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KHUPHUII (10KTOPJIHK JUcCepPTALUACH AHHOTAILUACH)

Juccepranuss MaB3yCHHUHI J0J13ap0JMrd Ba 3apypaTtu. byryHru kyHzaa
IPAaBUTALMOH JIMH3AJIAHUII XOJMCACH Ba ailHUKCA, TPaBUTALMOH JIMH3aJIaHTaH
kBazap (['JIK)map Ounan OOFiaMK OOBEKTIAPHUHI TAJAKUKOTH 3aMOHAaBUM Ky3aTyB
KOCMOJIOTUSICHHUHT SHT MyXUM MacanaigapujaH Oupunup. bynmait oObektiap
Epnaru 3aMoHaBuii Ba KOCMUK acOOOJapHHUHT aXpaTa OJUII UMKOHMSTHIAH XKya
IOKOpu OYyniran yinkaH Tabumii Temeckonm cudartuma xusmar kKuiaaam. [JIK
(U3MKaCUHUHT KyIU1a0 MyaMMOJIapUHM €YMII Y4yH, aBBaJIO, JIMH3AJIaHraH
KBa3apJapHUHI MaBXyM TacBUpJIAPU OpacHUJard KEYMKHII BaKTJIapu Ba yjaplaru
MUKPOJIMH3aJaHUII XOAUCAJAPUHUHT TaAKUKOTH 3apyp, Oy 3ca ¢akar yJapHUHT
(GoTomeTpusAcH OpKaIM aMalra OUIMPUIMIIA MYMKHH. MaBXyM KOMIIOHEHTajap
Opacuard KeUMKUII BaKTHMHM aHMKIam Xab0y noumuiicu, MaHOa Ba JIMH3aHUHT
KU3WIra CWDKMILIApUW XamJa JMH3aHUHI TPAaBUTALMOH MOTEHUMAIU Owusal
TYFpUAaH-TYFpu OofiaHrad. MUKpOIHMH3aIaHUII 3Ca MacCUB Ba OOIIKa Xed Oup
Uyn OWilaH Kypa OJMII MYMKUH OYiMmaraH KypuHMac OOBEKTIApHU €KU MaTepHs
TYHaNapyuHu aHHUKJIAll UMKOHUATHHM Oepanu. Tyruna€rraH rajakTHKaJIapHUHT
Oouutanfuy OOCKM4WIapu Ba KOpPaMTHP MATEPUSHUHT Ty3WIUIIM  (pakaT
IPAaBUTAIIMOH JIMH3AJIAHUII Ty(ailnin MykamMman Ky3aTWIUIIH MYMKUHJIUTHIaH
JUCCEPTALMS UILIUHUHT AOJI3apOJIUTY KeJTMO YUKaau.

XO03UpPru  KyHJAa €TaKYd TaJAKUKOTYWIAD TOMOHHUJAH TPaBUTALMOH
JUH3AJIAHUII COXAacHuJa KaTop MyXuM Kamduérnap ouwirad. MacanaH, OM3HUHT
lanakTukamMu3ga KUYUK —Maccalld  IOJAy3jdap KYpPUHUIIMAArH  KOpPaMTHUP
MaTEpUSHUHT yIyIId aHUKJIaH[W, SHI KMYUK Maccayld 3K30cail€épaiapHUHT Oupu
tonuiaau. KomHoTaarn sHr mMaccuB HMUPHUK MaclITaOaM Ty3WIMajap aHUKJIaHIW
Xamzaa KOpaMTHp Marepus OOpJIUTMHUHT TYFPUIAH-TYFPU OSMIUPUK HCOOTU
Tonmwiad. Xa00a JOMMHUHCHMHUHT Yrmyanuiapu onub Oopuimokna. Kysarumimap
HaTWXKacuaa KU3WITa CHUDKUIIYU Z > 7 OYJraH 3HT y30K KBazapiap tonuiau Ba 150
naH optuk ['JIKnap anukiianaum.

MamnakatuMu3ga TPABUTALMOH JIMH3AJAHUIIHUHT Ky3aTyB Ba Hazapui
TaJKUKOTJIAPHUHT acleKTiapura xaM Karta 3bTuOop Oepwiianu. Mamiakatumus
uiaM-GaH pUBOXKU Xamaa (QyHIaMEHTald TaAKUKOT HaTHMXKaJlapuHU XaéTra TaTOuK
KMINII y9yH ymo6y (QyHIaMeHTal TaaiKMKOTIAPHUHT HYHAMIIIApH Y36EeKHCTOH
PecnyGnukacuHM sHaa pHBOXJIAHTHpUII Oyimda Xapakarmap! crparermsicura
6eBocuta Oormuk. by Gopama Maiinanak o6cepBatopusicuna oxupru 20 wwigan
6epu nepcrnektuB O6ynran ['JIKnapuunr daos paBuiiga MOHUTOPUHT Ky3aTyBJIapu
onmub Oopwianu, y30K WHIITMK OUp TEKHUC MOHUTOPUHT acocujia HOEO yIKaH
Ky3aTyB  Mabiaymomnapu  tymiuanrad.  Karop  [JIKmap — nuH3ananrax
TAaCBUPJIAPUHUHT PABILAHINK 3TPH YU3UKIApU TaXJIWid oinubd Gopminu, Kopa ypa
aTpoduaa Kyucus JIMH3AJAHUII XOJuAa EPYFIMK HYpPJIApUHUHT CHUHHII Oypyaru
yuyH aHUK wudopanap Kyiara KuUpUTWIraH. AMMo 11y OujaH Oupra aipum
eylJIMaraH Macajajap XaMm KOJMOKJa, XycCycaH, Iy BakIraya ymoy

1V36exucton PecriyGnukacu [pesupentununar 2017 iinn 7 pespangaru "V36exucron Pecry6nukacunnu
siHa/1a pUBOKIIaHTHpHII OYyiinda Xapakarnap crparerusicu Tyrpucuna''ra [10-4947-connu dapmonu.
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JAUCCEPTALMSIHUHT TaJAKUKOT OOBEKTIapuaa MHUKPOJIMH3aJaHUII Ty(haliau ro3ara
KEJIaINTaH Y3rapyBYaHJIWK aMIUIMTYJACHHUHI €Tapiid aHUKJIMKIArd KUiiMaTu Ba
JABOMUNINTY OU3Tra MabiyM dMac, MUKPOJUH3AJIAHUII XapaKTEPH Y3 HOMABIYM,
0ab3aH 3ca XATTOKM, JIMH3AJIOBUM >KUCMHHUHI KHU3WITa CHIDKUIIMHU aHUKJIAIIa
HOQHUKJIMKJIAD MaBXKyJl, Iy KyHrada KEHI MaWJIOHJap XoJaTilapu Macajacu
YpraHujiMaras.

V36exucTon Pecniyonukacu I[pesunentununr 2017 v 7 depangaru [1O-
4947-con "Y30ekucToH PecnyOnMKacMHM SHAJAa PUBOXIAHTHPUII —Oyiimua
xapakatinap crparerusicu Tyrpucuaa'tu dapmonumma, 2018 wmn 29 wHosOpma
V36ekncron PecnyGimukacn XyKyMaTH TOMOHHIAH dwon stwiran "2019-2021
finapia Y30eKicToHIa Ty3HIMATH HCIOXOTIAPHUHT aCOCH HyHAINIIIAPHHIHT
1nyn xaputacu'nga xamaa ymoy coxaaaru 0omka MebEPUN-XYKYKHIM XyxoKaTiap/aa
Oenrunanran Basu(adapHd amMaira OIIMPHINAA YOy TuUCCepTalus TaAKUKOTH
MyalsiH J1apakaja Xxu3maT KWJIaIu.

TagkuKOTHHHT Y36exucTon Pecmy6amkacm ¢aH Ba TeXHOJOTHSIAP
TAPAKKHETHHUHI YCTYBOP MYHAJUIUIAPUIa MOCJIUIU. /uccepranns TaqKUKOTH
V36exucton Pecriy6nukacu daH Ba TEXHONOTMANApH —pHBOXIAHHIM I,
«OHepreTrkKa, SHEPrus Ba PeCypc TEKAMKOPIUTH YCTYBOP MYHAIUITUTa MOBO(PHK
OakapuIras.

Juccepranus MaB3ycH OyiiM4ya XOPMKUI WIMHI TaAKHUKOT/IAP IIAPXU.
['paBUTallMOH  JMH3aJAaHUII XOAMCACHHUHI YMYMH TaJKUKOTH, XYCYCaH,
JUH3AJIAaHTaH KBa3apyap, yJIapHU Kali( ASTHUII, 3JEKTPOMArHUT HYPJIAHUIIHUHT
TypJu JAWana3oHIapuard Ky3aTyBH, Ky3aTyB MabIyMOTJIapUHU KalkTa MIUIAII Ba
VIApHUA TaxXJIWI 3TUII OyiiMYa KEHI KaMpOBIM WIMHHI TAaAKUKOT MIJIApU KaTop
€TaKyd WIMHI TaJKHUKOT MapKasjapu Ba OJMM VKYB IOpTIapuaa, XyMJajaH,
Mocksa naBnat yHuBepcuTeTuHUHT lllTepHOepr Homin ACTpOHOMHUS MHCTUTYTU
(Poccus), Actponomuss Mapkazu Ba  XeijenbOepr  YHUBEPCUTCTHUHHHT
AcTtpoHOMUK Xucobanuiap HHCTUTYTH, [loTcnam actpodusuka uHcTUTYTH, Makc
[Tnank >xamustTuHUHT Actpodusuka uHctutyT (['epmanus), Jlozanna ®denepan
[Tomurexnuka wmakTtabuHuUHT AcTpodusuka mnadbopatopuscuna (LlBeitapus),
JlapeM yHUBEpPCUTETHHUHT XucOOJall KOCMOJOTHUS HWHCTUTYTH, KeMOpumxk
yHUBEpCUTETUHUHT AcTpoHomusi uHcTuTyTH (bytok bpuranus), Bapimasa
YHUBEpCUTETUHUHI  AcTpoHOMUK  oOcepBatopusick  (Ilompma), Kocmuk
TaakuKoTap uHctutyt (Hunepnanmus), JIbexx YHUBEPCUTCTUHUHT acTpo(U3HKa
Ba reousuka unctutrytu (bensrus), Kocmuk dannap xankapo unctutytu (bepH,
Beitapust), bonutanrny KonHOT TaaAKMKOT Mapkas3u, TOKMO YHUBEPCUTETUHUHT
¢uzuka 6ymumu (Anonus), Anonus Muwmii acTpoHOMUK 00CEpBATOPHUSICUHUHT
Cyb6apy Teneckonu, KaHTaOpusi yHUBEpCUTETUHUHT 3aMOHaBUM Qu3uka OYaumu
(Ucnanus), XapbkoB MuWuiMii YHUBEPCUTETUHUHI ACTPOHOMHUSI HHCTHUTYTH,
VYkpauna dannap Mwuiid akageMUSCUHUHT paguopu3MKa Ba JJICKTPOHHUKA
uHcTUTYyTH (YKpamna), Kocmuk Tteneckon é&paamuaa KocMoc TaaKuKOTH
unctutytd (banrumop, AKI), V3P ®A  ActpoHoMus _MHCTHTYTH, MHup3o
ViyrGek Homuparn Y3z6ekucton Mummmii yauBepcuterd (Y36eKHCTOH)ma 0HO
OopuIMOK/a.
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['paBuUTalIMOH JNHMH3aJAHTaH KBa3apJlapHU TAJKUKOT STUII OViiMya KaxoH
MuKkEcuia Oup KaTop WIMHM HaTWKajlap OJIMHTaH, >ymuajnaH: Maresnian
BynyTnapu (oiay3mapuHUAHT Ky3aTyBH OpKalld KHYMK Maccaju HOJAY3Jap
KYPUHUIIMIATH KOPAaMTHP MOJAAHUHT OM3HMHI [amakTukamMuzgaru yiymu
aHUKJIaHTaH. MUKpOJIMH3aJaHUII TaXJIMIU XO3UPTU KyHJa MabiyMm OYIraH SHT
KUYUK dK30caiiépanapaan OMpUHM TOMUINTa UMKOH Oepau, OyHIaH 3ca maccacu
Hentynnukura sskun O6ynaran caiiépanap ra3CMMOH TMTaHTJIapra HUCOaTaH KYTPOK
TapKaJdrawinrua kenud uukanu (3appanap actpodusukacu mapkasu; Kamudopuus
yauBepcutety; Ilapmwk  actpodusuka uHcTUTYTH). Karra wmaiinonnapaa
raJaKTUKaJIap 3JUIMITUKIUTMHUHT CTaTUCTUK Tax,imiin KomHoTaarn MaccuB MMPUK
MacmTabd Ty3WJIMaJTapHU TOTAHW. Xa0OJI TelecKOmuaa HWKKUTA KYIMuiIaéTraH
raJlaKTUKAJapHUHT Ky3aTyBU XaM/1a JIMH3AJAHUII XAPUTAIAPUHA TY3UII KOPAMTHUP
MO1a OOPIUTUHUHT TYFPUIAH-TYFPU IMIUPUK UCOOTUHU TOMHILITA UMKOH Oepau
(Kanaga wHazapuii actpodpusuka HHCTUTYTH; KaBnu Homuaaru 3appainap
acTpopu3MKacu Ba KOCMOJIOTHUSI MHCTUTYTH). ['paBuTalluOH JWH3AIAPHU
CUCTEMATUK KHUIUpHUII Oyiinya KaTtop HOEO0 J[acTtypiap WuNUIA0 YWUKHWIIH,
CHEKTPOCKONIMK XaMmMJa ONTHK Ky3aryeiap opkaiu [JIKra Hom3ommap Ba
Ky3aTyBJlaH TACIUKJIAHTaH OOBEKTIap pPYHUXaTH JOUMO TYIAUPUO KETMHMOKIA
(SImoHmst MwWUMH  acTpoHOMHK —oOcepBaropusiciHuHr Cy0apy — TeecKomu;
KemOpumx yHHMBEpCUTETH acTpOHOMHS MHCTUTYTH; bBOHH yHHBepcuTeTH
Aprenanaep Homugaru actpoHomuss HHCTUTYTH). COSMOGRAIL ky3aryB
JACTypu JoMpacuaa KarTa XaXKMJa Ky3aTyB MabllyMOTJIapW KyJira KUPUTHITAH,
TAaCBUpJApHHU KalTa TUKJIANl YYyH camMapaid (OTOMEPUK YCYyJ UIUIA0 YUKWITaH
(JIozanna ®denepan [MomuTexHruka Maktadbu Actpodusuka jodoparopusicy; JIbex
VHHBEPCHTETHHHHT acTpO(3HKa Ba TeoGu3HKa HHCTUTYTH; Y3P DA AcTpoHOMHS
nHCTUTYTH). Ky3aTyB MabliyMOTIIapHU KailTa HILIAl Y4yH (DOTOMETPHK yCysuiap
Ba KOMIIBIOTEP JacTypiapu unuiad yukuirad (MockBa aBiiaT yHUBEPCUTETUHUHT
[repubepr HOMIM AcTpoHOoMus HWHCTUTYTH, Poccus; XapbkoB Mumuit
yHuBepcuTeTUHUHT AcTpoHomust UTU, Ykpauna).

JAyHéna Xo3upru malTaa TpaBUTAUMOH JIMH3AJIAHTaH KBa3apJapHUHT
Hazapui Ba Ky3aTyB TaJAKUKOTIapH Oyinua KyHuJaru ycTyBOp HyHaIMIIapia
u3nanunuiap o6 Oopuwimokma: GAIA, SDSS Ba Oomka MabilymoTiap
0asallapuHM CTATUCTHK, CHEKTpajdl Ba (POTOMETPUK TaxJIMIM AacOCHAa SIHTH
['JIKnmapau TONUILL, MHUKPOJMH3AJIAHUIL XOAUCAIAPUHU AHUKJIAII, KEUUKHII
BaKTUHMU ynyaml Ba Xa00n noumuiicuHu xucoOnami; KOMHOT Ba YHUHI HUpPHK
MacimTadiu OMpUKMaliapy MOJCIUIAPUHUA CUHAIIL, TaJlaKTUKa TYaaiapy MacCaCUHU
V4ain; rpaBUTAlMOH JIMH3AJIap MOJEIUIapuia HOAaHUKIMK Macaiacu xamja MaHOa
BAa3UATH Y3TapUIIMHUHT KEYMKHUII BAaKTUIa TabCUP JTHUII MyaMMOJApPUHU CYMII
(Hukaro ynuBepcutetd, Makc IlnaHk >xaMUSTUHUHT AcCTpou3UKa HHCTUTYTH;
bonutanruy KoMHOT TaAKMKOT MapKasu).

MyaMMOHMHI YPraHWITaHJIUK Japamacd. XO3Upru KyHAa SHIHU
TPaBUTAIIMOH JIMH3AJAHTaH KBa3apJlapHU KUJIUPHIL, Ym0y OOBEKTIApHUHT
MOHUTOPUHT Ky3aTyBiapuau onubd Oopum, SBS1520+530 Ba FBQO0951+2635
['NIKmapauHT (POTOMETPHUK TAIKHUKOTH, JIMH3AJIOBUM TaJlAaKTUKANIAP XYCYCHSITIApU
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TaJKUKOTH, YIIOy CHCTEMaJapHU MOJICIUTAIITUPHII, KEYHKHUIT BAKTHHN XUCOOJIAIII,
MUKpPOJIMH3AJaHUIIIHA ~ aHUKJIAll OwWiliaH JAYHEHUHT KYmiaad eTakud WIMUN
MapKa3JIapuHUHT ofuMiapu, MacanaH, poccusiuk (Bikmaev I., Sakhibullin N.),
ykpanHanuk (Shalyapin V., Zheleznyak A., Sergeev A.), amepukanuk (Burud I.,
Cohen J., Schechter P., Beuzit J.-L., Kochanek C.) 6enbrusiuk (P.Magain, Sluse
D.), meeitnapusuiuk (Courbin F., Dye S., Meylan G.), nanusiuk (Jacobson P.,
Hjorth J.) Ba Oomkanap myrymianumnaad. Ammo kypcatunrad I'JIKnap yuyH y30K
MyJJaTIM ONTUK Ky3aTyBjiap ojJu0 OopwiMmaraH Ba yHra MOC X0JiJIa Y30K BakT
OpaJIufujia MHUKPOJMH3AJIAHUIII  XOJAUCACHU YpraHWJIMaraH, YyJIapHUHT Ha
aMIUTATYJAacH, Ha JABOMUMIIUTH HOMabJIyM OYIraH.

Typt komnonentanu PG1115+080 Ba B1422+231 I'JIKnap iiyHanumuaaru
rajakTukagap TyJaajgapujaH pEeHTTeH OKHUMHUHU aHUKJIAIITUPUIL, YJIAPHUHT
nH(}paKu3uI Ky3aTyBJlapH Ba JIMH3aJI0BYH rajakTUKaJIapHUHT
NOJICTPYKTYpajJapyuHU aKpaTUO OJMI, YJIAPHUHT KU3WITa CHIDKUIIMHU TOIIMII,
H1413+1117 CHOEKTpUHUHT SMHUCCHUOH XYCYCHUSATIAPUHU TaxJIMJI OTUlI, Oy
CUCTEMAJIAPHUHT MOJIEJUIAPUHU TY3UIl MyaMMojapu OwiaH amepukanuk (Grant
C., Bautz M., Chartas G., Garmire G., Tonry J., Eracleous M., Dai X., Agol E.,
Gallagher S.), smonusuk (Chiba M., Minezaki T., Kashikawa N., Kataza H.),
oenbrusnuk (Hutsemekers D., B. Borguet) Ba Oomika onumiiap NIyFyJUIaHTaH.
AMmMmo Oynapra Kapamaid, Oy epaa kaig stwirand ['JIKnapHUHT y30K HHIUTHK ONTHK
Ky3aTyBjapu oJu0 OopuiaMaraH, KEUMKHUII BaKTJIApU Ba MHKPOJMH3AJIAHUIII
xapakTtepaapu oxuprada anukiaanmarad. H1413+117narun nuH3anoBYu KUCMHUHT
KU3WIra CUIDKUIINA Macajacu XaM ouMK Koyiub kenraH, B1422+231 sca yHaan xam
KaM ypraHuiiraH, YyHKU yHJa XaTTOKH MaBCYMHUH Ky3aTyBjap 0Ju0 OopuiMaras.

Kenr maiinonnapHUHr Keuukul BakTH Ba uHTerpawiam (KBU) pexxumuna
3€HUT Ky3aTyBJIApUJIaH OJIMHTAH pakaMJIM TaCBUPJIApPHUHT TaXJIUJIU, 3Ca YMyMaH
onraHjaa, OupuH4M 60op amanra omupuiIMokaa. CyroK KY3ryiu 36HUT TEJIECKOIHU
Kypuin Oyiindya ros kanamanuk onumiap (Hickson P., Borra E., Cabanac R.,
Content R., Gibson B.) TomoHuman Ttakiud KUTUHTAH 3aU, Oy JOMUXAHUHT
amangara Tatouku 3ca Oemsrusiuk (Surdej J., Swings J. -P., De Becker M.,
Delchambre L., Finet F.), xunguctonauk (Kumar B., Pradhan B., Sagar R.,
Pandey K., Anupama G.), mosbinanuk (Bartczak P.) actpoHomMiap TomMoHHIaH
amaJsira OmMpwiIau. AMMO yJIapHUHT UIUIapUa KeHI MalJOHJIap TaCBUPJIAPUHUHT
TaxJIWJIM Macajacu TYJIWK paBHIla o4ywiMmaraH sau. Ky3aTyB MabiaymoTiIapHU
acTpOMETPHUK Ba (POTOMETpUK KaMOpoBKaialiga KaHaKa OMUIIap TabCUP ATaju,
JIeTaH CaBoJI 11y BaKTraya »aBOOWHU TOIAa OJIMai KeJISIITH.

Juccepraums TAIKUKOTHHUHI JUcCcepTanus OakapwiraH MJIMMU-
TAAKMKOT Myaccacacu WIMHI-TAAKMKOT HWIUIAPH pexajapu OujiaH
OorsmMKaIMIu. [luccepranusi TaaKUKOTH V3P ®A ACTpOHOMUSI MHCTUTYTH Ba
V36exucron Muswmit YHUBEPCUTETH WIMHUN-TAAKUKOTIAp pexanapuHuHr DA-
O2-O058+061 «['paBUTalIMOH JIMH3aJIaAp, IIAK/UIAHAETraH TaJaKTUKalap Ba
acTpo(u3MK OOBEKTIAPHUHT yMyMIIAIraH Mojaeiapu Taakukotu» (2007-2011),
DA-EOD2-D03 «Pakamiu acTPOHOMHUK TACBUPIAPHHU KaiiTa TUKIAI (OTOMETPUK
JACTypUHM  WNUIA0  YMKUII ~ Ba  TpPaBUTANMOH JwmH3adanumma YHH
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sbpdextnapuanar  Taxymmm»y - (2010-2011), D2-OA-D029  «['paButarmion
JUH3aJIap, KOMIAKT acTpo(U3uK OOBEKTIapyu HOCTALIMOHAP JAUCKCUMOH TH3MJIap
buzuKacm» (2012-2016), BA-®OA-®-2-007 «Tanmanran rajJaKTuKa-
KBa3apJIapHUHT JIMH3AJIOBYM XYCYCHUSATIIADUHHU ONTUK JHANA30HJArd TaJIKUKOTH»
(2017-2018) mimMuii ofiuxanap qoupacuaa OakapuiraH.

