neutron | Period, P P C13,(C14=0) | Cu4,(c13=0) | C13,(C14=0) | Cu4, (C13=0)
star millisecond 15 ICS ICS CR CR
PR a0 | 109,541 656 | 0952171 | -39.8153 | 0.98465 | -42.6547
POR IR0 | 83157 0428 | 0951896 | -39.3827 | 098015 | -430154
PRSI0 | 173.264 15 0951038 | -30.3482 | 0.98652 | -43.65812
PR e | 176.707 486 | 0952156 | -39.8026 | 0.9845 | -42.6895
PORIZS | 282,849 18 0.951767 | -39.4654 | 098432 | -43.0098
PORIALY | 227,070 649 | 0952144 | -39.7917 | 098654 | -42.3651
PRI | 374806 683 | 0952022 | -30.6858 | 097986 | -42.3651
PSR J2055 1 319,561 4.11 095196 | -39.6324 | 09814 | 419856

+ 2539
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Millisecond Pulsars

Table 3

Neutron Period, P B C13,(C14=0) | cC14,(c13=0) | c13,(C14=0) | cC14,(c13=0)
star millisecond 15 ICS ICS CR CR
MPS J1448 | 5 og 141232 | 094949 | -37.6018 i i
— 2446aj
MPS J1448 || g9 88495 | 090317 | -18.6547 | 095624 | -30.154
~ 2446ak
M ae | 27191 | 0862(5) | 093545 | 289865 | 09687 | -35.6508
PSR 11326
S ea | 41088 27349 | 0941174 | -31.983 | 096547 | -36.172
o e | 361799 | 07(5) | 092367 | -242052 | 09468 | -32.687
PSR J1944
Dot | 51852 | 1713(2) | 0930695 | 268579 | 095364 | -36.7654
PS+ROJ1118544 7.1855 107(2) | 0875762 | -14.0982 | 094689 | -25.3654
PSJrRojllzfo 3.5597 1.09(5) | 0932877 | -27.796 | 096547 | -36.145
PSJrRZJZE%M 49092 | 059(2) | 0872144 | -13.6426 | 09465 | -21.4468
Table 4
The X-ray Dim Isolated Neutron Stars
Neutron Period, P B C13,(C14=0) | ci4,(c13=0) | ci3,(c14=0) | ci4, (c13=0)
star millisecond 15 ICS ICS CR CR
RXDIE4] 839 7.01 0.950961 | -38.7836 | 09688 | -42.6687
RSB0 1031 11.2 0951088 | -38.89 | 0.98744 | -41.9978
RX 108064 | 11 o 55 0.950229 | -38.1841 | 0.98035: | -41.7768
4123 : 30 | £000007 | £0.0564 | 00014 | +0.099
vy 0 297 | 0950353 | -38.2851 | 0.98664+ | -42.0036
%6 - £0.07 | +0.000028 | +0.023 | 000095 | =0.1455
RXJ21430 | ¢, 41 0.94998 | -37.9894+ | 0.97886 fgggfg
+ 0654 ' £18 | £0.00066 | 0526 | +0.00142 :
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Anomalous X-ray Pulsars

Table 5

Neutron Period, P B C13,(€14=0) | cCi4,(c13=0) | c13 (C14=0) | Ci4 (C13=0)
star millisecond 15 ICS ICS CR CR

CXou
J010043.1 8.02 1.9 0.95233 -39.9552 0.97994 -42 556
- 721134
4U %1142 1 869 0.2 0052178 | -39.8216 | 098112 | -42.6654
1'5 1554‘(1);0 2.07 2.3 0.952368 -39.9883 0.97442 -43.3387

CXOou
J164710.2 10.6 0.092 0.951998 -39.6649 0.98664 -43.6819
— 455216

1RXS
J170849.0 11 2.4 0.952323 -39.9493 0.98447 -43.0067
—-400910

Table 6
Soft Gamma-ray Repeaters
Neutron Period, P B C13,(c14=0) | cC14,(c13=0) | cC13,(C14=0) | C14,(c13=0)
star millisecond -15 ICS ICS CR CR

SEF;7°24918 9.1 0011 | 0951211 | -38.993 | 0097664 | -41.9975
Sfisofgl 5.76 0.71 0952314 | -39.9119 | 098006 | -43.0011
SG_R 606526 8.05 6.5 0.952357 -39.9788 0.98771 -42.7768
SG_Rj'f27 2.59 1.9 0.952363 -39.984 0.98132 -42.6681
S(E%;??;:g 7.6 0.72 0.952296 -39.9256 0.98552 -43.224

Study of the observational data allowed to get constrains of Einstein-aether
gravity parameters. Details are shown in Tables 1-6. Radio-quiet neutron stars, X-
ray pulsars and soft gamma ray repeaters yield almost the same constrains with C4
around -40 and c;3 ~0.95. However, in case of millisecond pulsars estimations of
14 have much more variance.
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Conclusion

Following conclusions have been obtained based on the results of the

research for the PhD dissertation “Energetic properties of rotating neutron stars’:

1.

