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KHUPHUI (10KTOPJIHK JUcCepTALUACH AHHOTALMACH)

Juccepranus MaB3yCHHUHI [10/13ap0JuMru Ba 3apypatu. byryHru kyHna
IPABUTALMOH JIMH3AJIAHMII XOJMCACH Ba aillHUKCA, TPaBUTALMOH JIMH3AJIaHTaH
kBazap (I'JIK)map O6unan G0fnmuMK OOBEKTIAPHUHT TAJAKUKOTH 3aMOHABHI Ky3aTyB
KOCMOJIOTUSICHHUHT SHT MyXUM MacananapuiaH Oupuaup. bynmait oOwvextiap
Epnaru 3amMoHaBuii Ba KOCMUK acOOOIApHUHT aXXpaTa OJHUII UMKOHUATHIAH Ky
IOKopyu Oynran yiakad Tabumii Temeckom cudarumaa xu3mar Kuimagu. [JIK
(¢u3MKaCUHUHI KyI1lad MyaMMOJIapUHM €YMII Y4yH, aBBaJlo, JIMH3aJIaHTaH
KBa3apJapHUHI MaBXyM TacBUpJIApH OpacHJard KEUUKUII BaKTJIApU Ba yJapaaru
MUKPOJIMH3AJaHUII XOAUCATAPUHUHT TAIKUKOTH 3apyp, Oy 3ca (akar yJapHUHT
(doToMeTpUACH OpPKAIM aMalira OLIMPUIIMIIA MYMKHH. MaBXyM KOMIIOHEHTauap
opacujard KeYMKUII BaKTMHU aHMKIAm Xa0O0n nqouMuiicu, MaHOa Ba JIMH3aHUHT
KM3WIra CWDKHUILIApU XamJa JHMH3aHUHT TPaBUTALMOH IOTEHLMANu Ouian
TYFpUAAH-TYFpu OofiaHraH. MUKpOIMH3aIaHUII 3Ca MacCUB Ba OOIIKa Xe4d Oup
Uy OunaH Kypa OJMII MyMKHUH OYJIMaraH KypuHMAac OOBEKTIApHU KU MaTepHs
TYynajJapuHu aHUKJIAIl WMKOHUATHHH Oepamu. TyFumaérraH ralaKTHKaJIapHHHT
OouutanFuy OOCKHWIapW Ba KOpPaMTHp MATEPUSHUHT Ty3WIUIIM  (axar
TPaBUTALMOH JUH3ATAHUII Ty(alau MyKamMmal Ky3aTHJIMIIA MYMKHHJIUTHAAH
JUCCepTALMs UILIMHUHT JOJI3apOiIUr KeIuo YrKaIu.

Xo3upru KyHAa eTaKkyd TagKUKOTYHJIAp TOMOHHIAH TPaBUTAIMOH
JUH3AJIAHUII COXAacHuJa KaTop MyXUM Kamduérnap oumirad. MacanaH, OM3HUHT
[anakTukaMu3aa KAYUK ~ Maccald  IOJAy3/lap KYPUHUIIMAArH  KOpaMTHUP
MaTEpUSHUHT YIYIIW aHUKJIAHAM, HI KMYUK MaccalM sK30callépajapHUHT Oupu
tonuiaau. KomHoTnaru sHr maccuB HUpHUK MaclTaOiau Ty3wiIMajap aHUKIaHAU
Xama KOpaMTHp Matepusi OOpJIUTMHUHT TYFPUAAH-TYFPU SMIUPUK HCOOTU
Tonwiad. Xab0a JOMMHUHCHMHUHT Yrmyanuiapu onubd OopuiMoknaa. Kysarumiap
HaTWKacuaa KU3WITa CHIDKUIIY Z > 7 OYIraH 2HT y30K KBaszapiap Tonwiau Ba 150
nan optuk ['JIKnap anukianam.

MamnakatuMu3ga TpaBUTALMOH JIMH3AJAaHUIIHUHT Ky3aTyB Ba Hazapui
TaJKUKOTJIAPHUHT aCMEKTIapura Xam Karra 3bTHOOp Oepunaau. MamiakaTUMuU3
uiM-(paH pUBOXKU XamJa (QyHAaAMEHTal TaAKUKOT HATHXKAJTapUHU XaETra TaTOMK
KMINII yayH ymby (GyHIaMeHTal TaAKMKOTIAPHUHI HYHAIMIIIApH Y36EKUCTOH
PecnyOnMkacuiy sHajga PUBOXIAHTHPHIN OYyiuya Xapakartiaap' crpareruscura
o6eBocuta Oornmuk. by Oopama Maitnanak o6cepBatopusicuna oxupru 20 WnngaH
6epu nepcriektuB O6ynran ['JIKmapuunr daon paBuiiga MOHUTOPUHT Ky3aTyBlIapu
om0 Oopwiiagu, y30K WIJITMK OUp TEKHUC MOHUTOPHUHT acocujia HoEO yikaH
Ky3aTyB  Mabiaymomiapu  tyminanrad.  Karop  [JIKmap — nunH3anmanrax
TAaCBUPJIAPUHUHT PABILAHINK 3TPU YM3UKJIApU TaxJIWid oiaud Oopuiau, Kopa ypa
aTpopuaa Kyucus JUH3AJAHUII XOJuAa EPYFIMK HYpPJIApUHUHT CHHMII Oypdaru
yuyH aHUK udomamap Kyiara KUpUTWIraH. AMMO Iy OusaH Oupra aiipum
eulJIMaraH Macajajap XaM KOJMOKIAa, XyCycaH, Iy BakTrada yumoy

¥36exucton Pecriy6mukacu [pesunentununr 2017 #iun 7 pespanmaru "V36ekucron PecryGnukacuuu
sHA/1a PUBOKIaHTHpHIL OYiinda Xapakatnap crparerusicu Tyrpucuna''ru [10-4947-connn apmonu.
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JTUCCEPTALUSTHUHT TAJAKUKOT OOBEKTIapuaa MHUKPOJIMH3aJaHHII Tydalan ro3ara
KEJIAJIUTaH Y3rapyBYaHJIWK aMIUIMTYJACUHUHI €Tapiid aHUKJIUKIArd KUilMaTu Ba
JTABOMUMINTH OU3Tra MabJIiyM dMac, MUKPOJIUH3AJIIAHUII XapaKTEpH Y31 HOMABIIYM,
0ab3aH 3ca XaTTOKU, JIMH3AJIOBYM >KUCMHMHI KW3WITa CHDKUIIMHU aHUKJIAIIIa
HOAQHUKJIMKJIAD MaBXyJ, LIy KyHrada KEHI MalJIoHJap XoJaTiiapu Macajacu
YpranuiMara.

V36ekucron Pecnyonukacu Ilpesunentununr 2017 itun 7 deppangaru [1D-
4947-con "V36ekucTtoH PecryOnMKacMHM fHaja PUBOXKIAHTHPUII —Oyiimua
xapakatiap crparerusicn Tyrpucuaa'ru dapmonuga, 2018 imn 29 HosOpna
V36ekncton Pecry6immkacn XyKyMaTH TOMOHHIAH dom sTwiran "2019-2021
WHIIapa V36exncTonza TY3WIMAIIA UCJTOXOTIIAPHUHT aCOCUM MyHATUIUIAPUHAHT
nyn xapurtacu'ga xamaa ymoy coxaaaru 0omkKa MebEpUN-XyKYKHI XyxoKaTiapaa
OenrmiaHrad BaszualapHu amManra OIIMpUIIa ymoy auccepTauus TaaKHUKOTH
MyalsH Japaxkaja Xu3MaT KAJIau.

TagKuKOTHHHT Y36ekucTon Pecny6amkacm (aH Ba TeXHOJOTHSIAP
TAPAKKHETUHMHT YCTYBOP MYHAJIUIIIAPUIAa MOCJIUIH. [uccepTanus TaqKUKOTH
V36exnucron Pecny6iukacu $aH Ba TEXHONOTMAnapd puBoXnaHumu .
«DHepreTrkKa, SHEPTHsl Ba peCypc TEKAMKOPIUTH» YCTYBOP MYHaIUIIIUTa MOBO(DUK
OakapuIraH.

JAuccepranus MaB3ycH Oyin4Ya XOPHMKUI MIMHI TAAKHKOTJIAP IIAPXU.
['paBUTALIMOH JHWH3AJaHUII XOJAMCACHHUHI YMYMHH TaJKHUKOTH, XYyCYCaH,
JVH3AJIaHTaH KBa3apiiap, yJapHU Kalld 3THI, 3JEKTPOMArHUT HYPJIAHUIIHUHT
TypJu Avana3oHJIapuJard Ky3aTyBu, Ky3aTyB MabIyMOTJIapUHU KaiTa MIUIAII Ba
yIapHU TaxJIWJI 3TUMI OYiiMYa KEHI KaMpOBJIM WIMHI TaAKUKOT HILIApU KaTop
eTaKkyd WIMHM TaJKMKOT MapKaszjgapu Ba OJMi VKyB IOpTiapuia, >KyMjaaaH,
MockBa gaBnat yHuBepcuTeTUHUHT llITepHOepr HoMiM ACTpOHOMUSI UHCTUTYTH
(Poccus), Actponomusi Mapkazu Ba  Xeimenb0epr  YHUBEPCUTCTHUHHHT
AcTpoHOMUK XucoOnanuiap HHCTUTYTH, [loTcmam actpodusmka nHCTUTYTH, Makc
[Tnank >xamusTuHUHT Actpodusuka nHctutyT (['epmanust), Jlozanna denepan
[Tonurexnuka wmakTaOMHUHT AcTpodusuka mnabopatopuscuna (Iseiapus),
JlapeM yHUBEPCUTETHHUHT XHCOOJAIl KOCMOJIOTUS WMHCTUTYTH, KeMOpumxk
yHUBEpCUTETUHUHT AcTtpoHomusi wuHcTUTyTH (bytok bpuranus), Bapmasa
YHUBEPCUTETUHUHT  ActpoHoMmuK  obcepBaropusich  (Ilomerma),  Kocmuk
TaaKuKoTiIap uHcTuTyTH (Hunepnanmus), JIbexx YHUBEPCUTCTUHUHT acTpo(U3HKa
Ba reousuka unctutrytu (bensrus), Kocmuk dannap xankapo unctutytu (bepH,
[Beitnapusi), bouutanrny KomHOT TagKUKOT Mapkas3u, TOKHO YHUBEPCUTETUHUHT
¢buzuka 6ynumu (SAnonus), Anonuss Mumii acCTpOHOMUK 00CEpBATOPUSICUHUHT
Cybapy Teneckonu, KantaOpusi yHUBEpCUTETUHUHT 3aMOHaBUN (pu3mka OYinuMu
(Mcnanus), XapbkoB MuWuIM YHHUBEPCUTETUHUHI ACTPOHOMHSI HMHCTHUTYTH,
VYkpauna ¢annap Mwumii akaJeMUSCUHUHT paguodu3nKa Ba DJIECKTPOHHKA
unctutytd (Ykpauna), Kocmuk teneckon é&paamuna KocMoc TaaKukoTu
nuctutytd  (bantumop, AKIII), V3P ®A AcrpoHomus _MHCTHTYTH, MHup30
ViyrGex HoMumard Y3z6ekucton Mummmii yauBepcuterd (Y36eKHCTOH)ma 0HO
OOpUIMOK/IA.



['paBUTAIIMOH JHMH3AJIAHTaH KBa3apJiapHU TAaAKUKOT ATHIN OYHMYa KaxOoH
MUKECHIA OWp KaTrop WIMHMM HaTWXKajlap OJHMHTaH, >Kymiaaad: MaremnaH
bynyTtinapu (0MQy3JapUHUHT Ky3aTyBH OpPKajld KHWYMK Maccajiu HJAy3Jap
KYPUHUIINAATH KOpPaMTUP MOJJAHUHT OW3HUHT [anakTukamuzgard yiaymid
aHUKJaHTaH. MUKpOJIMH3ATaHUII TaXJWIM XO3UPrd KyHJa MabjiyM OYIraH SHT
KMUYMK 3K30caiiépasiapaad OMpUHU TOMHUINTa UMKOH Oepau, OyHIaH 3ca mMaccacu
HenryHnnukura sskuH OynraH caii€panap ra3CMMOH TMTaHTJIapra HucOaTaH KYMpOK
TapKaldrawiurua kenud uukanu (3appanap actpodusmukacu mapkasu; Kamudopuus
yauBepcutetd; Ilapmwk  actpodusuka wuHCTHTYTH). Karra Maiimonnapna
rajakTUKaJIap JUIANTUKIUTUHUHT CTATUCTHK Tax Wi KonHoTAarn MaccuB MUPUK
MacmTabid Ty3WIMaJIApHUA TOMAHU. Xa0OJl TelecKomuaa WKKATAa KyIuiaéTraH
rajJakTUKAJAPHUHT Ky3aTyBU XaM/a JIMH3AJIAHUII XAPUTAIAPUHU TY3UII KOPAMTHUD
MO/J1a OOPJIMTUHUHT TYFPUJIAH-TYFPU SMIUPUK UCOOTUHU TOIHUIITa UMKOH Oepau
(Kanaga wHazapuii actpodpusuka HHCTUTYTH; KaBnu Homumaru 3appaiiap
acTpopU3MKacu Ba KOCMOJIOTUSI HMHCTUTYTH). ['paBuTanoH JUH3aNTapHU
CUCTEMATUK KUIUpHUII Oyiinya KaTop HOE0 JacTypiap WIUIA0 YUKWIIH,
CIIEKTPOCKONIMK XaMmJa ONTHK Ky3aryBiap opkaiu [JIKra HoOm3ommap Ba
Ky3aTyBJlaH TacAMKJIAHTaH OOBEKTIAp PYWXaTH TOMMO TYIIUPUO KETUHMOKIA
(SImonmst mwLMH  acTpoHOMHK —oOcepBaropusiciHuHr Cy0apy — TelecKornu;
KeMOpuk yHHMBEpCUTETH AacTpPOHOMHUSI HHCTUTYTH; bDOHH YHUBEpPCUTETH
Aprenangep Homumaru actpoHomus wuHcTUTyTH). COSMOGRAIL ky3aryB
JAacTypu Joupacuia KaTTa XaKMJa Ky3aTyB MablIyMOTJIapW KyJira KUPUTHITAH,
TaCBUpJApHU KailiTa TUKIJIAIl Y4yH caMapaiu (POTOMEpHK yCysa MUuIad YMKUITaH
(JIozanna denepan [lonurexnnka maktabu Actpodusuka modoparopusicy; JIbex
YHHBEPCHTETHHHHT acTpo(u3HKa Ba reopHu3uKa HHCTHTYTH; Y3P DA AcTpoHOMHUS
uHCTUTYTH). Ky3aTyB MabliyMOTIIapHU KaiTa MIUIall y9yH (POTOMETPUK yCyiuiap
Ba KOMIBIOTEp JacTypiiapu unuiad yukwirad (MockBa 1aBiaT YHUBEPCUTCTUHUHT
[repubepr Homiu ActpoHoMuss uHCTUTYTH, Poccus; XapbkoB Mwmuit
yHuBepcuteTHHUHT ActpoHomust UTU, Ykpauna).