TagKUKOTHHUHI MAaKCaaM TaHJAHTaH WKKM Ba TYPT KOMIIOHEHTaIU
IpaBUTAIIMOH JIMH3aIaHraH kBazapiapHunr [I3C-poromerpusicu Epmammuna
MUKPOJMH3AJAHUIIT Ba KEUUKHIN BakTH JPHEKTH KYPUHUIIHAATH XOJucajap
¢u3uKacMHM VpraHWIl XaMJa KEHT MalJIoHIap pakamiim TacBUPJIAPUHHU KailTa
MIUTAII QITOPUTMIIAPUHY UIUIA0 YUKUIIIAH HOOparT.

TagKuKoTHUHT Basudaiapu:

3Md  MaWIOHJIApAard HYKTaBUH MaHOQIApHUHT (HOTOMETPHUSICH YCYJIUHU
ANDIA0 YAKHIII;

Tangkuk KuiauHaérran [JIK JuH3aiaHran KOMIIOHEHTJApu Opacuiaru
KEUMKHUII  BaKTUHM Ba  CHUCTEMa  [apaMeTpiiapura  OOFJIaHMIILIApIard
KOHYHUSTIIADHUA aHUKJIAII;

H1413+117I'JIKnarn nTMH3aHAAT KU3WJITa CHJLKUIINHN aHUKJIaIII;

MukpoJiH3a1aHuII XoaucacuaaH MaHOa-KBa3apHUHT WYKH
y3rapyBUaHJIUTHUHU QXPaTUO OJUIN, YJIApHUHT MEXaHU3MJIADUHU aHUKJIAIIL,
MUKPOJIMH3AJaHUII JABOMUWIINTUHYA aHUKJIAII;

MUKPOJIMH3AJAHUIIT TYPJIAPUHU YJIAPHUHT KaJaUIMTU Ba JaBOMUMIIATUTA
OOFJUKJIMTUHU XUCOOTa OJITaH XOJJa aHWKJIalll, MUKPOJIMH3a MAaCCACUHUHT KyHU
yerapacuHu XucoOJIallr;

KBM pexumumarn pakamid TAacBUpJApHM KaWTa HILIAl  YCyJId Ba
AITOPUTMJIAPUHU MINUIA0 YMKHUIL, ACTPOHOMUK Ba (POTOMETPUK YadallIapHUHT
AQHUKJIUTUTA TabCUP KWJIYBUU OMUWIJIAPHU TaXJIHJT KUJTHIIIL.

TaaKUKOTHHHT 00bLeKTH cudaruaa TaHJIaHTaH SBS1520+530,
FBQO0951+560, PGI1115+080, HI413+117 Ba B1422+261 rpaBuTanuox
JIMH3aJaHTaH KBa3apiap OJUHIaH.

TaakukoTHuHT npeameTn 6ynu6 [13C-TacBupiapy KYpUHUIIUIATH Ky3aTyB
MaBIYMOTJIApH,  TAAKUK  KWIWHAETraH  OOBEKTIap  KOMIIOHEHTJIAPUHUHT
PaBIIAHJIMK dTpU YM3UKIapH, mry owmian oupra KBT pexxumuna xocusn KWIHMHTaH
TacBUpJap XUCOOIaHAIH.

TagKuKOTHUHI ycyJuiapu. Pakamim acTpOHOMHMK TacBHUpiapHU KauTa
WIUIAITHUHT  TaHUKIM ~ yCyJIJIapu, BaKT KaTropjiapu TaxXJWiId  YCyJUIapH,
MUHHUMAaJUIAIl YCyJUIapy, TPAaBUTAIIMOH JIMH3AJIAHTaH CUCTEMaJapHUHT MaTEMAaTHK
MOJIEJUTAPUHM TY3UI YCYJUIApH.

TagKUKOTHUHT MJIMHUI SIHTUJIMIM KyHuaaruiapaad uoopar:

kymanok FBQ 0951+2635 Ba SBS1520+530 TJIKnapga paBiiaHivk
V3rapuIIMHAHAT KaAJUTIIATH OYiinda (OHJIM Ba KywWId Xamja JTaBOMUNMIIUTHTA
Kapal y30K JaBpJy Ba KUCKA JaBPJIA UKKH TypAard MUKPOJIMH3AIAHUII CHH(IapH
AHUKJIaHTaH;

tarinanrad [JIKimap y4yH paBmIaHIMK Srpu 4YW3UKIApU XOCUJ KWIMHTAH
xamaa Typt kommnoHeHTan PGI1115+080, HI1413+117, B1422+231 T'JIKna
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KEUMKHUIII BAKTUHUHT SIHTY KUWMATJIapU aHUKJIAHTaH;

PG1115+080 I'JIKna A1/A2 oxum HucOatu HadakaT BakT Oyinya y3rapuim,
Ok (GUIBTPHUHT TYJIKUH Y3YHJIWUTUTa XaM OOFJMK SKaHJIUTW aHUKJIAH[IH,
JUH3aJIaHTaH KOMIOHEHTIapHUHT (V—I) paHr kypcaTkuuu xaM paBIIAHIUKKA, XaM
BaKTra OOFJIMKJIUTH KYpCaTUJITaH;

H1413+117 TJIKga xywiu MUKpOJWH3AJIaHUII Ba yHra cababum XHCM
Maccacl y4yH KylHu derapa KUAMAaTH TOMNWITaH XamJa I'PAaBUTALHOH JIMH3a YYyH
CUHTYJISIp M30TEPMHUK SJUTMICOUUIM SIHTM MOJENIb MIUIA0 YMKWITaH Ba YHUHT
KU3WITa CUIKUIIY aHUKJIAHTaH;

KEHI MaWJIOHJIAp TaCBUPJIAPUHUHT KOMIIBIOTEP/IA KAWTa MIIUIANI YCYJUIAPH Ba
anroputmiiapu unuiad yukumiaran xamaa KBUW pexumuaa 3eHAT Ky3aTyBiapu
JTaBOMUA OJTMHTAH TacBUpJapaa npereccus 3 (HexTrn aHuKIaHTaH.

TaagKMKOTHUHT aMaJIuii HATUKAJAPH Kyiuaaruiapaan noopar:

keunkuim BakTH KuiMatu [JIK Tu3umMHuMHr Oypuak KaTTanurura —
JUH3AJIaHTaH KOMITIOHEHTJIAp OpacHjiard Makcuman macodara Yu3UKIU OOFIHMK
SKAHJIUTH KYpCATUIITaH;

TaJKUKOT OOBEKTIapHia MUKPOJIUH3AIaHUII CUH(IJIApU aHUKJIAHTaH Ba YOy
XOJIMCAHUHT MexaHu3Miapu oun6d oepuiran: kymanok ['JIKnapna y3ox gaspmum, 10
WWIIaH OPTUK J1aBOM 3TAa€TraH MHKPOJWH3AIAHUII d()PEKTH TONMUITaH Xamia y
KHCKa JTaBpJIM MUKPOJIMH3AJIAHUII XOIUCATIAPU/IAH YCTYH KEJUIIN KYpCATUITaH;

3W4 MalIoHIapard HyKTaBuid TacBUpJapHU (POTOMETPUK KalTa UILIAIIHUHT
SIHTU YCYJIM TakJIu( KUJMHTaH;

dboTOMETPUK Xam/ia KEUUKHUII BaKTUHU Vadall XaTOJUKIApUHHM Oaxoall
YUYH SIHTM MYCTaKWJI yCyJilap Uiuiad YuKuiIraH,

Ooupunun O6op B1422+23 TJIKpa paBIIaHJIMK 3TPU YHU3UKJIAPU YW3HITAH
XamJia MaHOa-KBazap paBLIAHIUTUHUHT Y30K AaBpiH (6 WHUIIIaH OPTUK) Y3TapuIld
Ba MUKPOJIMH3AJIAHUIIl TAbCUPY AaHUKJIAHTaH;

TONUJITaH MUKPOJIMH3AJIaHUII XOAUCATIAPU TYPT KOMIOHEHTIN TU3UMIIapAaru
MUKpPOJIMH3AJaHUII yMyMHUH Tabuatura Ba ¥y3rapmac TaBcudra nsra Oynuiu
XAKHJIard TUIoTe3a TaCAUKIIAHTaH;

KeHI MAaWJOH TacBUpJApUHU KalTa WIUIAl aJIrOPUTMU  MEPUANAH
Ky3aTyBJapyaa OJMHIaH TACBUPJIAPHU TAXJIWJI 3THILIA KYJUIAHWIMOKAA,

CYHBUI PaBIIAHIIUK 3TPU YU3UKJIAPHU XOCUJI KWJIMII YIYH SIHTH YCYJT TaKJIU )
KUJIMHTaH.

Tagkukor HaTwkagapuHuHr umoHwmaurn II3C  tacBupnapunu
dboTOMETPUK KaliTa UIILIAI, BAKT KATOPJIAPUHU TaXJIMJI KAJTUII, KEUUKUIT BAKTUHU
XucoOJiall, MHUKPOJMH3AJAHUII  XOAWUCACUHM  aHUKJIAll Ba T'PaBUTAIMOH
JIMH3AJIAHTaH TU3UMJIAPHU MOJICJUIAIITUPUITHUHT 3aMOHABUM Ba SIXIIW TaBCHUA
ATUJITaH yCYJUIAPUHUHT KYJUTAaHTaHJIUTU OWJIaH W30XJIaHA U,

TaagKUKOT HATHKAJAPUHMHI WIMHMH Ba aMaJimil axamMMsITH. TaIKAKOT
HATIKAJIADUHUHT WJIMHK axaMUsATH, aBBajamOop, Taakuk KwmHaétran I'JIKmap
Oyiinua OJMMHTAaH Ky3aTyB MabJIyMOTJIapu OwiaH OaxonaHaau, KaWCUKH MabHOJA
ymap ['JIKnmap xakunara MaBxy1 OMIMMIIApHU CE3HWIIapIIH apakaaa TYIIUpaIn Ba
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KeNakakaa yHHM siHajga Tyianupud Oopuiuga Ba Oomka [JIKmapam mykamman
TaJKUK KWJIUIIIa acoc OYiaau.

TaaKkMKOT HaTWXKaJapUHUHT aMajuil axaMuATh 3ca KyWujarwiap OujiaH
M30XJIaHaau: Ou3 Takaud OSTraH HyKTaHMHT &immmm  dyHkimsacu (HED)uu
aZanTUB MOCJIAIITUPUILN (POTOMETPUK YCYJIU TeJeCKOIIapaa Ky3aTyB BaKTJIApUHU
Texarira épaam O6epaau, YyHKH ymoy ycyl (pokyciaHMaral TacBUpiiap OuiaH Xam
unuiaiau. Yura ['JIK ydyyH OW3 TomraH KEUMKHUII BakKTU KUHMaTiIapu Yoy
TU3UMJIapJa KeJaXkak/J1a MHUKPOJMH3AJAHUIIHU aHUKJIAIIHU CHTWLIAIITHPAIH.
KBU pexumuaarn KEHI MaiJIoHJap TacBHpJApUHM KaWTa MWIUIAIl y4yyH OW3
TOMOH/IaH MIUTa0 YUKWJTaH yCyl Ba anropurmiap 6esocuta 4-mILMT noiinxacu
nompacuna KymraHmnand. Harmxamap Y3MVY  AcCTpoOHOMHS —#yHAJIMIIHMHUHT
Kyluaaru Maxcyc Kypciuapura kuputuiran: «Ksasapiap Ba ¢aoin ragakTHKazapy,
«KocMmoronuss myammonapu»  OakanaBpuarypa y4yH Ba  «l'paBUTaniuoH
JUH3ANAaHUI  Qu3MKacuy, «ACTPOHOMHMK TacBUpPJIApHM  KalTa  MILIAND)
MarucTparypa y4yH.

TagKuKOT HATHKAJAPUHUHT KOPUN KWIMHMINM. TaHJIaHTaH WKKA Ba
TYPT KOMIIOHEHTAJIHA IpaBUTALIMOH JIMH3aJIaHT aH KBa3apJIApHUHT
MUKPOJIMH3AJaHUII Ba KEYUKUII BaKTH 3(PdeKkTH KYpUHUIIUAATH XOoJaucaliap
bu3MKacMHU VpraHuin xamja KEHI MalJIoHJIap pakamiid TAacBUpPJIAPUHU KaiTa
UIIIAII AITOPUTMIIAPUHU UIILIA0 YUKHUII ACOCUIA:

FBQ 0951+2635 Ba SBS1520+530 I'JIKmapmaru MHUKpOJWH3AIAHUITHUHT
JABOMMIINTA Ba TaOMATMHU TAAKUK OTUII JaBOMHUJA OJIMHTAH HATIKalap
XanKapo uiaMuUM okypHaiuiapaa  (Astronomy&Astrophysics, 2018, 2012a,b;
Monthly  Notices of the Royal Astronomical Society, 2013;
Astronomy&Astrophysics Supplement Series, 2011; Astrophysics Journal, 2010)
Ba GLENDAMA noiinxacu goupacuia Ky4wid TPaBUTAlMOH JIMH3aIap MOJIeIUIapu
TaxJIMJIMIa Ba KOCMOJIOTHK TapamMeTpiIiapHu Xxucobmamaa ¢poigamanuirad. amui
HATWOKAJIAPHUHT KYJUTAHWJIUIIKM JIMH3AJIaHTaH KBa3apyap Oyiinya KeHT KaMpOBIIU
MabJIyMOTJIap 0a3acMHU MAKIUIAaHTHpUII Xamaa Oomka Kymanok ['JIKmapaa y3ok
JABPJIM MUKPOJIUH3AJIAHUII XOAUCATIAPUHHN TOMHIII UMKOHUHH O€praH;

PG1115+080 TIJIK snuH3anaHraH KOMIIOHEHTJIApU OpacHUard KEUYUKHUII
BaKTUHUHT Maiinanak oOcepBaTopuscuia o0 OOpuiIraH MOHUTOPUHTH acoCHja
OJIMHTAaH SHTM KUHUMaTIapu Xalkapo >kypHawiapaa (Astronomy & Astrophysics,
2018, 2013; Monthly Notices of the Royal Astronomical Society, 2016; The
Astrophysics Journal Supplement Series, 2015; Astronomical Reports, 2015) ymOy
cucTeMaJa KEYMKUII BaKTJIapUHM KailiTa xucoOjanuiapaa Ba Oy KaTTaJIMKHU
MUKPOJIMH3AJIAHUIIT XOJIATH YYyH TOMNUINTa MYJDKaJUIaHTaH SIHTM YCYJHU HIILIa0
yukuinga Qoiinananwirad. Mnmuil HaTwKagapHUHT KYJUTAHUIUIIN Ky3aTUII VKA
Oyi1ad nmunH3anap arpoduary MyXUTHUHT TY3WIHIIUHU YpraHuiira Xxamaa HHpuK
MacmTabyid Ty3WIMAJIApPHUHT JIMH3aJap CTATUCTUKACUTA Ba yiap mapaMeTpiapura
TabCUPHUHM SIXITUPOK TYITYHHINTAa UMKOH OepraH;

PG1115+080 TJIKgarm JnuH3alaHraH KOMIIOHEHTJIADHUHT PaBIIAHIUTH
VY3rapuimmHUHAT Tax i Ba A1/A2 EpKUH KOMITOHEHTAArd MHUKPOJWH3AIAHUIITHU
Vpranuin Hatwxkaizapu xankapo xypHamiapga (Monthly Notices of the Royal
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Astronomical Society, 2016, 2018; Astronomy & Astrophysics, 2015, 2018; The
Astrophysics Journal, 2016; Astronomical Reports, 2015) MuxposvH3aIaHUII
3¢p(PexTHHN TAAKWUK OTUINJA KEYMKUII BaKTH KUWMatrjiapura acocIaHu0
MUKPOJIMH3AJIaHUII XapUTaTapuHUA TY3UIIra MYJKaJUIAaHTaH SHCH YCYJIHU MIIIa0
yukuiaa  doiganaHuwirad. Mnmuil  HaTWKaJIapHUHT  KYJUTAHWIMIIN ~ Xa00u
JOMMHICUHY SIHTUJIaH XUcoOall Xxama y30K MaHOaJapHUHT HYKTaBUW Ba Kyjam
MoJJ1ajiap TOMOHUJAH MUKPOJIMH3AJIaHUII OUJiaH FaJla€HJIaHTaH PaBIIAHINK STPU
YU3UKJIAPUHU CTATUCTUK TaXJIWJI 3TUILl UMKOHUHU OepraH;

H1413+117 xOMIOHEHTJIIap  paBIIAHIMKIAPH  Y3rapyBUYaHJIUTUHUHT
KEUHUKUII BaKTIAPUHU XUCOOAII, KyWId MUKPOJIMH3AIAHUII XOUCACHHN TOIIHIII,
JUH3AJIOBYM JKUCMHHUHT KH3WITA CHIDKUIIUHU XucoOnam OViimda Ou3 yTKa3raH
TAIKUKOT HATIKAJIapH XalKapo *xkypHauiapaa (Astronomy & Astrophysics, 2018;
Astronomy & Astrophysics, 2018; 2018arXiv 181002624W; Nature, 2018)
IPaBUTAIIMOH JIMH3AJAp MOJIeJUIApUIary HOAHUKJIMKIAPHUM Ba MaHOAa Ba3UsITH
Y3rapuIlIMHUHT KEYUKHII BaKTiapura TabcupuHu Oaxonamiia, GRAL113100-
441959 sHrM TpaBUTALMOH JIMH3AJaHTaH CUCTEMa JSKAHJIMTUHU CHEKTPOCKOIHK
TacAWKIAllla Ba YHIAArd KEUMKUII BAKTMHHU MOJENb €paaMuaa MPOTrHO3JAILIA
doitnananunrad. UnMuil HaTWKaTapHUHT KYJUIAHUIIW MIUMOJIMK SpUM IIapJaru
ONTUK EpKUH JIMH3AJIaHTaH KBazapiiap OViimya sHTM MabiIyMoTiap Oa3acura
KUPUTHIITaH XaM/a Y36eKHCTOH 1A 3aMOHABHH aCTPOHOMHSIHUHT XOJATHHHU TaXJIHII
ATUIIra UMKOH Oepras;

KEHI' MaiJIOHJIap TacBUPJIAPUHM KailTa uuuiam Oyinya WIuiad 4MKWAJITaH
ycyn Ba amroputmiap 4-m ILMT xamkapo Ky3aTyB joMuxacw aoupacuia
kymtanwirad  («Universite  de Liege»nunr 2019 imn 15  suBapaaru
MabllyMOTHOMAacH). Mnmuil HaTWKalapHUHT KYJUITAHWIMIIK KEHT MaljoHIap
TaCBUpJapUHM  KalTa  Mmmam  Oyidnya  JacTypiap  KeTMa-KeTJIMITHMHU
MIAKJUTAHTUPUIIT Ba KOCMUK MYCOpP OOBEKTIIAPUHU TOTUIII UMKOHUHH OepraH.

TagKuKoT HATWKAJAPDUHMHI  anpodamusick.  Maskyp  TaJIKUKOT
HaTWXKamapu 23 Ta XaJkapo Ba pecryOsivka WIMHH-aMaluid amKyMmaHiIapaa
MyXOKaMaJlaH YTKa3uJraH.

TagKuKOT HATWKAJAPDUHMHI JbJOH KWIMHraHJauru. Jluccepramus
MaB3ycu Oyiinya xamu 34 Ta WIMHIA U HAIIP KWJIWHTAH, ITyJapaaH, V36exucTon
Pecniy6nukacu Onuii aTTecTanusi KOMUCCHSCUHUHT JTIOKTOPJIMK AUCCEPTALMSIIAPU
acoCUl WIMHM HaTH KaJapyHU YOIl 3THUIL TaBCUS dTUJITAaH MIMUK Hamprapaa 11 ta
MakoJa, mynapjaaH, 6 TaCu XOpUKUN )KypHAIUIAp/1a HAIIP KAJIWHTaH.

JluccepTauMsiIHUHT TY3WINIIK Ba Xaxkmu. Jluccepranus kupwuii, 5 ta 600,
XyJioca Ba amabuérnap pyuxatugan ubopat. JuccepTallUsSHUHT YMYMHUH XamMU
188 OeTHM TaAIIKWII dTagu.

JTUCCEPTALIUSIHUHT ACOCHUI MAZMYHHU

JluccepTalsiHUHT KMPUII KUCMHUJA TAAKUKOTHUHT JIOJ3apOjurd  Ba
3apypauru  acocnabd OepwiraH, Makcaad Ba Basudamapu TaBcU(IAHTaH,
TaIKUKOTHUHT OOBEKTH, MPEIMETH Ba yCyJUlapu KypcaTWiraH, TaIKUKOTHUHT
WIMUN SIHTUJIUTH Ba OJIMHTaH HATWOKAJTAPHUHT WINIOHWIMINTH ACOCJIaHTaH,
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yJIapHUHT Ha3apuil Ba amMaluil axamMusTH 04u0O OepuiiraH, TaJKUKOT HaTHKalapu
Ba JUCCEPTALMS TY3WINAIIN OCpUIIraH.