For the first time, exact analytical solutions of the Maxwell equations for
rotating magnetized neutron stars in space-time with deformation have been
obtained.

For the first time, it is shown that positive and negative deformation shifts
the line of switching off pulsars up and down, respectively. A new model
with a quasiperiodic time dependence of deformation has been developed
that describes the radiation mechanism of partially emitting radio pulsars.
For the first time, expressions have been found for the luminosity of
electromagnetic radiation of radio pulsars in space-time with deformation. It
Is shown that the luminosity increases (decreases) under the influence of
positive (negative) deformation and reaches a maximum that is several tens
of millions of times higher than the standard value and can explain the
nature of sources of repeated fast radio bursts (FRB) from magnetars.

It is shown for the first time that the luminosity of magneto-dipole
(magnetospheric) radiation increases (decreases) by 103-10* times for the
critical values of the parameters of the alternative theory of gravitation -
Einstein-aether gravity.

For the first time, the limiting values for the parameters of Einstein-aether
gravity were obtained by comparing the calculations of Compton
backscattering and curvature radiation with the observed precision values of
the rotation periods of isolated radio pulsars and millisecond pulsars.
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HN.A. Uoparumos

y4eHbIU cexkperapb HayuHoro coBera

10 IIPUCY’KJICHUIO YUEHBIX CTEIICHEN,
K.(h.-M.H., CTapUINil HAyYHBIN COTPYIHHUK

C.I1. NabsicoB

IpeCceIaTeNb HAYyYHOrO CEMHUHApa Ipu

HayuHoM coBeTe 1o mpucykAeHUI0 YYEHBIX CTENEHEN,
1.¢.-M.H., CTapIIMi HAyYHBIA COTPYIHUK
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BBEJAEHMUME (anHoTamusi 1uccepranuu Aokropa ¢puiaocopun PhD)

AKTYaJbHOCTH M BOCTPEOOBAHHOCTH TeMbI 1M CCEPTALIUM.

HamaruudeHHble HEUTPOHHBIE 3BE3MBI, SIBISIOMIMECS TPABUTAIMOHHBIMU
KOMITAKTHBIMH ¥ MAaCCHUBHBIMH OOBEKTaMH, TPUBJICKAIOT BHUMAaHHUE MHOTHX
HCCIIEI0OBATENIE B KAYECTBE MOUIIHOIO CPEACTBA MPOBEPKHU PA3JIMYHBIX TEOPU
IpaBUTALIMM B PEXKUME CHUIILHOIO TOJISI U MOJYYEHHUS OIEHOK UM OrpaHWYEHUN Ha
NpEACIbHBIE 3HAYCHUS PA3JIUYHBIX [MAPaMETPOB, OTBETCTBEHHBIX 33 3TH TEOPUHU.
DOTO0 MOXET CIOCcCOOCTOBAThH oosee ri1yOOKOMY TOHHMaHUIO  (U3UKHU
SHEPreTUYECKUX MPOLECCOB, UTPAIOLIMX BAXKHYI0 POJIb B OKPECTHOCTSX
HEUTPOHHBIX  3BE3J, HAOIIOJAEMbIX KaK  paJuoIyJbcapbl, AaHOMaJbHbIC
PEHTTEHOBCKUE ITyJbCapbl, @ TAKKE KaK HCTOYHUKHA MSTKUX MOBTOPSIOIINXCS
raMmMma-BCIUIECKOB M ObICTpBIX paauo-BeiieckoB (BPB) ot marnurtapos. Jlo
HACTOAIIETO BPEMEHU HE CYIIECTBYET €IWHOW TEOpUH, KOTOpash Moryia Obl
OOBSICHUTh BCE pa3zHooOpa3ve HaOII0JAaTeNbHBIX JAaHHBIX OT KOMIIAKTHBIX
IrPaBUTAIIMOHHBIX ~ OOBEKTOB B Pa3HbIX  CHEKTPAJIbHBIX  JHala30Hax
AJIEKTPOMArHUTHBIX BOJIH. HecmoTpsi Ha HaOmoA€HUS W JETadbHOE HU3YUYCHHUE
HECKOJIbKO ThICSY HEHUTPOHHBIX 3BE3Nl M JECATKOB MAarHUTapoOB, HE CYIIECTBYET
TOYHOM MOJEIM MEXaHW3Ma T[E€HEpPAlUH HX DJJIEKTPOMArHUTHOTO W3ITYUYEHHUS.
Kpome Toro, He MeHee BakHa U MPOBEpPKa aAIbTEPHATUBHBIX TEOPUM T'paBUTAIUU.
Hecmotpst Ha TO, uTO OOmIas TeOpuss OTHOCUTEIHLHOCTH ObUIa TMpOBEpPEHa BO
MHOXXECTBE  acTpO(PHU3WYECKUX CIIEHapueB ©U B I1IEJJOM COOTBETCTBYET
ACTPOHOMHUYECKUM HAOJIOJIEHUSAM U  OMbITaM, TMPOBEPKAa, B OCHOBHOM,
IPOBOJMIIACH B PEXKHUME CIA00TO TMOJISI, YTO OCTABJISET OTKPHITHIM BOIPOC O TOM,
JIOCTaTOYHO JIM OOIIe TEOPUU OTHOCHUTEIBHOCTH ISl TIOJIHOTO OIMCaHUsA
acTpo(U3UKKN KOMITAKTHBIX TPABUTAIIMOHHBIX OOHEKTOB.