Jynéaa Xo3upru TnaWTaa TPaBUTALUOH JIMH3AJIAHTAH KBa3apJIapHUHT
Hazapui Ba Ky3aTyB TaJKUKOTIApH OyilM4a KyWuJard yCTyBOp WYHaIHIILIApHa
u3nanunuiap onaud OGopunmoxma: GAIA, SDSS Ba Oomka MabiymMoOTIap
0azajapuHM CTATUCTUK, CHEKTpas Ba (OTOMETPUK TaxJIMJIA acoCUa SHTH
['JIKnapau Tomumi; MUKpPOJIMH3AJIAHUII XOJAWCAJIADUHU AHUKJIANL, KEYUKHIII
BaKTHHMU yia4am Ba Xa00a goumuiicuHu xucoOnam; KoMHOT Ba YHUHT HHPHK
MacmTabyiv OMpUKManapyu MOJEJUIApUHUA CHHALI; TaJlaKTHKa TyJajdapu MacCaCuHU
yiyann; rpaBUTalMOH JUH3AJIap MOEIJIapyhia HOAHUKIIMK Macalacu xamaa MaHOa
BA3UATH Y3TapUIIMHUHI KEYMKHUII BAaKTHIa TAabCUP ITHUII MyaMMOJApUHU EYHII
(Uukaro ynuBepcutetd, Makc IlnaHk >xaMUSTUHUHT AcCTpodu3uMKa WHCTUTYTH;
bonutanruy KOoMHOT TaAKUKOT MapKasm).

MyaMMOHHMHI YPraHWITaHJIUK Japamacd. XO3Upru KyHAa SHIU
IPaBUTAIMOH JIMH3AJaHTaH KBa3apjlapHU KUIAUPHIL, YO0y OOBEKTIAPHUHT
MOHUTOPUHT Ky3aTyBiapunu omub Oopumn, SBS1520+530 Ba FBQO0951+2635
['JIKmapauHT (QOTOMETPHUK TAIKUKOTH, JIMH3AJIOBUM TaJlAKTHKANIAP XYCyCHUSTIApU
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TaIKUKOTH, YIIIOY CHCTEMaJIapHU MOJICIUIAMITUPHUII, KEIMKUIIT BaKTUHU XUCOOJIAIIL,
MUKpPOJIMH3AJAHUIIIHK ~aHUKJAl OWIaH JyHEHUHT KYIJiad eTakyd WIMUN
MapKa3JIapuHUHT ojiuMiapu, Macanad, poccusiiuk (Bikmaev 1., Sakhibullin N.),
ykpauHainuk (Shalyapin V., Zheleznyak A., Sergeev A.), amepukanuk (Burud I.,
Cohen J., Schechter P., Beuzit J.-L., Kochanek C.) 6ensrusimik (P.Magain, Sluse
D.), meinapusuiuk (Courbin F., Dye S., Meylan G.), nanusiuk (Jacobson P.,
Hjorth J.) Ba Oomikanap myrysutanumiaad. Ammo kypcatuirad I'JIKnap yayH y30k
MyAJaTIM ONTUK Ky3aTyBjiap ojJu0 OopwiMaraH Ba yHTa MOC X0JIJla Y30K BakT
Opallufujila MHKPOJIMH3AJAHUII  XOAMCACHM  YpraHujaMaraH, VyJIapHUHT Ha
aMIUTUTYJACH, Ha TaBOMHUIJIUTH HOMabJIyM OVraH.

Typt komnonentanu PG1115+080 Ba B1422+231 I'JIKnap iiyHanmumuaaru
TaTaKTUKAJAp TYyAaJapuiaH pPEHTICH OKWMHWHHM aHUKJIAIMTHPHIL, YJIapHUHT
UHppaKu3mI Ky3aTyBJapu Ba JIMH3AJI0BYN raJlaKTUKaJapHUHT
MOJICTPYKTYpaJapUHU aKpaTUO OJUI, YJIAPHUHT KU3WITa CHDKUIIUHU TOIIHUII,
H1413+1117 CHOEKTPUHUHT HMHUCCHUOH XYCYCUATIAPUHHU TaxXJIUJI OTUII, Oy
CUCTEMAJIAPHUHT MOJICJUIAPUHU TYy3UIl MyamMoiapu OwuiaH amepukanuk (Grant
C., Bautz M., Chartas G., Garmire G., Tonry J., Eracleous M., Dai X., Agol E.,
Gallagher S.), smonusmuk (Chiba M., Minezaki T., Kashikawa N., Kataza H.),
oenbrusimuk (Hutsemekers D., B. Borguet) Ba Oomika onumiiap NIyFyJUIaHTaH.
AmMmMmo Oynapra Kapamaii, Oy epaa Kaig stwirad ['JIKnapHUHT y30K HHIUIUK ONTHK
Ky3aTyBjiapu oJau0 OopuiaMmaraH, KEUMKHUII BaKTJIApU Ba MHKPOJMH3AJIAHUIII
Xapakrtepiapu oxuprada aHukiaanmarad. H1413+117aaru nuH3anoBun >KUCMHHUHT
KM3WITa CUIDKUIIN Macajacu XxaM O4MK Koauo kenraH, B1422+231 sca ynaan xam
KaM YpraHuJiraH, YyHKU yHJa XaTTOKH MaBCYMHH Ky3aTyBjiap 0Jau0 OOpuIMaras.

Kenr maitnonnapHUHr Ke4uKuil BakTH Ba uHTerpawiam (KBH) pexumuna
3€HUT Ky3aTyBJIapUJiaH OJIMHTAH pakamJyIM TACBUPJIAPHUHT TaxJIWJIM, 3Ca YMyMaH
oJiraHjaa, oupuHUM Oop amanra omupuiMokaa. CyroK KY3ryiu 3eHUT TEJIECKOITHU
kypuin Oyiinya rost kanamanuk onumiap (Hickson P., Borra E., Cabanac R.,
Content R., Gibson B.) Tomonuman Ttakiud KuauHTaH 314, Oy JOMMXAHUHT
amaigaru Tatouku sca Oenprusiuk (Surdej J., Swings J. -P., De Becker M.,
Delchambre L., Finet F.), xuamuctonnuk (Kumar B., Pradhan B., Sagar R.,
Pandey K., Anupama G.), monsiranuk (Bartczak P.) actporHomiap ToMoHHIaH
amaJjra OImupuwian. AMMO yJIapHUHT UIUIApUAa KEHT MalJOHIap TAaCBUPIAPUHUHT
TaxJIWIM Macajacu TYJIWK paBuIlga ouuiaMmaraH 37u. KyszaTyB MabiymMOTIapHH
acTpOMETpUK Ba (POTOMETPUK KaMOpoBKaialiga KaHakKa OMWIIAp TabCUP ATajH,
JIeTaH CaBOJI 1Ty BaKTraya »aBOOWHU TOIA OJIMai KEJISIITH.

JMuccepraums TAAKUKOTHHUHI JUcCCepTalus OakapuwiraH WJIMMId-
TAAKUKOT Myaccacacu WJIMHA-TAAKUKOT MWIUIAPH pexajaapu OujaH
oorsmmkauru. Jluccepranus TagKUKOTH V3P ®A ACTpOHOMUSA WHCTUTYTH Ba
V36exucron Mumit YHUBEPCUTETH WIMHI-TAAKUKOTIAP peXaTapuHUHT DA-
O2-D058+061 «I['paBuTalliOH JIMH3aJap, M[IAK/UIAHAETraH TallaKTUKanap Ba
acTpo(U3MK OOBEKTIIAPHUHT yMyMIIAIraH Moje/uiapu Taakukotu» (2007-2011),
DA-EOD2-D03 «Pakamiu acTpOHOMHUK TACBUPIAPHU KaiTa TUKIAI (OTOMETPUK
JACTypUHUA  WNUIA0  YMKUII  Ba  TpaBUTAMoH  jwH3ajdanumma YHH
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sbdextmapuanar  Taxymamy - (2010-2011), D2-OA-D029  «['paButanmon
JMH3aNap, KOMITAKT acTpo(U3UK OOBEKTIApH HOCTALMOHAP JUCKCUMOH THU3MJIap
buzuKacm» (2012-2016), BA-OA-®-2-007 «Tannanran raJlakTuKa-
KBa3apJIApHUHT JIMH3AJIOBYM XYCYCHUSTIAPUHU ONTHK JHANA30HJard TaJIKUKOTH
(2017-2018) mnmuii Jorinxanap Joupacuaa OakapuiraH.

TagKUKOTHHHI MAaKCaaM TAaHJAHTAaH HWKKUM Ba TYPT KOMIIOHEHTAaJIU
rpaBUTAIMOH JMH3anaHrad kBazapiapHuHr [13C-doromerpusicu Epnamuna
MUKpPOJIMH3AJaHUII Ba KEYUKHIN BaKTH JPGEKTH KYPUHHUIIHUIATH XOJucanap
bU3MKAaCMHU YPTaHWIl XaMJa KEHT MaiJoHJap pakamiIi TacBUPJIApWHU KaiTa
UIIUTAII AITOPUTMIIAPUHY UIIIA0 YMKHUIIIaH HOOpaT.

TaaKukoTHUHT Basudaiapu:

3Md  MaWJIOHIApJard HyKTaBUH MaHOAJTapHUHT (OTOMETPHUSCU YCYJIUHU
UINNTA0 YUKHUIIL,

Tagkuk KuwinHaértran [JIK nuH3amaHran KOMIOHEHTJIapW Opacujaru
KEUMKHUII  BaKTMHM Ba  CHUCTEMa [apaMeTpiapura  OOFJIaHUIILIIApAaru
KOHYHUSITJIIAPHA aHUKJIAII;

H1413+117I'JIKgarn auH3aHUHT KU3WJITa CUDKUIIMHN aHUKJIAI;

MukpoJiiH3aJaHuII XoucacuaaH MaHOa-KBa3apHUHT UYKH
y3rapyBUaHJIUTHHU QXpaTUO OJIMII, YJApHUHT MEXaHU3MJIAPUHM aHMKJIAII,
MHUKPOJIMH3AJAHUII JaBOMUWIINTUHHA AaHUKJIAII;

MUKPOJIMH3AJIAHUIIT TYpJIAPUHU YJIApHUHT KaJaUIMTM Ba JaBOMUMIIUTWTA
OOFJIMKJIUTUHUA XUCOOTa OJITaH XOJJa aHWKJIalll, MUKPOJIMH3a MAaCCAaCUHUHT KyWu
yerapacuHu XucoOJIallr;

KBM pexnvmuparn pakamiad TacBUpJapHM KaWTa HIUIAIl YCYJId Ba
AITOPUTMJIAPUHU MIUIA0 YMKUIL, aCTPOHOMHUK Ba (POTOMETpPUK ViIdaluIapHUHT
AHUKJINTUTA TAbCUP KWJIYBUM OMUJIJIAPHU TaXJIWJT KUJIHIIL.

TagKUKOTHUHT 00beKTHn cudaruaa TaHJIaHTaH SBS1520+530,
FBQ0951+560, PGI1115+080, HI1413+117 Ba B1422+261 rpaBuTaniuox
JIMH3aJIaHTaH KBa3apjap OJMHTaH.

TaakukoTHuHT npeametu 66 [13C-TacBupiapu KYpuHUIINAATA Ky3aTyB
MabIyMOTJIApy, TaAKUK  KWIMHAETraH  OOBEKTIap  KOMIIOHEHTJIApPUHUHT
paBIIAHJIMK 3TPU YM3HKJIapu, 1y owmnan Oupra KBT pexxuMuga xocus KWJIMHTaH
TacBHUpJap XucoOIaHaIH.

TagKUKOTHUHI ycy/ulapu. Pakamiin acTpOHOMMK TacBUpPJIADHU KauTa
WIUTAITHUHT  TaHUKJIM  yCyJUIapu, BakT KaTopJiapd TaxXJWid  yCyJUlapu,
MUHHMMAaJUIAINl YCYJUIapU, TPAaBUTAIIMOH JIMH3AJAHTaH CUCTEMaJapHUHT MaTEMaTHUK
MOJICJUTAPUHM TY3UI YCYJUIapH.

TagKUKOTHUHT MJIMUI SHTWJIMTY Kyiugaruiapaad noopar:

kymanok FBQ 0951+2635 Ba SBS1520+530 IJIKnapma paBiianiuk
V3rapuIIUHUHAT KaIAJUTIIATH Oyiinya (OHJIM Ba KyWId Xamja J1aBOMUMIATHUTA
Kapab y30K JaBpJu Ba KUCKA JaBPJIM UKKHU TypAard MUKPOJMH3AIAHUII CUH(IapU
aHUKJIAHTaH;



tanymanrad [JIKmap ydyH paBIIAHIMK STpU YM3UKIAPA XOCWJ KWJIMHTaH
xamaa Typt kommnoHeHTan PGI115+080, HI1413+117, B1422+231 T'JIKna
KEUMKHUII BAKTUHHUHT SHTY KUWMAaTJIApU aHUKJIAHTaH;

PG1115+080 I'JTIKna A1/A2 oxum HucOaTH HadakaT BakT Oyiinya y3rapuiimu,
Oanky (UIABTPHUHT TYJIKUH Y3YHJIUTUTa XaM OOFJMK SKAHIIUTK aHUKJIAH[H,
JIMH3aJIaHTaH KOMIOHEHTIapHUHT (V—I) paHr KypcaTKuuu XaM paBIIaHINKKa, XaM
BaKTra OOFJUKIIUTH KYpCaTUJITaH;

H1413+117 TJIKnpa kyuid MUKpPOJMH3AJAHUII Ba yHra cababuu KHCM
MAacCacCHl y4yH KyWM yerapa KMMMaTh TONWJITAaH XamJa I'PaBUTALMOH JIMH3a YYYH
CUHTYJISIP W30TEPMHK SJUTHIICOUJIM SHTH MOJCNb WILIA0 YMKWITAaH Ba YHUHT
KU3WITa CUHKUIIY aHUKJIAHTaH;

KEHT MaWJIOHJIap TACBUPJIAPUHUHT KOMITBIOTEP/Ia KAWTa HIIUIAII yCYJUIApH Ba
anroputmiiapy unuiad uukwiran xamaa KBU pexumuaa 3€eHUT Ky3aTyBiapu
JTaBOMUJIA OJIMHTaH TacBUpJapiaa npereccus 3OPexTy aHuKIIaHTaH.

TaaKUKOTHHHT aMaJIMii HATHXKAJIapH Kyluaruiapaad noopar:

keunkuinr Baktd KukMmatu [JIK Tu3uMHuHr Oypuak KaTTajaurura —
JIMH3aJIaHTaH KOMITOHEHTJIAp Opacujiard Makcumasl macodara YU3UKIN OOFIHMK
HKAHJINTU KYpPCATUIITaH;

TaJKUKOT OOBEKTIAPHIa MUKPOJIMH3IAHUII CUH(JIApY aHUKJIAHTaH Ba YOy
XOJIMCAaHUHT MexaHu3miaapu oun6d Oepwiran: kymanok ['JIKmapaa y3ok gaspmu, 10
HUIaH OPTUK JaBOM 3TAa€TraH MUKPOJMH3aJaHUII 3PGEeKTH TOMUITaH XaMmja y
KMCKa JaBPJIA MUKPOJMH3AJIIAHUII XOIUCATaPUIaH YCTYH KEJUIINA KYpPCaTUITaH,

3U4 MalJIoHIapJard HyKTaBuid TacBUpJapHU (OTOMETPUK KalTa WIUTAIIHUHT
SIHTU YCYJIM TaKJIu( KUJTUHTaH;

dboToMETpUK XamjJa KEUMKHUII BaKTUHU Yi4all XaTOJUKJIApUHU OaxoJjaril
YVUYH SIHTM MYCTaKWJI yCyJIjiap Uiuiad YuKuiIras,

oupunuun 6op B1422+23 TJIKna paBIIaHIMK STPU YU3UKIAPH YW3HITAH
xamja ManOa-KBa3ap paBIIAHIUTUHUHT Y30K JaBpiu (6 WWJIIaH OPTUK) Y3rapuiinu
Ba MUKPOJIMH3AJIAHUIII TAbCUPU AHUKJIAHTaH;

TONUJITaH MUKPOJIMH3AJIaHUII XOAUCATIApU TYPT KOMIIOHEHTIN TU3UMIIap1aru
MUKpPOJMH3aJaHUII yMyMHUN Tabuatura Ba y3rapmac TaBcudra sra Oynuiiu
XaKUJaru rurores3a TaCAuKJIaHTaH;

KeHI MalJIoH TacBUpJapUHU KalTa WUOUIAll aJIrOPUTMU  MEpUIUaH
Ky3aTyBJapHuaa OJMHIaH TACBUPJIAPHU TAXJIWJI STUIAA KYJUIAHWIMOK/A,

CYHBUI paBIIAHIIMK TPU YU3UKIAPHU XOCHJI KWW YUYH STHTH YCYJI Takaud
KUJIMHTaH.