Hucceprauusauar “T'paBuranmon jgun3ajganran ksasap (I'JIK)aapaa
MHUKPOJIMH3AJAHUII Ba KeUYNKHUII BaKTJapu”~ 1e0 HOMIIAaHTaH OupuHYu 600112
JUCCEpTalMsl MaB3ycu Oyinya WILIAp XakKuJla yMyMHH MabilymoTiap Oepuiira,
IrPaBUTALIMOH JIMH3AJIAHUII XOAMCACH, MUKPOJWH3AJIaHUII, KEYUKHII BaKTH,
doiinananuiaran Kypuiama, Iy OuiaH Oup KaTopAa, OJMHTAH TAacBUPJIAPHUHT
Ky3aTyB Ba (poToMeTpuKk KaiTa uuuiam ycyiapu Eputud Oepunran. bupunum
naparpada TpaBUTALMOH JMH3ATAHUII HA3apUSCHHUHT acoCliapd Ba YHHHT
oNAuIa TypraH Basudanap KeITUPWITaH, MUKPOJIMH3AIAHUII XOAUCACU EPUTHO
6epwiran. Mkkunun naparpad ['JIKnapnaru keyukuin BakTd MyaMMoOJIapd Ba YHH
xucoOjam ycyjapura OaruIUIaHTaH. XO3MPrH KyHAa HUIIOH4IM Tap3ga 150ra
aKuH Kappanu tacBupiau ['JIKmap Omsra mabiaym. Ymapnan ¢akar 29tacu y4uyH
Ky3aTyBJlaH KEUMKHUII BaKTH KUWMaTh MabilyMm. YOy oObektinap Oyinua
MabIyMOTJIAp TaxXJIMWJIA UIYHH KYpCATAMKW, KEUMKUII BaKTH KaTTaJIUKIapU
TU3UMIIAPHUHT Oypuak Yymyamura 4yusukiu Oofimuk (1-pacm). Kewukwuin BakTu
OWIaH TU3UMHUHT OOIIKa MapameTpiiapH, SbHU KapPaIWIMK Ba KU3WITA CHUIDKHII
opacuja O0IIKa CUCTEMATUK KOHYHHUSTIIAP TOMUIIMAraH.
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@ |
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2200 froreos | ya4aMu Ba yJApHUHI KEYHMKUII
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5 10 15 20

byp4ak ynuamm (")

Yuunun  maparpapga [JIKmap  II3C-poTOoMeTpusickHUHr  Ky3aTyB
KUXaTiapu E€puTUiIad Ba TAAKUKOT OOBEKTIAPUHUHI TaHJIAHUIIM aCOCIaHaH.
Ymby nmHuHT Makcaau Maiinanak oocepBatopuscuaa katop ['JIKnapHuHr onTuk
KYIl paHIIM Ky3aTyBJIapu Ba OJIMHTAH MabJIyMOTJIApHU (POTOMETPUK KaiTa
UIJIANIapHA 0JIMO OOpHUII OpKalIM MHUKPOJIMH3AJAHUILI XOIMCACH Ba KEUUMKHUII
BakTu d(dexktnHN VYpranumgaH wubopar. by Hartwkamap Ousra Kyiugaru
MacaiajapHy euuniia épaaMm Oepaau: Ky3aTyB MabIyMOTJIapu OaHKWHU SPaTHIL;
kysarmwnaérran [JIKmap kommoHeHTHapuHM (QOTOMETPHK KalTa WIIUIAI;
MUKPOJIMH3AJIAHUII XOJUCACHM aHUKJIAIl Ba KEUMKHUII BAaKTUHU XHUCOOJAIl YUyH
XOCWJI KWJIMHTaH PaBIIAHIUK STPU YU3UFUHU TaXJIWJI Ba TAJIKUH KWJIUIIL.

Ky3aTyB oObeKkTIapuHM TaHJall ydyyH OMp HeE4a ME30HJIap KUPUTHIIIU:
KypuHHII mapTh 6yiinaa —10° < § < +70°; xomnonenTnap opacumgaru macoda > 1"
Ba oOwbekTnap paBmanauru 19" —20M maH paBmaHpok OYIuIIM Kepak. Taakuk
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KuiaaéTradn o0beKTIapuMu3 ymly mapTiapHu kKaHoarTiaantupaau. [JIKmaprHunar
myBad(PakuATIN Ky3aTyBU YUYYH Kamuja yyTa IIapT OakapuiulM 3apyp: a)
oOcepBaropusi KyJa SXIIA aCTPOUKIMM Japa)kacura sra Oyiauimm; 0) Teneckomn
eTapiii Japaxaja Karra AuaMeTplid Ky3ryra sra OYIuIM; B) KypHUJIMAaHHHT
EpyFiMKKa ce3rupaurd cudarau Oynuimy kKepak. YmoOy mapmiapHu Maiiganak
actpousuk obcepparopusicu (MAQO) Ba yHMHT acocuil 1.5-MeTpiu TelecKonu
A3T-22 Tynuk kKaHoarTiaHTUpaau. Maskyp Teneckon MNpopecCuoHall 3apsiaiiv
amoka kKypwima (3AK) BroCam (SITe ST-005A) — kaOyn Kuiarud OwWiiaH
Kyposuianrad. bynman tamkapu, ymoOy kamepa JKoncon-KysuHc ¢oromerpuk
ti3umura Moc kemamurad UBVRI  mwmma  gunerpinapu  Tymiamu  Owian
wuxo3nanrad. busnunr wumwmmu3 A3T-22  teneckomu Eppamuna  MAOna
['JIKnapuun  myBapakuaTam  MOHUTOPHHI  Ky3aTyBUHH  Onub  OopwHil
MYMKUHJIUTUHU ucOoTnaauran anoxuna [JIKmapHunr aBBan Oakapuiiran
Ky3aTyBJIApUHUHT XaKUKUW JaBOMU XucoOnaHaau. TypTtuHuu mnaparpadia
IPAaBUTAIIMOH JIMH3AJIAHUIIHUHT KOCMOJIOTMK TaTOWKM Kapanaau. bemmHun
naparpadaa ['JIK pakamiu tacBupiapHH KaiTa HILIANI yCyJulapyu OuiaaH OOFIHK
MyaMMOJap MyXOKamMa KWINHAIH.

JlucceprauustHUHT UKKUHYU 600u “KymaJjok I'JIKaapnaa
MHUKPOJIMH3AJIAHUII Y3rapyBYaAHJINIHN: KACKA TaBPJIHM XOAUCAIAPMH €KH Y30K
naBpju paykryanusaapmu?” n1e6 nomnanu6, FBQ0951+2635 Ba SBS1520+530
INIKnapugaru MUKpOJIWH3ATAHUII TAAKUKOTHTa OaFWIlJIaHTaH, yHAA KYIIaJloK
TH3uMIapaa Oy JkapaCHHUHT JTaBOMUWJIMTM MyaMMOCH Xal  KWJIMHA[U.
FBQO0951+2635 TI'JIK ku3unra cumkuiu Zq=1.246 OynraH MKKWIAHTaH KBas3ap
0ymmO, y 2,=0.261m ranaktuka Ownan nun3anaHagu. FBQO951+2635uunr aBBanru
ONTHUK TAAKUKOTIApU KOMIIOHEHTJIAp OPACUJIard KEUUKUII BAKTUHU Ba MaHOAHUHT
Y3rapyBYaHJIUTUHU YpraHuiira HWMKOH Oeprad. KomrmoHeHTIap opacuaaru
KEUMKHIII BaKTM TaXMHMHAH WKKU XadTrara TEHT HJKaH Ba KOMIIOHEHTJIApHHUHT
Bapuanusicu (y3rapuiiu) aHuk KypuHuO Ttyprad. Illy Ouman Oupra, MyMKUH
o6ynran mukposmHzananuil rpagueHty ~0.0001™/kyH skaHINTHU Ba aMIUTUTYIACH ~
0.05™ xamma xapakTepiud BakTH OHWp Heua o#ra TEHr OYJIraH >XTHUMOJUIN
y3rapyBUaHJIMK Tonwiau. Tamku  ¢uayKkTyanusuiap MaHOa-KBazap TOMOHHIAH
OeBocHTa 03ara KeliMaii, JIMH3a-TaJlakKTHKa JIOUPACUJIaTH Y3ITyKIU 00BEKTIAPHUHT
MUKPOJIMH3aJaHUIIUTa TaaJUTyKJIUIHP.

Maitganakna onuarad tacsupiapaa FBQ 0951 + 2635 T'JIK kBazapHuHT
HMKKHATA MaBXyM TacBHUp XamJia >KyJa Ky4dcCH3 JIMH3aJIOBYM TaJlaKTUKaJaH uOopar.
JIuH3anoBUM TaJlakTUKa XaJaH Tamkapu xupa Ba R - dunbrpaaru tacBupiapaa
KypuHMaiiau, 0y 3ca ¢poToMeTpus mMacalacuHHU aHya eHrwuiamTupand. lynnai
KWIKO, TU3UM UKKHU FOJIIy3 IIAKIUAa TaCBUPJIAHTaH.

buznunar 2001 iun anpens ovunan 2006 iun mait oiturava O6ynaraH gaBpjia
MAO o6cepBaTtopusicua o110 Gopran OUp TEKUC, y3IyKCHU3 Ky3aTyB HaTHKajlapu
R-bunstpunaru 190 ta cypatnan ubopar 6ynubd, ymap 37 Ta Typiau Kedajnapnaa
omuarad. FBQ 0951 + 2635 I'JIK ¢gotomerpusicu naBomuia 6u3 xap Oup TacBup
yuyH ainoxupa A, B komnoneHtnapHuHr, S1 Ba S3  rosay3napHHUHT
MarHuTyJlaJapuHy, IMIYHUHTACK, Mg - Ma aliupManapuan oiauk. Keiun xap oup
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Ky3aTyB K€4YacH y4yH ymOy KaTTAIMKHUHI ypTadya KMHMaTh XHCOOIaHUO, ymapra
MOC YpTaua KBaJIpaTHK XaTOJMKIIAP KyJra KUpUTHIIH (2-pacMm).

3-pacmzia MabIyM 16 KyHJIUK KSYMKHII BaKTHHH XHCOOTa OJITaH XOJiIa Ba
MarHuTyga Oyiimua -1.246"ra (B Ba A »orpw 4YM3UKIApHUHT BakT Oyinua
CWUDKWUTAHJIApU  OpacuJard  IOJAy3 KaTTAIMKIAPUHUHT  yprada  (apku)
CIUDKUTHWIITAH PaBIIAHIUK ATPU YU3UKIApH KypcatuinraH. Kypub TypraHuMusiex,
ATPU YHM3WKJIAp OWp-Oupu OujaH SXIIM MOC KeJaaW, ShHU yJIApHUHT WKKaIacu
Oup-Oupw OmiaH ycTMa-ycT TYIIyBYHM aaBpiapaa mociamand. lyauar yays 6u3
Oy epaa KuCKa JaBpiu MUKPOJHMH3AIAHWINT WYKJIUTUHU €KW CE3UIMACIUTHHU
TabKUUTAUMU3 MyMKHH. OKUMJIap HHUCOATH KEUMKUII BAaKTHHH XHCOOTa OJraH
xonna A/B =3.15 £ 0.05ra teHr.
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2-pacm. FBQ 0951+2635HuHr 3-pacM. A KOMIIOHEHTH Xamja BaKT Ba
paBIIAHJIUK arpu YU3HUKJIApU. PaBIIAHIUTH OViWYa CHIDKUTaH B HUHT
IOxopunan mactra — A Ba B paBmaHIMK 3rpu YM3UKIAPH.

KOMIIOHEHTJIapH, ITYHUHTICK, TasHY
I0JITY3.

ABBairn Taxiaun FBQO0951+2635 o00beKTH ONTHK OHMana3oHAa TallKH
y3rapyBYaHJIMK MaBXyMJIATHHU Kypcarnau. Ksasapuunr wkkama A Ba B
KOMIOHEHTH TaJaKTUKAHUHT MKKU XWJI KUCMUHU KecuO YTaau, NIyHUHT Y4YyH
TapKOK OOBEKTIAPHUHT TAKCUMOTH OMUTTACUHUHT €KUM Xap UKKAJIACMHUHT OKUMUTa
TabCUP KWJIUIIM MYMKHH, Oy 3ca TalllKy Yy3rapyBUYaHJIMKKa OJIUO Kenau. Yoy
MUKPOJIMH3aJaHUII TUIIOTe3acl B KOMIOHEHTH X0NuAa KYNpPOK 3XTUMOJIra SIKHH,
YYHKH YHUHT OKMMU TJIAKTUKAaHUHT MapKa3Hil COXaCMHU KecuO yTau.

buz R-punbrpaarn mabiaymoTiapumu3au Ba SDSS apXxuBumaH oJuHTaH 1-
Ba R -coxamapmarm Oup HedTa KymmMmua CypaTJiapHU TaxJwil KWiauk. OKuM
Oyiinua TYIUIaHTaH MabIyYMOTJIAp MHUKPO-JMH3AJAHUIIHUHT  Y30K JIaBpJu
bayKkTyanusCuHM KypcaTaau Ba IIyHAall KO, y30K JaBpid TpaJveHTIIAp,
HXTUMOJI, MHUKPOJWH3AJIAHUII HATW)KACHAAa KenmuOd YHKaIuTaH Y3rapuiniapaa
YCTYHJIMK Kuiaau (4-pacm).
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4-pacm. Ontuk guanazonga FBQ 0951+2635 TJIK kommoHeHTIapu
opacuJary OKMMJIap HUCOATHHUHT BaKT JaBOMUA Y3TapHIIIH.

A/B nucoar 2003-2004 itwmnap MobaiiHHIa YCHIII CypbhaTiapura sra 0yica-naa,
2004 #iun oxupumgaH Oomwiad HucOataH Oapkapop OYViauO koimokaa. |
GUIBTpUAATH KYIIMMYa MabIyMOTIap KBa3WCTAI[MOHAP XOJATHU TaCAUKJIANIu.
Mynunaraex, 6uz SBS 15204530 mkkuimaHraH KBa3ap/a MHUKPOIHH3ATAHUITHHHT
Y30K JaBpJIM Y3TapUILIAPUHU TOIIUK.

2003 2004 2005 2006 2007 2008
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S5-pacm. SBS 1520+530I'JIKuuarA Ba B KOMIOHEHTJIapU paBIIAHIUK ATPU
YU3UKJIApH.

R-band magniude

SBS1520+530 nHucOaTaH xupa KOMITAKT OOBEKT OYiHO, y KBa3apHUHT HKKH
HYKTaBUM KOMIIOHEHTHJAH Tamkuia Ttonrad. Portomerpus kapaéuuga Ou3z B
KOMIIOHEHT SKMHUIArd JIMH3AJOBYM TaJlaKTUKara 3bTUOOp OepMaIuK, YyHKH Y
Kyaa Xupa Ba KaOys1 KWJIyBYM KypwIMaMu3 YHM Kaiig KwiMmaau. Hartwmkama 6us
SBS1520+530 I'JIKHuHr A Ba B KOMNOHEHTIAQpUHUHT pPABUIAHIUK 3TPHU
YU3UKJIAPUHU Kynra KUpUTaukK. KBazapHUHT MKKaia KOMIOHEHTH TaxMuHaH 100
KYHJIUK BaKT JaBOMHJA KHYHMK aMmrmutynamd Am = 0.1" y3rapyBuaHIuK
MaBXYJJIMTUHU KypcaTau. JIMH3amaHran TacBUpiapra TeTUILIN PaBIIAHIUK ATPU
YU3UKJIAPHUHT YMyMUH VXIIAIUIUTA MaHOa-KBa3ap paBIIAHJIUTHHUHT acTa-CEeKUH
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Kamaitn6 Oopumm Ounan OormuK (5-pacM). By cucremamarm KE4YWKHWINT BaKTH
kuitmatu 13043 kyH n1e6 Tonuiras.
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Burud et al. 2002
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6-pacm. Keunknm BakTuHH XucoOra osraH Xoiama SBS1520+530 I'JIKawar
PAaBIIAHJIMK TP YU3HUKJIIAPH.
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Burud et al. 2002 y |
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7-pacM. A Ba B KOMITOHEHTIApHUHT I0J/Ty3 KaTTAJIUTX Opacusiaru Gapk.

6-pacmma A Ba B kxommoHeHTmapHUHT OuTTa rpadukana paBUIAHIUK JTPH
YU3UKJIapu KypcaTtwirad, 0y epaa B komnonenTu 130 KyH KEUUKHII BAKTHUHUHT
KWIIMaTH KaJap 4an TOMOHTa Ba MarHutyzaa oOyinda -0.83™ ra rokopura cypuiras.
Ty3unma 3rpu yu3MK Karra OYHuiMKiapra sra smac. ['paduknan KypuHUO
TypuOauku, kBazap xap Oupu TtaxmuuHaH 100-500 kyH naBoM »TaauraH Ba
paBIIaHIMKHUHT Kn9uK Am =~ (0.1-0.2)™ Bapuanusicura sra OYJIraH y4ra X0JIaTHH
OomnmaH  Keuupaaud.  7-pacMpa  OM3HUHT  Ky3aTyB  MabIyMOTJIApUMH3
OJIIMHTWIIapUra JKyJa MOC KEJIWIIW KypcaTWIraH Ba y30K WHUIap JaBOMHMJIA
Y3IYKCU3 MHUKPOJMH3ATAHUII >KapaéHUHM KypcaTaJuraH YU3UKIW OOFJIaHUIIHU
KypCaTMOK/a.
JlucceprauustHUHT “TYpTKOMIOHEHTIN JIMH3aJaHT'aH KBaszapJiap
PG1115+080 Ba B1422+231: paBmIaHJMK 3TPU YM3UKJIAPH y3rapyBYAHJIUTH
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Ba KeYMKHMII BakTjJapu”’ 1e0 HOMJIaHTaH y4YMHYH O000M TYpPT KOMIIOHEHTIH
PG1115+080 Ba B1422+231 I'JIKnapuHUHT TaAKUKOTHIa OaFuIUIaHTaH. TypT
komrnoneHTnin  ['JIK  Ba  xycycan, PGI1115+080, wmabiymMKn, HMKKH
KOMITOHEHTJIWJIapra HUcOaTtaH, Xa00 JoMMuicH KHHMAaTHHU aHUKJIAlll YYyH aH4a
Kynaaup. YyHkH, KaTTa XaKMJard Ky3aTyB MabiIyMOTJIapyuHU Oepaau Ba IIyHra
MOC paBHIIJIa MOJAEIUIAIITUPUIIAA (PU3UK MABHOJIU YEKJIOBIAPHU TabMHHIIAWIH.
Kuswira cwokunm Zg=1.722 6ynran PG1115+080 wmanOa-kBazap Kuzuira
cwoknn Zg=0.31 Oynran ranaktuka OwiaH JMH3anaHaad, OyHaa Al Ba A2
TacBUpJIapu Oup-Oupura xyna sSKuH >koinamrad. by yopak acpaan KYnpok BakT
onauH Kamid stunrad ukkuaun [JIKamp.

PG1115 + 080 xy3aryBmapu Maiiganak oOcepBaTOpusiCUHUHT 1.5 M
Tejneckonuaa amaira owmupwigu. TacBupimap xap kedana R ¢unetpuaa 2pan
10raraua Ba V xamaa | punbtprnapuna 2nan 6raraya Oyiaran cypatiap TyrjiaMuia
onuurad. Cunr "0.75 gan" 1.3" ra y3rapud Typran. ®@OTOMETpPUK KaTTaJIUKIap
TaXJIMJIM  VJI4all XaTOJapUHUHT CHHITA Kywid OOFIMKIUTUHUA KYpcaTMaiy,
npoduiHuHr spuM KeHrnuru 1.3" maH omraH cypatiap OyHIaH MYCTacHO.
doToMeTpUK KaWTa UIUIANLIAp OpKadu Ou3 §-pacMmiard paBHIAHIMK ATpU
YU3UKJIAPUHU YU3aMU3.
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8-pacm. PG 1115+080  TJIK 9-pacm. buzHuHT dboTomeTpus
KOMITOHEHTJIAPUHHUHT PaBIIAHJIMK 3TPU HaTwkamapumus €pmammma C-Al, C-

YU3UKJIAPH. A2, B-C Ba A2-Al paBmaHgukiap
alpMalTapuHUHT  BakKT  JaBOMHJIA
y3rapumm.

Ym0y paBIIaHIUK 3TPU YU3HUKJIAPU acocujia OM3 KOMIIOHEHTJAPHUHT y4Ta
KY(QTIMIU OpacHIard KEUMKUII BAKTMHUHT Atgy = 4.4732 kynm, Atac = 12.0155
KyH Ba Atgc= 16,4737 kyH KuiiMaTiapuHU KyJIra KHPUTIUK.

Jlekun arap Oy epaa MUKpOJIMH3aTaHUII OOp Oyica, KOMIOHEHTJIAPHUHT
paHryiapy BakT AaBOMHJAA y3rapaJuMH Ba OW3 WIrapu TOINraH KEYMKUII BaKTU
KuiiMaTiaapu Xa001 JouMuiicuHu Oaxoiaiija KaHjaad TabCcup Kypcaraad KaOu
CaBOJUIAp OYUK KOJIIH.

PG1115+080 nma AIl+A2 TacBupnapu XyQTIUTH HKKH KOMIIOHEHTHUHT
KayCTUK YM3UKJapUra HUCOATaH CHUMMETPUK >KOWUJIAIIUINHUIAH TalIKWJ TOTTaH.
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Hazapuii xuco0-kurobnapra kypa, yIapHUHT OKUM HHcOATIapH 1 ra sskuH Oyauimm
kepak. 1980-itmnnan 6omnuiad, A2/Al oxkum HucOatimapuaudr (OH) kynm conmum
yiyanuiapu Typiu CHEeKTp JUana3oHiapuaa Ba aaBpiapaa onubd copumaun. A2/Al
OHuuHr ky3arysiapura kypa, y 0.65-0.85 opanufuna y3rapraniuri Kaa 3THIIH.
Kaiich KOMIIOHEHT MHKPOJMH3AIAHTAHIUTUHA AaHUKJIam ydyH Ou3 daxar
Y3UMU3HUHT MabIyMOTIapUMU3JaH (oianaHraHMu3, YyHKHU yiaap HucOaTaH Oup
TxuHCIU Martepuanaup. buz A2-Al, C-Al, B-C Ba C-A2 KOMHOOHEHTJIapH
opacuIard [JaIy3 KaTTaaukiIapu GapKUHUHT XOJMATHHH TaXJ I KIITUK (9-pacwm).
YOy 9-pacmnan Al nunr xupanammuimu Ba A2 HUHT paBmannammmy 2001-2006
Wniutap JnaBpuja Oup BaKTHUHI Y3UJAa COAUp OYyJraH AeraH Xyjocara KeJWIl
MyMKHH. ByHJaH Tamkapu, aBBalIrd Hwiuiapia MHUKpoJuH3anaHraH Al TtacBup,
1992-1995 #mmnmap mobaitHuIa MakcuMal napaxana, 2006 imnga €ku KEMMHPOK
AKyHUM Oockuuyjga OynraH jperaH Xxyjocara kenum wMymkuH. FOkKopuna
alTwiIrangapHu xucoOra onrad xonna, 0.3-MarHuTyjganu Yy3rapyBYaHJIMKHUHT
TYJIUK BaKTU OPAJIUFU ~ 25 miaHU Tamkui dtaau. A2 tacsup 2001-2005 fiunnapaa
MUKpOJIMH3aJaHuIra sra OynraH. YmoOy naBpaa A2 HHUHT paBIIAHIUTHHUHT
optum ~ 0.14™ ra spummras, 1y BakTJa paBIIAHJIMKHUHT OMp OyTyH YMyMHA
optui OyHAaH XaM KarTa OYJIUIIN MyMKUH.