Benymumu uccnegoBaTeasiMu U yUpEKIACHUSIMU MUPa CAETIaH PsiJl OTKPBITHH,
MMEIOIIMX MPSIMOE OTHOIICHUE K TEME JUCCEPTAlMd W ONPEACISIONMX €€
aKTYaJIbHOCTh U BOCTPEOOBAHHOCTh. Tak, B HAOJIOACHUAX HECKOJIBKUX YACTUYHO
U3NMydaromux myibcapoB W mynbcapa RX J0806.4-4123 B 2018 romy Obiio
OOHapy»KEHO aHOMAJIbHOE JJICKTPOMArHUTHOE U3JIydyeHHue B UH(PpakpacHOM
JMana3oHe, KOTOPOE€ MOKHO OOBSICHUTH IMO-Pa3HOMY: TOPSYMI aKKPELUOHHBIN
JIUCK, TYMAaHHOCTh BOKPYT MyJibcapa U T.1. U T.I. KpoMe Toro, Obu10 00HapyKeHO,
yT0 OTKpBITHIA B 2018 T. M HabmomaBmuiics B TedueHUE 13 MecsieB OBICTPHIN
pagno - Bcruieck (BPB) FRB 180916.J0158+65, ucxonmsmuii OoT crnupalbHOU
rajakTUKW Ha paccTOSHUM 0K0JI0 500 MIIH. CBETOBBIX JIET, IOBTOPSETCS C BHICOKOM
KBa3UIEPUOANYHOCTRI0. Tak ke ObUl OOHapy>KeH BTOPOW IMOBTOPSIOUTUICS
(mepuon  ~157 nmeit) bPB, wunymmii u3 raybokoro kocmoca. Dusnka
noBTopsronuxcs bPB 1o cux mop He sicHa, u pa3zpabarbiBaeMble MOJACIN CUITBLHO
OTJIMYAIOTCA OJHa OT Jpyrod. Bce »>Tu (akThl CBUAETEILCTBYIOT O TOM, 4YTO
MEXaHU3M U3IIYYCHUS HEUTPOHHBIX 3BE3]l OCTAETCA OJHUM M3 BAXKHBIX BOIPOCOB
PENSATUBUCTCKOM acTpODU3UKHU.

N3ydeHunto HEUTPOHHBIX 3BE3/ B HAILIEW CTpaHE TaKXKe yAENsIeTCs OOJIbIoe
BHUMaHue. B 4acTHOCTH, BemyTcs  OOIIMpHBIE  HUCCJIEAOBAHMUS IO
AJEKTPOMAarHUTHOMY U T'PABUTAIMOHHOMY M3JIyYEHUIO U MEXAHU3MaM HU3BJICYEHUS
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SHEPrUM HEUTPOHHBIX 3BE3J, U3Yy4alOTCd OCOOCHHOCTH TI'PABUTALIMOHHOTO
JUH3UPOBAHUS HA TPABUTAIIMOHHBIX 00BEKTaX, IBIKCHUE YacTHIl U (DOTOHOB B WX
OKpPECTHOCTSX, 0COOEHHOCTH T€OMETPUHU MTPOCTPAHCTBA-BPEMEHH U MIPOYEE.

JlanHasi muccepTaloHHasi paboTa COOTBECTCTBYET 3aJauyaM, yTBEPKICHHBIM
B IOCY/IapCTBEHHBIX HOPMATHUBHBIX JOKyMEHTaXx: YKa3e mnpesujieHtra PecnyOnuku
V30ekuctan Ne VII-4947 “O Crparerun AeiCTBUU 1O JajdbHEHIIEMY Pa3BUTHIO
Pecriy6mmku Y36ekuctan” ot 7 ¢gespans 2017 rona, [Tocranosinenuu [Ipe3umenta
Peciyomuku  Y30exkuctan Ne [III1-2789 «O wmepax 1o jJaibHeueMmy
COBepIlIeHCTBOBaHMIO  Akagemuu  Hayk, opranuzanuu, ymopaBieHUS H
(dbUHAaHCUPOBAHUS HAyYHO-HUCCIIEIOBATEIIbCKON aearenbHocT» oT 18.02.2017
roja.

CooTBercTBHE HCCJICIOBAHUA NPHOPUTETHBIM 00J1ACTAM HAY4YHO-
TeXHH4YecKoro paspurusi PecnyOiiukm  Y30ekucran. [[uccepraniioHHOE
HCCJIEIOBAHUE BBIIIOJIHEHO B COOTBETCTBHHM C NPHOPUTETHBIM HaIpPaBICHUEM
pa3BUTHS Hayku M TexHosoruii B PecnyOmuke Y3o0ekucran Il. “Onepreruka,
SHEPro- U pecypcocoOepexeHue”.

CreneHb U3Y4E€HHOCTH NMPOOJIEMBbI.