Tagkukor HaTwxkagapuHuHr wmoHwmiaura II3C  tacBupiapunu
dboTOMETpUK KaifTa UIIUIAI, BAKT KaTOPJIApPUHU Tax M KWW, KEUUKUII BAKTUHU
XycoOail, MUKPOJMH3AJIAHUII  XOAUCACHMHU  aHUKJAIl Ba TPaBUTAIMOH
JVH3aJaHTaH TU3UMJIADHA MOJEJUIAIITUPUIIIHUHT 3aMOHABUM Ba SIXIIM TaBCUS
ATWITAH yCYJUTAPUHUHT KYJUTAHTAHIUTH OWJIaH U30XJIaHAIH.

TagKUKOT HATHXKAJIAPUHUHI WIMHHA Ba aMajMi axaMusTH. TaaKuKOT
HATIKAJIADUHUHT WIMHA aXxaMusATH, aBBalamMOop, Taakuk KunmHaétran I'JIKmap
Oyiin4a ONMHIaH Ky3aTyB MabliyMOTiapu OunaH OaxosaHaiau, KailCHKM MabHOJA
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ynap ['JIKnap xakuaaru MaBxyz OUTUMIIapHH CE3WIIapii Japaxaaa TYJIaupaay Ba
KelaXxkak/la yHM siHaja Tyiaaupub Oopumina Ba Oomka [JIKnmapau mykamman
TaJKUK KWJIUIIIAa acoc OYiaau.

TaaKUKOT HaTWXKAJApUHUHT aMajuil axaMuaTh 3ca Kyhujarwiap OwusiaH
M30XJaHaau: Ou3 Takiud OSTraH HyKTaHuHr &imwmm  ¢ysxuuscu (HED)uu
aJlanTHUB MOCIAIITUPUIL (POTOMETPUK YCYJIM TelIeCKOIIap/ia Ky3aTyB BaKTJIapUHU
Texanira épaam o6epaau, 4yHKH yuoy ycyl (pokycmaHMaraH TacBUpIiap OuiaH Xam
unuraian. Yura [JIK ydyH Ou3 TONraH KEYHMKHUIN BaKTH KuUWMaTiapu yiioy
TU3UMIIApJA KEJIAKaKIa MUKPOJMH3AIAHUIIHYA AHUKJIAIIHU EHTUJUIAIITUPA/IH.
KBU pexumunaru KeHr MaWJOHJap TacBUpPJIAPUHM KailTa WIUIAIl Y4yH Ou3
TOMOH/IaH MIUIA0 YUKWIraH ycya Ba anropurmiiap 0esocuta 4-mILMT noitnxacu
noWpacuna Kylanmnagd. Hartmkamap Y3MY  AcCTpoOHOMES —ifyHAIMIIMHUHT
KyHuJaru Maxcyc Kypciapura kuputuiras: «Ksazapmap Ba (aos ramakTukanapy,
«Kocmoronuss Myammonapu»  OakajmaBpuaTtypa yuyH Ba  «['paBuTanuon
JUH3aNAHUII  Qu3ukacu», «ACTPOHOMHMK TAacBUpPJIApHU  KaWTa  HIILIIAND)
MarucTparypa y4yH.

TagKuKOT HATHKAJAPUHUHI KOPUIl KWIMHMINM. TaHnaHraH WMKKHA Ba
TYPT KOMIIOHEHTAJIH IpaBUTALIOH JIMH3AJIAHTaH KBa3apJIApHUHT
MUKpPOJIMH3AJaHUII Ba KEYUKUII BaKTH 3PGEKTH KYpUHUIIUIATH XOAucaiap
bu3MKacCMHU YpraHuill XamJa KEeHI MaiIoHJap pakamyid TacBUPJIAPUHU KailTa
UIUTAII AITOPUTMIIAPUHY UIIUIA0 YUKUII aCOCUA:

FBQ 0951+2635 Ba SBS1520+530 I'JIKmapmarm MHKPOIWH3AJAHUATITHUHT
JABOMHUIINTH Ba TaOWMATUHU TaJKUK OTUII JaBOMHUJA OJIMHTAH HaTHXaiap
XanKapo wuiIMui kypHaiuiapnaa  (Astronomy&Astrophysics, 2018, 2012a,b;
Monthly  Notices of the Royal Astronomical Society, 2013,
Astronomy&Astrophysics Supplement Series, 2011; Astrophysics Journal, 2010)
Ba GLENDAMA rnoiinxacu novupacuaa Ky4wid rpaBUTALMOH JMH3aJap MOJACIUIapu
TaxJIMIMIa Ba KOCMOJIOTHK TapamMeTpiIiapHu Xucobmamiaa ¢ogananunrad. Mamui
HATHKATAPHUHT KYJUTAHWJIUIIK JIMH3QJIaHTaH KBazapiap Oyiinua KeHI KaMpOBJIU
MabIyMOT/Iap 0a3acuHM MaKIIaHTUpUII Xamaa Oomka kymanok ['JIKmapaa y3ox
JABPJIM MUKPOJMH3AJIAHUII XOAUCATIAPUHN TOTIUIII UMKOHUHH Oepras;

PG1115+080 TIJIK nuH3anaHraH KOMIIOHEHTIApU Opacujiard KEUHMKHUII
BaKTUHHMHT Maiinanak o0cepBaTopuscHaa oJu0 OOpHJIraH MOHUTOPHUHTH acCOCH]IA
OJIMHTaH SHTM KUUMAaTIapu Xaiakapo kypHauiapnaa (Astronomy & Astrophysics,
2018, 2013; Monthly Notices of the Royal Astronomical Society, 2016; The
Astrophysics Journal Supplement Series, 2015; Astronomical Reports, 2015) ymoy
cUcTeMaZa KEYMKUII BaKTJIapUHM KailTa xucoOnanuiapaa Ba Oy KaTTaJMKHU
MUKPOJIMH3AJaHUII XOJATH YYYH TONUIITa MYJDKaJJIAHTaH SHTM YCYJIHHM MIIIa0
yukumaa porgananwirad. MMl HaTWXaTapHUHT KYJJTAHWINIIA Ky3aTHII YKU
Oyiinad nuH3anap atpoduaard MyXUTHUHT TY3WIUIINHN YPraHUIITa XaM/la HAPUK
MacmTabv Ty3WIMAJApHUHT JIMH3aJap CTATUCTUKACHUTA Ba yiap MapaMeTpiiapura
TabCUPUHU SXIIUPOK TYITYHHINTA UMKOH OepraH;

PG1115+080 TI'JIKgarm JnuH3anaHraH KOMIIOHEHTJIADHUHT PaBLIAHIUTH
Y3rapuIIMHUHT TaxJuwid Ba A1/A2 €pKUH KOMIIOHEHTAArd MUKPOJIUH3AJaHUIIHU
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ypranum Hatwxanapu xaiakapo >xypHamuiapaa (Monthly Notices of the Royal
Astronomical Society, 2016, 2018; Astronomy & Astrophysics, 2015, 2018; The
Astrophysics Journal, 2016; Astronomical Reports, 2015) MuKpoJIHMH3aJaHUIII
abdexTHHN TaAKUK OTUIIAA KEYUKUII BaKTH KuUWMaTiapura acocliaHuO
MUKPOJIMH3AJaHUII XapyUTaJapuHU TY3UIIra MYJKaJUIaHTaH SHTCU YCYJHU HIILIA0
yukuiaa ¢oipgamaHwirad. MiMuii  HaTWwKalapHUHT KYJUITAHWIMIIA ~ Xa00i1
JOUMHUICUHU STHTHIaH XUCcOOJall XxaM/Ja y30K MaHOaJlapHUHT HYKTaBHM Ba KyliaM
MOJJ1ajlap TOMOHUJAH MUKPOJIMH3aJaHUII OWJIaH Fala€HJIaHTaH paBUIAHINK 3IPU
YU3UKJIAPUHU CTATUCTUK TaXJIWJI 3TUIIl UMKOHUHU OepraH;

H1413+117 xOMIOHEHTJIap  paBIIAHJIUKIAPH  Y3rapyBUAHJIUTUHUHT
KEUMKUIIl BaKTIApUHU XUCOOIAIl, Ky4Jd MUKPOJUH3AIaHUII XOAUCACUHH TOIUIII,
JMH3AJIOBYM JKMCMHUHT KW3WITa CHDKUIIMHU Xucobmam OVitmdya Ou3 yTkasraH
TaJIKUKOT HaTKaJlapyu Xalkapo kypHawiapaa (Astronomy & Astrophysics, 2018;
Astronomy & Astrophysics, 2018; 2018arXiv 181002624W; Nature, 2018)
IPaBUTAIIMOH JIMH3AJIAp MOJE/UIapUIary HOAHMKJIMKIAPHK Ba MaHOA Ba3UsITH
Y3rapvIIMHUHT KEYWKHII BakTiIapura TabcupuHu Oaxonamina, GRAL113100-
441959 sHrM TrpaBUTALMOH JIMH3AJAHTaH CHUCTEMa HSKAHJIUTMHHU CHEKTPOCKOIHK
TacIWKJIallla Ba YHJArd KEUMKHUII BAaKTHUHM MOJENb EpAamMuia IMPOTHO3JAIIA
doitnananunrad. UnMuii HaTWKadapHUHT KYJUITAHWUINK TIUMOJIMKA SpUM IapJiaru
ONTUK EpKUH JIMH3AJIAHraH KBazapiiap OVinya sSHIM MabiyMoTiap Oa3acura
KHPHUTIITAH XaM/a Y30eKHCTOHIa 3aMOHABHIT ACTPOHOMHSHHHT XOJATHHHU TaXJIMI
ATUIIra UMKOH Oepras;

KEHI MailIoHJap TacBUpPJIApUHU KalTa uuuiam Oyiuya unuiad 4YMKWIraH
ycyn Ba amroputmiap 4-m ILMT xankapo Ky3aTyB JjoMuxacu Jaoupacuia
kymutanuwiarad — («Universite de Liege»nunr 2019 #wun 15  guBapnparu
MabIyMOTHOMAacH). WiIMuil HaTWXKalapHUHT KYJUIAHWUJIWIIM KEHT MalJoHJIap
TacBUpJapuHM  KaiWTa  WmnUiam  Oyiinua  jactypiiap — KeTMa-KeTJIUTUHU
MIAKJUTAHTUPUII Ba KOCMUK MYCOpP OOBEKTIApUHU TOTUII UMKOHUHU OepraH.

TagkukoT  HATWKAJAPDUHMHI  anpoldamusicu.  Maskyp  TaaKUKOT
HaTHWKamapyu 23 Ta Xalkapo Ba pecrnyOiiuka WIMHH-aMaliuii aHxXyMaHiIapa
MYXOKaMaJlaH yTKa3WITaH.

TagKuKoT HATW/KAJAPDUHMHI JBbJOH KWIMHTaHjauru. Jluccepranus
MaB3ycu Oyiinya »xamu 34 Ta WIMHIA U HAIIP KWJIMHTaH, ITyJapaaH, V36ekucron
Pecniybnukacu Onuii arrectaiysi KOMUCCUSICHHUHT JTOKTOPJIUK AMCCepTalUsIapy
acOCUM MIMHN HATW>KAJIAPUHU YOII STUIL TaBCHUS dTUJITaH WMWK Hampiapaa 11 ta
MaKoJIa, IyJiapaH, 6 TaCu XOPHWKHM KypHaAJUIap/1a Halllp KWJIMHTaH.

JluccepTauMSIHUHT TY3WJIMIIU Ba XaxkMmu. J[uccepranus kupuii, 5 ta 600,
XyJioca Ba anabuérnap pyhxarugaH ubopat. JluccepTalUsHUHT YMYMHH XaXMU
188 OeTHM TaALIKWII dTaIH.
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JINCCEPTAIIUSIHUHT ACOCUM MASMYHH

JluccepTallUsiHUHT KHPHII KUCMUJA TaJAKUKOTHUHI J0J73apOiauru Ba
3apypauru  acocna® Oepwirad, Makcagd Ba Basudanapu TaBCU(]IIAHTaH,
TaAKUKOTHUHI OOBEKTH, MPEAMETH Ba YyCYJUIapH KypcaTWIraH, TaAKUKOTHHHT
WIMHI SIHTAJIUTW Ba OJIMHIaH HATWKAJIAPHUHI MINOHWIWIMIHM ACOCJIAHTaH,
yJIApHUHT Ha3apuil Ba aMaiuil axaMuaATh o4uO OepuiraH, TaAKUKOT HaTHKajdapu
Ba JMccepTalMsl Ty3WIMILN OCpUIITaH.

Huccepraupssaunr “I'paBuranuon JguH3ananran ksasap (I'VIK)uaapaa
MHKPOJHMH3AJAHUII BA KeYHKUII BaKTJIapu” 1e0 HOMJaHraH OupuHun 606m1a
JUCccepTalys MaB3ycu Oyinya MIUIAp XaKhIa yMYMHU MabilymMoTiap Oepuiras,
TPaBUTALMOH JIMH3AJIAHUII XOAUCACH, MUKPOJIMH3AJIaHUII, KEYUMKUII BaKTH,
doiinanaHunarad KypuiMma, 1y OuiaH OWp KaTopia, OJMHIAaH TacBUPJIAPHUHT
Ky3aTyB Ba (DOTOMETpHMK KalTa uuuiam ycyiiapu €putud Oepuiran. bupunHum
naparpada TpaBUTALMOH JMH3AJIAHUII HA3apUSACHHUHI acocjapu Ba YHHUHT
OJiAMJla TypraH Ba3udaiap KEeITUPWUITaH, MUKPOJIMH3AIAHULI XOAucacu EpUTuo
oepwirad. Ukkunuum naparpag ['JIKnapnaru keuynkuin BakTi MyaMMoJIapy Ba YHU
Xucobyan ycyjulapura OarunuiaHrad. XO03upru KyHjaa umoHwid Taps3na 150ra
AKUH Kappanu tacBupiu ['JIKmap Ousra mabnym. Yinapaan ¢akar 29tacu yuyH
Ky3aTyBJlaH KEUYHMKHUII BaKTH KUWMAaTH MablyMmM. YOy oObekTiap Oyiinua
MabIyMOTJIAp TaXJWIM UIIYHH KYpCAaTAWKH, KEYMKHUII BaKTH KaTTAJIMKIAPU
TU3UMJIAPDHUHT Oypuak yruamura 4u3ukian Oorymuk (1-pacm). Keuukuin BakTu
OWJIaH TU3UMHUHT OOIIKA MapameTpiiapy, ’bHU KappaJUiIuK Ba KU3HWIITa CHUIDKULI
opacuja OOUIKa CUCTEMATUK KOHYHUSTIAp TOMUIMAraH.
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2 ;
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@ |
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= | 1-pacm. T'JIKuunr Oypuak
2 200 o= 2 | yn4aMu Ba yJApHUHT KEUHUKUIII
T | BaKTJIapu Opacuiard YH3UKIA
0 - : . : | MmyHocabOar.
5 10 15 20

bypuak ynuamm ()

Yuyunun  maparpadna [JIKmap  TI3C-doToMeTpusicMHUHT  Ky3aTyB
KUXATIIapu EpUTUIIAAN Ba TAIKUKOT OOBEKTIIAPUHUHT TAHJAHUIIHN aCOCIaHAIH.
Ym0y umHuHT Makcaau Maiinanak odcepBaropusicuaa karop I'JIKmapHuHT onTuk
Kyl paHIIM Ky3aTyBJIapd Ba OJIMHTAaH MAabIyMOTIApHU (POTOMETPHUK KalTa
UIUTANUIApHA 0O OOpHUINT OpKAJIM MUKPOJMH3AJAHUII XOJMCACH Ba KEUMKHIII
BakTH H(¢ekTuHn ypranumgadn ubopar. by HaTwkamap Ousra Kylduaaru

13



MacajajxapHu eduniga €paaMm Oepaau: Ky3aTyB MabIyMOT/Iapu OaHKWHU SPATHII,
ky3atunaétran ['JIKmap kommoHeHTIapuHu (DOTOMETPUK KalTa  MIILIIAII;
MUKPOJIMH3AJaHUII XOAUCACUHU aHUKJIAIIl Ba KEUMKUII BaKTUHU XHCOONAll YUyH
XOCUJT KWUJIMHTaH PaBIIAHIUK STPU YU3UFUHU TaXJIWJ Ba TAIKUH KAJTUII.