PG1115+117 TJIKHMHTr paBHIaHAMK OSTPU YU3UFH TaxXJIWIW amalira
omupwian. Manba-kBazapaunr 0.4" tapTuOuaary amriuTyaara ara OyiraH WIKu
y3rapyBuaHnuru aHukiaanau. Kommonentnap opacuaaru Al/A2 oxkum Hucbatu
HadakaT BaKT JaBOMUJA, OaNKK (PUIBTP TYJIKUH Y3YHJIUTHMHUHI KaTTanamy OuiiaH
XaM KaMaluImM MyMKUHJIUTA Kypcatunrad. bynman tamxkapu, 2001-2006
mumnapaa Al Ba A2 TacBupiapuaa MUKponnH3aidaHuin Al ydyH macasiérra ¢aza
Ba A2 yuyH KyTapuiaétrad (a3za OMIaH TONUITaH.

Komnonentnapaunr V-1 panr KypcaTtkmumHUHT anoxuaa R maraurynacura
Ba ajoXMJla BakTra OofmaHumuiapu Tonuiaau. KBazap paBIIaHavru 3auduiamira
capd KOMIIOHEHTJApHUHI paHru Ku3wira kapad cypwiagu. Jlekun Oy
MUKPOJIMH3AJIaHUII OMIaH dMac, Oaiku MaHOa-KBa3apHUHT WYKHU Y3rapyBUYaHIUTH
OwiaH OOFNMMK. B KOMIOHEHT JIMH3AJIOBYM TallaKTHKara >kyJa SKMH >KOWIaliraH
Oynca-ma yHuUHT aHoMan panru TYK kykaup. PG1115+117 T'JIKgaru keuukuni
BaKTH y4yH aBBajJl OM3 TOINTraH KUiIMaT/Iap Ba YHUHT Mojeluiapu acocuja Xa00:md
IouMHiicH Kaita Oaxonanau. bapua MyMKuH OyiraH KuWMaTIapHUHT YpTadyacu
Ho= 66 kM ¢ !-Mnk ! skanmmru Tomaiam.

Keitun B1422+231, PGI1115+080, UMG673 Ba Oomika TIpaBUTALUOH
muH3anapHuHr V, R Ba [ ¢unpTpuaaru Ky3aTyB MabIyMOTIapu KalTa WILIAHAH.
Terunuii paBlIaHIIMK 3TPU YU3UKJIApU XOCHI KiMHAu. B1422+231 obbexTuaaru
MaHOa KBazap/Aa paBUIAHJIMKHUHT Y30K JaBpiu (6 HWIAaH OPTHK) Y3rapuiiu
tormian. PaBmrannuk y3rapum amrmmaryaacu 0.25™ 10aay3 KaTTalura TapTuouaa.
Ymboy ['JIK ydra KOMIOOHEHTHUHT paBIIAHIWK OJTPU YU3UKJIApW MaHOa
y3rapyBuaHaurd (HOHUJA MUKPOJIMH3AJIAHUII XaM OOpJIUTHHH  KYpCaT/IH.
Komnonentnap panr kypcaTkuujiapu Bapuarnusiiapu (y3rapuinuiapud) xam
MHUKPOJIMH3AJIAHUII TABCUPUHU TACTUKJIA/IN.
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JuccepranustHUHT “@OTOMETPUK KalTa HULIAINHMHI SIHTM YCYJIM Ba
H1413+117 T'JIKHMHr paBHIAHJIMK J3TPH YU3MKJIAPU: KEYMKHII BAKTH Ba
MUKpoJHH3aJaHum  3pdexkTaapu” 1e6 HOMIAHTaH TYPTUHYHM OoOuIa
H1413+117 (bena ©Oapru) I'JIKHUHr TaaAKUKOTIApU KENTHUPWITraH. bupuHun
naparpadaa ymoOy oOBEeKT Oyiimya Xo3upru xosar OepuiraH, y OViinua
amabuérnap Taxymau kenatupwiran Ba  2001-2008  iwimapga Maiinanak
o0OcepBaTopusiCHIa OJUHTAH Ky3aTyB MabJIyMOTJIAPUHUHT TaBcU(apyu OepuiiraH.
Kuauk ymaamiam kyn MaHOaTapHUHT paBIIAHINTUHA YI9alll YIyH KYT1ad ycysuiap
UIUIad YUKWIrad 0ynuo, ymapHUHT KYITYWIATH CypaTHUHT KapalaéTran coxacuaa
EH®HUHAr WHBApMAHTIMIMHM Tana® Kunamd. Ymby akcuoMa (GOTOMETPHK
ycyjulap ydyH Oab3u UeKJIalUIapHU KENTHpUO 4YuKapaad, YyHKH Ky3aTyB
IapOUTIapu Ba TEJIECKOIHUHI ONTHUK THU3UMHU JOMMO IOKOpHJA KypCaTWJIraH
MpUHITUIITA MOC Kenmaiau. bu3 Oy coxana Oomka €HIANTyBHU, SIHHH EH®uuuT
aZanTUB MOCJAIITUPUII YCYJIMHHU KYJUIaguK. YOy YCYJIHHUHT V3U, UTEpPALMOH
Y1 OunaH IMH3ANaHYBUM KOMIOHEHTIapHUHT EHMCHHM ynapHHMHT KOMIaIraH
EPUHMHT JIOKAJl COXacHJa aHUKJIAiau Ba KOMIIOHEHTIAp Xap OupuaaH Kenaérra
ymymuii okuMmHH Tomaau. llly Ouman Oupra, pakamiu TacBUpJIapra TETHIILTH
XaTOJUK Ba IMIOBKUHJIAPHU XUCOOTra OJraH CyHBUN TaCBUPJIAPHU MOCIUIAIITHPHUII
acocua (QOTOMETPUK Viyanuiap XaTOJUTHMHU OaXOJIAIIHUHT MYCTAKWJ YCYJIU
XOCHJI KUJIUH/IN.
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10-pacm. Keunkum Baktiapu xucodbra omumaran xoiaa H1413+117 I'IKauaT
A, B, C, D nunH3amanran KOMIIOHCHTJIApUHUAT R — (UIbTpjaru paBIIaHIIUK
ATPH YU3UKJIAPH.

H1413+117 KOMIOHEHTIIADUHHUHT PaBIIAHIMK 3TPU YU3UKJIAPUIA XaM HYKHU
y3rapyByaHnuMk Oenrunapu, xam TaxmuHad 0.15™ ammmurynamu Ba 10°mag/xyn
MUAAATTa 3Ta MUKPOJIMH3AIAHUIIHUHT KyWwIH TabCupu aHukinanau. H1413+117
['JIK nuH3anaHraH KOMOOHEHTIIapu opacugaru At,p = —17.4 £ 2.1 xyH, Aty =
—189+ 28 xyn Ba Atyp =288+ 0.7 KyHra TeHr KEUYMKHII BaKTJIapH
kuitmaTiapu xucoomanau (B Ba C erakuunap, D - kypunma, 10-pacm).

H1413+117xaru rpaBUTALMOH JIMH3a YYYH KYT MapaMeTpiid MOJIETb UIILIA0
YUKAIAU. YHAAQ JUH3AJIOBYM TalaKTUKA YUYyH CHUHTYJIAP H30TEPMHK SIUTUIICOUT
MO,  HWYNAOI TajakTHUKa Y4YyH CHUHTYJSpP H30TepMHK cdepacu, OoIIKa
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OMMJUTAPHU XMCOOTa OJIMII/IA TAIKK CHIDKUII MapameTpu KyJutanunau. [y 6unan
Oupra, YHUHT KU3WITa CUJDKUIIHUHT 3XTUMOJIM KaTTa OYiraH KuiMaTu TOMWJIIH
z; = 1977397,

Huccepranmssauar “Kenr maiaonnap xoaaraapu: KBT pexumuparu
II3C TacBupJapHMHI KaiiTa MUUIAII yCyJu’ HOMIM OemuH4YM 000M KeHT
Maigonnap xonariapura Ba KBT Ownan wuwHTerpamiam pexuMuaa XOCHI
KWIMHTaH TacBUpJApHU KailTa uuuiam ycyuiapura Oarunuianrad. CYHrTH YH
Wuiap W4YWja TEIECKOoIUIap, >KyMIIaJlaH, ONTUK JOhana3oHJaruiap, KypuJuil
TEXHUKACU YJKaH PUBOXKJIAHUIUIApra sra Oynau. SHru Typharu Teneckoruiap
KAaTOpHUra, akCIAHTUPHII KOOWIMSTH IOKOpU OYIraH CyHOKJIUK (MHUCOJN Y4yH,
cuM00) OWIaH KOIUIAaHTaH XaKMHUHT allIaHUIIM €pAamMua IOKOPH aHUKIUKIArH
TacCBUpJIApHU OEPYBUHU CYIOK KY3TYJIU TEJIECKOIUIAPHU KUPUTUII MYMKHH.

Y0y 606ma JIbexx yHuBepcuTeTHaa unuiad uyukumiaran 4-m  International
Liquid Mirror Telescope (ILMT) nolinxacu Joupacuia JTACCEPTAHT TOMOHHUIAH
VIia raproxja KyJjira KHpuTWIrad Hatuxkainapu oepuirad. ILMT teneckonu ocMoH
TacMalapuHu 3eHuTAa TaxmuHaH (0.5° keHrnmk OwWjaH CKaHepiam Y4yH
mymkanganrad Ba JleBactanp (XUHIMCTOH) oOcepBaropuscuja YpHATHITAH.
OcMOH KortaMuHUHT ymMyMmui t03acu 140 kBagpar rpanpycra tenr. ILMT keuama-
keya SDSS ¢unbrprapuaa OCMOHHUHI KEHT TACBUPJIAPUHU Cypatra ojau. 3€HUT
Ky3aTyBJIapu/la TEJECKON KYpUIl MalJOHM OuWjaH KECUIIyBYM OOBEKTIAPHU
KYy3aTUIIHUHT SHT MakOyJl yCyJlud KEYMKHUII BaKTH Ba HHTErpajljiall PEKUMHU
XHcoOJaHaIH.

ILMT noiimxaCMHUHT aCOCHUWA MAKCAIHW TEJIECKOIMHUHT KYPUII MaWJIOHUIATH
OCMOHHHMHI TOp TacMacura TylIaJuradH Oapya OOBEKTIAPHUHI (HOTOMETPUK
y3rapyBuaHauruHu yprauumaup. Llynnaii kunu0, ymOy Tteneckon y3rapyBuaH
OOBEKTJIApHU aHMKJIAIl YYYH XamJa YJIApPHUHT (OTOMETPUK MOHUTOPUHTH YUYYH
TYFpU Kenagu. TellecKOoN pakamiiM TAacBUpJAp KYpPUHUIIKAAA KAaTTa XakKMIard
Ky3aTyB MabJIyMOTJIapuHU Oepaau, TaAKUKOT MaKcaajapu 3ca OJIMHTaH
TACBUPJIAPHU JAPXOJ KalTa WIUIANIHU Ba yJAPHUHT KEHWHTH TaXJWIMHH Tajal
KHJIA]IH.

[y makcagma xamma TacBHpJjap Oyiindya OCMOH (OHHHHMHI XHUCCACHHH
Xycobyanl ycylnd Ba AACTYpUHM HIUIA0 YMKUII, HSKBAaTOpUAl KOOPAMHATAIap
aCTPOMETPUK KaluOpOBKacura Ba HWHCTPYMEHTAN IOJAY3 KaTTaJIWKIAPUHUHT
dboTOMETpUK Ty3aTMajapura TabCUp KUIYBYM OMWJUIAPHU axTapuil Oyitmda Oup
KaTop Bazudayap oenrunanayd. Yoy MyaMMoJapHu Xall KWIuil yuyyH JleBacranb
obcepBaTopusicunaru 1.3 m Tteneckonuaa 2013 Ba 2014 Hunnapaa oOJWHTaH
MabJIyMoTiap/aH (honganaHIuK.

Kysaryenap nHatmxacuga ymyamu 30K X 2K TMKcell OViIraH MKKH Ya4amiid
cypar onuHamu. 3AK-merekTop mIyHaal HyHaNTUpWITraHKW, OyHIa cypatriaru
KOOpJIMHATajJap BEPTUKAJN VKU SKBaTOpUald KOOpAMHATAap CHUCTEMACHIarud o
OFHUIITa, TOPU3OHTANI VKU 3Ca ¢ TYFPUUMKUIITa Moc Kenaad. OcMOH (POHMHHMHT
MypaKkaOIuTru OWp KaTop OMUIUIapra OOFJIWK. TaCBUPHUHT MYMTO3 XOJIaTH[A,
OCMOH (DOHMHUHT ypTada KHAMATU CypaT/aH YMKapuiIaau. bBU3HUHT BasusITUMHU3IA
OyHaail éHnalyB HOTYFpU OYiap 571, YyHKH OJJUWTHHA YpTada KUMMaTHU 0JIU0
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TalUiam Xedy HuMa Oepmaiinu. YmlOy MyaMMOHH Xaid KWJIHUII Y9yH OW3 OCMOH
(POHMHUHT JIOKaJ Y3rapuiUIapuHU WIOXKH Oopuya aHMKPOK XucoOra oJjMiira
UMKOH OepyBuYr O0CKMUMa-00CKUY aliropuTMIaH (HorIamaH UK.

ACTpOMETpUK KaJIMOpOBKAara TabCUp STYBUM OMMJUIAPHU TaxJIWI KWINLI,
OupuHYM HaBOAT/AA, MUKCEJUIAPHUHT y3rapyBuaH Oypyak maciutaOuHu Ba EpHMHT
IPELECCUsICUHU XHMCOOra OJIMII 3apypJIMTUHU KypcaTau. BupuHuM ycryHzmaru
10J11y3 BaKTUHHU, TACBUP YPTACUHHUHI OFMILMHU (Ky3aTyBHUHI reorpaduk ypHH),
OOBEKTIAPHUHT TYFpUOYypUaKIU (I€KApT CUTEMAcH) KOOpAWHATalapuHU OWIIraH
X0J/a  Ky3aTyB  JaBpujaru  (dmoxacujard) — yJIapHHUHT  3KBaTOpHal
KOOpAMHATAIApUHA TOMHII MyMKHH. EpHuHr mnpeueccuss Qopmyrnacunan
¢oiinanann6, 2000 #un smoxacu ydyH — Karajor KOOpAMHATajapura YTHII
MyMmkuH. CraHgaptra HucOaTaH Oay3 KaTTAJUKIAPUHUHT  (POTOMETPHK
Ty3aTMacl yMyMaH OJITaHAa OAAui, Oy epja YM3UKIU Ty3aTMa KOd(QQUIUEHTH
TONWJUIIA Kepak Xxojoc. by KuiiMaT TaHjmaHraH TasHY (POTOMETPHUK
I0JI1y3JJapHUHT PABIIAHIMIMHU YJIAPHUHT HWHCTPYMEHTAN IOJIAY3 KaTTaJIUKIapH
OuJIaH TaKKOCJIAII OPKAIX TOMMIIAIH.

XVYJIOCA

“TannaHrad rpaBUTALMOH JIMH3aJaHTraH kBazapuapHUHT [13C-dpoTomerpusicu
Ba KEHI MailloHiap Xonariaapyu” MaB3yCcUJaru JOKTOPJIMK JAUccepTauusacu Oyinya
oJu0 OopmiraH TaIKMKOTIAp HAaTHXKAcUa KyHuaaru Xysocanap TaKIuM 3TUIaIu:

1. TanKUKOT OOBEKTIAPUHUHT MOHUTOPUHI Ky3aTyBlapu Oakapuiau.
TanmaHran MKKU Ba TYPT KOMIIOHEHTIIM 00bekTiap yuyH ymoy [13C-ky3aTyBnapu
Kaiita unutangu, V, R Ba | Quubrprapuna paBmIaHIMK 3TpH YU3UKIAPH XOCHI
KWIMHAM Ba yJiap TaIKUK KWIMHAW. YJap IIyHU KYpcaTAuKu, Oapua Kapaiaétran
OOBEKTIApHUHT MaHOa-KBazapjapu V3JMapUHUHT  PAaBIIAHIUTHHH  Y3JIYKCHU3
paBulga y3rapTUpraH, OyHJAa WKKA KOMIOHEHTJIMJIAP YYyH Y3rapuil yerapacu
ypraua Am ~0.5" 6ynu6, TYpT KoMnoHeHTIIMIapaa 3ca Am ~0.3™ Hu Tamkuin
KWJITraH, 0y 3ca UKKM KOMIIOHEHTaIUJIapra Kaparaija ce3ujapiu Aapaxajia KUJuK.
KoMrnoHeHTnap paBIIAHIUTMHUHT Y3rapuild MaHOAHMHT HOCTAalMOHAPJIMIU
(dakHamuiap, akkpeuus KapaHUHUHT HOTEKHCIWTd Ba OolIKamap) Ba
MUKPOJIMH3ATaHUII OuIaH OOFIUK.

2. VIkku Typaaru MUKpOJIMH3aJaHUIL aHUKJIAHAW: PaBUIAHINK Y3rapUIIUHUHT
Kagaaaurura 6orauK xonga yaap (~10~* m/kynura) gonmu Ba kywim (~1073
mag/KyHura) OYIMIIM MYMKHUH, AaBOMMIIMrura kapab ica y30K JaBpiau (Oup
HWIIad KyM) Ba KUCKa JaBpiu (Oup iwiiravya) 6ynaau. MukposvH3ananuil oyiinya
OM3HUHT HaTWXKalapuMu3 X. BUTTHUHT TYPT KOMIIOHEHTJIM THU3UMIIapaa
MUKpPOJIMH3AJaHUII Xap JOMM MaBXyJ Ba ylap yMyMui Tabuarra sra JeraH
dapa3uHu TaCaUKIIANIH.

3. SBS1520+530 I'JIKna unk 6op, 10 ungan opTUK JAaBOMHUIIMKKA 3Ta Y30K
MyIIaTJId MUKpOJMH3aJaHUII 3(dextn Tomwiau. byHman Tamkapu, KBasap
PaBUIAHJIUMKHUHT  JIaBpUMl KUYMK aMIUIUTYJAId  Y3rapuliulapuHu  OolijgaH
KEUHNpAETraHU XaM aHUKJIaH/U.
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4. FBQO0951+263 T'JIKna unk 60p rOKOpuIard Xojjaru KaOu, aiHaH y3yH
JaBpJIM MUKPOJIMH3AIAHUII KUCKA JABPJIMJAH YCTYHJUK KUJUIIM KYpcaTHIIIU.
Ymby Ttuzumiaa mMukponunHzaidanuim 10 WuigaH opTHK BakT MOOaHHAA JaBOM
3Trad Ba Oy epjga B koMmoHeHTara MHUKpOJIMH3QJIAHUII TabCUPUHUHT KaMalHIII
*)apa€Hu pyu 6epra.

5. PG1115+080 I'JIKuunr Al, A2, B Ba C KOMIIOHEHTJIApU paBIIAHIUK 3TPU
YM3MKJIapH KOMIIOHEHTAIAPHUHT yuTa Ky(TIuru opacuaaru At,p = 4.4132% kyn,
Atyc = 12.07%2% xyn Ba Atge = 16.473% KyHra TeHI KEUMKHUII BaKTJIapHHU
XUCO0JIall UMKOHUHU Oepu.

6. Man6a-kBa3zapaunr 0.4™ tapruOugaru amIumMTyAara sra OYyiaraH WYKU
y3rapyBYaHIuTry aHukjiIaHau. KommoneHntnap opacumaru Al/A2 okuM HucOatu
HadakaT BakT JaBOMHUAA, Oanku (UIBTP TYIKWH Y3YHJIWTHHUHT KaTTalalldllid
OunaH XxaMm kamaiumu kypcatwirad. bynnan tamkapu, 2001-2006 innnapna Al
Ba A2 TacBupiapuaa MukpoiuHizanaHum Al yuyH macasérran ¢asza Ba A2 yuyH
Ky4aiium ¢asza O6winan tonunarad. KommnoHeHTnapHuHr V-1 panr kypcaTKU4MHUHT
anoxuaa R mMarmuTygacura Ba anoxujaa Bakrra OofiaHunuiapu tonuiau. Ksaszap
paBIIAHAWIKA 3auuamrad capyd KOMIIOHEHTJIApPHUHI PpPaHTd KU3WiIra Kapad
CypuiIaau.

7. 3u4 MaiiloHnapaa HYKTaBUM TacBUpPJIApHU (POTOMETPUK KalTa HIUIaIl
yuyn HE®HUHT aganTuB MocHalITHpULI ycyau uiab uukwiau Ba H1413+117
['JIK TacBupmapu wmuconujga cuHA0 Kypwiau, Iy OwiaH Oupra, pakKamid
TacBUpJapra TETUIUIM XaTOJMUK Ba IIOBKUHJIAPHU XucOOra OJIraH CyHBUUH
TAaCBUPJApPHU MOCIUIAITUPUIL acocuaa (POTOMETPUK Yiayaluwiap XaTOJIUTHHU
0axoaIIHUHT MYCTAKUJ YCYJIA XOCHIT KWIIMHIH.

8. H1413+117 KOMIOHEHTJIAPUHHUHT PAaBIIAHJIMK 3TPU UYHU3UKIApHUIA XaM
WYKH Y3rapyBUaHIMK Oenrmmapu xamaa ammumtygack ~0.15" Ba 102 m/kym
MUAJATra 3ra  MUKPOJUH3AJAHUIIHUHT KyWwId TabCHUPU AaHUKIAHAU. YOy
MUKpOJIMH3aJIaHuIITa cababunM >KUCM Maccacu y4yH KyWd derapa KuilMaTu
TOIWJIIA (~1O M ]up).

9. H1413+117 T'JIKHuHT nuH3alaHTaH KOMIIOHEHTajnapu opacunaru At,p =
—17.4 1+ 2.1 xyH, Aty = —189 1+ 2.8 xyn Ba Atyp = 28.8+ 0.7 kyHra TeHr
KEUMKHUII BaKTiapu KuiimaTiapu xucobnanau (B Ba C erakuwmnap, D - kypunma).
Keunkum BakTnapuHu yiayaml XaTOJMKJIAPUHUA Oaxojiall Y4YyH CHHTETHK
PaBIIAHIIUK ATPU YHU3UKJIAPUHU XOCUJ KAJUIITHUHT SIHTY YCYJIU TakIu( dTUIIM.

10. Keunkum BakTiaapuHu XpcoOra onraH Xoina, H1413+117 rpaBuramuon
JIMH3aHUHT CUHTYJIAP M30TEPMUK SJUIMIICOMJIA Ba TAIIKUA CUJDKUTUIUIM MOJENN
acocu/a IMH3aHUHT KU3MIITA CUIKUIIMHUHT SXTUMOJH KaTTa 6yiran z; = 1.97097
KUUMAaTH TOMWJIIH.