CTpykTypa SJICKTPOMAarHUTHOTO TIOJSI B OKPECTHOCTH BPAIIAIOIIUXCS
HaMarHMYEHHBIX 00OBEKTOB B CHJILHOM TI'PABUTALIMOHHOM PEXKHME U3yd€Ha PSIOM
aBropoB EBpomnbi, CIIIA u apyrue crpan mupa ([oitu, ['mu3Oypr, OzepHOH,
Peunoma, Munep, Komkuma, Ao6ume). Ilnasmennas maraurocdepa BOKpPYT
BpalIaoIeicss HaMarHUIeHHON HEHTPOHHOM 3Be3/bI Oblja BIIEPBBIC MPEIIOKEHA
[Nonpapaiixom u JxynuanoMm, u nanee pa3padoTaHbl pa3IuYHbIe MOJICTH C YYETOM
addekToB o0mel Teopunm otHocuTenabHOCTH (beckun, MycaumoB, Ilpiran,
XapauHr, Muep). JBuxeHue 3apsKEHHBIX POOHBIX YacTull,
SKBUMOTEHUIHAIBHBIE U YHEPIETUUECKUE MOBEPXHOCTH B OKPECTHOCTAX MEIJICHHO
BpalAIONINXCSl HAMAarHUYEHHBIX HEUTPOHHBIX 3BE3]l OBUIM HW3YUYEHBl PSAJIOM
aBTopoB (bakana, Ctyxnuk, TypcyHoB, Oni, Macteposa, Kosomnr).

DJNIeKTpOJIMHAMUKA HEUTPOHBIX 3B€37 B OOIIEH TEOpUM OTHOCUTEIHLHOCTHU
Obuta pa3Buta psgoM  aBTopoB  (AxmenoB, AOmyxaO6apoB, Typumos,
Ab6aukamaiioB 1 Mopo3oBa) B pecryOnke Y30CKHUCTaH.

OTMeTHM, 4YTO B  BBINICHEPEUYUCICHHBIX HMCCICAOBAaHUAX HE  OBLIO
pPaccMOTPEHO BIIMSTHUE nedopmaruu MPOCTPAHCTBA-BPEMEHU Ha
AJIEKTPOMArHUTHBIE TIOJISI B BaKyyM€ M Ha DHHEPreTUYECKHE TMPOLECChl B
MJIa3MEHHONW MarHuTocepe HaMarHMYeHHBIX HEUTPOHHBIX 3Be37. Kpome Toro,
s dexTs 00IIei TEOPUU OTHOCUTETHLHOCTH HE YUTEHBI B JTUHAMUKE 3apSKEHHBIX
YacTHll, HA SKBUMOTEHIUAIIbHBIE U YHEPreTUUECKUE MOBEPXHOCTU B OKPECTHOCTH
BpaIlalONIMXCsl ~ HaMarHWYEHHBIX  KOMMAKTHBIX  00BekToB.  [lomyuenue
OTPAHUYEHHI HA TTapaMETPhl Pa3IMUHBIX MOJEJIEH IPaBUTALIMM HA OCHOBE JAHHBIX
ACTPOHOMHYECKMX HAOJIIOJICHUM OT W30JUPOBAHHBIX MYJbCAPOB HE OBLIO
paszpobaraHo.

CBs3b TeMbI JUCCEPTALMM € HAYYHO-MCCJIEI0BATEILCKHUMH pPadoTamMu
HAYYHO-UCCJIE0BATEJIbCKOI0 YUPEeKIeHHS, I/1e BHINOJHEHA TUCCePTALUA.

JluccepTallMOHHOE  MCCIIEJOBAHWE  BBIIOJHEHO B  paMKax MPOEKTOB
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ActpoHomuyeckoro  uHcturyra  DOE2-OA-D113  “I'paBuTaniioHHBIE |
ANIEKTPOMATHUTHBIE MPOLECCHl B PEIIATUBUCTCKON acTpOo(U3UKE U KOCMOJIOTHH,
cUCTeMbl 0030HOB Mpu HHU3KUX TemmepaTrypax (2012-2016), ED2-OA-0O-25046
“JIBUKEHHME YaCTHUI] CO CIIMHOM M PAacCIpOCTPAaHEHUE DJIEKTPOMArHUTHBIX BOJH B
OKPECTHOCTAX KOMITAKTHBIX T'PaBUTALMOHHBIX 00beKkTOB” (2014-2015), BA-DA-
®2-008 ‘“Actpodu3mueckre TMpOLECcChl B CTATUYECKUX M JUHAMHUYECKHX
PEIATHBHCTCKHUX TPaBUTAIIMOHHBIX 00bekTax” (2017-2020), MRB — AN — 2019 —
29 «MopnenupoBaHie KOMMIAKTHBIX acCTPOPU3HUECKUX OOBEKTOB U pPaCUEThl MX
HaAO0JII0IaTEeNIbHBIX XapaKTePUCTUK K rmapameTrpam Teneckona PT-70 u poccuiickoro
opbourtansHoro teaeckoma 'amma-400» (2019-2021 rr.).