Ky3aryB 00bekTiapuHu TaHiaml y4yyH OWUp HeEYa ME30HJap KUPUTUIIIM:
KypuHuI mapTu 6yitnua —10°< § < +70°; komnonentnap opacugaru Macoda > 1"
Ba oObektiap paBmamauru 19" —20™ man paBmaHpok OYyiumu kepak. Taakuk
KWIAETraH OO0BEKTIapuMU3 YOy MmapTiapHu KaHoatnantupanu. [ JIKmapaunr
MyBaphakUATIN Ky3aTyBH YYyH KaMua ydTa HIapT OaKapuwiuIId 3apyp: a)
oOcepBaropust KyJa SXIIM aCTPOUKJIMM Japakacura ira Oynumiu; 0) TemeckKom
eTapjii Japaxaaa Karra AUaMeTpiid Ky3ryra sra OYiauIiM; B) KypHJIMaHHHT
EpyFiMKKa ce3rupiurd cudatiau Oynumu Kepak. YmOy mapTiapHu Maiiganak
actpodusuk odbcepatopusicku (MAQO) Ba yHUHr acocuil 1.5-MeTpiu Teneckonu
A3T-22 Tynuk KaHoaTJIaHTUpaau. Maskyp Teneckon MnpodecCuoHal 3apsiiu
amoka kypwima (3AK) BroCam (SITe ST-005A) — kaOyn kwiarud OwujaH
KypoJutanran. byHnan tamkapu, ymoOy kamepa JKoncoH-KysunHc Qoromerpux
tusumura wmoc kemaguran UBVRI  mmma  ¢uubtpiapu  1ymnamu  Ouiian
’)kuxosnaHrad. busHuHr wummmu3  A3T-22  teneckonu Epaamuga  MAOpa
['JIKnapuu  myBadakuaTiun  MOHMTOPUHT  Ky3aTyBUHU  oiu0  Oopwii
MYMKUHJIUTUHU ucOotnaiauran anoxuaa [JIKnapaunr asBanm Oaxkapuiiran
Ky3aTyBJIADUHUHT XaKUKWHA JaBoMU XucoOnaHaau. TYypTuHum mnaparpadia
TPaBUTALIMOH JIMH3AJIAHUIIIHUHT KOCMOJIOTUK TaTOMKW Kapanaau. bemmHun
naparpadaa ['JIK pakamiau TacBUpiapHHU KailTa UILIANI yCyJjapu OujiaH OOFJIMK
MyaMMoJIap MyXOKaMa KUJIHHA/IH.

JluccepTauustHUHT MKKUHYU 000u “KymaJjuok I'IKnapaa
MMKPOJHH3AJAHUII Y3rapyBYAHIUIHN: KHCKA JaBPJIH XOAUCAJIAPMH €KHU Y30K
naBpju paykryanusaapmu?” ne6 nomnanu6, FBQ0951+2635 Ba SBS1520+530
[NIKnapuaarn MUKpOJIWMH3UIAHUIN TaAKUKOTHTAa OaFWIlJIaHTaH, yHAAQ KYIIaJIoOK
TH3UMIIapAa Oy JKapaCHHUHT JABOMUWIUTH MyaMMOCH Xajd KWIMHAJIH.
FBQO0951+2635 I'JIK ku3unra cwmkumm  Zq=1.246 OyiaraH MKKWIaHTaH KBas3ap
0ynmu0, y 24=0.2611 ranaktuka 6wian auH3ananagu. FBQO951+2635uunr aBBanru
ONTHUK TAJKUKOTIIAPH KOMIIOHEHTJIAp OpacuJaru KeYMKHIIl BAKTUHA Ba MAaHOAHUHT
y3rapyBUaHJIUTHHN VpraHuira WMKOH Oepran. KommoneHntnap opacugaru
KCUMKHUIIl BaKTH TaxMHUHAH HWKKH XadTara TEHI JKaH Ba KOMIIOHECHTJIAPHUHT
Bapuanuscu (y3rapuiiv) aHuk KypuHuO Ttyprad. Iy Owman Oupra, MyMKUH
Oynran MukposuH3aanui rpagueHTd ~0.0001"/KyH SKaHIUTY Ba aMIUTUTYAaCcH ~
0.05™ xamma xapakTepiau BakKTH OWp HEYa oOWra TEHT OYiaraH SXTUMOJLIH
Vy3rapyBuaHauk Tomwiaud. Tamkyu — GaykTyanusuiap MaHOa-KBazap TOMOHMJIAH
OeBocHTa 103ara KejiMai, JIMH3a-rajJakThKa JOUPACUIATH Y3IYKIN 00bEKTIAPHUHT
MUKPOJIMH3AJAHUIIUTA TAaUTYKJIUIHP.

Maiinanakna onuarad tacsupiaapaa FBQ 0951 + 2635 TI'JIK kBazapHUHT
WKKUTAa MaBXyM TAacBUDP XaMJa >XyJa Ky4CH3 JMH3aJOBYH rajakTHUKaJaH uOopar.
JIuH3amoBYM TallaKTHKa XaJ/laH Tallkapu xupa Ba R - dunbTpmaru tacBupiapaa
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KypuHManu, Oy 3ca GoToMeTpus MacanacuHu aH4ya eHrwutamTupanu. Ulynnai
KWJINO, TU3UM MKKH I0JAY3 IIAKJINU]1a TACBUPJIAHTaH.

buznunar 2001 #wn anpens ovingan 2006 ¥un mai olinradya OynaraH naBpja
MAO o6cepBaTopuscuia oaud 6opran OUp TEKUC, y3ITYKCU3 Ky3aTyB HaTHKajlapu
R-dbunerpunaru 190 ta cypartman ubopar 6ynu0, ynap 37 Ta Typid Kedanapna
onmuaradn. FBQ 0951 + 2635 I'JIK dotomerpusicu 1aBomuaa 013 Xxap Oup TacBup
yuyH anoxuaa A, B kommnoneHtnapuunr, Sl Ba S3  ronay3iapHHUHT
MarHuTyJajJapyHy, IIYHUHTAEK, Mg - Ma aliupManapuau oaguk. Keiiun xap oup
Ky3aTyB K€4acH y4yH ymlOy KaTTAIMKHUHT ypTauya KMWMaTu XUcoOIaHuO, ymapra
MOC ypTada KBaJpaTHK XaTOJIHKIIAP Kyira KUpUTHIAH (2-pacMm).

3-pacMaa MabiIyM 16 KYHIWK KEUMKWIN BAaKTHHU XHUCOOTa OJraH XO0J1a Ba
Marautyaa Oyitmua -1.246"ra (B Ba A »rpum 4YHM3MKIApHUHT BakT Oyiinua
CWDKWUTAHJIapU  OpacuJard JAy3  KaTTaIUMKIapUHUHT  yprada  (apku)
CWDKUTUJITAH PaBIIAHJIMK 3TPU YU3UKIapu KypcaTwirad. Kypub TypraHuMusiex,
ATPU YM3HKJIAp Oup-Oupu OWJIaH AXITM MOC Kellaau, SbHU YJIAPHUHT HMKKajJacu
Oup-Oupu OMiIaH yCcTMa-ycT TYIIyBYM JAaBpiapaa mociamand. lyHuHr yayH 6u3
Oy epaa KuCKa JaBpJid MUKPOJMH3AIAHUII WYKIWTUHU €EKU CE3UIMACIUTUHU
TabKUAJAIMMU3 MyMKUH. OKUMIIap HUCOATH KEUUKHUII BAKTHMHH XUCOOra OJraH
xonaa A/B =3.15 = 0.05ra TeHr.
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2-pacm. FBQ  0951+2635HuHr 3-pacM. A KOMIIOHEHTH XaMmja BakKT Ba
paBLIAHIIUK arpu YU3UKJIApU. PAaBIIAHIUTH Oyiinya cwpkuradn B HUHT

IOkopunan mactra A Ba B
KOMIIOHEHTJIapH, ITYHUHTICK, TasiHY
FOJITY3.

PaBIIAHJIMK TP YU3UKJIIAPHU.

ABBanrn Taxiauin FBQO0951+2635 00BeKTH ONTHK AHAIa30HIA TaIlKH
y3rapyBUaHJIMK MAaBXyMJIMTMHU Kypcarau. KsasapHuHr wukkaia A Ba B
KOMIIOHEHTU TaJIaKTUKAHUHT MKKH XWJI KUCMHUHHM KecuO YTaau, HIYHUHT YUyH
TapKOK OOBEKTIAPHUHT TAKCUMOTH OMTTACHHUHT EKU Xap MKKAIACHUHUHT OKMMHIa
TabCUP KWIMIIM MYMKHH, Oy 5ca TalllK{ Yy3rapyBuaHIMKKa ONUO Kenau. Yoy
MUKPOJIMH3aJaHUII TUIO0TE3aCH B KOMIIOHEHTH X0JaMAa KYNPOK AXTHUMOJITA SIKHH,
YYHKH YHUHT OKMMU TJIaKTUKAHUHT MapKa3uil COXacCuHU KecuO yTanu.
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4-pacm. Onruk aumanazonga FBQ 0951+2635 T'JIK kommoHeHTIapu
opacHIaru oKumiap HUICOATUHUHT BaKT JaBOMU/IA Y3rapHIIIy.

buz R-punbrpraru masiaymoraapuMusiau Ba SDSS apxuBHiaH oJIMHraH r-Ba R
-coxajapaaru Ovp HeuTa KyIMM4a CypatjiapHU TaxXJuia Kwiguk. OxuM OViinua
TYTUTaHTaH MabIyMOTIIap MUKPO-THH3aJaHUTITHIHT Y30K TABPIIH
(GAyKTyallMsICUHU KypcaTagud Ba IIyHAAad KuinO, Y30K JaBpiiM TpagueHTiap,
OXTUMOJI, MHKPOJWH3AJIAHUI HATWKACHIA KEIWO0 YWKAJWraH Y3rapunuiapaa
yeTyHuK Kuiaau (4-pacm). A/B mucoar 2003-2004 iiwmap moOaitHuma ycuir
cypbaTiapura sra Oynca-ga, 2004 itun oxupuaan Oouuiad HucObatan OGapkapop
oymu6 xonmMmokma. |  ¢uabTpumarm Kymmmya MabIyMOTJIap KBa3HCTAI[OHAP
xonatau Tacaukimaan. lyauaraek, 6uz SBS 1520+530 mkkunmanran kBazapaa
MUKPOJIMH3AJaHUIITHUHT Y30K JaBPJIH Y3rapuIIapUHU TOTIIUK.

2003 2004 2005 2006 2007 2008

1'2A§'§%§g§‘*35 PR

R-band magniude

2-Bﬁ§% :
| " Yor,

2.6 1 L L 1
500 1000 1500 2000 2500 3000

Julian Days - 2450000
S5-pacm. SBS 1520+530T'JIKHuHrA Ba B KOMIOHEHTIIapU paBIIAHIUK 3TPU
YH3UKIIAPH.

SBS1520+530 HucOataH xupa KOMHOAKT OOBEKT OYnIuO, y KBa3apHUHI UKKH
HYKTaBUM KOMIIOHEHTHAAH Tamkuia TtonraH. doromerpus xapaéuuna o6uz B
KOMIIOHEHT SKMHHUAArW JIMH3AJOBYM TaJlaKTUKara 3bTUOOp OepMaauK, YyHKH Y

16



KyJla Xrupa Ba KaOyJ KWIyBYM KypuiIMaMu3 YHU Kaia kuinmanu. Hartmwkana 6us
SBS1520+530 TI'JIKHuar A Ba B KOMIIOHEHTJAPUHHMHI PAaBIIAHJIUK 3TPU
YU3UKJIAPUHU KYJra KUpUTAUK. KBazapHUHT MKKana KOMIOHEHTH TaxmuHaH 100
KYHJIMK BakT JaBOMHJA KHYUK aMmmmtygamd Am = 0.1M ¥y3rapyBuaHiuk
MaBXXYJIMTUHU KYpcaTAu. JIMH3anmaHran tacBUpiapra TErHIUIM PaBIIAHINK dTPU
YU3UKJIAPHUHT YMYMUN VXIIAUIMTY MaHOa-KBa3ap paBUIAHJIMIMHUHT acTa-CEeKUH
kamain6 Oopumm OwmnaH Oornmuk (5-pacm). By cucremagarn KEYUKMII BaKTH
kuiimaTty 13043 kyH 1e0 TonuiraH.
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6-pacm. Keunkum BakTuHH XucoOra osraH xonma SBS1520+530 I'JIKauaT
PaBIIIAHJIMK ATPH YU3UKJIAPH.
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7-pacm. A Ba B KOMINOHEHTIAQpHUHT FOJIAY3 KaTTAJIUTH Opacuaaru gapk.

6-pacmga A Ba B kommoHeHTIapHMHT OuTTa TpaduKaga pPaBIIAHIUK STPU
YU3UKJIapu Kypcatuwirad, 0y epaa B xommonenTn 130 KyH KEUMKHUII BaKTUHUHT
KUMMaTH KaJap 4ar TOMOHra Ba MarHutyzAa 6yiunyda -0.83™ ra rokopura cypuira.
Ty3unma »rpu 4u3MK Karra Oynumkmapra sra smac. ['paduknan KypuHuUO
TypuOauku, kBa3zap xap Oupum TaxmmHan 100-500 kyH nmaBoM »JTajuraH Ba
paBmaHIMKHUHT Kn9uk Am =~ (0.1-0.2)™ Bapuanusicura sra Oyiran y4ra XOJaTHH
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OompaH  keuupaam. /-pacMaa  OM3HHUHI  Ky3aTyB  MabIyMOTJIapUMM3
OJIIMHTUJIapUra >KyJa MOC KEIWIIM KypcaTWiraH Ba Y30K HWJUIap JaBOMUIA
Y3JYKCU3 MHKPOJMH3AJIAHUIN >Kapa€HUHU KYpcaTauraH YU3UKIM OOFJIAHUIIHU
KypCcaTMOKJa.