11. bupunum 60p, B1422+231 I'JIK man6a-kBazapuaa paBIIaHIUKHUHT 30K
naBpiu (6 WwimaH opTykK) Ba amruutynacu 0.25™ Oyiran y3rapuinyd TOTHIIIH.
VYuyTa KOMIIOHEHTJIAPHUHT PAaBIIAHJIMK 3TPU YU3UKJIAPU MUKPOJIUH3AIAHUII XaM
OopnuruHu  kypcatau. KoMIOHEHTIap paHr KypcaTKU4YIapu BapUalMsIapu
(¥3rapunutapu) xam OyHU TacIuKIaau. by epja KeUnKuin BaKTUHUHT SHTU Atyp =
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2.5 + 2.3 kyn, Aty =—7 + 1.5 kyn Ba Atyp = 6+ 1.8 xyH (A KOMIIOHEHT
€TaK4M ) KHUMaTiapu Takiug STUIIN.

12. KBT pexxuMuia oMHTaH TacBUpIapja OCMOH (DOHU TaIIKMII STyBUUCUHHU
aHUKJAll yJYyH KOMIIBIOTEp AACTypU HIUIA0 YMKWIAU. 3€HHUT Ky3aTyBiapuia
ONIMHTaH TacBUpiapaa npeneccuss d>pdextu anuknaHad. OOBEKTIAPHUHT
HKBATOpHUAT KOOpJIMHATAJIAPUHH AaCTPOMETPUK KaIMOpOBKAacHIa MHKCeap
Oypuak MacmTabMHH XHCOOTa OJIMII 3apypiurd Kypcatwiau. DoTomeTpuk
KanmuOpoBKajga CTaHAAPT KUIMaTra alJaHTHUpWITaHia YU3UKIU Kod(hQuineHTt
eTapsu 1e6 TONMUIIIN.
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INTRODUCTION (annotation of the doctoral dissertation)

Topicality and relevance of the theme of the dissertation. At the present
time study of objects associated to the phenomenon of gravitational lensing, and
especially gravitationally lensed quasars (GLQ) is one of the most important tasks
of the modern observational cosmology. Such objects act as a giant natural
telescope, whose resolution far exceeds the capabilities of modern ground-base and
space instruments. To solve many problems of GLQ physics, first of all, it is
necessary to study the time delays between the images of the lensed quasars and
the various microlensing events occurring in them, which can be obtained only by
their photometry. Determination of the time delay between the lensed components
is directly related to the Hubble constant, the red-shifts of the source and the lens,
and the gravitational potential of the latter. Microlensing also allows us to detect
massive and invisible in any other cases objects or matter clusters, mainly in the
form of compact objects. Hence the relevance of the thesis follows, since the initial
stages of the origin of galaxies and the structure of dark matter can be observed in
detail only through gravitational lensing.

Recently, in the field of gravitational lensing, a number important
discoveries have been made by lead researchers. Particularly, a portion of dark
matter in the form of low-mass stars in our Galaxy was identified, one of the
smallest extrasolar planets was detected. The most massive large-scale structures in
our Universe were detected, a direct empirical proof of the existence of dark matter
was found. The measurements of the Hubble constant have been made. The most
distant quasars with red-shift z > 7 were found, more than 150 GLQ were revealed
on the base of observations.

In our Republic, great attention is also paid to the observational and
theoretical aspects of the study of gravitational lensing. The directions of these
fundamental studies, which have a great importance for the development of science
in our country, are related to the Strategy of Actions for the further development of
the Republic of Uzbekistan for 2017-2021. Thus, in the Maidanak Observatory
active monitoring observations of promising GLQ are carried out during last 20
years, a huge unique observational material on the basis of long-term
homogeneous monitoring has been accumulated, the analysis of the light curves of
the lensed images of a number of GLQ has been carried out, the exact expressions
for deflection angle of light rays due to weak lensing around a black hole has been
obtained. However, at the same time there are some unsolved issues, in particular,
still unknown acceptable values of the amplitude and duration of the variability
caused by microlensing in the objects of study of the thesis, unknown nature of the
microlensing, sometimes there is even uncertainty in determination the red-shift of
the lensing bodies, the cases of images of wide fields still has not been studied.

This dissertation work, to a certain extent, serves as an implemention of
tasks in accordance with state normative documents, Decrees of the President of
the Republic of Uzbekistan #PF-4947 "On the Strategy for the further development
of the Republic of Uzbekistan" dated February 7, 2017, as well as the "Road map
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of the main directions of structural reforms in Uzbekistan for 2019-2021",
published by the government of the Republic of Uzbekistan on November 29,
2018.

Conformity of the research to the main priorities of science and
technology development of the Republic. The dissertation research has been
carried out in accordance with the priority areas of science and technology in the
Republic of Uzbekistan: Il. "Power, energy and resource saving".

Review of international scientific researches on dissertation subject. The
study of the phenomenon of gravitational lensing in general and the lensed quasars
in particular, their detection, observations in different pass bands of
electromagnetic radiation, processing of observational data and their interpretation
has been carrying out in the leading research centers and universities, such as: The
Sternberg Astronomical Institute (Russia), Astronomical Calculation Institute and
Center of Astronomy of the University of Heidelberg, Leibniz Institute for
Astrophysics Potsdam, The Max Planck Institute for Extraterrestrial Physics
(Germany), Laboratory of Astrophysics, Ecole Polytechnique Fédérale de
Lausanne, The International Space Science Institute (Switzerland), The Institute
for Computational Cosmology at Durham University, The Institute of Astronomy
at Cambridge University (UK), The Warsaw University Observatory (Poland),
Institute for Space Research (Netherlands), Institute for Radiophysics and
Electronics of the National Academy of Sciences of Ukraine, Astronomical
Institute of the Kharkiv National University (Ukraine), The Institute of
Astrophysics and Geophysics of University of Liege (Belgium), Research Center
for the Early Universe, Department of Physics, University of Tokyo, Subaru
Telescope, National Astronomical Observatory of Japan (Japan), Department of
modern physics at the University of Cantabria (Spain), Space Telescope Science
Institute (USA), Ulugh Beg Astronomical Institute, National University of
Uzbekistan (Uzbekistan).

On the study of gravitationally lensed quasars at the world level a number of
scientific results have been obtained, including: the proportion of dark matter in the
form of low-mass stars in our Galaxy was determined through observations of stars
in the Magellanic Clouds, microlensing analysis detected one of the smallest
known exoplanets, which suggests that cool, sub-Neptune-mass planets may be
more common than gas giant planets (Center for Particle Astrophysics, University
of California, Institut d'Astrophysique de Paris). Statistical analysis of the
ellipticity of galaxies over large areas revealed massive large-scale structures in the
Universe, Hubble telescope observations of two merging clusters and gravitational
lensing maps allowed to find direct empirical proof of the existence of dark matter
(The Canadian Institute for Theoretical Astrophysics; Kavli Institute for Particle
Astrophysics and Cosmology). Several unique programs for the systematic
detecting of gravitational lenses have been developed, the list of candidates and
observationally confirmed GLQ is continuously updated by results of
spectroscopic and optical observations (Subaru Telescope, National Astronomical
Observatory of Japan; Institute of Astronomy, University of Cambridge;
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Argelander-Institut fiir Astronomie, Universitit Bonn). A large array of
observational data was obtained during the COSMOGRAIL program and an
effective photometric programs for image reconstruction were developed
(Laboratoire d'Astrophysique, Ecole Polytechnique Fédérale de Lausanne, Institut
d'Astrophysique et de Géophysique, Université de Liege, Astronomical Institute of
the Academy of Sciences of Uzbekistan (UBAI)). Independent photometric
methods and computer programs have been developed (Sternberg Astronomical
Institute; Astronomical Institute of the Kharkiv National University).

Currently, theoretical and observational studies of gravitationally lensed
quasars in the world have been carried out in a number of priority areas, including:
search for new GLQ based on statistical, spectral and photometric analysis of
GAIA, SDSS and other databases; detecting of microlensing events, calculation of
the time delay values and calculation of the Hubble constant; testing of models of
the Universe and its large-scale units; measurement of the mass of galaxy clusters;
solving the problems of ambiguity in gravitational lens models and influence of
source position transformation on time delays at the University of Chicago (USA),
Max-Planck-Institute fur Astrophysik (Garching, Germany), Early Universe
Research Center (Tokyo, Japan).

Degree of studiedness of the problem. Currently a number of scientists
from leading scientific centers around the world, such as Bikmaev 1., Sakhibullin
N. (Russia), Shalyapin V., Zheleznyak A., Sergeev A. (Ukraine), Burud I., Cohen
J., Schechter P., Beuzit J.-L., Kochanek C. (USA), P.Magain, Sluse D. (Belgium),
Courbin F., Dye S., Meylan G. (Switzerland), Jacobson P., Hjorth J. (Denmark)
have carried out a complex search on monitoring observations of the new
gravitational lensed quasars, the photometric study of double GLQ SBS1520+530
and FBQ0951+2635, study of the lensing properties of galaxies and modeling of
these systems, calculation of time delay as well as detection of the microlensing.
However, for these GLQ long-term optical observations have not yet been carried
out, and accordingly the phenomena of microlensing on a large time interval have
not been studied, neither their amplitude nor duration have been known.

The determination of the X-ray flux of galaxy clusters in the direction of
quadrupole component GLQs PG1115+080 and B1422+231, their infrared
observations and the allocation of substructures of lensing galaxies, the
determination of their red-shift, the analysis of emission properties in the spectrum
of the GLQ H1413+117, the construction of models of all these systems have been
provided by many scientists, such as Grant C., Bautz M., Chartas G., Garmire G.,
Tonry J., Eracleous M., Dai X., Agol E., Gallagher S. (USA), Chiba M., Minezaki
T., Kashikawa N., Kataza H. (Japan), Hutsemekers D., B. Borguet (Belgium) and
others. However, despite this efforts, long-term optical observations of these GLQ
were not carried out, the time delays and the nature of microlensing were not fully
determined. The problem of the red-shift of the lensing body in H1413+117
remained open, and B1422+231 was studied even less, since there were not even
seasonal observations yet.
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The processing of digital images of wide fields from zenith observations in
time-delay integration (TDI) mode is generally of a pioneering nature. The idea of
building a zenith telescope with a liquid mirror was proposed by Canadian
scientists (Borra E., Hickson P., Cabanac R., Content R., Gibson B.,), and the
implementation of this project in practice was carried out by the Belgian (Surdej J.,
Swings J.-P., DeBecker M., Delchambre L., Finet F.), Indian (Kumar B., Pradhan
B., Sagar R., Pandey K., Anupama G.) and Polish (Bartczak P.) astronomers. But
in their analysis of wide fields images work were not fully touched upon, it was not
clear what factors will affect the astrometric and photometric calibration of
observational data.

Connection of the topic of the dissertation to the scientific works of
higher educational and research institutions, where the dissertation is carried
out. The thesis was carried out at the Astronomical Institute of Academy of
Sciences of Uzbekistan and the National University Uzbekistan within the
scientific research projects for 2008-2018: F-F2-F058+061 "Study of gravitational
lenses, forming galaxies and generalized models of astrophysical objects™ (2007-
2011), FA-EOF2-F03 "Development of photometric program for digital
astronomical images and analysis of the effects of General relativity in the
gravitational lensing” (2010-2011), F2-FA-F029 "Physics of the gravitational
lenses, compact astrophysical objects and non-stationary disk systems" (2012-
2016), VA-FA-F2-007 - "Investigation of the lensing effects of the selected
galaxies-quasar in the optical band" (2017-2018).

The aim of the research is to study the physics of phenomena of formation
of microlensing and the effect of delay time via CCD photometry of selected
double and quadrupole gravitationally lensed quasars, as well as the development
of algorithms for processing of the digital wide fields images.

The following tasks of the research were formulated to achieve this aims:

to develop the method for photometry of point sources in dense fields;

to determine the time of delays between the lensed components of the studied
GLQ and dependences in the systems parameters;

to calculate the red-shift for the lens in the H1413+117;

to allocate an internal variability of the quasars-sources from microlensing
events, identifying their mechanisms, clarification of the duration of the
microlensing;

to determine microlensing types depending on their rate and duration,
calculation of the lower limit of the mass for microlenses;

to develop the methods and algorithms for processing of digital images in TDI
mode, analysis of factors affecting to the accuracy of photometric and astrometric
measurements.

The objects of the vresearch are gravitationally lensed quasars:
SBS1520+530, FBQ0951+560, PG1115+080, H1413+117 and B1422+261.

The subjects of the research are observational data in the form of CCD
images, light curves of the lensed components of the objects of the study, as well
as images obtained in the time delay integration mode.
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The methods of the research. Well-known methods of processing of the
digital astronomical images, methods of analysis of time series, minimization
methods, methods of constructing of models of gravitationally lensed systems were
used.

The scientific novelty of the research are as follows:

two types of microlensing were determined in the double GLQs FBQ
0951+2635 and SBS1520+530: depending on the rate of brightness variation they
can be background and strong, and depending on the duration they are: long-term
or short-term;

for selected GLQs the light curves were plotted and new time values in three
quadrupole GLQ PG1115+080, H1413+117, B1422+231 were determined,;

it was found that flux ratio A1/A2in GLQ PG1115+080 varies not only in
time, but also depends on the wavelength of the filter and the color index (V—I) of
the lensed components versus brightness and time was found;

a strong microlensing in GLQ H413+117 is found and the lower limit for the
mass of the body responsible for this microlensing was assessed as well as the new
model with a singular isothermal ellipsoid for the gravitational lens is proposed,
and the value of its red-shift has been specified;

the method and algorithm of computer processing of wide fields images have
been developed, and also the effect of precession in the images obtained at zenithal
observations in the TDI mode was found.

Practical results of the research are as follows:

there was shown the value of the time delay depends linearly on the angular
size of the GLQ system — the maximum distance between the lensed components;

the mechanisms of microlensing in the objects of research are revealed and
their classes are determined: the effect of long-term microlensing in the double
GLQ SBS1520+530 and FBQ0951+2635 was detected, which lasting more than 10
years and it is shown long time-scale fluctuations dominate over the short-term
microlensing events;

a new method for photometric processing of the point images in dense fields
was developed,;

the independent method of estimation of the error-bars of the photometric and
time delay measurements has been obtained;

the light curves in GLQ B1422+231 were obtained for the first time, which
allowed to find a long-term (more than 6 years) brightness variability of the
source-quasar and the effect of microlensing;

detected microlensing events support the hypothesis about the general nature of
quadrupole systems and the inevitability of micro-lensing events in them;

the algorithm of the processing of wide-field images is used for treatment of an
images obtained from meridian observations;

the new method for generation of synthetic light curves was proposed.

The reliability of the results of the study is proved by using modern and well-
known methods of photometric processing of CCD images, time series analysis,
calculation of time delays, determination of microlensing events, modeling of
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gravitationally lensed systems.

Scientific and practical significance of the research results. The scientific
importance of the research results is determined, first of all, by the obtained
observational data of the studied GLQ, which significantly supplemented the
existing knowledge about them became the basis for their further replenishment
and detailed study of other GLQ.

The practical significance of the research results lies in the fact that the
proposed photometric method of adaptive fitting of the point scattering function
(PSF) will help to save observational time on telescopes, since it can work even
with defocused images of point sources. The values of delay time for three GLQ
found by us will facilitate further detection of microlensing in these systems. The
method and algorithm for processing of wide filed images in TDI mode which we
have developed used in the framework of the 4-m ILMT project. The results are
included in the special master's courses of the Astronomical Department of NUUz:
"Quasars and active galaxies”, "Problems of cosmogony" for bachelor's degree and
"Physics of gravitational lensing”, "Processing of astronomical images" of the
master's degree.

Application of the research results. Based on the study of the physics of
microlensing phenomena and the effect of time delay in the selected double and
quadrupole gravitationally lensed quasars, as well as the development of
algorithms for processing wide-field images:

the results obtained during study of the nature and duration of microlensing in
FBQ 0951+2635 and SBS1520+530 have been used by researchers (references in
the scientific journals Astronomy & Astrophysics, 2018, 2012; Monthly Notices of
the Royal Astronomical Society, 2013; Astronomy & Astrophysics, 2012;
Astrophysics & Supplement Series, 2011; Astrophysics Journal, 2010) in the
model analysis of strong gravitational lenses and in the calculation of cosmological
parameters in the framework of the GLENDAMA project. The obtained results
allowed to get an extensive database of lensed quasars and to determine the long-
term microlensing events in the other double GLQ;

the new values of time delays between lensed components in the GLQ PG
1115+080, obtained during monitoring in Maidanak Observatory used in the peer-
reviewed journals (references in the Astronomy & Astrophysics, 2018, 2013;
Monthly Notices of the Royal Astronomical Society, 2016; The Astrophysics
Journal Supplement Series, 2015; Astronomical Reports, 2015) in re-computing
the time delay in this system and the development of a new method of calculation
of this quantity in the presence of microlensing. The obtained results allowed to
study the structure of the environment around the lenses in sight-of-line and to
better understand the effect of large-scale structure on the lens statistics and their
parameters;

our analysis of brightness variations of lensed images in the GLQ PG
1115+080 and discovery of microlensing in bright component A1/A2 are used in
the peer-reviewed journals (references in the Monthly Notices of the Royal
Astronomical Society, 2016, 2018; Astronomy & Astrophysics, 2015, 2018; The
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Astrophysics Journal, 2016; Astronomical Reports, 2015) in the analysis of the
microlensing effect and the development of a new method that using time delay
values models microlensing maps. The obtained results allowed to re-estimate the
Hubble constant value, as well as to develop a new method of statistical analysis of
the light curves of distant sources perturbed by microlensing by point and extended
masses;

The results of our researches of brightness variations in the lensed
components of GLQH1413+117, time delay values, determination of strong
microlensing events, calculation of red-shift of lensing body in this system used in
the peer-reviewed journals (references in the Astronomy & Astrophysics, 2018;
Astronomy & Astrophysics, 2018; 2018arXiv181002624W; Nature, 2018) in
estimation of ambiguities in models of gravitational lenses and impact on time
delays of the source position transformation, the spectroscopic proof of discovery
of new gravitational lens system GRAL113100-441959 and the model prediction
of the time delay. Our data were also included in a new database of optically bright
lensed quasars in the northern hemisphere, and were used in the analysis of the
current state of astronomy in Uzbekistan.

The methods and algorithms developed by us for wide-field images
processing are used in the framework of the international observation project 4-m
ILMT (letter from Liege University dated January 15, 2019). The obtained results
allowed to form a sequence of programs for processing images of wide fields and
to find new objects of space debris.

Approbation of the research results. The research results were reported in
the form of reports and tested in 5 International and 11 Regional scientific and
practical conferences.

Publication of the research results. The main results of the thesis are
published in 11 scientific papers in the peer-reviewed journals recommended by
the Supreme Attestation Commission of the Republic of Uzbekistan for publication
of the main scientific results of doctoral thesis and 23 abstracts in the proceedings
of international and regional conferences.

Volume and structure of the dissertation. The thesis consists of an
Introduction, five chapters, conclusion and a list of references. The thesis is
presented in 188 pages.

THE MAIN CONTENT OF THE DISSERTATION

In the Introduction of the thesis substantiated the topicality and relevance
of the theme of the work, formulated the aim and tasks, identified the object,
subject and methods of research, determined conformity of the research to the main
priorities of science and technology development in the Republic of Uzbekistan,
set out the scientific novelty of the study, justified the reliability of the results,
disclosed the scientific and practical significance of the research results, provided a
brief of the implementation of the results and approbation of the work, as well as
the structure of the thesis.

The first chapter “Microlensing and time delays in gravitationally lensed
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quasars (GLQ)” provides an overview of works on the topic of the thesis, which
describe the phenomena of gravitational lensing, microlensing, time delay, the used
equipment, as well as methods of observation and photometric processing of the
Images. The first section presents the basics of the theory of gravitational lensing
and its challenges, describes the phenomenon of microlensing. The second section
is devoted to the problems of time delay in GLQ and methods of its calculation.
Currently, there are about 150 well-established GLQ with multiple images. And
only for 29 of them observational values of the time delays are known. Analysis of
data on these objects showed that the time delay values linearly depends on the
angular size of the systems (Fig.1) There were no other systematic patterns of time
delay versus other system parameters such as multiplicity or red-shift.
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The third section describes the observational aspects of CCD photometry of
GLQ and justifies the choice of objects of the research. The main task of this work
Is to study the phenomenon of microlensing and the effect of delay time by using
optical multi-color observations of a number of GLQs at the Maidanak
Observatory and photometric processing of the data. These results will help us to
solve the following tasks: to form observational data bank of photometric
processing of the lensed components of observed GLQ, analysis and interpretation
of the obtained light curves to measure the delay time and identify the phenomenon
of microlensing.

Several criteria were introduced for the selection of objects for observation —
by the condition of visibility the declination of the objects should be —10° < ¢ <
+70° the distance between the lensed components should be > 1" and the
brightness of objects should no be more than 19 —20 mag. The objects we study are
fully consistent to its criteria. For the successful observation of GLQ, it is
necessary to fulfill at least three conditions: a) an observatory with good
astroclimatic conditions; b) a telescope with a sufficiently large mirror; c) a high-
quality CCD detector. The Maidanak Astrophysical Observatory (MAQO) and its
main 1.5-m. telescope AZT-22 completely meets the requirements. This telescope
Is equipped with a sensitive CCD detector BroCam (SITe ST-005A). In addition,
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this camera is equipped with a set of optic filters UBVRI nearly matching the
photometric system Johnson-Cousins. Our work is a natural continuation of the
earlier observations of individual GLQ, which proved that in MAO, on the
telescope AZT-22, can be successfully carried out monitoring observations of
gravitationally lensed quasars. The fourth section deals with the cosmological
application of gravitational lensing. The fifth section discusses the problems
associated with the methods of processing of digital images of GLQ.

In the second Chapter “Microlensing variability in double GLQ: short-
time-scale events or a long-time-scale fluctuation?” the study results of
microlensing in GLQ FBQ0951+2635 and SBS1520+530 is given and the problem
of the duration of this events in double systems is solved. GLQ FBQ 0951+2635 is
a double quasar with red-shift z;=1.246, which is lensed by a galaxy with z; =0.26.
Previous optical studies of FBQO0951+2635 allowed to study the time delay
between the components and the source variability. The time delay is
approximately two weeks and the brightness variations of the components were
clearly visible. At the same time, a possible gradient of microlensing ~0.0001
mag/day and a probable variability with a characteristic time of several months
with an amplitude of ~ 0.05 mag were found. External fluctuations, not generated
directly by the quasar source are attributed to microlensing by disparate objects
within the lens galaxy.

The GLQ FBQ 0951+2635 on Maidanak images consists of two virtual
guasar images (separate of 1."1) and a very weak lensing galaxy at angular
distance of 0."2 from the weakest component. The lensing galaxy is too weak and
does not appear in the images in the R-filter, which greatly simplifies the task of
the photometry. Thus, the system was described by two star-like profiles.