Heabio ucciaenoBaHusi sBISETCS pa3pabOTKa MOJENEH SHEPreTUUYECKUX
IPOLIECCOB, MPOUCXOIAIIMX B OKPECTHOCTY HAMArHWYEHHBIX HEMTPOHHBIX 3BE3] B
BaKyyMe€ U B IUIa3MEHHON MarHUuToc(epe, B pa3inyHbIX TEOPUSIX IPABUTALIUU U UX
MIPUMEHEHHUE K aCTPOPU3NUECKUM HAOII01a€MbIM O0OBEKTaM.

3axayu MccJIeJ0BAHMS

U3YYUTH BAKYYMHBIE AIEKTPOMAarHUTHBIE TTOJISt BPAIAIOIINXCS
HAaMarHWYeHHbIX HEUTPOHHBIX 3Be37 B JAe(OPMHPOBAHHOM IPOCTPAHCTBE-
BPEMEHH.

Pa3BUTh TEOPETUYECKOE U3YUEHHE SFHEPIETUUECKUX MPOLECCOB B IJIA3MEHHOM
MarHuTocgepe, OKpykaromiei 1epopmMupoBaHHbIE HEUTPOHHBIE 3BE3/bI.

UCCIIEIOBATh JHEPIreTUYECKUE U JKBUIIOTCHILMAIBHBIE ITOBEPXHOCTH BOKPYT
BpAIAONIMXCSI HAMArHWYEHHBIX KOMIIAKTHBIX OOBEKTOB YHMCICHHBIMH |
AHATUTUYECKUMH METOJAMU.

MIOJYYUTh OTPAHUYEHHUS] HA MapaMeTpbl SHUHINTEMHOBCKOW TI'paBUTALMU B
adupe, HCMIONB3Ys CpPAaBHEHUE TEOPETUUYECKUX MCCIICAOBAaHUN MEXaHU3MOB
MarHuToc(epHOro U3Ty4eHUs MIa3Mbl C TAaHHBIMU HAOJIIOJCHUN OT MYJIbCapOB

O0beKkTOM HCCIACI0OBAHUA SIBIAIOTCS BpallAlONIMECs] HAMarHUYEHHBIE
PENSATUBUCTCKUE KOMITAKTHBIE TPABUTAIMOHHBIE 0OBEKTHI — HEUTPOHHBIC 3BE3IBI.

IIpenMeTomMm  mHcCae0BAHUA  SBJISETCS BakKyyMHas W IUIa3MEHHas
MarHuTocqepa HEUTPOHHBIX 3BE3]] 1 MEXAHU3MbI U3TYUCHUS B TIOJIIPHOM IIIarKe.

MerogaMu  McCJIeJOBAHUA  SBISIOTCA ~ MATEMaTUYECKUM  ammapar
OOLIEPEITUBUCTCKOW  DJEKTPOJUHAMHUKM  MyJIbCAPOB U YUCJICHHBIE U
aHAJIUTUYECKUE METOAbl pelleHus AudQepeHnanbHbIX YpaBHEHUM MO U
JIBHKCHUS.

Hayuynast HOBH3HA MCCIIEIOBAHUS 3aKIIOYACTCA B CIEAYIOIIEM:

BIIEPBbIC I[IOJIyYEHBl pELICHUs YpaBHEHUM Makcseiia il MEIJIEHHO
Bpallaroueiicss HaMarHWYeHHOW JepOpMHUpPOBAHHON HEWTPOHHOW 3BE3/Abl U
II0Ka3aHO, YTO 3HAYEHUE MAarHUTHOIO II0JIS PACTET IO/ BIMSHUEM I10JI0KUTEIIBHOU
nedopmanuu,

BIIEPBBIE IIOKA3aHO, YTO IIOJOXKUTENbHAs WM OTpULATelIbHas aedopmanus
CABHracT JIMHHUIO BBIKJIIOYEHUS paad0 IIyJdbCapoOB BBEPX WIHA  BHU3,
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COOTBETCTBEHHO, MPEUIOKEHHBII MOJENb TIOJBOJIUTH OOBSICHUTH (pU3MKa
YaCTUYHO M3ITy4arollUX yJIbCapoB,;

MOKAa3aHO, YTO TOJOXHUTENbHAs AeopMalysi yMEHbIIAET pa3Mep MOJSPHOIM
IaKA HAMarHM4YeHHOW HEUTPOHHOW 3BE3[bI, YTO COIJIACYETCs C HAOII0aeMbIMU
TOHKUMU CTPYHHBIMU BBIOPOCAMU BOJb OCUCUMMETPUN HEHTPOHHBIX 3BE3;