JluccepTauusiHUHT “TYpTKOMIIOHEHTIN JIMH3aJIaHTaH KBazapJiap
PG1115+080 Ba B1422+231: paBIIaH/IHK 3IPH YU3UKJIAPH Y3rapyBYAHIUTH
Ba KeYMKMII BaKTJIapu~’ €0 HOMJIAHTaH Y4YUHYM O00M TYPT KOMIIOHEHTJIH
PG1115+080 Ba B1422+231 T'JIKnapuHuHT TagkukoTMra OarumuiaHrad. Typr
komrnoHenTiin  ['JIK  Ba  xycycan, PGI1115+080, MabaymMKu, HKKH
KOMITOHEHTJIIJIapTra HucOaTaH, Xa00J fouMuiich KNAMAaTUHA aHUKJIAII yI9yH aH4da
Kynaiaup. UyHKH, KaTTa XaKMIard Ky3aTyB MabJIyMOTJIapuHU Oepajy Ba IIyHra
MOC paBHIIJIa MOJCUIAIITUPHUINAA (U3UK MAabHOJIU UYEKIOBIAPHU TabMUHIANIN.
Kuswira cwokunm Zq=1.722 O0ynran PG1115+080 wmanOa-kBazap Kuznira
cwpkun Zg=0.31 Oynran ranakTuka OuiaH JuH3andaHagu, OyHaa Al Ba A2
TacBUpJapu Oup-Oupura *yja sIKMH >KoinamraH. by dopak acpjaH KYNpoK BakT
onvH Kamid stunrad ukkuauu ['JIKup.

PG1115 + 080 ky3aryBmapu Maiinanak oOcepBaTOpusickHUHT 1.5 M
TeJecKonmuaa amaira omupuiau. TacBupiap xap kedaga R dunbTpuma 2nax
10raraua Ba V xamna | punbrpiapuna 2nan 6Taraya Oyiran cypariap TYmiaMuaa
onmuurad. Cunr "0.75 man" 1.3" ra y3rapud Typran. ®oTtomMeTpuUK KaTTaIUKIAP
TaxJIWIM YI4Yall XaTOJApUHUHT CHUHITA KyWwId OOFJIUKJIMIUHM KYpcaTMajH,
npodwHUHT sSpuM KeHraurd 1.3" man omraH cypatiap OyHIaH MYCTacHO.
doTtoMeTpUK KaiiTa HIUIALUIap OpKadu Ou3 8§-pacMJard paBHIAHIMUK 3TPU
YU3UKJIAPUHU YU3aMU3.
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8-pacm. PG 1115+080 TJIK 9-pacm. busnuHr dboTomeTpus
KOMITOHEHTJIAPUHUHT paBLIAHIIMK 3Tpu  HaTwkaimapumus Epaamuaa C-Al, C-

YU3UKJIAPH. A2, B-C Ba A2-Al paBmanHmukiap
allMpMaJapUHUHT  BaKT  JIaBOMHJIA
y3rapuiy.

VYmly paBIIaHINK 3TPU YU3UKJIApH acocuja OM3 KOMIIOHEHTJIApPHUHT yuTa
KY(QTIMIU OpAaCHIArd KEUUKUII BAaKTMHUHT Atgy = 4.4732 kyn, Atyc = 12.0153
KyH Ba Atgc = 16.473% kyn xuilMaTnapunu Kyara KUPUT/IMK.
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Jlexun arap Oy epiaa MUKpOJMH3AJIAHUII OOp Oyica, KOMIOHEHTJIAPHUHT
paHryiapy BakT JaBOMHUAA y3rapaJuMH Ba OW3 WITapu TONraH KEYUKHUII BaKTU
KuiiMatiapu Xa001 JouMHiicMHM OaxoJiaimijia KaHjaald TabCUp KypcaTraau KaOu
caBOJUJIap OYMK KOJIJIH.

PG1115+080 na Al1+A2 TtacBupnapu XyQTIUTH HWKKA KOMIIOHCHTHHHT
KayCTUK YM3UKJIapUra HucOaTaH CUMMETPUK >KOWJIAIIMIIUIAH TAlIKWAJ TOITraH.
Hazapuii xuco6-kutoOnapra kypa, yIapHUHT OKUM HHUcOaTiaapu 1 ra skuH OYiauim
kepak. 1980-imnman Gomurad, A2/Al oxkum wucOaTmapuauar (OH) kym conmm
yganuiapy Typiau CHEKTp AWArma3oHiIapuia Ba AaBpiaapaa oiaud copwiau. A2/Al
OHuuHr Ky3aryBnapura kypa, y 0.65-0.85 opanuruaa y3rapralyivru Kai1 3THIIH.
Kaiich KOMITOHEHT MWKPOJWH3AJIAHTAHINTAHA aHUKJIAm ydyH Ou3 (dakar
Y3UMH3HUHT MabIyMOTIapuMu3iaH (oigalaHraHMn3, YyHKN yJap HucOaTtaH Oup
TKuHCIM Mmartepuanaup. buz A2-Al, C-Al, B-C Ba C-A2 KOMHIOHEHTIApH
opacuJard [Jiy3 KarTaaukiapu GapKUHUHT XOJATHHH Taxj I KWITUK (9-pacm).
Ymby 9-pacmaan Al vunr xupanamuimy Ba A2 HuHr papmaniammmy 2001-2006
Wuutap naBpuja Oup BaKTHUHT Y3WAa COAUp OYiraH JeraH Xyjocara KeJUIn
MyMKUH. ByHAaH Tamikapu, aBBalIrd Hwiapaa MUKposnH3ananran Al TacBup,
1992-1995 wumnnap moOaitHuIa MakcuMal aapaxkana, 2006 iunga éku KeHHHPOK
AKyHMM Oockuyma Oynran Jeran Xyjocara Kenuim MymkuH. FOxopuaa
alTwirangapau xucoOra osirad xonnaa, 0.3-MarHuTyjgand y3rapyBYaHIMKHUHT
TYJIMK BAKTH OPAJIUFU ~ 25 vninHU Tamkui 3taan. A2 tacsup 2001-2005 nunnapaa
MUKpOJHMH3aJaHuIra sra OynraH. YmOy gaBpaa A2 HHUHI paBIIAHIMTHHUHT
optumu ~ 0.14™ ra spumiran, my BakTAa paBIIAHIUKHUHT OMp OyTyH yMyMHA
opTuliM OyHJAaH XaM KarTa OYJIMIIN MyMKHUH.

PG1115+117 TIJIKHMHr paBIIaHAMK OSTPU  YU3WFA TaxXJWIM aMaira
omupunan. Manba-kBazapuunr 0.4™ TapTubumaru aMrauTyAara sra OyaraH U4k
y3rapyBuannuru anukjiaanau. Kommonentnap opacumaru Al/A2 okum HHCOATH
HadakaT BaKT JaBOMUJA, OAJIKU GUIBTP TYJIKUH Y3YHJIMTHHUHT KaTTaJlally OujiaH
XaM KaMmMaluImu MYMKUHJIUTH Kypcatuirad. bynman Ttamkapu, 2001-2006
numtapaa Al Ba A2 TacBupiiapuia Mukposina3ananuim Al ydayH nacas€rran ¢aza
Ba A2 yuyH kyTapunaérrad ¢a3a OWiIaH TOMUITaH.

Komnionentnapaunr V-1 panr kypcarknunHUHT amoxuaa R mMarmutynacura
Ba ajoXMJla BakTra OofiaHumuiapu Tomwiau. KBazap paBmaniuru 3audamral
capy KOMIIOHEHTJIAPHUHI paHr¥M Ku3wira Kapad cypwiaau. Jlekun Oy
MUKPOJIMH3AJaHUIIT OWJIaH dMac, Oallku MaHOa-KBa3apHUHT WYUK Y3rapyBUaHJIUTU
Ownad OOFiIMK. B KOMIIOHEHT JMH3AJIOBUM TajaKTUKara yjaa sSIKMH >KOWJIallraH
Oynca-na yHUHT aHoman paHru TYK kykaup. PG1115+117 I'JIKnarm keduxuin
BAaKTH Y4YyH aBBaJl OM3 TONraH KUMaTjiap Ba YHUHT MoOJeuiapu acocuaa Xaooi
JOUMUNMCH KaiiTa Oaxonanau. bapua MyMkuH OViaraH KUMMaTIapHUHT YpTadacu
Ho= 66 xm-c !-Mnk ! skaHIUru TOMHIIH.

Ketiun B1422+231, PGI1115+080, UMG673 Ba Oomika TIpaBUTallMOH
muH3anapHuHT V, R Ba I dunsTpumaru Ky3atyB MabIiyMOT/Iapyu KalTa WIUIAH]IH.
Terunum paBIIaHIIMK 3TPU YM3UKIApH XOCHI KuiuHau. B1422+231 oObekTHaaru
MaHOa KBa3apJa paBLIAHJIMKHUHT Y30K JAaBpiu (6 HuiagaH OPTHK) Y3rapuiln
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toruiau. PaBmannuk y3rapum amrmouryaacu 0.25™ onay3 KaTTanura TapTuouaa.
Ymoy TIJIK yura KOMIOHEHTHUHI paBIIAHIWK OSrpd YU3UKJIapu MaHOa
y3rapyBuaHaurd (OHUJA MHUKPOJIMH3AJAHUII XaM OOpJUTMHHM  KYpCaTiu.
KoMrioneHTnap paHr KypcaTkuwiapu Bapuanusuiapu (Y3rapuiuiapu) Xam
MHUKPOJIMH3AJaHUII TAbCUPUHU TACIUKIAIN.

JuccepraniussHUHT “@OTOMETPHK KaiiTa MILIAIIHUHT SIHTM YCYJH Ba
H1413+117 T'JIKHMHr paBHIAHJIMK J3TPH YU3HKJIAPH: KEYMKHUII BAKTH Ba
MHUKpOJHH3AJaHuIl  JdpdexTaapu” 1e60 HOMIAHTaH TYpTUHYH OobOuma
H1413+117 (bema Oapru) ['JIKHMHT TagKuKOTJIApU KEATHpWITaH. bupuHumn
naparpadaa ymoOy o0OBeKT Oyin4ya XO3Wprd Xojar OepwiradH, y Oyiinua
amabuérmap Ttaxmwm kentmpuiarad Ba  2001-2008 #wmapga  Maiiganak
oOcepBaTopusiCHia OJIMHTaH Ky3aTyB MabIyMOTJIAPUHUHT TaBcU(Iapu OepuiraH.
Kuuuk ymuamim kyn MmanOadapHUHT paBIIAHIUTUHYU YI4all Y4yH KYIial ycyap
UIUIad YUKWIrad 6yinuo, ymapHUHT KYIMYWINTKH CYpaTHUHT KapajgaéTran coxacuaa
EH®HuHr MHBAapMAHTIMIMHE Tana®d kunaau. Ymoby akcuomMa (OTOMETpPUK
ycyJulap yuyH Oab3M YeKJIalUIapHA KeNTUpPUO YMKapaau, YyHKH Ky3aTyB
HIAPOUTIIAPM Ba TEJIECKOIMHUHI ONTHUK THU3MMH JIOMMO IOKOpHIA KYpCaTHIITaH
NpUHIKNTA MOC KenMaian. bus Oy coxana Oomika €HIAITyBHH, STBHU EH®uHuHT
aJanTUB MOCJAIITUPHUII YCYJIUHU KYJJIaauK. YOy YCYJIHHUHT V34U, UTEPAIMOH
i1y GumaH NMH3aTaHYBYM KOMIOHEHTIapHUHT EHMOCHHM yIapHMHT KOMIAIIraH
EpPUHMHT JIOKaJl COXACH/Ia aHMKJIAiJAX Ba KOMIIOHEHTIAp Xap OuMpuaaH KejJaéTra
ymymuid okumHu Tomaau. Illy Ouman Oupra, pakamym TacBUpJapra TErUIIUIA
XaTOJIMK Ba IIOBKUHJIAPHU XHUCOOra OJITaH CYHBUH TaCBUPIAPHU MOIEUIAIITHPHUIILL
acocuza (OTOMETPUK Yiyanuiap XaTOJUTHHU OaxOJIAIIHUHT MYCTaKWJ YCYJIH
XOCHJT KHJIMH/TH.
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10-pacm. Keuukum Baktiapu xucodbra onunran xoiaa H1413+117 I'NIKauar

A, B, C, D nuH3amanran KOMIIOHEHTJIApUHUHT R — (uUibTpjaru paBIIaHIIUK

ATPU YU3UKJIAPHU.

H1413+117 xOMIIOHEHTJIApUHUHT PAaBLIAHJIWK 3TPU YM3UKJIAPUIA XAM HYKH
Y3rapyBuyaHaMK Oenruiaapu, xaM taxvuHad 0.15™ ammimrynamu Ba 10°mag/kyn
HIMJ1aTra 3ra MUKPOJMH3AIAHUIIHUHT Ky4WwId Tabcupu aHukiganau. H1413+117
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['JIK nuH3anaHran KoMnoHeHTIapu opacunaru Atyp = —17.4 £+ 2.1 kyH, Aty =
—189+ 28 xyn Ba Atyp =288+ 0.7 KxyHra TEHr KEYUKHUII BaKTJIapu
kuiiMatiapu xucoobnanau (B Ba C erakumnap, D - kypunma, 10-pacm).

H1413+117naru rpaBUTaIoOH JWH3a YUYH KT apaMeTpiid MOJENIb UIIad
YUKWIAU. YHJA JIMH3QJIOBYM TajakTUKa Y4yH CHHIYJSIP M30TEPMHUK JILTUIICOM]L
MOJIEIN,  WYNJIOWI TajllakKTUKa YYyH CHHIYJSIp H30TEpMHUK cdepacu, Oolka
OMMJUTAPHU XUCOOTa OJIMIIJIA TAIKU CHUDKUII apameTpu Kysutanwinu. Ly 6unan
Oupra, yHUHI KU3WJITa CWDKHUIIHUHT 3XTUMOJIM KaTTa OyiraH KMMMaTh TONWIIU
z; = 1.97%397.

Huccepranussaudr “Kenr maiaonnap xoaaraapu: KBT pexumuaaru
II3C TacBUpJapHUHI KalTa HILIAN YCyJaH HOMIIA OemuH4YM 000U KEHr
Maionnap xosamiapura Ba KBT Ounan wuHTErpamiam pexumuaa XOCHI
KWJIMHTaH TAacBUpJAapHU KailTa unuam ycyiapura Oarunuianrad. CYHITH VH
AWIUIap WYMJa TEJIECKOIUIap, JKyMIIQJaH, ONTHK JHAla30HAaruiap, KypHINALI
TEXHMKAcH YJKaH pUBOXIAHUILIApra sra Oynau. SIHru Typnaaru Teneckoruiap
KaTopura, akCIaHTHPUII KOOWJIMATH IOKOpU OYJraH CYHOKIMK (MHUCOJI YYYH,
cUM00) OWiIaH KOIUTaHTaH XQXMHHUHI alylaHuIIM €pAamMuia I0KOPH aHUKJIMKIAru
TacBHpJIapHHU OEPYBUHU CYIOK KY3TYJIU TEJIECKOIIAPHU KUPUTUII MYMKHH.

Yoy 606ma JIbex yHmBepcuTeTHna wmnuiad gukuiaran 4-m  International
Liquid Mirror Telescope (ILMT) nolinxacu Jowpacuaa JTUCCEPTAHT TOMOHHUIAH
YIIa naproxja KyJjira KUpuTHWIral Hatwxanapu oepuirad. ILMT Teneckonu ocMoH
TacMalmapuHu 3eHuTAa TaxmuHaH 0.5° keHrnMk OwWnaH CKaHepiaml Y4yH
Myipkautanran Ba JleBactans (XUHIUMCTOH) oOcepBaTtopusicuia YpHATHITaH.
OcMOH KorTaMUHUHT ymMmymui 1o3acu 140 kBaapar rpanycra tedr. ILMT keuama-
keua SDSS ¢unpTprapuaa OCMOHHMHT KEHT TAaCBUPJIAPUHU CypaTra ojiagu. 3eHUT
Ky3aTyBJIapya TEJECKON KYpull MailoHM OujlaH KeCUIIyBYM OOBEKTIapHU
KY3aTHIIHUHT SHT MakOyJl yCyJid KEYMKUII BAaKTH Ba HHTErpajiall pPeKUMHU
XHUCOOJIaHaIH.