The homogeneous monitoring observations were carried out by us at the
MAO from April 2001 to May 2006. The data set consist of 190 frames in the R
filter, obtained over 37 different nights. In the photometry of GLQ FBQ
0951+2635 we obtained instrumental magnitudes for each frame separately for the
lensed components A and B, stars S1 and S3, as well as the difference mg - ma.
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Fig. 2 Light curves of GLQ FBQ Fig.3 Light curves of the components A
0951+2635. From top to bottom - and B, shifted by time and magnitude.
components A and B, as well as the
reference star.
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Then they were averaged for each observational night and mean square errors
were obtained (Fig.2) Fig.3 shows the light curves with taking into account known
time delay of 16 days and shifted in magnitude by -1.246 mag (the average
difference between the magnitudes of the time-shifted curve B and curve A). It is
seen that the curves agree well with each other, that is, they are both compatible
with each other in overlapping periods. Therefore, we can state that short-term
microlensing is absent or elusive. The flux ratio regard to the time delay is A/B =
3.15+0.05.
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Fig.4 Variation of the flux ratio between components of the GLQ FBQ
0951+2635 versus time in the optic band.

Previous analysis showed the existence of external variability in the optical
band in FBQO0951 + 2635. The two components of the quasar (A and B) intersect
two different regions of the lensing galaxy, so that the distribution of scattered
objects could affect one (or both) of the flow, which then led to external
variability. This microlensing hypothesis is more likely in the case of component B
because its flux crosses the central region of the galaxy.

We analyzed our data in the R-filter and several additional frames in the r -
and R-bands from the SDSS archive. The accumulated data relative to the A/B
flux ratio show a long-term fluctuation of microlensing, and thus, long-period
gradients are likely dominate in the variability caused by the microlensing (Fig.4).
Although A/B shows a surge between 2003 and 2004, it has remained relatively
constant since the end of 2004. The quasi-stationary behavior is confirmed by
additional data in the i-filter. We also found long-term microlensing variations in
the double quasar SBS 1520+530.
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Fig.5 Light curves of the A and B components in the GLQSBS 1520+530.

This quasar is a relatively faint compact object consisting of two quasar
components that can be considered as point-sources. In the course of photometry
we ignored the presence of the lensing galaxy about the B component, as it is too
faint and is not detected by our CCD camera. As a result, we obtained the light
curves for A and B components in the GLQ SBS1520+530. Both components of
the quasar show a low-amplitude variability of Am = 0.1 mag during a time of
about 100 days. The general similarity of the brightness curves of both quasar
images occurs due to a gradual decrease in the brightness of the lensed quasar
(Fig.5). The delay time value in this system was found to be 130+3 days.

magnitudes

P Buud etal, 2002 . . .
Fig.6 Time delay shifted

light curves of the GLQ
SBS1520+530.
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In Fig. 6 the light curves of the components A and B are shown, there B is
shifted to the left by the time delay of 130 days and up by the magnitude of -0.83
mag. The composite light curve does not have large gaps. From the light curves in
Fig.6 it can be seen that the quasar continuously reduces its brightness, but at times
undergoes a series of brightness variations with Am =~ (0.1-0.2) mag, each of which
lasts about 100-500 days. In Fig. 7 the magnitude difference between the
component (A-B), which confirms our observations are consistent with the
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previous ones and show a linear trend. This indicates a continuous process of
microlensing during all observation seasons.
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Fig.7 Magnitude difference between F and B components.

The third Chapter "Qadrupole lensed quasars PG 1115+080 and B
1422+231: variations of the light curves and time delays values" is devoted to
the study of qudrupole GLQs PG1115+080 and B1422+231. GLQ with four
components, and in particular PG 1115+080, are known to be better suited for
determination of the Hubble constant value compared to double ones, since the
former one provide more observational information and, accordingly, physically
meaningful limitations in the modeling. The source in the PG1115+080 is a quasar
with z,=1.722 lensed by a galaxy with z4=0.31, and the images Al and A2 are very
close to each other. This is the second GLQ discovered more than a quarter of a
century ago.

Observations of PG1115+080 were carried out at the 1.5-m telescope of
Maidanak Observatory. The images were obtained in series from 2 to 10 frames
per night in the R-filter and from 2 to 6 frames in the V and I-filters. Seeing varied
from 0.75"to 1.3". The analysis of photometric results did not show a strong
dependence of photometric errors versus the seeing, excluding those frames where
half-width of the profiles exceeded 1.3". Photometric processing gave us the light
curves in Fig.8.

On the basis of these curves we could obtain the time delay values between
three pairs of components: Atga = 4.473:2 days, Atac =12.0%55 days Atpc=16.4132
days.

However, some questions remained open such as if there is microlensing
here, whether the colors of the components vary in time and how the time delay
values which we found earlier affect the estimation of the Hubble constant.
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Fig. 8 The light curves of the Fig. 9 The behavior of the magnitude
components of the GLQ PG differences C-Al, C-A2, B-C and
1115+080. A2-Al in time from the results of our

photometry.

The image pair A1+A2 in PG1115+080 consists of two components
symmetrically positioned relative to the caustic curves. According to theoretical
calculations, the ratio of their fluxes should be close to 1. Since 1980, numerous
measurements of the flux ratio A2/A1 have been carried out in different spectral
bands and epochs. It was noted that, according to the observations the flux ratio
A2/Al was varying in the range of 0.65-0.85. To determine which component was
microlensed exactly, we used only our own data, as they are a relatively
homogeneous material. We analyzed the behavior of the magnitude difference
between pairs of components A2-Al, C-Al, B-C and C-A2 (Fig.9). From the Fig.9
we can conclude that a decay of Al and brightening of A2 took place
simultaneously in PG 1115+080 during 2001-2006. We may also conclude that it
Is the Al image which has been microlensed in the previous years, with the
maximum of about 1992-1995, and the final phase in 2006 or, perhaps, later.
Taking into account the above, it turns out that the total time-scale of 0.3-
magnitude variability is about 25 years. The image A2 underwent microlensing,
too. The increase of brightness of the A2 in this period reached ~ 0.14 mag, while
the total brightening in the whole event may be larger.

The analysis of the light curves of the GLQ PG1115+080 was carried out.
The quasar-source internal variability with an amplitude of about 0.4-mag is found.
It is shown that the flux ratio between components A1/A2 varies not only in time,
but can also decrease as the filter wavelength increases. Also the microlensing in
the images Al and A2 in the period 2001-2006 has been discovered, with the
descending phase Al and phase A2 of ascent.

The dependence of the color index (V—I) for components separately versus
the R magnitude and versus time is found. As the brightness of the quasar
decreases, the color of the components shifts to the red side. But this is not due to
microlensing, but the internal variability of the source-quasar. Abnormal color of
the B component is most blue, although the closest to the lensing galaxy. Based on
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the values of the delay time found in the GLQ PG1115+080, the Hubble constant
was estimated depending on different models.

Then we processed the observational data through V and R-filters for the
gravitational lensed quasar B1422 + 231. We obtained the corresponding light
curves. Long-term (over 6 years) variability of the brightness in the source-quasar
of GLQ B1422+231 was found. The brightness variation amplitude was of the
order of 0.25-mag. The light curves of the three components of this GLQ on the
background of the source variability also show microlensing. Variations in the
color indexes of the components also confirm the effect of microlensing.

Studies of GLQ H1413+117 (Clover Leaf) are given in the fourth Chapter
"New photometric processing method and light curves of the GLQ
H1413+117: time delays and micro-lensing effects". The first paragraph gives
the current state of research of this object, provides a reference review, and also
characterizes the observational data obtained at Maidanak Observatory in the
period of 2001-2008. To measure the brightness of multiple sources with low
resolution, a number of methods have been developed. The majority of these
methods require the assumption of PSF invariance over the frame. This postulate
Imposes some restrictions on the photometric methods, as the observing conditions
or the imaging system do not always encounter this assumption. We propose a new
approach to overcome this limitation — adaptive PSF fitting method. This method
iteratively determines the PSF of the lensed components in the local area of their
location and determines the total flux from each of the components. At the same
time, an independent method for estimating the errors of photometric
measurements based on the simulation of artificial images taking into account the
noise and errors inherent in digital images has been proposed.
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Fig. 10 Light curves of the lensed components A, B, C and D in the R-band
with taking into account the our time delays.
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The signs of both internal variability and strong influence of microlensing
with an amplitude of ~0.15 mag and a rate of ~10 mag/day have been detected in
the light curves of the components of the GLQ H1413+117. The time delay values
between the lensed components in GLQ HI1413+117 have been calculated:
Atpg =-17.4 + 2.1 days, Atac =-18.9 + 2.8 days and At,p = 28.8 + 0.7 days
(where A, B and C are leading, and D is the trailing component, Fig.10).

A multiparameter model for gravitational lens in H1413+117 is developed,
which takes into account a singular isothermal ellipsoid for a lensing galaxy, a
singular isothermal sphere for a satellite galaxy, and an external shear to account
for all other factors. The most probable value of its red-shift is also obtained: z; =
1.9710.57.

The fifth Chapter "The wide fields cases: the method of processing CCD
images in the TDI-mode", is entirely devoted to the case of wide fields and
methods of processing of images obtained in the time delay and integration mode.
In recent decades, the technology of telescoping, including optical range, has
received tremendous development. Among the telescopes of the new type are
telescopes with a liquid mirror, which give high-precision images by rotating the
container covered a liquid with a high reflectivity (for example, Mercury).

This Chapter presents the results obtained by the author at the University of
Liege in the framework of the 4-M International Liquid Mirror Telescope (ILMT)
project, which was developed at this university. Telescope ILMT is designed to
scan a strip of sky at the Zenith with a width of approximately 0.5° and installed in
the Devasthal Observatory (India). The total area of coverage of the sky will be
about 140 square degrees. The ILMT is aimed to get images of wide fields of the
sky night by night in the SDSS filters. During zenithal observations, the most
appropriate way to observe sky objects crossing the field of view of the telescope
Is the so-called a time delay and integration mode (TDI).

The main objective of the ILMT project is to study the photometric
variability of all objects detected in a narrow strip of the sky in the field of view of
the telescope. Thus, this telescope is suitable for detection of variable objects, as
well as their photometric monitoring. The telescope will provide a huge amount of
observational data in the form of digital images, and research purposes will require
immediate processing of the images and their subsequent analysis.

This aim was set a number of tasks for the development of the method and
program of calculation of the contribution of the sky background across the image,
the search of factors affecting the astrometric calibration of equatorial coordinates
and photometric correction of the instrumental magnitudes. To solve these
problems, we have used data between 2013 and 2014 to 1.3-m telescope at
Devasthal Observatory.

As a result of observations, a two-dimensional frame of 30Kx2K pixels is
obtained. The CCD detector is oriented so that the vertical axis of the coordinates
on the frame corresponds to the declination of , and the horizontal to the right
ascension of a in the equatorial coordinate system. The complex behavior of the
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sky background can be caused by a number of factors. In the classic case of
Images, the average of the sky background is subtracted from the frame. In our
case, such an approach would be wrong, because a simple subtraction of the mean
value will lead to nothing. To solve this problem, we used a step-by-step algorithm
that will allow us to take into account the local variations of the sky background as
accurate as possible.

The analysis of factors affecting to the astrometric calibration has shown that
first of all it is necessary to take into account the varying angular scale of the pixels
and precession of the Earth. Knowing the sidereal time of the first column, the
declination of the middle of the image (geographical place of observation), the
rectangular coordinates of the objects can be found in their equatorial coordinates
in the observed epoch. Using the formula for precession of the Earth it is possible
to transform to the catalog coordinates in the epoch of 2000s. Photometric
correction of instrumental magnitudes to the standard ones turned out relatively
simple, here it is necessary to find only a linear correction factor. This value can be
found by comparing the brightness of selected photometric reference stars with
their instrumental magnitudes.

CONCLUSION

According to the results of the research carried out on the theme of the
doctoral (DSc) dissertation "CCD-photometry of selected gravitationally lensed
quasars and wide field cases" the following conclusions are drawn:

1. Monitoring observations of the objects of research were carried out. For
selected double and quadrupole component objects the noted CCD observations
were processed, the light curves in the V, R and | filters have been obtained and
investigated. They showed the sources-quasars of all considered objects
continuously vary their brightness, and for double GLQ limit of variation on
average Am ~0.5 mag, and for quadrupole GLQ Am ~0.3 mag, which is
significantly less than the double. The brightness variations of the lensed
components are related to non-stationarity of the source (bursts, irregularity of the
accretion process, etc.) and microlensing.

2. Two types of microlensing were determined: depending on the rate of
brightness variation they can be background (~10~* mag/day) and strong (~1073
mag/day); and depending on the duration they can be long-term (more than a year)
and short-term (up to a year). Our results on microlensing support the hypothesis
of H. Witt, according to which microlensing in quadrupole GLQ has general nature
and the inevitably in them.

3. The effect of long-term microlensing lasting more than 10 years was found
for the first time in the GLQ SBS1520+530. It was also found that the quasar
undergoes periodic brightness variations of small amplitude.
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4. For the first time in GLQ FBQO0951+263 it was shown that, as in the
previous case, exactly the long-term microlensing dominates over short-term ones.
The microlensing in this system has been going on for more than 10 years, and
there is a process of decline of the microlensing effect on the component B.

5. The light curves of the Al, A2, B and C components in the GLQ
PG1115+080 allowed to calculate the time delays between three pairs of
components: Atpg = 4.4%32 days, Atyc = 12.0%%* days and Atge = 16.4%3}
days.

6. The internal variability of the quasar-source with amplitude of about 0.4
mag is found. It is shown that the flux ratio between components A1/A2 varies not
only in time, but also decreases with increasing wavelength of the filter. The
microlensing in the images Al and A2 in the period of 2001-2006 with the
descending phase Al and phase A2 of ascending also was discovered. The
dependence of the (V-I) color index of components both versus the R magnitude
and versus time is found. As the brightness of the quasar decreases, the color of the
components shifts to the red side.

7. The new method of adaptive PSF fitting for photometric processing of the
point images in dense fields has been developed and tested on the example of
images of GLQ H1413+117. At the same time, an independent method for
estimating the errors of photometric measurements based on the simulation of
artificial images taking into account the noise and errors inherent in digital images
has been proposed.

8. The light curves of the H1413+117 components showed signs of both
internal variability and strong influence of microlensing with an amplitude of
~0.15 mag and a rate of ~10 mag/day. An estimate of the lower limit for the body
mass responsible for this microlensing was obtained (~1O M]up).

9. The time delay values between the lensed components in GLQ H1413+117
have been calculated: Atpg =-17.4 + 2.1 days, At,c =-18.9 + 2.8 days and
Atyp = 28.8 + 0.7 days (where A, B and C are leading, and D is the trailing
component). A new method of generation of the synthetic light curves for
estimation of time delay measurement errors is proposed.

10. Taking into account the values of time delay and on the basis of
gravitational lens model in the H1413+117 with singular isothermal ellipsoid and
an external shear the most probable value of its red-shift was obtained: z; =
19507 -

11. For the first time the long-term (over 6 years) brightness variation in the
source-quasar of the GLQ B1422+231 with amplitude of about 0.25 mag has been
found. Light curves of the three components also show microlensing. Variations in
the color indexes of the components also confirm this statement. The proposed
new values of time delays are: Atpg = 2.5 + 2.3 days, Atyc =-7 + 1.5 days
and Atyp = 6 + 1.8 days (A component is leading).

12. A computer program for calculation of the sky background component in
the images obtained in the TDI mode has been developed. The precession effect
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was found in the images obtained during zenithal observations. It is shown that the
astrometric calibration of the equatorial coordinates of objects requires taking into
account the variable angular scale of pixels. It is found that the linear correction
coefficient of the conversion to the standard value is sufficient for photometric
calibration.
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BBEJIEHUE (annoTanusi nokropckoii (DSC) nuccepramun)

AKTYaJIbHOCTh U BOCTPE0OBAHHOCTHb TeMbI AuccepTranuu. B HacTosmiee
BpeMsi HCCIEAOBaHHE OOBEKTOB, CBA3AHHBIX C SBJICHUEM TPaBUTAIMOHHOTO
JUH3UPOBAHUA U OCOOCHHO TPABUTAIMOHHO-IMH3UPOBaHHBIX KBazapoB (I'JIK),
ABJISIETCSl OJHOM W3 HamOoJiee Ba)XXHBIX 3aJa4 COBPEMEHHOM HaOJI0JaTeIbHON
KocMouioruu. Takue oOBEKThI BBHICTYMAIOT B KaU€CTBE TMTAHTCKUX €CTECTBEHHBIX
TEJIECKONOB, pa3pelieHne KOTOPBIX HAMHOIO NPEBOCXOIAT BO3MOYKHOCTHU
COBPEMEHHBIX HA3€MHBIX U KOCMHYECKUX MHCTPYMEHTOB. J[J1sl pellieHrs MHOTHUX
npobnem ¢usuku ['JIK mpexne Bcero HEOOXOAMMO HCCIEIOBAHUE BPEMEHHBIX
3aIepKEK MEXJITYy MHHUMBIMA HM300paXEHUSIMH JIMH3UPOBAHHBIX KBAa3apoB U
COOBITHIT MUKPOJIMH3UPOBAHUS B HUX, YTO MOYKHO IMOJYYUTh TOJBKO MyTeM HX
doromeTpun. Onpenenenrne BpeMeHH 3aJeP>KKU MEKIY MHUMBIMH KOMIIOHEHTaMH
HaAMpPsIMYIO CBSI3aHO C MOCTOSIHHOM Xa00J1a, KpaCHbIMU CMEIICHUSIMU UCTOYHUKA U
JIMH3bl U TPAaBUTALMOHHBIM IMOTEHUHUAIIOM MOCIEIHEN. MUKpPOIUH3UPOBAHUE KE
M03BOJISIET OOHAPYKUTh MACCUBHBIE M HUKAK HE BUJIUMBIC IPYTUM IMYyTEM OOBEKTHI
Wi CKomieHuss Marepud. OtTcroja CcIeayeT akTyalbHOCTh JIHCCEPTAlluH,
MOCKOJIbKY HauyaJlbHbIE ATAIlbl POXKICHUS TaJaKTUK U CTPYKTypa TEMHOM MaTepuu
MOTYT OBITh JETAJIbHO HaOMIOJaeMbl TOJBKO OJarojapsi TpaBUTAIIMIOHHOMY
JIMH3UPOBAHUIO.

B nocneanee Bpems B 00J1aCTH IPaBUTAIIMOHHOIO JIMH3UPOBAHUS BEAYLIUMU
MCCIIeI0BaTEN MK ObUIO CAEIAHO HECKOJIBKO BaXKHBIX OTKpbITUI. Hampumep, Obuia
ONpeAeeHa 01 TEMHOW MAaTepud B BUJIEC 3BE3]l C HU3KOM MacCOWd B HaIlEH
["aakTke, 0OHapyX€Ha OJIHA U3 CaMbIX MAJOMACCUBHBIX 3K30IUIAHET. BhIsBICHBI
HanboJiee MACCHBHBIE KPYIMHOMAacCIITaOHbIE CTPYKTYphl BO BceneHHOM, HailneHo
MPSIMOE  OMIIUPUYECKOE JOKA3aTEIbCTBO CYIIECTBOBAHHUS TEMHOW MATEpHUH.
[IpoBonaTcst u3MepeHusi MOCTOsTHHOW Xab6sma. B pesynbrare HabmtomeHUi
OOHapy>KeHbl CcaMble JaJeKue KBa3apbl C KpacHbIM CMEIIeHHueM Z> 7,
HaOroaTeNbHbl yecTanoBieHo oomee 150 I'JIK.

B nameit PecriyOnuke ynensiercss 60Jibliioe BHUMaHWE HAOI0IaTeIbHBIM U
TEOPETUYECKHM aCIEKTaM HKCCJIEIOBaHUSI TPABUTAIIMOHHOTO JIMH3UPOBAHUS.
HampaBnenuss 3tux (QyHIaMEHTaIbHBIX MCCIEIOBAHUN, HMEIOMIMX OO0JIbIIOe
3HAa4YEHHE 1/ Pa3BUTHS HAyKM Halllel cTpaHsbl, cBA3aHbl co Crparerueii! neiicTeuii
no AanbHeieMy pa3zpututo Pecryonuku Y3o6ekuctan Ha 2017-2021 rr. Tak, B
tedyeHue nociuenHux 20 et B MaiinaHakckoil oOcepBaTOpUU BeCbMa AKTHBHO
MPOBOASTCS MOHMTOPUHIOBbIE HaOmtojaeHus nepcnekTuBHbiX [JIK, Hakorex
OTPOMHBIA YHHMKAJIbHBIM HaOMIOJATENbHBIA MaTepHall Ha OCHOBE MHOTOJIETHETO
OJIHOPOJTHOTO MOHHUTOPHUHTA, MPOBEACH aHAIW3 KPUBBIX OJIeCKa JIMH3UPOBAHHBIX
nzo0paxxenui psaa ['JIK, monydeHsl TOUYHbIE BBIPAKEHHUS ISl YIJIa OTKIOHEHUS
Jdy4ell cBeTa npu caaboM JTUH3UPOBAHUU BOKPYT YepHOU AbIpbl. OJHAKO BMECTE C
OTUM OCTalOTCA HEKOTOPHIE HEPEILIECHHBIE BOIPOCHI, B YAaCTHOCTH, IO CUX IIOP
HEU3BECTHbl MPUEMJIEMbIC 3HAYCHHS AMIUIMTYIbBl M  MPOAOJIKUTEIBHOCTH

Yykas Tlpesunenta Pecrybaukn Y36ekuctan Ne VII-4947 or 07 ¢espans 2017 r. «O Crpareruu aeiicTBuii 1o
JabHENIIeMy pa3BuTuio PecryOmuku Y30ekucTany.
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MEPEMEHHOCTH, BBI3BAHHBIE MHKPOJIMH3UPOBAHUSMU B OOBEKTAX MCCIEIOBAHUS
JAHHOW AUCCepTalliid, HEU3BECTEH CaM XapaKTep MHUKPOJIMH3UPOBAHUS, UHOTIA
AK€ MMEETCSI HEOINPEIEICHHOCTh B ONPEAECICHUM KpPACHOTO CMEUICHUS
JUH3UPYIOUIUX Tell, A0 CHUX IOp HE H3Y4YEHBbI ClIy4au M300pa)KEHUM MIUPOKUX
TIOJIEH.