BIIEPBBIE IIOJYyYEHBl OTPAHMYECHHMS HA MapamMeTpbl HSUHIITEWHOBCKOU
rpaBUTallMU B 3(upe MyTeM CpaBHEHHUS PACUYETOB OOpPATHOTO KOMITOHOBCKOTO
paccestHUsT M M3JIy4YeHMs] KPMBM3HBI C  HaONIOJaeMbIMH  CBOWMCTBAMHU
U30JIMPOBAHHBIX HEUTPOHHBIX 3BE37, PpPaaUONYJIbCAPOB, HCTOYHHUKOB MSTKHX
HNOBTOPSOIIMXCS FaMMa-BCINIECKOB U MUJUIMCEKYHAHBIX ITyJIbCAPOB,;

pa3zpaboTaHa HOBasi METOJOJIOTHS IOJYUYEHUS OIpPAaHUYEHUH HA IMapameTphbl
pa3IMYHBIX MOJEJIEH TIpaBUTALMM HAa OCHOBE JAHHBIX aCTPOHOMHUYECKHUX
HAOJIOJEHUI OT M30JIMPOBAHHBIX MYJbCAPOB U MPUMEHEHA K SMHIITEHHOBCKON
rpaBUTalvu B dupe.

IIpakTHyeckue pe3yabTaTbl HCCIACA0OBAHMSA:

BIIEPBBIE TMOJIYYEHO KPUTHUYECKOE 3HAUYECHHE MapaMmerpa AedopMaluu, MNpu
KOTOPOM PaJHO0 MyJIbcap CTAHOBUTCS HEHAOIIOAAEMBIM;

MOKa3aHO, YTO CBETUMOCTH MAarHUTOJMUIIONBHOTO M MarHUTOC(EpHOro
M3JIyYEHUW HEWTPOHHBIX 3BE3Jl PACTET IMOJ BIMSHUEM IOJIOKUATEIBHOU
nedopmanmuy;

[IOKa3aHO, YTO  BEJIMYMHA  YCKOPSIOLIErO  JJICKTPUYECKOro  IOJA
HapajuleIbHOTO MAarHUTHOMY MOJIO BOJM3U IMOBEPXHOCTH HEUTPOHHOM 3BE3[IbI
yOBIBAaET C POCTOM NapameTpa AehopMaIivi;

U3YUYCHHUE YCKOPEHUS 3apsHKEHHBIX YaCTHUIL B ITOJSPHOM ILIAIIKE I10KA3aJI0, YTO
HOJIOKUTENbHAA JeopMalusi MOXKET MPOSIBIATH ce0s Kak JOMOJHUTEIbHBIN
IpaBUTAIIMOHHBIN YD (DEKT;

BIIEPBBIE  ITOKA3aHO, YTO TIMKOBAas  CBETHUMOCTb  PagUOIyJIbCapOB
yBenuuuBaercs B 10° pas nOpM  KpUTMYECKOM 3HAYEHUM IIapameTpa
MIPOCTPAHCTBEHHO-BpEMEHHOI AepopManuu. [1oayyeHHbI pe3yabTaT MOKET ObITh
MCIIOJIb30BaH B KayecTBE MOJENU Uil OOBACHEHHUS NPUPOAbl HCTOYHUKOB
MOBTOPSIONINXCS  OBICTPBIX PAJAMOBCIUIECKOB KaK TMPOSBICHUN aKTUBHOCTHU
MarHeTapoB.

JloCTOBEPHOCTHh Ppe3yJIbTATOB HCCJeI0BAHMS OO€EcleueHa CIeAyIOIINM:
HCIIOJIb30BaHNE COBPEMEHHBIX METO/I0B TEOPUH TMOJISI U 3PPEKTUBHBIX YNCICHHBIX
METOJOB M QJITOPUTMOB; TINATEJIbHAS IPOBEPKAa COOTBETCTBUS IOJIyYEHHBIX
TEOPETUUECKUX PEe3yJIbTaTOB HAOIIOAATENbHBIM JaHHBIM M pe3yjibTaTaM JIpYTrHX
aBTOPOB; COIVIACOBAHHOCTH BBIBOJOB C OCHOBHBIMH IIOJIOKEHMSMHU TEOPUH IO
KOMIIAKTHBIX TPAaBUTAI[MOHHBIX OOBEKTOB.

Hayuynass ¥ npakTuyeckasi 3HAYMMOCTb Pe3yJbTATOB HCCJIEI0BAHMS
00yCJOBIIUBaETCS BO3MOKHOCTBIO MCTIOJIb30BAHUSA MOJTYYEHHBIX B
JIMCCEPTALIMOHHOM HCCIICIOBAHUM PE3yJIbTATOB ISl OOBSICHEHUS MEXaHHU3MOB
U3JIYUYCHUSI TPU OMUCAHUU BBICOKOAHEPTETHUYECKUX IPOIIECCOB B OKPECTHOCTSIX
HEUTPOHHBIX 3BE3A. B auccepranmoHHON paboTe TMOIYYeHBI pPE3yabTaThl O
BIIMSIHUM MaJod nedopMaiiiyi MmpoCTPAHCTBA-BPEMEHU Ha DJIEKTPOMArHUHUTHBIC
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NOJIsI BPAIIAKOLIMXCSA HEUTPOHHBIX 3BE3N M HA DHEPreTUYECKHE IPOLECCHl B
MJIa3MEHHONW MarHuTocdepe, B YaCTHOCTH, BIUSHUE Ha CBETUMOCTH M3JIy4YEHUS U
JUHUM BBIKIIIOYEHUS paaudo myiabcapoB. [lomydeHHBbIE pe3yiabTaThl MOXHO
MPUMEHUTh IS CO3JaHWs HOBOW MOJeNH (PU3UKH YaCTUYHO H3ITyJarOIIHX
nyiascapoB. Kpome Toro, uccienoBaHa JUHAMUKA U SHEPTeTUYECKUE MMOBEPXHOCTU
PENSATUBUCTCKUX YaCTUI] BOKPYT MEMJICHHO BPAIAIONIUXCS HEUTPOHHBIX 3BE3L.
[TonydenHbie IpU ATOM PE3yIAbTATHI MOTYT OBITh UCIIOJIL30BAHBI B TEOPETUUECKUX
UCCJIeIOBAHUSIX HAOIIOAAEMbIX YACTOTHBIX MPOQUIICH MyIhCapOB.