ILMT 5oMMXaCHHUHI aCOCUM MaKCaJu TEJIECKOMHUHI KYpHII MaWJIOHUIAru
OCMOHHUHI TOp TacMacura Tyllagurad Oapya OOBEKTIApHUHI (HOTOMETPUK
y3rapyBuaHauruau yprauumwaup. Lyngail kunmd, ymly Teneckomn Yy3rapyBuaH
OOBEKTIApHU aHMKJIAIl YYyH XamJa YJIAPHUHT (POTOMETPUK MOHUTOPUHTH YUYH
TYFpU Kenagu. TellecKoll pakamiid TacBUpJap KYypUHHMINKA KaTTa XaXMIAaru
Ky3aTyB MabJIyMOTJIApUHM Oepadu, TaAKUKOT Makcajuylapd »dca OJIMHTaH
TAaCBUpPJIAPHHU JAapX0Jl KalTa MILIAIIHA Ba yJAPHUHI KEWWHTHW TaXJWIMHU Taiaad
KHJIaU.

[y makcagma xamMma TacBupiap Oyiinda oOcMOH (OHUHUHT XUCCACUHU
XycoOyam ycynu Ba AAcTyYpHMHHM MIUIA0 YUKHMII, JKBAaTOpUal KOOpAMHATajIap
aCTPOMETPUK KaJMOpOoBKacura Ba HWHCTPYMEHTANT IOJAY3 KaTTaJIMKIAPUHUHT
(GboTOMETpUK Ty3aTMajapura TabCUp KWIYBYM OMUJUIAPHU axTapuil OViimya Oup
KaTop Bazudanap Oenrunanay. Ymly MyaMMoJapHU Xall KWIuil yuyH JleBacraib
obcepBatopusicugaru 1.3 m teneckonuma 2013 Ba 2014 ¥unnapaa oiuHTaH
MabJIyMOTIapaaH (oiJanaHIukK.
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Ky3zaryBnap naTmxkacuga ymuamu 30K X 2K MHKCeN OYIraH MKKH YI4aMIIH
cypar osnuHagu. 3AK-aerekTop WIyHAall WyHaNTHpWIraHK4, OyHJa cyparaaru
KOOpJMHATaJap BEPTUKAI YKU OSKBAaTOpHal KOOpPAMHATAIAP CHCTEMACUAATU o
OFUINra, TOPU30HTAN YKHU 3Ca o TYFpUUMKHIITra Moc Kenaaun. OcMOH (OHMHMHT
Mypakkabauru Oup Karop omuuiapra OOfiavK. TacBUpHUHI MyMTO3 XOJaTHIa,
OCMOH (POHHMHUHT ypTaya KUAMaTH CypaTJaH YMKApUIaau. BU3HUHT BazusTUMu3aa
OyHzail €HmanryB HOTYFpH OViap 311, YyHKU OJIMHTHHA YypTauya KUAMAaTHH OJIUO
TalUIam Xed HuMa Oepmaiinu. YmlOy MyaMMOHH Xaid KUJIUII Y4yH OWU3 OCMOH
(OHMHMHT JIOKaJ Y3rapuIlIapuHd WIOKH Oopuya aHUKPOK XHCOOTra OJuIIra
UMKOH OepyBuu 60CKHYMa-00CKUY anropuT™MIaH GoiananIukK.

AcTpoMeTpuK KanuOpoBKara TabCHUp STYBUYM OMIJUIAPHU TaXJIMJ KWJIMIIL,
OupuHYM HaBOATIa, MUKCEIIAPHUHT y3rapyByaH Oypuak macimitabunu Ba EpHunT
MPELECCUsICUHU XUcoOra OJIMII 3apypJMIUHUA Kypcatau. bupuHum ycryHaaru
I0J11y3 BaKTHHU, TACBUP YPTACUHMHI OFHUILMHU (Ky3aTYBHUHI reorpaduk ypHH),
OOBEKTIIAPHUHT TYFpUOYpUAKIN (JE€KapT CUTEMacH) KOOpAMHATaJIapUHU OWiraH
X0J/la  Ky3aTyB  JaBpujard  (Smoxacujard)  yJapHMHT  3KBaTOpHal
KOOpAMHATAJIApUHU TONMII MyMKUH. EpHuUHr mnpeneccus Qopmynacuaan
doitnanann6, 2000 #wn smoxacu ydyH — KaTaJor KOOpJWHATajgapura YTHUII
MyMkuH. CraHgaptra HucOaTaH 10J1y3 KaTTAJIMKIAPUHUHT  (POTOMETPHUK
Ty3aTMacu yMyMaH oJiraHjia oAJaui, Oy epia 4YM3UKIM Ty3aTMma KO3(pQPHUIMEHTH
TONWIMIIKA KEepak Xojoc. by KuiMar TaHjnaHraH TasHY (POTOMETPUK
IOJIY3JIADHUHT PAaBUIAHJIMIMHUA YJIAPHUHT HHCTPYMEHTAN IOJAY3 KAaTTAJIUKIApU
OMJIaH TaKKOCJIAIl OPKAJIA TOMUIIA]IH.

XVYJI0CA

“Tannanran rpaBUTAIMOH JIMH3aJdaHTaH kBazapiapHUHT [13C-doTomerpuscu
Ba KEHI' MailIoHJIap XoJatiaapy’” MaB3yCUJaru JOKTOPJIMK JUCCEpTalUsIcu Oyiinya
0JInO OOpWIIraH TaAKUKOTIAp HaTWXKacuaa KyMuaaru Xynocajaap TaKAUM 3TUIIAIu:

1. TagkUKOT OOBEKTIAPUHUHT MOHUTOPHUHI Ky3aTyBJIapu OarkKapuIIIu.
TaHnaHraH MKKU Ba TYPT KOMIIOHEHTIU 00bekTiIap yuyH ymoy [13C-ky3aryBnapu
Kaiita unuangy, V, R Ba 1 ¢unbTpnapuna paBIIaHIUuK 3TPU YM3UKIAPU XOCHII
KWIMHAW Ba yJiap TaAKUK KWIMHAW. YJap IIyHH KYypcaTIukH, Oapua KapaiaéTtran
OOBEKTIApHUHT MaHOa-KBazapjapu V3JIapUHUHT  PABIIAHIUTMHH  Y3JIYKCHU3
paBuiga y3rapTuprad, OyH/Ia WKKW KOMIOHCHTIIMJIAP yUyH Y3Tapull yerapacu
yprava Am ~0.5" 0Oymu6, TYpr KommoHeHTIMIapAa 3ca Am ~0.3™ Hu TamkuI
KWIraH, Oy 5ca UKKA KOMIIOHEHTaJIWJIapra Kaparanja Ce3wiapiiy Japaxanaa KHIuK.
KoMrioneHTiap paBMIAHIUTUHUHT V3Trapuilid  MaHOAHWHT HOCTAIMOHAPIIUTH
(vakHamwiap, akkpeuws SKapaéHUHUHT HOTEKHCIWTH Ba Oomikamap) Ba
MHKPOJIMH3AJaHUII OMTaH OOFIIHK.

2. Nkkn  Typaaru  MUKPOJIMH3AJAHUII  aHUKJAHJIA:  PaBIIAHIIUK
Y3rapUIIMHUAT KaJaJaurura 0oruK xoiaa ynap (~107* m/kynura) gonmu Ba
kywmi (~1073 mag/kynura) OYIUIIM MyMKHUH, JaBOMHUIIIMIHTA Kapad 5ca y30K
naBpiau  (Oup WwimaH Kynm) Ba KUCKa JgaBpau  (Oup Huiarada) Oymaaw.
MukponvH3agaHuin  Oyiudya OW3HUHT HaTwkanapumus3 X. BUTTHUHT TYpT
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KOMIIOHEHTJIM TU3MMIIapAa MHKPOJMH3aJaHUII Xap JOUM MAaBXyJ Ba yJap
yMyMHil Tabuatra sra fieran gpapa3suHu TacaUKJIalIu.

3. SBS1520+530 I'JIKna wnk 6op, 10 inigan opTUK JaBOMUMIIMKKA ATa
y30K MYIJAT]Id MUKPOJUH3aMaHUII 3P deKTH Tonuiau. byHnan tamkapu, KBasap
pPaBIIAHJIMKHUHT  JaBpUM KWYUK aMIUIMTYyAAQld  Y3rapuiuiapuHd  OolijiaH
KEUMpPAETTaH! XaM aHUKJIAH/IH.

4. FBQO0951+263 I'JIKga unak OGop roOKopujard XoJjijgard kKaOu, aifHaH
y3yH JaBpJM MUKpPOJMH3aJaHUII KHCKAa JaBpJIMIAaH YCTYHJIHMK KWIHMILIA
Kypcatwiiad. YmOy Tu3nMIa MuUKpoiuH3adaHum 10 WuiagaH OpTHK — BakT
MoOaliHuAa JaBoM JTraH Ba Oy epaa B kommoHeHTara MUKpOJMH3aJaHHII
TabCUPUHUHT KaMaluIl >xapaéuu pyi Oepras.

S. PG1115+080 I'JIKaunr Al, A2, B Ba C KOMIIOHEHT/Iapy PaBIIAHINK
TP YM3HKIAPH KOMIIOHEHTATAPHUHT yuTa sKy()TIUru opacujgaru At,p = 4.4132
KyH, Aty = 12.0%3% xyn Ba Atge = 16.473% KyHra TeHr KEUMKUII BAaKTJIAPUHH
XucoOJa UIMKOHUHH Oepau.

6. Man6a-kBazapaunr 0.4™ TapTubuaarun aMmIuMTyaara sra OyiaraH u9Ku
Vy3rapyBuaHiauru aHukjianau. Kommonentnap opacumaru Al/A2 okum HucOatu
HadakaT BakT JaBoMuUAA, Oankd (GUIABTP TYIKUH Y3YHJIUTMHUHT KaTTaJallWIld
OwiaH xaM Kamaiumm Kypcatwirad. bynnan tamkapu, 2001-2006 iinnnapna Al
Ba A2 tacBupiapujaa MukposimHzananuil Al yduyH macasérran ¢asza Ba A2 y4yH
Kydaitum ¢aza 6winan tonuiarad. KomnoneHTnapuuur V-1 panr kypcaTKU4UMHUHT
anoxyaa R marHuTynacura Ba ajioxuja Bakrra OorjaHunuiapu tonuan. Kazap
paBImIaHIMTK  3auramrad capyd KOMIIOHEHTJIApPHUHT PpaHTHM Ku3Wira kapad
CypHIaH.

7. 3ud  MaiiioHNap/ia HYKTaBHM TacBUpJIApHU (POTOMETPUK KailTa
umtam yuyH HE®DHUHT afanTuB MOCHAIITUPUIN YCYIM WILIA0 YMKMUIIM Ba
H1413+117 T'JIK TtacBupnapu Mucoiauga cuHad Kypwiau, 1y OujiaH Owupra,
pakamJid TacBHpJapra TEruIlId XaTOJWK Ba HIOBKUHJIAPHU XUCOOra oJiraH CyHbUN
TaCBUpJApHU MOJCIUIAIITUPHIL acocuaa (OTOMETPUK Yiyanuiap XaTOJIUTWHU
0aXOJIAIIHUHT MYCTAKUJ YCYJIM XOCHIT KHUITUHIH.

8. H1413+117 KOMNOHEHTAAPUHUHT PABIIAHIIVK STPU YU3HKJIApUAA XaM
WYKM Y3rapyBYaHIMK Oenruiaapu xamuaa ammmrtygacu ~0.15" Ba 107 m/xyn
MIUAIaTra dra  MUKPOJMH3AJAHUIITHUHT KyWId TabCUPW aHUKIAHAW. YOy
MUKpOJMH3aJaHUIIra caba0yl »KUCM MaccacH Yy4dyH KyWH derapa KHMMaTH
TONWIIA (~10 M]up).

Q. H1413+117 TJIKHMHT 5nuH3adaHraH KOMIIOHEHTAJlapu OpacHaaru
Atyp = —17.4 + 2.1 xyH, Aty = —18.9 + 2.8 xyn Ba At,p = 28.8 £ 0.7 kyHra
TEHI KEUMKHUIN BaKTJIapu KuiimaTiaapu xucoOmanau (B Ba C erakummap, D -
kypuHMma). Keuukuin BakTJapuHU VyiIyaml XaTOJUKIApUHU Oaxojam  y4dyH
CUHTETHK PaBUIAHJIMK 3TPU YU3UKJIAPUHU XOCWJI KWIMILIHUHT STHTH YCYJIA TaKJIugd
TUII]IN.

10. Keunkum  BakTiapuHu  xucobra osran  xohga, H1413+117
IPABUTALMOH JIMH3aHUHT CHUHTYJSAp M30TEPMHUK DJJUIMICOMIIM Ba TAalIKU
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CIUDKUTHIIIM MOJENIM acocuja JWH3aHUHT KHU3WITa CHDKUIIWHUHT 3XTHUMOJH
katta 6yaran z; = 1.9%997 xuitmatu Tonmmmu.

11. bupunun 60op, B1422+231 I'JIK man6a-kBa3zapuaa paBIIaHIUKHUHT
y30K naBpiau (6 WunmgaH opTuK) Ba amrumtygacu 0.25™ OGynran Yy3rapumm
TOMWIAW.  YYTa  KOMIIOHEHTJAPHUHT  paBIIAHJIMK  OTPU  YH3UKJIApU
MUKpPOJIMH3AJMAHUII ~ XaM  OopinuruHu  Kypcarnd. KommoHeHTinap — padr
KypcaTkuuiaapu Bapuanusuiapu (y3rapuuuiapu) xam OyHU Tacaukiagu. by epaa
KEUUKUII BaKTMHUHT SIHTH Aty = 2.5 + 2.3 kyH, Aty =—7 £ 1.5 xyH Ba

Atyp = 6 £ 1.8 xyH (A KOMIIOHEHT €TaK4H ) KUMMATIapy TaKIU() STUIIH.

12. KBT pexumuna onuHraH TacBUpiapia OCMOH (DOHU TallIKuII
ATYBUMCUHM AaHMKJAIl YYyH KOMIBIOTED JACTypd WHIUIA0 YMKWIAU. 3EHUT
Ky3aTyBllapyja OJUHTaH TacBupiapia npereccuss dGGEKTH  aHUKJIAH]IH.
OOBEKTIApHUHT KBATOpHANl KOOPJIUHATAIAPUHUA aCTPOMETPUK KalnOpoBKacuia
nukcemiap Oypyak MacmTaOMHM XucoOra OJUIN  3apypJIMrd  KYpCaTHIIJIU.
doToMeTpUK KamuOpOBKaJa CTaHAApPT KUHMaTra aWjaHTUPWITaHAa YU3HKIH
koahuieHT erapau 1e0 TOMUIIIH.
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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 research 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,
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calculation of time delays, determination of microlensing events, modeling of
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
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Astronomical Society, 2016, 2018; Astronomy & Astrophysics, 2015, 2018; The
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 281 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,
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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
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° < 8 <
+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
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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,
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 FBQO0951+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 FBQ0951+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
quasar 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.

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.
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Fig.7 Magnitude difference between F and B components.

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
previous ones and show a linear trend. This indicates a continuous process of
microlensing during all observation seasons.

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 = 4.4732 days, Atac =12.0%3¢ days Atpc=16.4134
days.
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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/Al 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
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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
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:

Atpag =-17.4 + 2.1 days, Atyc =-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; =

+0.07
1.97+0.07,

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 5, and the horizontal to the right
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ascension of o in the equatorial coordinate system. The complex behavior of the
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 Ilimit 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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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.