JlanHast nuccepTaloHHass paboTa B ONPENENIEHHONM Mepe  CIYKHUT
peanu3anuu  3a7ad, YTBEPKICHHBIX B TOCYJApCTBEHHBIX HOPMATHBHBIX
NOKyMeHTax, B Yka3ax IIpe3unenra PecnyOnuku Y30ekuctan 3a Ne YI1-4947 «O
Crpareruu OedcTBHUIl MO JalbHEHIIeMy pa3BUTHIO PecryOnuku Y306ekuctan» ot
07 deBpans 2017 roma, a Takke B «JopoKHON KapTe OCHOBHBIX HampaBlICHUM
CTpYKTYpHBIX pedopm B VY30ekucrane Ha 2019-2021 rompr», omyOIMKOBaHHOMN
paBUTEILCTBOM PecnyOnmuku Y30ekucran 29 Hos0ps 2018 roga.

CoorBercTBHE  HMCCJIEJI0OBAHHUS  NPHOPUTETHBIM  HAINPaBJEHHUAM
Pa3BUTHS HAYKHM M TEXHOJIOTHI pecnmy0JuKu. J/[uccepTalluOHHOE UCCIEN0OBAaHUE
BBIIIOJTHEHO B COOTBETCTBHM C MPHUOPUTETHBIM HAIPABICHUEM Pa3BUTUSA HAYKU U
texHosorui Pecriybnuku  Y306ekuctan — Il «Oueprertuka, »sHepro- u
pecypcocOepeKeHue».

O030p 3apy0e:KHBIX HAYYHBIX HCCJICJOBAHHI IO TeMe AUCCePTALMH.
HccnenoBanueM  sIBJICHHWsSI TPABUTALIMOHHOIO JIMH3UPOBAHMS B LEJIOM U
JMH3UPOBAHHBIX KBa3apoOB B YAaCTHOCTH, UX OOHApYy>KEHUEM, HaOIIOJCHUAMU B
pa3IMYHBIX  JIMANa30HAX  3JEKTPOMArHUTHOIO  M3Jy4YyeHus,  oOpabOTKoU
HaONIOAATENbHBIX JAHHBIX M HX MHTEpPIpEeTaluedl 3aHUMAalTCs B BEIYIIHX
Hay4HO-UCCJIEI0BATENbCKUX [IEHTPAX M BBICHIMX YYE€OHBIX 3aBEICHUSX, TAKUX KaK
ActpoHomuueckuit uHCTUTYT uM. Iltepubepra MI'Y (Poccus), Llentp
acTpoHoMuu U WMHCTUTYT acTpoHOMHUYECKUX BbluuciaeHui ['eiigensoeprckoro
yHuBepcuteTa, IloTcmamckuil acTpou3nuecKuil HUHCTUTYT, ACTpopU3NYECKHid
UHCTUTYT oOmiectBa Maxkca [lnanka (I'epmanus), Actpodusuyeckas maboparopus
OenepanpHoil monuTexHuueckor mkosbl B Jlozanne (IlIBeimapus), MacTUTYT
BBIUHCIIUTENBHOM  KOocMoJioruu  Jlapemckoro  yHuBepcurera,  MHcTHUTyT
aCTPOHOMUU KemOpumxckoro YHUBEpPCHUTETA (Benukobpuranus),
ActpoHomuueckas obOcepBaropus Bapmasckoro yHuBepcurera (Ilosbiia),
Nuctutyr kocmudeckux wuccienoBanuii (Ytpext, Hwunpepnanael), MHCTHTYT
aCTpOHOMHUHU XapbKOBCKOTO HalIMOHAIBHOTO YHUBepcutera (YkpauHna), UHcTUTyT
actpopmzukn  u  reopusuku  JIbexxckoro  yHuBepcutera  (benbrus),
MexayHaponHbli  MHCTUTYT  kocmuueckux Hayk (bepn, IIBeiinapus),
Uccnenoparenbckuii nieHTp panHeit Beenennoit, Otaenenue ¢pusuku ToKUMCKOTO
yuuBepcuteta (Anonus), Teneckon CyOapy HanuoHaibHOM acTpOHOMUYECKOU
oOcepBaropun Snonun, OTAeNeHUEe COBPEMEHHOW (DU3MKU YHUBEpPCUTETA
Kantabpun (Mcnanwus), Uactutyt paanodusuku u snekTpoHukd HanumonanbHOM
aKaJeMUM HayK YKpauHbl, MHCTHUTYT wuCcnenoBaHuid KOCMOCa C IOMOIIBIO
kocmuyeckoro teneckona (bantumop, CIIIA), ActpoHomuyeckuii uHCTUTYT AH
PVY3, HamumonanpHblli yHUBepcuTeT Y30ekuctaHa wuM. Mupszo VYayroeka.
(V306ekucran)
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[Io mccnenoBaHnio TPaBUTALMOHHO-TMH3UPOBAHHBIX KBAa3apOB HA MUPOBOM
YpOBHE TIOJIyYEH Psii HAYYHBIX PE3yJIbTaTOB, B TOM 4YHUCJe Obla ONpesesieHa A0
TEMHOM MaTepuu B BUJE 3BE3J C HU3KOW Maccou B Hamen [‘anaktuke uepes
HaOmoneHust 3Be31 MaremiaHoBbix OOJakoB, aHAIM3 MUKPOJIMH3UPOBAHUS
MO3BOJIMJI OOHAPYX UTh OJHY M3 CAMbIX MajbIX HU3BECTHBIX 3K30IUIAHET, OTKYJa
CJIelyeT, YTO IUIAHEThl C OKOJIOHENTYHOBOM Maccoil Moryt ObITh Oosee
pacnpocTpaHEeHHBIMH, 4YeM ra3oBble Turantel (LleHTp actpodusuku yacTuir
Kanudopuuiickuii yauBepcuretr; llapmxckuii acTpodu3nueckuid HHCTUTYT).
CraTuCTUYECKHI aHaau3 JIUIMINTUYHOCTA TAJIAKTHUK Ha OOJIBIIMX IUIOIIAIAX
OOHapyXWJl MacCHBHbIE KpYyIHOMaclITaOHbIE CTPYKTYypbl BO BceneHHOH,
HaAOJI0/IEHUS ABYX CJIMBAIOIINUXCS CKOTICHUH Ha Teneckone Xab01a u mocTpoeHune
KapT JIMH3UPOBAaHUS MO3BOJUJIO HAWUTU IPSAMOE SMIMPHUYECKOE IOKA3aTEIBCTBO
CyllecTBOBaHMs TeMHOM Mmartepun (KaHaackuii HHCTUTYT TEOPETUYECKOM
actpouzuku; MHCTUTYT acTpodu3uKd YacTUll U KocMmojiorun uMm. Kann).
Pa3paborano HECKOJIBKO YHUKaJIbHBIX [Iporpamm, MOCBSILIEHHBIX
CUCTEMATUYECKOMY IIOMCKY TI'PaBUTALMOHHBIX JIMH3, HEIPEPBIBHO ITOIOJIHAETCS
CHMCOK KaHIUAATOB M HaOmojaTenbHO mnoArBepxkaceHHbIX [JIK  mytem
CHEKTpPOCKONMYEeCKHMX M  ontuyeckux Haobmogenuit (Teneckonm  Cybapy
HanuonansHoit ~ actpoHoMuueckoi — oOcepBaropuu  Snonun;  MHCTHUTYT
actpoHoMuu KemOpumxckoro yHuBepcutera; WMHCTHTYT ACTPOHOMHHM — HIM.
Aprenannepa boHHCKOTO yHHBepcuTeTa). BOJBIION MAacCUB JaHHBIX HAOJIOACHHN
obu1 mosydeH B xoxae mporpaMmMmbl COSMOGRAIL, paspabotan >¢ddexTuBHBIN
dboTOMETpUYECKUM METOJ BOCCTAHOBJIEHUSI H300paxkeHu (Actpodusnyeckas
naboparopus DenepanbHON MNOJUTEXHUYECKON IKOAbI B Jlo3anHne; MHCTHTYT
acTpopu3uku U reopusnku JIpexckoro yHuBepcutera; ACTpOHOMUYECKUH UHCTUTYT
AH PV3). PaszpabarbiBaiorcsi (POTOMETPUYESCKHE METOIbI U KOMITBIOTEPHBIC
porpaMMbl 00paOOTKH JaHHBIX HAOMIOAeHUN (ACTPOHOMHYECKUN MHCTUTYT HM.
Mrepudepra MI'Y, Poccus; HUN ActpoHomun XapbKOBCKOTO HalMOHAJIBHOTO
YHUBEpPCUTETA, YKpanHa).

B Hacrosimee BpemMs B MHpPE TEOPETUYECKHE M  HAOJII0JaTelbHbIC
HCCIIEIOBAHNS TPABUTALMOHHO-JIMH3UPOBAHHBIX KBAa3apOB IMPOBOIATCS MO PSAY
IIPUOPUTETHBIX HANpaBJICHUWH, B TOM uwncie nouck HOBbIX [JIK Ha ocHOBe
CTaTHUCTUYECKOT0, CHEKTPAJIbHOTO M (POTOMETPUUECKOro aHaiu3a 0a3 JaHHBIX
GAIA, SDSS u napyrux; mouck coObITUN MHUKPOJIWH3UPOBAHUSA, PaCUeT BPEMEHH
3QICP’)KKM M BBIYKMCIICHHE TIOCTOSHHOM Xa00iia; TecTUpOBaHHE Mojeleh
Bcenennoit m ee KpymHOMAacIITaOHBIX E€IWHUII, M3MEPEHHE MacCChl CKOILICHUMN
rajlakTUK; pelIeHHe MNpoOJieM, CBSA3aHHBIX C HEOJHO3HAUYHOCTHIO B MOJEISIX
TPaBUTAIIMOHHBIX JIMH3, BIMSHUS Ha BPEMEHHBIC 3a7CPKKH MPeoOpa3oBaHUs
NOJIOKEHUs] McTO4YHMKA (YMKarckuil yHuUBepcuUTeT; ACTpo(U3HMUYECKUN HHCTUTYT
obmectBa Makca [lnanka; MccnenoBarenbckuii IeHTp panHel BeeneHnHoit).

CreneHb M3y4eHHOCTH MpodJieMbl. B HacTosiiee Bpemsl MOUCKOM HOBBIX
IPaBUTAIMOHHO-IMH3UPOBAHHBIX KBa3apOB, MOHUTOPUHTOBBIMH HAOIIOJECHUSMU
ATUX 00BEKTOB, POTOMETpHUUIECKUM HccienoBannem ABoiHbIx [JIK SBS1520+530
nu FBQO0951+2635, wuccnenoBaHueM CBOMCTB  JIMH3UPYIOUIUX  TaJIAKTHK,
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MOJCIIUPOBAHUEM DJTHUX CHCTEM, BBIYHCICHHEM BPEMEHHU 3aJ€PKKH, IMOUCKOM
MUKpPOJIMH3UPOBAHUSI B HMX 3aHMMAIOTCS MHOTHUE YUY€HbIE BEAYIIUX HAYYHBIX
ICHTPOB MHpa, Harnpumep, poccuiickue (l.Bikmaev, N.Sakhibullin), ykpaunckue
(V.Shalyapin, A.Zheleznyak, A.Sergeev), amepukancuke (l.Burud, J.Cohen,
P.Schechter, J.-L.Beuzit, C.Kochanek) o6ensruiickue (P.Magain, D.Sluse),
mBeapckue (F.Courbin, S.Dye, G.Meylan), marckue (P.Jacobson, J.Hjorth) u
npyrue. Opnako nansi ykaszanHeix [JIK eme He mnpoBOAMINCH JJIUTENbHbBIC
ONTHYECKHE HAOIIOJACHUS, W COOTBETCTBEHHO HE WCCJCAOBAHBI SIBJICHUS
MUKPOJMH3APOBAHUS HA OOJBIIIOM BPEMEHHOM MPOMEXYTKE, HE ObLTH M3BECTHBI
HU WX aMIUTATY/Aa, HA TIPOJIOJDKATEITLHOCTD.

OnpeneneHueM  PEHTIEHOBCKOTO  TMOTOKA  CKOIUJIEHWWA  TalakTUK B
HarpaBiaeHuu 4derblpexkoMnoHeHTHbIX [JIK PG1115+080 u B1422+231, wux
nH(paKpacHBIMH HAOJIOMCHUSIMU ¥ BBIJICJICHUEM TIOJICTPYKTYP JIMH3UPYIOIIHAX
TaJIakKTUK, ONpEIeNIEHUEM HX KpPAaCHOTO CMEUIEHHUs, aHaJu30M SMHUCCHOHHBIX
corictB B crnektpe HI1413+117, mocrpoeHunem wmonened BCEX 3THX CHCTEM
3anuManuch amepukanckue (C.Grant, M.Bautz, G.Chartas, G.Garmire, J.Tonry,
M.Eracleous, X.Dai, E.Agol, S.Gallagher), smonckue (M.Chiba, T.Minezaki,
N.Kashikawa, H.Kataza), 6enprutickue (D.Hutsemekers, B. Borguet) u npyrue
yueHble.  OIHAKO HECMOTpPsS Ha 9TO JIOJITOJIETHHE ONTUYECKHE HAOIIOICHUS
yKkazaHHbIX 371ech 3TuX [JIK He mpoBOauiIOCh, HE MO KOHIA ObUIM OIMpPEIeICHBI
BPEMCHHBIE 3a/ICP)KKH W XapaKTep MHKPOJUH3UPOBaHUA. OTKPBITHIM OCTaBaJICS
TAaKK€ BOIIPOC KPACHOTO CMEWIEHMs JuH3upyomero tema B HI1413+117, a
B1422+231 wu3ydeH emie MeHbIIE, TaK Kak €mie He ObLIO JaKe CE30HHBIX
HaOIIOICHUI.

O6paboTka ke IUMPOBBIX H300pPAXKEHUM IIMPOKUX IMOJEH U3 3EHUTHBIX
HaOMIOACHUI B peXUME C BPEMEHHOM 3aiepkkod M uHTerpupoBaHueM (B3H)
BOOOIIIE HOCUT MUOHEPCKUN XapakTep. Vaes mocTpoeHus 36HUTHOTO TEJIECKOIa C
KUIKUM 3epKajioM ObLia mpeuiokena kanaackumu yaenbivu (P.Hickson, E.Borra,
R.Cabanac, R.Content, B.Gibson), a peammszamus 5>Toro mpoekra Obljia
ocymiecTBiieHa Oenbruiickumu (J.Surdej, J.-P.Swings, M.DeBecker, L.Delchambre,
F.Finet), uanuitckumu (B.Kumar, B.Pradhan, R.Sagar, K.Pandey, G.Anupama),
nonbckumu (P.Bartczak) acrponomamu. Ho B mx paborax He OBLIM 3aTPOHYTHI
MOJIHOCTBIO BOTPOCHI aHAIM3a H300pPKEHHM MIMPOKUX TOJeH, OcTaBajcs He
SCHBIM BONPOC Kakue (akTopel OyAyT BIUATH Ha acCTPOMETPHUYCCKYIO U
(hoTOMETPUUECKYIO KaTUOPOBKY JaHHBIX HAOJIIOACHUH.

CBsi3b TeMbl JMCCEPTANMM C HAYYHO-HCCJIEA0BATEILCKMMHU padoTamMu
BbICIIUX 00pPa30BaTeJbHBLIX H HAYYHO-MCCJIEI0BATEILCKUX YUPEKIEHUH, T1e
BbINOJIHEHA  jJuccepranus. JluccepraunoHHas  paboTa  BBINIOJIHEHA B
COOTBETCTBUHM C TJIJAaHAMHU HAYyYHO-HCCIIEIOBATEIILCKUX Pad0T ACTPOHOMHYECKOTO
unctutyta AH PY3 u HamumonanpHOro yHuBepcurera Y30€KHCTaHa B paMKax
cieayromux MnpoektoB: DA-D2-D058+061 «HUccnenoBanue rpaBUTALMOHHBIX
TUH3, (POPMUPYIOMIHMXCA TaJaKTUK M OOOOIICHHBIX MojeNel acTpoPU3NIECKux
00bekToB»  (2007-2011), ®DA-EOD2-®03 «PazpaboTka (OTOMETpPUUYECKO
MpOTpaMMbl  BOCCTAHOBJIEHUSI IU(MPOBBIX ACTPOHOMUYECKUX H300PAKECHUN U
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ananmu3 sddexroB OTO npu rpaButarmonHoM auH3upoBaHum» (2010-2011), d2-
DOA-D029 «Dusznka TPaBUTAIMOHHBIX JIMH3, KOMIIAKTHBIX aCTPOPU3UIECKUX
00BEKTOB 1 HECTAITMOHAPHBIX TUCKOBBIX cucTeM» (2012-2016), BA-DA-D-2-007
«MccrnenoBanre JIMH3UPYIOIIUX CBOMCTB M30paHHBIX TalaKTUK-KBa3apoB B
ontuyeckoM auamnasone» (2017-2018).

Heabio nccjienoBanusi  sBIsICTCS U3ydYeHUE (U3UKU SIBICHUH B BHJIE
MUKpOJMH3UpoBaHus U 3¢pdexra Bpemenu 3aaepxkku nyrem I[13C-dhoTomerpun
M30paHHBIX 2- U 4-KOMIIOHEHTHBIX T'PaBUTAIMOHHO-IMH3UPOBAHHBIX KBa3apoB, a
TaKkKe pa3paboTKa alropuTMOB O00PaOOTKH HU(PPOBBIX H30OPAKEHUN IMIUPOKHX
IOJIEN.

3amavu ucclieI0BAHNS:

pa3paboTka MeTo/1a POTOMETPUN TOUCUHBIX UCTOYHUKOB B TECHBIX TOJISX;

OIIpEIEIICHHE BPEMEHHBIX 3aIepIKEK MEXIy  JIMH3UPOBAHHBIMHU
KoMIoHeHTamMu uccieayeMbix [JIK u 3akoHOMepHOCTE B 3aBUCUMOCTH OT
apaMeTpOB CUCTEM;

onpenesieHne KkpacHoro cMmemenus aun3sl B ['JIK H1413+117;

BBIJICJICHHE BHYTPEHHEH MEPEMEHHOCTH HCTOYHHKOB-KBA3apOB OT COOBITHUIA
MUKPOJIMH3UPOBAHMS, BBISIBJICHUE ux MEXaHU3MOB, BBISICHCHUE
IPOJIOJDKUTEILHOCTH MUKPOJIUH3UPOBAHUS;

ONpENICJICHNE TUIOB MHUKPOJMH3UPOBAHUS B 3aBUCUMOCTH OT KX TEMIIA U
MPOJIOJIKUTEILHOCTH, BBIYUCIICHNE HUXKHEW TPaHUIlbl MAaCChl MUKPOJIUH3;

pa3paboTKa METOJOB M aJITOPUTMOB 0OpaOOTKU HU(PPOBBIX HU300paKeHUN B
pexume B3H, ananuz (akTopoB, BIUSIONIMX HAa TOYHOCTh (POTOMETPUYECKUX U
ACTPOMETPUYECKUX U3MEPEHUI.

O0bekTamMH  MCCIEJOBAHUS  SABISIIOTCA  W30paHHBIE  TPaBUTALMOHHO-
TuH3HpoOBaHHbIE  kBazapel SBS1520+530, FBQ0951+2635, PG1115+080,
H1413+117 u B1422+231.

IIpeamerom wucciaenoBaHMsl SIBISIOTCS HAOJIOMATENbHBIC JIAHHBIE B BHJIC
[13C-u300pakeHuii, KpuBble OJieCKa KOMIIOHCHTOB HCCJIEAYyEMbIX OOBEKTOB, a
TAK)K€ U300pKEHUSA, TIONYYCHHBIE B PEXKHUME BPEMEHHOM 3aJepKKU C
HAKOILICHHEM.

Metoabl wucciaeaoBanusi. V3BecTHbie METOABI O00paOOTKM  IUDPOBBIX
ACTPOHOMHUYECKUX H300paKCHH, ammapar aHajin3a BPEMEHHBIX PSIOB, METOJIbI
MUHUMU3AIUU, TOCTPOCHUSI MOJENICH TPaBUTAIIMOHHO-TMH3UPOBAHHBIX CUCTEM.

HayuyHasi HOBH3HA HcCJIeI0BAHMSA 3aKIIIOYAETCS B CIIETYIOIIEM:

B nBoiubX ['JIK FBQ 0951+2635 u SBS1520+530 ompenmeneHno aBa Twuiia
MUKPOJIMH3UPOBAHUS: B 3aBUCHMOCTH OT TEMIIa U3MEHEHHUs OJIeCKa OHU MOTYT
ObITh ()OHOBHIMU U CWIBHBIMH, @ B 3aBUCUMOCTH OT MPOJOIKUTEIBHOCTH —
JOJITOTIEPUOAMYECKUMH M KOPOTKOTIEPUOIUUECKUMU,

st u30pannbix [JIK mocTpoeHsl M WccieoBaHbl KPUBBIE OJIECKa, a TaKKe
ONPEAEIICHBI HOBBIC 3HAYEHUS BPEMEHH 3aJ€PKKH B YETBIPEXKOMITOHEHTHBIX [ JIK
PG1115+080, H1413+117, B1422+231;

oOHapykeHo, uTo oTHoleHue notokoB A1/A2 B I'JIK PG1115+080 mensiercs
HE TOJIBKO BO BpPEMEHU, HO W 3aBUCUT OT JJIMHBI BOJHBI (PUIBTPA, TOKA3aHA
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3aBHCHUMOCTH TMokazarens 1sera (V—I) mMH3upoBaHHBIX KOMIIOHEHTOB OT OJiecKa U
BPEMEHU;

oOHapyxeHo cuiibHOe MukpoauHzupoanue B ['JIK H1413+117 u nmonydena
OLIEHKa HIDKHETO TIpeAena s MacCchl Tela, OTBETCTBEHHOW 3a 3TO
MUKPOJIMH3UPOBaHHUE, TaK)Ke pa3paboTaHa HOBasi MOJIENb TPABUTALIMOHHOM JTUH3bBI
C CHUHIYJSIPHBIM HM30TEPMUYECKHM JIUIMIICOMIOM U YTOYHEHO 3HAUYECHUE €€
KpacHOTO CMEUIEHNS,

pa3paboTaHbl METOJ U AITOPUTM KOMIBIOTEPHONH 00pabOTKH M300paKeHUit
IIMPOKUX TIOJIEH, a Takke OOHapykeH 3(P¢eKT Mpeueccud B U300paKeHHSIX,
MOJIYYEHHBIX P 3€HUTHBIX HA0I01eHHsIX B pexume B3H.