BHeapenne pe3yibTaToOB HCCICI0BAHMS.

Pe3ynbratrhl uccienoBHUs BAUSHUS JedopMalluid MPOCTPaHCTBA-BPEMEHU Ha
IUTA3MEHHYI0 MarHuTochepy HEWTPOHHOW 3Be3/lbl, B YACTHOCTH, PE3yJIbTaThl
MOJIENIM, TPEUIOKEHHBIE JUIsI OOBSICHEHHUS TMPOUCXOKICHUS TMOBTOPSIFOITUXCS
OBICTPBIX  PATUOBCIUIECKOB  OBLJIM  MCIOJB30BAHBI  HMCCIIECIOBATEISIMU U3
Kamudopuuiickoro rocynmapcrBeHHOro yHuBepcuteTa (crpaBka Criie3uicKoro
yHuBepcutreta B OmaBe, Yemickas pecmyonuka, ot 27 wmrons 2020 r.)
Hcnonb3oBaHus Hay4YHBIX pPeE3yJbTAaTOB IMO3BOJWIO TOJYUYEHUS MPeaeIbHbIX
3HAQYEHUN MapaMeTpoB MOAUGMUIIMPOBAHHBIX TEOPUM TpaBUTAIMU HA OCHOBE
JTAHHBIM HAOJIIOJICHUI TyJIbCapOB.

Pe3ynbTaThl TpeAsIOKEHHOW MOJAEIU MJid OOBACHEHUS (PU3UKUA YACTUYHO
M3JIyYalolIKX MyJIbCAPOB UCMOIb30BaHbl YUeHBIMU U3 CHUJIE3CKOr0 YHUBEPCUTETA B
OnaBe u llenTpa rpaBuTan U acTpoPu3uku AnpOepTa OUHINTEHHA MpPU
YemickoM HaydyHOM (OHIIE B HCCICAOBAHHUSIX JTUHAMUYECKHX IIPOIIECCOB B
OKPECTHOCTH HEUTPOHHBIX 3Be3] (cnpaBka Cuie3niickoro yuusepcuteTa B Onage,
Yemickass pecmyOnuka, ot 29 wuroHs 2020 r1.). Hcnonb3oBaHusi Hay4dHBIX
PE3yJIbTaTOB MO3BOJIWIO TECTUPOBATH AIbTEPHATUBHBIX TEOPUU I'PABUTALUU.

Pesynbrarhl ucclieqoBaHUsST BaKyyMHOM | IUIa3MEHHOM MarHUTOCGhEphI
HaMarHUYEHHBIX HEUTPOHHBIX 3BE3]l M HHEPreTUYECKUX TMPOIIECCOB B HEH
UCIIONIb30BAINCh  Heckoybkumu — aBTopamu  (Journal of Plasma  Physics
(Vol.82,635820502,2016), Astrophysics and Space Science (Vol. 361, 112, 2016),
Physical Review D (Vol. 98, 024022, 2018; Vol. 97, 124005, 2018; Vol. 99,
104009, 2019), Progress of Physics (Vol.67, 1900077, 2019)). Ucnoas3oBaHus
Hay4YHBIX PE3yJIbTAaTOB MO3BOJIMIIO aHAIM3UPOBATH aCTPOPU3UUECKUX MpoIleccax B
MJIa3MEHHbIE MarHuToc(epe HEUTPOHHBIX 3BE3/Ib.

Annpodanusi pe3yJbTaTOB HCCAeA0BaHMsA. Pe3ynbTaThl, MOJyYEHHBIE B
JUCCEPTAIIMOHHON paboTe, OBUTM JIOJOKEHBI Ha 4 MEXIyHapOIHbIX U 3
pecnyONMMKaHCKUX KOHQEperusX, a TaK K€ Ha psfe 3apyOeKHBIX HAyYHBIX
CEMHHApOB.

Ony0MKOBaAaHHOCTH Ppe3yJbTaToB HcciaenoBanms. Ilo pesynpratam
JUCCEPTALIMOHHOTO MCCIIEIOBAHUS OMyOJIMKOBAHO 25 Hay4yHbIX pador, u3 Hux 10
cTaTell B peepupyeMbIX KypHaax.