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:

Atap = 447557 days, Atae = 12.00%" days and Atge = 16.47>%" days.

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-1) 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.

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.

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 (~10 M;,).
The time delay values between the lensed components in GLQ H1413+117

have been calculated: At,g =-17.4 + 2.1 days, At,c =-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). A new method of generation of the synthetic light curves for
estimation of time delay measurement errors is proposed.

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, =
1 9+0.07
7-0.11 7

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 At,p = 6 + 1.8 days (A component is leading).
A computer program for calculation of the sky background component in the
images obtained in the TDI mode has been developed. The precession effect

43



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 1okTopckoii (DSC) nuccepranumn)

AKTYaJIbHOCTh H BOCTPE0OOBAaHHOCTb TeMbI AuccepTanuu. B HacTosmee
BpeMsl HccleoBaHUEe OOBEKTOB, CBSI3aHHBIX C SBJICHHEM TIPABUTALMOHHOTO
JMH3UPOBAHUSA W OCOOEHHO TPABUTALMOHHO-IMH3UPOBAHHBIX KBazapos (['JIK),
SBJIIETCSI OAHOW W3 HamOoJiee BaXKHBIX 3a7a4 COBPEMEHHOW HaOI0aaTeIbHOU
KocMosioruu. Takue OOBEKThI BBHICTYNAIOT B KaU€CTBE TMTAHTCKUX €CTECTBEHHBIX
TEJIECKONOB, pAa3peuIeHue KOTOPBIX HAMHOIO HPEBOCXOIAT BO3MOYKHOCTH
COBPEMEHHBIX HA3€MHBIX U KOCMHUYECKHX MHCTPYMEHTOB. [[JIsI pelieHuss MHOTHX
npobnem ¢usuku [JIK mpexae Bcero HeoOXoammo HcCIeAOBaHUE BPEMEHHBIX
3aIEPKEK MEXKJIy MHHUMBIMHA H300paKCHUSMU JIMH3UPOBAHHBIX KBa3apoB U
COOBITUI MUKPOJUH3UPOBAHUS B HHUX, YTO MOKHO MOJYYUTh TOJIbKO IYyTEM HUX
dboromerpuu. OnpeneneHue BPEMEHU 3aJIePKKU MEKTY MHUMBIMU KOMIIOHEHTaMU
HaIpPsIMYIO CBSI3aHO C TIOCTOSIHHOM Xa00:1a, KpaCHBIMH CMEIIEHUSIMUA UCTOYHUKA U
JIMH3bl U TPAaBUTALMOHHBIM IMOTCHUMAIOM IOCIEAHEN. MUKPOIMH3UPOBAHUE KE
MO3BOJISIET OOHAPYKUTh MAaCCUBHBIE M HUKAK HE BUJUMBIC APYTUM MYTEM OOBEKTHI
WM CKomieHuss Marepud. OTCroa clelyeT aKTyaJlbHOCTh JUCCEPTAaLlUH,
ITIOCKOJIbKY HAYAJIbHBIE ATAIlbl POXKACHUS TAIAKTUK U CTPYKTypa TEMHOUW MaTEepUu
MOTYT OBITh JETaJbHO HAOJII0JaeMbl TOJILKO OJjlarojiapsi TI'paBUTAIMOHHOMY
JIMH3UPOBAHUIO.

B nocnennee Bpemsi B 00J1aCTH IPaBUTALIMOHHOTO JIMH3UPOBAHUS BEAYLIUMU
UCCJIEIOBATENSIMU ObLIO CAEIAaHO HECKOJBKO BAXKHBIX OTKpbITHI. Hanpumep, Oblia
ONpeAeseHa 1071 TEMHOW MaTepur B BHUAE 3BE3J C HM3KOM MAaccOd B Hamlen
["anakTrke, 0OHapy>XeHa OJIHA U3 CaMbIX MaJOMACCUBHBIX 3K30IUIAHET. BhIsSBIEHBI
HauOJiee MacCUBHBIE KPYIMHOMAacCIUTAOHbIE CTPYKTYpbl BO BceneHHO#, HaiineHo
NpsMOE SMIIMPUYECKOE JOKA3aTENbCTBO CYLIECTBOBAHUSA TEMHOW MAaTEpUHU.
[IpoBomsaTcs wu3MepeHus mocTosiHHONM Xab0ma. B pesynrare nHabmiomeHui
oOHapy>KeHbl caMble JalleKMe KBa3apbl C KpacHbIM CMEIIeHueMm Z> 7,
HaOMoAaTeNnbHbl yeranoBieHno 6omee 150 IJIK.

B nameit PecniyOnuke ynensiercsi 00Jibliioe BHUMaHWE HAOIOMAaTEbHBIM U
TEOPETUYECKUM  aCIIEKTaM MCCIIEOBAHUS TPABUTALMOHHOTO JIMH3UPOBAHUS.
HampaBnenust 3tux (QyHIaMEHTaIbHBIX MCCICIOBAHUN, HMEIOMINX OO0JbIIOe
3HAauYEHHUE I Pa3BUTHS HAyKM HAIEH CTpaHbl, CBA3aHbl co CTparerueil’ nqeicTmii
no jJanbHelmemMy pa3putuio Pecnyonuku Y3o6ekuctan Ha 2017-2021 rr. Tak, B
teueHue nocienHux 20 jmer B MaiinaHakckoil o0cepBaTOpUM BEChbMa aKTUBHO
MPOBOJSATCS MOHUTOPUHTOBBIE HaOmoneHusi nepcnektuBHbix [JIK, HakomieH
OTPOMHBIA YHUKAJIbHBIA HAONIOAATENIbHBIA MaTepuall Ha OCHOBE MHOTOJIETHETO
OJIHOPOJTHOTO MOHMTOPHHTA, MPOBEACH aHaJIU3 KPUBBIX OJieCKa JIMH3UPOBAHHBIX
nzo0paxenut psana ['JIK, momydeHbl TOYHBIE BBIPAKCHHS ISl YIjla OTKJIOHEHUS
Jy4yeil cBeTa MpH ClIaboM JTUH3UPOBAHUU BOKPYT YePHOU JbIphl. OJJHAKO BMECTE C
3TUM OCTAKOTCA HEKOTOpPBIE HEPEUIEHHBIE BOIPOCHI, B YACTHOCTH, JO CHUX IIOP
HEU3BECTHBI IIPUEMIJIEMBIC 3HAYEHUS] AMIUIATYIbl MW MOPOJOJDKUATEIBHOCTH

lykas Tlpesunenra Pecrybnukn Ys6exucran Ne VI1-4947 or 07 ¢espans 2017 r. «O Crpareruu jeiicTBuii no
JanpHeWemMy pa3BuTuio Pecryonmuku Y30ekucTany.
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NIEPEMEHHOCTH, BBI3BAHHBIE MUKPOJHMH3UPOBAHUSIMU B OOBEKTaX MCCIIECIOBAHUS
JAHHOW JUCCEepTallid, HEU3BECTEH CaM XapaKTep MUKPOJIMH3UPOBAHUS, MHOTIA
Jla)K€ UMEETCSl HEOINPENEICHHOCTh B  ONPEACICHUM KpPACHOIO CMEMICHUS
JUH3UPYIONIUX TeJ, J0 CHUX IOp HE H3YYEHBI Cly4au H300paKEHUU HIUPOKHUX
TIOJICH.

Jlannass nuccepTanMoHHass paboTa B ONPEACNIEHHONM Mepe  CIIY>KHUT
peanu3anuy  3a7ad, YTBEPXKACHHBIX B TOCYJAapCTBEHHBIX HOPMATHBHBIX
JOoKyMeHTax, B Yka3ax llpe3unenta Pecybnuku Y30ekuctan 3a No VII1-4947 «O
Crparerun AeiicTBUil Mo AanpHeideMy pa3Butuio PecryOnmku Y30ekucTan» OT
07 ¢espans 2017 roma, a takke B «J{opoKHOW KapTe OCHOBHBIX HampaBlICHHI
CTPYKTYpHBIX pedopm B V30ekucrane Ha 2019-2021 rompr», omyOIMKOBaHHOMN
npaBUTENsCTBOM Pecniybnuku Y30ekucran 29 Hos6ps 2018 rona.

CoorBercTBHE  HMCCICI0OBAHUS  NPUOPUTETHBIM  HANPABJEHUAM
Pa3BUTHSI HAYKH U TEXHOJIOTMH pecnmyOJuKH. /[uccepTalluOHHOE UCCIIEI0BaHNE
BBIIIOJIHEHO B COOTBETCTBHM C IPUOPUTETHBIM HAIIPABICHUEM Pa3BUTHUS HAyKU U
texHosoruii Pecniybnuku  Y30ekucran — II.  «Ouepretuka, »sHepro- u
pecypcocOepekeHue.

O030p 3apy0e:KHBIX HAYYHBIX HCCJICJIOBAHHII IO TeMe AUCCEPTALMH.
HccnenoBaHueM  SIBJIEHHWsS TPABUTALIMOHHOIO JIMH3UPOBAaHHWS B LEJIOM U
JVH3UPOBAHHBIX KBa3apOB B YAaCTHOCTHU, MX OOHapyXeHHEM, HAOJIOJECHUSMU B
pa3NUYHBIX  JWANa30HaX  3JEKTPOMArHUTHOIO  M3JIy4deHus,  oOpabOoTKon
HAOJNIOAATENbHBIX JAaHHBIX M HUX HHTEpIpeTaleil 3aHMMaloTCd B BEIYIIHUX
HAy4YHO-UCCJIEI0BATEIbCKUX LIEHTPAX M BBICHIMX YYEOHBIX 3aBEJICHUAX, TAKUX KaK
ActpoHomuueckuii  uHcTUTYT uM. Ilrepubepra MIY (Poccus), Llentp
acTpoHOMUU M MHCTUTYT acTpoHOMHYECKHX BbluMcieHHid ['eiiaenbOeprckoro
yHuBepcuteTa, IloTcnamckuii actpopu3nyeckuii MHCTUTYT, AcTpodusndeckuit
uHCTUTYT oOmecTBa Makca [lnanka (I'epmanus), Actpodusuueckas sadbopaTopus
®denepanbHoil monuTexHuyeckor mikoiel B Jlozanne (IlIBetinapus), Mucturyr
BBIUUCIIMTENBHOU  KOocMmoJiorun  Jlapemckoro — yHuBepcurera,  MHcTUTyT
aCTPOHOMHU KembOpumxckoro YHUBEpPCUTETA (Benukobpuranus),
ActpoHomuueckas oOcepBaropuss Bapmasckoro ynuBepcurera (Ilonbmia),
Nuctutyr kocmuueckux wuccienoBanuii (Yrtpext, Hwunepmanner), WucTUTYT
aCTPOHOMHHM XapbKOBCKOI'O0 HAIMOHAIBHOTO yHUBepcureta (Ykpauna), Mucturyr
actpopmsukn  u  reodusuku  JIbexckoro  ynuBepcutera  (benbrus),
MexayHaponHblii  MHCTUTYT  kocmudeckux  Hayk  (bepn, IIBeiiapus),
NccnenoBarenbckuii ieHTp panHeil Beenennoit, Otaenenue ¢pusuku Tokuickoro
ynuBepcuteta (Anonus), Teneckon CyOGapy HarmonanbHON acTpoOHOMHYECKON
oOcepBatopun  fAnonuu, OtTaeneHue COBPEMEHHOM (PU3MKK yHUBEpPCUTETA
Kantabpuu (Ucnanust), Uactutyt panuodusuku u 3aekTpoHrkn HarmonanbHoM
akaJeMHM HayK YKpawHbl, MHCTUTYT wuCCnenoBaHMid KOCMOCAa C IOMOIIBIO
kocmuueckoro teneckona (bantumop, CIIIA), ActpoHomudeckuit nHCTUTYT AH
PVY3, HamumonanbHpiii yHUBepcuTeT Y30ekuctana wum. Mup3o Ymyroeka.
(Y306ekucran)
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[To nccnenoBanuio rpaBUTALIMOHHO-IMH3UPOBAHHBIX KBa3apOB HA MUPOBOM
YpOBHE TIOJIYYEH Psii HAYUHBIX PE3yJIbTaTOB, B TOM UHKcie Oblia ONpeesieHa A0
TEMHOM MaTepuM B BHUJE 3BE3]l C HHU3KOM Maccou B Hamed [‘amakTuke uepes
HaOmoneHus: 3Be37 MaremnanoBbeix OOJaKOB, aHalU3 MHUKPOJIUH3UPOBAHUS
MO3BOJIMII OOHAPYXUTh OJHY M3 CAMbIX MajbIX HU3BECTHBIX 3K30IUIAHET, OTKYJa
CIIEyeT, YTO IUIAHETBl C OKOJIOHENTYHOBOM Maccoil Moryt ObITh OoJee
pacnpocTpaHEeHHBIMH, YeM ra3oBble Turantel (LleHTp acTpodu3uku yacTull;
Kamudopuuiickuit yauBepcurter; Ilapmxckuit actpodu3nueckuili HHCTUTYT).
CTaTuCTHYECKUI aHANIW3 DJJUIMNTUYHOCTH TaJaKTUK Ha OOJBIIMUX IUIOMIAIAX
OOHapy>KWJl MaCCHUBHBIC KpyITHOMAcIITaOHBIE CTPYKTYpel BO BceneHHoi,
HAOJI0/ICHUS IBYX CIIMBAIOIINXCS CKOIIJICHHUH HA Tejeckorne Xab0ia 1 moCcTpoeHue
KapT JIMH3UPOBAHUS IO3BOJWIO HAUTU MPIMOE SMIUPUUYECKOE TOKA3ATEIBCTBO
CyllecTBOBaHMs TemMHOW wmatepun (KaHaackuii HHCTUTYT TEOPETUYECKOU
actpoduzuku; MHCTUTYT acTpodu3uKud YacTull U KocMmojiorun um. Kapmm).
Pa3paboTano HECKOJIBKO YHUKQJIbHBIX MIpOTpaMm, MOCBSIIIEHHBIX
CUCTEMAaTHUYECKOMY IIOMCKY TPaBUTALMOHHBIX JIMH3, HENPEPBIBHO IOIOJIHIETCA
CIUCOK KaHIuJaTOB U HaOmogaTenbHO mnoareBepxacHHbx [JIK  myrem
CHEKTPOCKOMMYEeCKUX U  ontuueckux HaOmoaeHuit (Teneckon  CyOapy
HanuonanpHOit ~ acTpoHoMuueckod — oOcepBaropun  Anonun;  MHCTUTYT
actpoHomuu KeMOpumkckoro yHuBepcutTeTa, WHCTUTYT ACTPOHOMHH WM.
Aprenannepa bornckoro yauBepcurera). bosblnoi MaccuB JaHHBIX HAOJIOIECHUM
obu1 momyueH B xoxae mporpammel COSMOGRAIL, pa3pabotan 3¢ dekTuBHBIN
dboTOMETpUYECKUI METOJ BOCCTAHOBJICHUSI H300pakeHuM (Actpodusnyeckas
nabopatopus DenepanbHON MNONMUTEXHUYECKOM IKOJabl B Jlo3anne; MHCTHTYT
acTpodu3uku U reous3nku JIbeKCKOro YHUBEPCUTETA; ACTPOHOMUYECKU WHCTUTYT
AH PYVY3). PaspaOarbiBaioTcsi (HOTOMETPHYECKHE METOJIbI M KOMITBIOTEPHBIC
porpaMMbl 00paOOTKH JaHHBIX HaOMIOAeHUN (ACTPOHOMHYCCKUN MHCTUTYT HM.
[repudepra MI'Y, Poccust; HUN ActpoHomun XapbKOBCKOTO HAIIMOHAJIBLHOTO
YHUBEPCUTETA, YKpauHa).