IIpakTH4Yeckue pe3yabTaThl HCCJIAEIOBAHUSA 3aKIIOYAIOTCS B CIEIYIOLIEM:

MOKAa3aHO, YTO 3HAYEHUE BPEMEHH 3aJEP>KKH JUHEHHO 3aBUCUT OT YIJIOBOT'O
pasmepa cucrem [JIK — MakCHMaJIbHOTO PacCTOSHMS MEXIY JMH3UPOBAHHBIMU
KOMIIOHEHTaMU;

OTIpEJICNICHbl KJIACChI MHUKPOJMH3UPOBAHUS B OOBEKTAaX MCCIEIOBAHUS U
PaCKpBITHI MEXaHU3MBI: HaWJeH s ekt JOJITOTIEPUOTUYECKOTO
MukposuH3upoBanus B aBodHbIX [JIK SBS1520+530 um FBQ0951+2635,
npoaospkaromeecss 6onmee 10 jer, u MoOKa3zaHO, YTO OHO JOMUHUPYET Haj
KOPOTKOIEPUOAUUECKUMHU COOBITUSIMUA MUKPOJIMH3UPOBAHMUS;

pa3pabotan HOBBIM MeTOn  (OTOMETPUYECKON O0OpabOTKHM  TOYEUHBIX
M300paKEHUM B TECHBIX MOJISX;

pa3pa0OTaH  HE3aBUCHUMBIM  METOJl  OIEHKM  OIIMOOK  W3MEpEeHUM
(OTOMETPUYECKUX BETUYHMH U BPEMEHH 3a/IEPHKKH;

BIIEpBbIE MMOIy4YeHbl KpuBble Onecka B ['JIK B1422+231, koTopbie O3BONMIN
HallTH JoNroBpeMeHHoe (Oosiee 6 JieT) u3MeHeHHe OJiecka MCTOYHMKA-KBazapa U
BIIMSIHUE MUKPOJUH3UPOBAHUS,

HaWJIEHHBIE COOBITUSI MUKPOJUH3UPOBAHMS TOATBEPKIAET TUIIOTE3Y O TOM,
YTO TaKUE SIBJICHUS B YETHIPEXKOMIIOHEHTHBIX CHCTEMaX UMEET OOIIYI0 MPUPOIY U
HOCAT IOCTOSIHHBIN XapakTep;

QITOpUTM 00paOOTKM HU300PAKEHUM MIUPOKUX TMOJIEH MPUMEHSETCS MpU
00paboTke N300paKeHUH, MOTYUYCHHBIX P MEPUANAHHBIX HAOIIOICHUSIX;

IpeI0AKEH HOBBIM METO/1 MOCTPOCHUS HCKYCCTBEHHBIX KPUBBIX OJIecKa.

JloCTOBEPHOCTH pe3yabTaToB HCCJIeI0BAHUS 00OCHOBBIBAETCS
MIPUMEHEHUEM COBPEMEHHBIX M XOpOIIO 3apEKOMEHJIOBABIIMX C€e0s METO/J0B
doTomerpuueckoit o0padboTku I13C-u300pakeHnii, aHaianM3a BPEMEHHBIX PSJIOB,
BBIYMCIICHHS BPEMEHHBIX 3aJIEPKEK, ONpPEIeTICHUsI COOBITHI MUKPOJIMH3UPOBAHMUS,
MOJEJIMPOBAHUS IPABUTALIMOHHO-TMH3UPOBAHHBIX CUCTEM.

Hayuynass v mnpakTuyeckass 3HAYMMOCTb Pe3yJbTATOB MCCJIEAOBAHUS.
Haydnast 3HauMMOCTb Pe3yJIbTaTOB HMCCIEIOBAHUS OMPENESETCS MPEXKIE BCEro
MOJIyYeHHBIMH HaOJI0/IaTeIbHBIMU JaHHBIMA 10 uccieayembiM [JIK, koTopbie
3aMETHO JOIOJHWINA CYIIECTBYIOIIME 3HAHMS O HHMX M CTald OCHOBOW JUIA
JNaJIbHENIIEr0 €0 MOMOJHEHUA U IETaIbHOr0 ucciuenoanus npyrux I'JIK.

[IpakTryeckasi 3HaYMMOCTh PE3YJIbTATOB MCCIIEAOBAHUS 3aKIIOYAETCA B TOM,
9TO MPEJIOKEHHBI HaMu (POTOMETPUUECKHI METOJ aJalTUBHOW IOJATOHKH
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¢ynkiun paccesuus Touku (OPT) moMmoxeT cIKOHOMHUTH HAOIIOJATEILHOE BPEMSI
Ha TEJECKOMaxX, IOCKOJIbKY MOXET paldoTaTh Jaxe ¢ J1e()OKyCHpPOBAHHBIMU
nzo0paxkenusmu. HaiineHHble HaMu 3HaueHUs BpeMeHH 3aaepkku s tpex [JIK
oOneryar B JajbHEHIIEM BBISBICHUE MUKPOJIMH3UPOBAHMUS B ATUX CHCTEMax.
Pa3paboTanHpie HaMU METOJ U QITOPUTM OOPAOOTKH H300pPaKEHHM HIUPOKHUX
nosiet B pexxume B3H HenmocpencTBEHHO NMPUMEHSIIOTCS B paMKax MpoekTa 4-m
ILMT. Pe3ynbrarbl BKIIOYEHBI B CHEIHANIbHBbIE KYpChl ACTPOHOMHUYECKOTO
otrnenenus HYY3 «KBazapbl U akTUBHBIE TanakTUuk», «IIpobreMbl KOCMOTOHUN
g O6akanaBpuaTypsl U «Pu3nka rpaBUTAIMOHHOTO JTUH3UPOBaHUA», «O0paboTKa
ACTPOHOMHUYECKUX U300paKEHUIN» MarucTpaTyphl.

BHenpenue pe3yabTaToB ucciaeaoBanusa. Ha ocHoBe uccienoBanus Gu3nku
SBIICHUN MUKPOJIMH3UPOBaHUS U 3(p(deKra BpeMEHHU 3aJCPKKH B H3OPaHHBIX
JBOMHBIX M YETHIPEXKOMIIOHEHTHBIX T'PABUTALIMOHHO JIMH3UPOBAHHBIX KBa3apax, a
TaK)Ke pa3pabO0TKH aITOPUTMOB 00PAOOTKH N300paKEHUN ITUPOKUX TOJICH

pe3ynbTaThl, IMOJYYEHHBIE B XOJ€ HCCICAOBAaHUSA NPOAOJDKUTEIBHOCTH U
npupoasl MukponunzupoBanus B ['JIK FBQ 095142635 u SBS1520+530 6wutn
UCIIOJIb30BaHbl UCCIEIOBATENAMU (CCBUIKM B 3apyO€KHBIX HAy4yHBIX KypHaslax
Astronomy&Astrophysics, 2018, 2012a,b; Monthly Notices of the Royal
Astronomical Society, 2013; Astronomy&Astrophysics Supplement Series, 2011;
Astrophysics Journal, 2010) ucmons30BaInCh MPH MOACIBLHOM aHAINM3€ CHIbHBIX
IPABUTAIIMOHHBIX JIMH3 U BBIYUCIEHUU KOCMOJIOTMYECKUX MapaMeTpoOB B paMKax
npoekta GLENDAMA. TlonydeHHbIE pe3ynbTaThl MPEAOCTABUIA OOIIMPHYIO 0a3y
JAHHBIX MO JIMH3UPOBAHHBIM KBa3apaM W IMO3BOJWIHM OINPEACIIUTh JIUTEIbHbIE
COOBITHSI MUKPOJIMH3UPOBAaHMS Ipyrux ABoWHbIX [JIK;

HOBBIE€ 3HAYEHHUS BPEMEHHBIX 3aJ€PKEK MEXAY JIMH3UPOBAHHBIMU
komnoHentamu [JIK PG 1115+080, mosy4eHHBIX B XOJAE MOHMTOPHWHIA B
Maiinanakckoit 06cepBaTOpUu, UCTIOIB30BaHbI B 3aPYOEKHBIX JKypHaAIaX (CCHLIKU
B Astronomy&Astrophysics, 2018, 2013; Monthly Notices of the Royal
Astronomical Society, 2016; The Astrophysics Journal Supplement Series, 2015;
Astronomical Reports, 2015) npu MOBTOPHBIX BBIYMCIACHUSX BPEMEHHU 3aJICPIKKU B
ATOU cHuCTeMEe U pa3paboTKe HOBOTO METOJIa BBIYMCIEHUS STOW BEIMYUHBI MPU
HaJIMYUA MHUKPOJIUH3UpOBaHUsA. [loydeHHBbIE pPE3ysbTaThl MO3BOJWIA H3Y4YUTh
CTPYKTYPY OKPYArOIIEro MPOCTPAHCTBA BOKPYT JIMH3 IO Jy4dy 3pEHHUS U JIy4Ylle
MOHATh BIIMSHUE KPYMHOMACITAOHOM CTPYKTYphl Ha CTaTUCTHKY JIMH3 M HX
napameTphbl;

aHanmW3 Bapuanui Oilecka JWMH3UPOBaHHBIX KommoHeHToB [JIK PG
1115+080 n MHKpOIMH3HPOBaHUS B ApKoW KOoMIoOHEHTe Al/A2 mcnonb3oBaHbI B
3apy0exHbIX kypHaiax (cceuiku B Monthly Notices of the Royal Astronomical
Society, 2016, 2018; Astronomy&Astrophysics, 2015, 2018; The Astrophysics
Journal, 2016; Astronomical Reports, 2015) mnpu anammze 3ddekra
MUKPOJIMH3UPOBAHUS M TO3BOJMJ pa3paboTaTh HOBBIM METOJ MOJAEIUPOBAHUS
KapT MUKPOJIMH3UpOBaHHUs. [loryueHHbIe pe3yapTaThl MO3BOJIWIA 3aHOBO OLIEHUTH
MOCTOSIHHYI0 Xa00ya, a Takke pa3padoTaTh HOBBI METOJ CTAaTUCTUYECKOTO
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aHanu3a KPHBBIX Omecka JAJIEKUX HMCTOYHUKOB, BO3MYIIIEHHBIX
MUKPOJIMH3UPOBAHUEM CO CTOPOHBI TOYEUHBIX U MPOTSHKEHHBIX MAcC;

pe3yibTaThl HAIIMX MCCIIEIOBaHUNM Bapuanui Ojiecka KOMIIOHEHTOB B
H1413+117, BeruuciaeHus BpeMEHHBIX 3aJIepKeK, OMPeeICHUs COOBITHS CUITBHOTO
MUKPOJIMH3UPOBAHUS, BBIYMCICHUS KPAacHOTO CMENICHUS JMH3UPYIOIIETo Teja
HCIIOJb30BaHbl B 3apyOCKHBIX KypHanax (cceuiku B Astronomy&Astrophysics,
2018; Astronomy&Astrophysics, 2018; 2018arXiv181002624W; Nature, 2018)
MPU OLICHKE HEOJHO3HAYHOCTH B MOJIEISX TPABUTAIIMOHHBIX JIMH3 U BJIMSHUSA Ha
BPEMEHHBIC 3a/ICP’KKU U3MEHEHUHN MOJIOKEHUS UCTOYHUKA, CIEKTPOCKOIIMYECKOM
MOATBEPKIACHUN OOHAPY>KEHUSI HOBOM T'PABUTALIMOHHO-JIMH3UPOBAHHON CHUCTEMBI
GRAL113100-441959 u MmoenbHOM TTPOTHO3WPOBAHUHU BPEMEHH 3aJICPKKU B HEH.
Hamm nanHble ObUTM BKJIIOYEHBI B HOBYIO 0a3y JaHHBIX ONTHUYECKU SPKHUX
JMH3UPOBAHHBIX KBA3apOB B CEBEPHOM IOJYIIAPUH, & TAKKE HUCIOIB30BAIUCH MPU
aHaJIM3e COBPEMEHHOT'O COCTOSHUSL aCTPOHOMUU B Y 30€KUCTaHE;

pa3paboTaHHbIE HAMH METOAbl M aJTOPUTMBI OOpPaOOTKH H300pakeHHI
MIUPOKUX TOJIEH MCIOJB3YIOTCS B paMKax MEXKIYHApPOIHOTO HAOI0IaTeIbHOTO
npoekta 4-m ILMT (mucemo Jlsexckoro ynuBepcutera oT 15 stHBaps 2019 r.).
[TonmydyeHHbie pe3ynbTaThl IMO3BOJWIM  CPOPMHUPOBATH  TOCIEIOBATEIBHOCTD
IpOrpamMm 1Mo 00paboTKe M300paKEHUHN MUPOKUX TOJIEH U HAWTH HOBbIE OOBEKTHI
KOCMHUYECKOTIO MyCOpa.

AnpobGauus pa6orel. OCHOBHBIE PE3YJIbTaThl AUCCEPTALMOHHON PadOTHI
JOKJIAJBIBATIUCh U OOCYXAaNINCh Ha 23 MEXKIYHApOJHBIX M PECIyOJIMKAHCKUX
Hay4YHO-TIPAKTUYECKUX KOH(EPEHIIMSIX.

Ony0/MKOBAHHOCTH pe3yJbTaToB. [0 Teme auccepranuu OmyOJIUKOBAHO
34 wnayunble pabOoThl, 11 HayyHBIX cTaTeli B M3JAHUAX, PEKOMEHJIOBAHHBIX
Bricmieit arrectanmonHoi komuccued PecyOnuku Y30ekucrtan juis myOauKanui
OCHOBHBIX HAyYHBIX pE3yJIbTATOB JOKTOPCKHX JAHWCCEpTalui, U3 HUX 6 B
3apyOEKHBIX HAYUHBIX KypHaIax.

Crtpykrypa u 00bem guccepranmu. Jluccepranus COCTOUT M3 BBEACHUS,
NATA TJaB, 3aKJIIOUYEHHMs] U CIUCKA HCIOJIb30BaHHOW JnuTepaTypel. O0bem
nuccepranum coctapiseT 188 crpanui.

3AK/IIOYEHUE

[Io pe3ynpraram WHCCIEOOBAHUM, MPOBEACHHBIX IO TEME JOKTOPCKOMN
muccepraimu  «I13C-poTomMeTpuss H30paHHBIX T'PABUTAIMOHHO-TMH3UPOBAHHBIX
KBa3apoOB U CIIy4au IIHUPOKUX MOJIEi», MPEACTABICHBI CIEAYIOIINE BHIBOML:

1. BolnosiHEHbl MOHUTOPUHIOBBIE HAOIIOIEHUSI 00BEKTOB HccienoBanus. s
U30paHHBIX JBYX- U YETHIPEX-KOMIIOHEHTHBIX OOBEKTOB 00pabOTaHbl JaHHBIC
[13C-nabmronenuii, MOCTPOEHB M HCCIeAOBaHbl KpuBbie Ojecka B V, R u I
¢unabTpax. OHM MOKa3alu, 4YTO HMCTOYHUKH-KBA3apbl BCEX PACCMATPUBAEMbBIX
OOBEKTOB HEMPEPHIBHO MEHSIOT CBOM OJecK, MpuUYeM sl JIBYXKOMIIOHEHTHBIX
npeaen Bapuanuu B cpeaqHeM Am ~0.5", a y gersipexxkomnoneHTHbIx Am ~0.3™,
YTO 3aMETHO MEHbIIIE, YeM Yy JBOWHBIX. VI3MeHeHuss Ojecka JIMH3UPOBAHHBIX
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KOMIIOHEHTOB  CBA3aHbl C  HECTAlMOHAPHOCTBIO  MCTOYHMKA  (BCHBILIKH,
HEPETYJISIPHOCTH MPOLIeCcCca aKKPEIUU U JIP.) U MUKPOJIUH3UPOBAHUEM.

2. OmnpefienieHo JBa TUIA MHUKPOJIMH3WPOBAHUS: B 3aBUCUMOCTH OT TeMmIla
M3MEHEHHMs OJIECKA OHU MOTYT OBITh (oHOBBIMH (~107* mag/cyTkn) u CHIBLHBIMU
(~107®  mag/cyTkm), a B  3aBHCHMOCTH OT  IPOJOIKUTEIHHOCTH
JOJITOTIEPUOANYECKUMH  (0ojiee roja) W KOPOTKOMEPUOIUYECKUMHU (JI0 T0J1a).
Hamu pe3ynbrarsl 10 MUKPOJIUH3UPOBAHUIO TIOJITBEPKAAIOT runore3y X. Burra o
TOM, YTO MUKPOJIMH3UPOBAaHNE B 4-KOMIIOHEHTHBIX CUCTEMAX €CTh BCETJa U UMEET
0O0I11yI0 IPUPOSTY.

3.B TJIK SBS1520+530 BmepBwie HaiineH 3(¢eKT TOATOBPEMEHHOTO
MUKPOJIMH3UPOBAHUS NPOAOJDKUTENBHOCTBIO Oosiee 10 net. Takke oOHapy»KeHO,
YTO KBA3ap UCIBITHIBAET EPUOJTUUECKHE U3MEHEHHUS APKOCTU MaJIOW aMIUTUTYIbI.

4. Brnepsoie B ['JIK FBQO0951+263 moka3aHo, 4TO, KaKk U B IPEAbIIYIIEM
clly4ae, UMEHHO JOJTONEPUOINYECKOE MHUKPOIMH3UPOBAHUE JAOMHUHHUPYET Haj
KOPOTKOIIEpUOANYECKUMHU. MUKPOJIMH3UPOBAHUE B 3TOM CUCTEME ITPOJOJIKATIOCH
yxke Oonee 10 ner, mpuueM 37ech NPOMCXOAUT THPOIECC Claja BIUSHUSA
MUKPOJMH3UPOBAHUS HA KOMIIOHEHTY B.

5. KpuBele Onecka kommonentoB Al, A2, B u C TI'JIK PG1115+080
MO3BOJIMJIA BBIYUCIIUTH BPEMS 3aJIEPKKH MEXIY TpeMsl MapaMu KOMIIOHEHTOB:
Atpg = 44132 cytkm, Aty = 12.0%% cyrok u Atge = 16.45%5* cyroxk.

6. OO6HapyxeHa COOCTBEHHass IEPEMEHHOCTb  HCTOYHHMKA-KBa3apa C
ammuTynoi  mopsimka  0.4™. [lokazaHo, 9YTO OTHOIIEHWE TIOTOKOB MEXKIY
KOMIIOHEeHTaMu A1/A2 MeHsieTCs He TOJbKO BO BPEMEHHM, HO M YMEHBIIAETCS IO
Mepe  YBEIWYEHUs  JUIMHbI  BOJHBI  (uibTpa.  OOHApYKEHO  TakKke
MUKpoJMH3upoBanue B m3oOpaxeHmsx Al u A2 B teuernne 2001-2006 romoB ¢
Hucxomsmen ¢dazoit s Al u  dazoi BocxoxaeHus s A2. Halinena
3aBUCUMOCTH MoKa3areid 1Beta (V—I) KOMIOHEHTOB OTAENbHO OT MarHuTyabl R u
ot BpemeHH. [1o mepe ocnabnenus Ojiecka KBazapa IBET KOMIOHEHTOB CMEIIAETCS
B KPAaCHYIO CTOPOHY.

7. PazpaboTtan HOBBIM MeTOA  afanTuBHOM  moaroHku DOPT  mus
dboTomeTpudeckoli 0OpabOTKM TOYECUHBIX HM300pAKCHUH B TECHBIX IIOJIAX M
anpoOupoBaH Ha mnpumepe wuzobpaxenuit [JIK H1413+117, BMecte c Tem
peI0kKEH HE3aBUCUMBIA METOJl OIIEHKH OIIMOOK (POTOMETPUUYECKUX U3MEPEHUN
Ha OCHOBE MOJIETMPOBAHUSI MCKYCCTBEHHBIX H300paXEHWH C y4eTOM IIyMOB U
OIIUOOK, MPUCYUIUX HUPPOBBIM U300PAKEHUSIM.

8. Ha xpuBbIx O6mecka komnonenToB H1413+117 oOHapyXkeHBI pU3HAKHA KaK
BHYTPEHHEW NEPEMEHHOCTHU, TAK U CHJIBHOTO BJIMSHUS MHUKPOJUH3UPOBAHUS C
ammmutyaoi ~0.15™ u temmom ~107 mag/nenb. I[lodydeHa OllEHKAa HUKHETO
npenena Il Macchl Tella, OTBETCTBEHHOTO 3a A3TO MHKPOJIUH3UPOBAHUE
(~10 Myyp).

9. BerunciieHbl 3HAUYEHUS! BPEMEHHBIX 3aJCPKEK MEXAY JIMH3UPOBAHHBIMU
komrnoHeHTamu ['JIK H1413+117: Atpg = -17.4 & 2.1 nueid, Aty =-18.9 + 2.8
nHer u Atpp = 28.8 £ 0.7 aneit (B u C nuaupyromue, D - Benomas). [Ipennoxen
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HOBBIA METOJ] MMOCTPOCHUS CUHTETUYECKUX KPUBBIX OJieCKa JJIsl OILCHKU OIIMOOK
U3MEPEHUS BPEMEHHBIX 3aJEPKEK.

10. C yderoM BpEMEHHBIX 3a/IEpKEK Ha OCHOBE MOJICIN TPaBUTALMOHHOM
nuH3bl B H1413+117 ¢ CUHTYJIApHBIM U30TEPMUYECKUM SJUTUIICOMIOM U BHEITHUM
CABUTOM TOJIy4€HO Hanbosee BEpOsITHOE 3HAUECHHUE KPAHHOTO CMEILCHHUS JIMH3BI:
7 = 1.95}7".

11. BrepBble HaiijiecHO JIOJATrOBpeMeHHOoe (OoJiee 6 JIeT) n3MeHeHue Ojiecka B
uctounuke-kazape [JIK B1422+231 c¢ ammautynoit mopsiaka 0.25™. Kpussie
Osecka Tpex KOMIIOHEHTOB MOKA3bIBAIOT TAaK)KE U MUKPOJIMH3UpOoBaHue. Bapuaruu
MOKa3aTeleld IBETOB KOMIIOHEHTOB TAaKX€ MOATBEPKAAIOT 3TO YTBEPKICHUE.
[IpenyiokeHbI HOBBIC 3HAYEHUS BPEMEHHU 3aJCPKKH 371eCh: Aty = 2.5 + 2.3
CyTOK, Atpc =-7 £ 1.5 cytok u Atpp =6+ 1.8 cyrok (kommoHeHTa A -
JTUUPYIOIAs).

12. PazpaboTana KOMIbIOTEpHAsi TMporpamMma ompeaeneHus (HOHOBOH
COCTABJISIIOLIEN B HM300pa)keHUsx, NojiyueHHbIX B pexume B3H. OOnapyxen
s dexT npeueccur B M300paKEHUSIX, MOJIYYCHHBIX MPU 3€HUTHBIX HAOIIOICHUSAX.
[lokazaHo, 4YTO MpPU ACTPOMETPUUYECKON KATTMOPOBKE HKBATOPUAIBHBIX KOOPJIMUHAT
O0OBEKTOB HEOOXOJIMM YYEeT NEPEMEHHOIO VYIJIOBOT0 MaciuTada MHUKCEIOB.
Haiineno, uto npu QoTOoMETpUUECKON KaTuOpPOBKE JOCTATOUEH JIMHEHHBIN
KO3 PUIUEHT TPeoOpa30BaHUs K CTaHAAPTHOM BETMUHHE.
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