O0béM u cTpyKTypa amccepraumu. Jluccepranus COCTOMT M3 BBEICHUS,

YETBIPEX IJIaB, 3aKIOYEHHUS U CIIMCKA JINTEPATYPHI.
B nepBoit riiaBe moJyiydeHsl U UCCIIEIOBaHbI PELICHUs YpaBHEHM MakcBeia
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B OKPECTHOCTH HEUTPOHHOMU 3BE3/IbI B IPOCTPAHCTBE-BPEMEHU C IePOpMalIUEH.

Bo BTOpoii TnaBe wucciIeAOBaHO BIUSHUE Aedopmaiiiu MpPOCTPaHCTBA-
BpEMEHU Ha DJHEPreTUYEeCKUe TMpolecCchl B  IJIa3MEHHOM MarHutocdepe
HEUTPOHHOM 3BE3/IBL.

B Ttperpeli rnaBe paccMOTpeHa JUHAMHUKA JABHXKEHUS YacTUL[ BOKPYT
MEJJICHHO BpAILlAIOMIECHC HEUTPOHHOM 3BE3Abl M HUX 3KBUIIOTCHIIMAJBHBIC H
SHEPreTUYECKUE TTOBEPXHOCTH.

B derBepToil raBe uccienoBaHa npupoaa M (HU3MKa paguo TPOMKHUX/TUXUX
NyJIbCAapOB M TOPMOKEHUS BpaAlICHUS HW30JIMPOBAHHBIX HEUTPOHHBIX 3BE3] B
paMKax SWHINTEHHOBCKOW rpaBUTAIlMU B 3upe.

3akJIoueHue

[To pe3ynbpTaram wcciaenoBaHui, MpoBeaeHHBIX o Teme PhD nmucceprarmm
“OHepreTuyecKkrue CBOMCTBA BPALAIOIINXCA HEUTPOHHBIX 3BE31°, MPEICTABIICHBI
CIEAYIOLIUE BBIBOJBI:

1. BmepBble TMOJY4YEHbl TOYHBIE AHAIUTUYECKHE PEIICHHsS ypaBHEHUUN
MakcBenna i BpallalOnIEdcs] HAMAarHWYCHHOM HEUTPOHHOM 3BE3[bl B
MIPOCTPAHCTBE-BPEMEHH C AePOpMALIUEH;

2. BIEpBbIE IOKA3aHO, YTO TMOJIOKHUTEJbHAS W OTpUllaTeNbHas nedopmarus
CABUTAcT JIMHUIO  BBIKJIIOYEHUs  IIyJbCAPOB  BBEPX WIM  BHU3,
cooTBeTCTBeHHO. Pa3paborana HOBas MoJeIb C KBa3HUIEPHOIUUYECKOMN
BPEMEHHOM  3aBUCHUMOCTBIO JedopMalivy, ONKCHIBAIONIAS MEXaHHU3M
W3JIyYECHUS YaCTUYHO U3JIyUYarOUIMX PagUOIyJIbCAPOB;

3. BIEpBbIE HAWACHBI BBIPAKEHUS S CBETHMOCTH OJCKTPOMArHUTHOTO
U3IIyYEHHS] PAUONYJIbCAPOB B IMPOCTPAHCTBE-BPEMEHU C JAePopMaluen.
[Tokazano, 4YTO CBETUMOCTH pacT€T (yObIBaeT) 1O  BJIUSHHUEM
MOJIOKUTENBHOW (OTPULIATENBLHOM) NeopMaluu U AOCTUTaeT MaKCUMyMa,
KOTOPBIN B HECKOJIBKO JECATKOB MWJUIMOHOB pa3 MPEBBIIIAET CTAaHAAPTHOE
3HaYEHUE U MOXKET OOBSICHUTh HPUPOTY HCTOYHUKOB IOBTOPSIOIINXCS
ObICTpBIX panuo-BerieckoB (BPB) ot MmarauTapos;

4. BiepBBIC MOKa3aHo, 9TO CBETUMOCTh MarHUTOIUTIOIBHOTO
(MarHUTOC(EPHOrO) M3ITydeHus yBenuuuBaercsa (ymenbmaercs) B 10° - 10
pa3 JuIsl KpPUTHYECKMX 3HAUCHWW TapaMeTpOB aJIbTCPHATHBHOW TEOPHH
rpaBUTALMM - ' DUHIITEHHOBCKOM TpaBUTAIMU B 3upe";

5. BHEpBBbIE  TOJYYEHbl  MpeleibHble  3HAYE€HUA  HA  [apaMeTphl
"OWHIITEeHHOBCKOW TIpaBUTalMu B 3Qupe" MyTeM CpaBHEHUS paCUYETOB
OOpaTHOrO0 KOMITOHOBCKOTO pAacCesSHUS M HU3IyYEHUS KPUBU3HBI C
HAOJIIOJaeMbIMU ~ TIPELIU3HUOHHBIMM  3HAYEHUSIMU  TIEPUOJOB  BpAICHHS
M30JIMPOBAHHBIX PAJMOIYJICAPOB U MIJIJIMCEKYHHBIX ITyJIbCAPOB.
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