B mHacrosimee BpemMsi B MHUpPE TEOpPETHYECKME U HaOII0JaTeNIbHbIC
HCCIICIOBAHUS] TPABUTALIMOHHO-JIMH3UPOBAHHBIX KBa3apOB MPOBOJATCS MO Py
IIPUOPUTETHBIX HamNpaBlIeHWW, B TOM uucie nouck HoBeIX [JIK Ha ocHOBe
CTAaTUCTHUYECKOTO, CIIEKTPAIBHOTO W (HOTOMETpUUECKOro aHanm3a 0a3 JTaHHBIX
GAIA, SDSS u apyrux; mouck coObITUI MHKPOJWH3UPOBAHUSA, PACUET BPEMECHH
3QICp’)KKM M BBIUMCIICHHE TOCTOSHHOM Xa0O0ja; TecTHUpOBaHHME Mojelei
BcenenHolt u ee KpymHOMAcCIITaOHBIX E€AWMHUI]; MU3MEPEHHE MAaCChl CKOILUICHUH
raJlakTUK; penieHre MpoOJieM, CBSI3aHHBIX C HEOJHO3HAYHOCTHIO B MOJEIISIX
IPaBUTAIIMOHHBIX JIMH3, BIMUSHHUS Ha BPEMEHHBIC 3aJCPKKH MPeoOpa3oBaHMS
MOJIOKEHUS! UCTOYHMKA (YUukarckuii yHuBepcuteT; ACTpodU3NUECKUd HHCTUTYT
obmectBa Makca Ilnanka; MccnenoBarenbckuii IeHTp panHel BeenenHom).

Crenenb M3y4eHHOCTH NPoOJeMbl. B HacTosee BpeMs MOMCKOM HOBBIX
I'PaBUTALIMOHHO-TUH3UPOBAHHBIX KBa3apOB, MOHUTOPUHTOBBIMU HAOJIOJICHUSIMU
TUX 00BEKTOB, oTOMETpHUIECKUM HccienoBanreM aBorHbIX [JIK SBS1520+530
n FBQ0951+2635, wucciegoBaHueM CBOWCTB  JIMH3UPYIOUIUX  TaJlaKTHK,
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MOJICIUPOBAHUEM D3THUX CHCTEM, BBIYHCICHHEM BpPEMEHU 3aJePKKH, IMOUCKOM
MUKPOJIMH3UPOBAHUSI B HHUX 3aHMMAIOTCS MHOTHUE Y4Y€HbIE BEAYIIUX HAYYHBIX
LICHTPOB Mupa, Hanpumep, poccuiickue (l.Bikmaev, N.Sakhibullin), ykpaunckue
(V.Shalyapin, A.Zheleznyak, A.Sergeev), amepukancuke (I.Burud, J.Cohen,
P.Schechter, J.-L.Beuzit, C.Kochanek) oensruiickue (P.Magain, D.Sluse),
mBeitapckue (F.Courbin, S.Dye, G.Meylan), marckue (P.Jacobson, J.Hjorth) u
npyrue. Opnnako ans ykaszanHeix [JIK eme He mNpoBOIMIUCH IITUTENbHBIC
ONTHYECKHE HAOMIOACHUS, W COOTBETCTBEHHO HE WCCJICAOBAHBI SIBJICHUS
MUKPOJIMH3UPOBAHUS Ha OOJBIIIOM BPEMEHHOM IMPOMEXKYTKE, HE OBLIU M3BECTHBI
HU WX aMIUTATY/1a, HA TIPOJIOJDKATEITLHOCTD.

OmnpeneneHneM  PEHTTEHOBCKOTO  TIOTOKA  CKOIUICHHH  TaJakTUK B
HampaBieHun 4YerblpexkoMnoHeHTHbIX [JIK PGI1115+080 u B1422+231, ux
nH(paKpaCHBIMU HAOMIOMCHUSIMH W BBIJCICHUEM TOJCTPYKTYP JHWH3UPYIOIINX
raJIakKTUK, ONpENEeJICHUEM WX KPAaCHOTO CMEIICHUS, aHAJIN30M HMHUCCHOHHBIX
ceorictB B crektpe HI1413+117, moctpoeHuem wmojeneld BCEX 3THX CHCTEM
3anuMannch 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), 6ensrutickue (D.Hutsemekers, B. Borguet) u apyrue
yuenble.  OJIHAKO HECMOTpPS Ha 3TO JIOJTOJICTHHE ONTHYECKUE HAOIIOJEHUS
yKazaHHbIX 371ech 3Tux ['JIK He mpoBoauioch, HE 70 KOHIA OBUIM OMpEeIeHbBI
BPEMEHHBIE 3a/ICPKKA M XapakTep MUKPOIHH3UPOBaHUSA. OTKPBITHIM OCTaBaJICS
TaKXe€ BOIPOC KpPACHOTO CMeleHus JauH3upyromero tema B HI1413+117, a
B1422+231 wu3ydeH emie MeEHbIIE, TaKk Kak emie He ObUI0 JaXKe CE30HHBIX
HAOJIIOICHU.

O6paboTka >xe¢ 1U(POBBHIX H300PAKEHUN MIUPOKUX MOJEH M3 3EHUTHBIX
HaOJIOJICHU B pEKMME C BPEMEHHOU 3ajnepkkoil u uHTerpupoBanueMm (B3H)
BOOOIIIE HOCUT NMUOHEPCKUN XapakTtep. Vaes mocTpoeHus 36eHUTHOTO TEJIECKOMa C
JKUIKUM 3epKajoM Oblia mpeiokeHa kaHaackumu yaensimu (P.Hickson, E.Borra,
R.Cabanac, R.Content, B.Gibson), a peamu3amus 5>Toro mpoekra Oblia
ocymiectBieHa 6enbruiickumu (J.Surdej, J.-P.Swings, M.DeBecker, L.Delchambre,
F.Finet), unauitckumu (B.Kumar, B.Pradhan, R.Sagar, K.Pandey, G.Anupama),
nonasckumu (P.Bartczak) acrponomamu. Ho B ux paboTax He ObLTH 3aTPOHYTHI
MOJIHOCTBIO BOTIPOCHI aHAIM3a H300pPAKECHHM MIMPOKUX TMIOJIEeH, OCTaBayica He
SCHBIM BONPOC Kakwe (akTopbl OyAyT BIMATH Ha acTPOMETPHUCCKYIO U
(hoTOMETPUYECKYIO KaTUOPOBKY JaHHBIX HAOJIOACHUM.

CBsi3b TeMBbI JHCCEPTAIUM ¢ HAYYHO-HCCJIEI0BATEILCKHMH PadoTamMu
BBICIIIMX 00pPa30BaTEJbHBIX H HAYYHO-HCCIEA0BATEIbCKUX YUPEKIEHUI, rae
BBINOJIHEHA  auccepramusi.  [lucceprarmoHHas  paboTa  BBIIIOJIHCHA B
COOTBETCTBHHM C IUIAHAMH HAYYHO-HCCIIECOBATEIIBCKUX pabOT ACTPOHOMHUYECKOTO
uHctutyta AH PVY3 u HamumonanpHoro yHuBepcutTeTa Y30eKHCTaHa B paMKax
cieayromux mnpoekToB: DA-D2-D058+061 «UccrnenoBanue rpaBUTALIMOHHBIX
JUH3, (POPMUPYIOMIMXCA TaJaKTUK ¥ OOOOIICHHBIX MOJeNeH acTpoPU3NUECKUX
00bekToB»  (2007-2011), DA-EOD2-D03 «PazpaboTka (oTOMETpUYECKOit
MPOTrpaMMbl  BOCCTAHOBJICHUSI ITU(MPOBBIX ACTPOHOMUYECKUX HM300PAKECHUA U

50



ananmu3 > dexroB OTO mpu rpaBuTarmonHoM auH3upoBaHum» (2010-2011), O2-
DA-D029 «Duzuka TpaBUTALMOHHBIX JHMH3, KOMIAKTHBIX acTpO(OU3UYECKUX
00BEKTOB M HECTAIIMOHAPHBIX JUCKOBBIX cuctem» (2012-2016), BA-OA-D-2-007
«MccnenoBanue JIMH3UPYIOIIMX CBOMCTB H30paHHBIX TalaKTUK-KBa3apoB B
ontuyeckoM auamnazone» (2017-2018).

Heanblo ucciienoBanusi  sBIACTCS U3yYeHUE (DU3UMKH SBICHUNA B BHJE
MUKpOJIUH3UpoBaHusi U 3pdexra BpeMenu 3aaepxkku nyrem I[13C-dhoTomerpun
n30paHHBIX 2- U 4-KOMIIOHEHTHBIX TPaBUTAIIMOHHO-TMH3WPOBAHHBIX KBa3apoB, a
TaKkKe pa3paboTKa alropuTMOB OO0PaOOTKH HU(PPOBBIX H300pPAKEHUN IHUPOKHX
IOJIEN.

3amauu uccjieI0BaAHNS:

pa3zpaboTka MeTo1a GOTOMETPUN TOUCUHBIX HCTOYHUKOB B TECHBIX TOJISX;

onpeaeeHue BPEMEHHBIX 3aJIepIKeK MEXIy  JIMH3UPOBAHHBIMU
KoMnoHeHTaMu wuccinenyeMblx [JIK u 3akoHOMEpPHOCTEl B 3aBUCUMOCTH OT
MapaMeTPOB CUCTEM;

omnpenesieHne KkpacHoro cmenieHus auH3sl B ['JIK H1413+117;

BbIJICJICHUE BHYTPEHHEW MEPEMEHHOCTH MCTOYHHMKOB-KBa3apOB OT COOBITUM
MUKPOJIMH3UPOBAHUS, BBISIBIICHUE ux MEXaHU3MOB, BBISICHCHUE
MPOIOJKUTEIbHOCTH MUKPOJIMH3UPOBAHUS,

ONpENICIICHUE TUIIOB MHKPOJIMH3UPOBAHUS B 3aBUCHMOCTH OT HMX TeMmma M
MPOIOTIKUTETLHOCTH, BEHIYUCICHUE HUYKHEW TPaHULIBI MacChl MUKPOJIMH3,;

pa3paboTKa METOJIOB U aJITOPUTMOB 00pabOTKM IU(POBBIX U300pAKEHUN B
pexume B3H, ananu3 ¢$akTopoB, BAMSIOMIMX HAa TOYHOCTH (POTOMETPUUECKUX U
aCTPOMETPUYECKUX U3MEPEHHUI.

O0bekTamMmM  HcCJeI0OBAHUAL  SIBISIIOTCA  WM30paHHbIE  TPaBUTALMOHHO-
JuH3upoBaHHBIE  KkBazapel SBS1520+4530, FBQ0951+2635, PG1115+080,
H1413+117 u B1422+231.

IIpeaMeTromM uccien0BaHMs SBISIOTCS HAOMIOAATENbHBIE JIaHHBIE B BHJIEC
[13C-u300pakeHuii, KpuBbIe OJieCKa KOMIIOHCHTOB HCCJICAYEMBIX OOBEKTOB, a
TaKK€ HW300pKEHUs, TIOJYyYCHHBIE B PEKHME BPEMEHHON 3aJCpKKH C
HaKOIJICHUEM.

Metoabl wucciaenoBanusi. U3BecTHbie MeTOIbI 00pabOTKM HU(PPOBBIX
ACTPOHOMHUYECKUX H300paKCHMM, ammapar aHajin3a BPEMEHHBIX DPSJIO0B, METOIBI
MUHUMU3AIUHU, TTOCTPOCHUS MOJICJICH TPaBUTAIIMOHHO-TMH3UPOBAHHBIX CUCTEM.

HayuyHasi HOBU3HA HCCJIeIOBAHMS 3aKITIOYACTCS B CIEIYIOLIEM:

B aBoitHeix ['JIK FBQ 095142635 u SBS1520+530 ompeneneno nsa Tuma
MUKpPOJIMH3UPOBAHUS: B 3aBUCHUMOCTH OT TeMIa U3MEHEHHs OJiecka OHU MOTYT
ObITh ()OHOBBIMH U CWJIBHBIMH, @ B 3aBUCUMOCTH OT MPOAOJDKUTEIBHOCTU —
JOJITONIEPUOANYECKUMH U KOPOTKOTIEPHUOIUUECCKUMU;

st u30pannbix [JIK moctpoeHsl U WccieoBaHbl KPUBBIE OJIECKa, a TaKxKe
ONPEAEIECHBI HOBBIE 3HAYCHUSI BPEMEHHU 3a/IEPKKHA B YETBIPEXKOMITOHEHTHBIX ['JIK
PG1115+080, H1413+117, B1422+231;

oOHapy»eHo, uTto oTHoIIeHrne MoTokoB A1/A2 B I'JIK PG1115+080 mensiercs
HE TOJIBKO BO BPEMEHU, HO W 3aBUCUT OT JJIMHBI BOJHBI (PUIBTpPA, TOKa3aHa
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3aBHCUMOCTH Tokazarens 1seta (V—I) nuH3upoBaHHBIX KOMIIOHEHTOB OT OJiecKa U
BpPEMEHU;

oOHapyxeHo cuibHOe MukpoauH3upoanue B ['JIK H1413+117 u nonaydena
OLICHKAa HIDKHETO TpeAena s Macchl Teja, OTBETCTBEHHOM 3a 9TO
MUKPOJIMH3UPOBAHUE, TAKKe pa3paboTaHa HOBas MOJIENb TPABUTALIMOHHOMN JTMH3bI
C CHUHTYJISIPHBIM HW30TEPMHUYECKUM DJIUTUIICOMIOM M YTOYHEHO 3HA4Y€HUE ee
KpPaCHOTO CMEIICHUS;

pa3paboTaHbl METOJl U aJITOPUTM KOMITBIOTEPHOU 00pabOTKM H300pa>keHuit
HIMPOKUX TMOJIEH, a Takke OOHapyxkeH 3(PQeKT mpeueccuu B H300paKeHUSX,
MOJIYYEHHBIX TP 3€HUTHBIX HAOII01eHHIX B pexume B3H.

IIpakTH4Yeckue pe3ybTaThl HCCJIEIOBAHUSA 3aKIIIOYAIOTCS B CIEIYIOLIEM:

MI0OKa3aHO, YTO 3HAYEHUE BPEMEHHM 3aJEP’KKU JUHEHHO 3aBUCUT OT YIJIOBOIO
pasmepa cucrem [JIK — MakCMMaJIbHOTO PacCTOSHUS MEKIY JUH3UPOBAHHBIMU
KOMITOHEHTaMU;

OTpe/ieNieHbl KJIACChl MUKPOJMH3UPOBAHHUA B OOBEKTAaX HCCIENOBAaHUS U
PaCKpBITHI MEXaHU3MBI: HalJeH s ekt JOJITOIIEPUOTHYECKOTO
MuKposimH3upoBanus B aBodHbIX [JIK SBS1520+530 u FBQ0951+2635,
npoaospkamomeecss Oonee 10 5er, W MOKa3aHO, YTO OHO JOMHMHHUPYET HaJ
KOPOTKOIEPUOIUYECKUMHU COOBITUSAMU MUKPOJIMH3UPOBAHMUS;

pa3paboTaH HOBBIH MeTOa (HOTOMETPUYECKOM O0OpabOTKM  TOYEYHBIX
M300paXKEHUM B TECHBIX MOJISX;

pa3pab0oTaH  HE3aBUCHUMBIM  METOJ  OIEHKM  OMHUOOK  U3MEpEeHUi
(hOTOMETPUYECKUX BEIUYHMH U BPEMEHHU 3a/IEPHKKH;

BIIEpBbIE MOJy4YeHbl KpuBble Osecka B ['JIK B1422+231, koTopblie MO3BOIMIH
HalTU JoAroBpeMeHHoe (Ooiiee 6 JeT) u3MeHeHue Ojecka UCTOYHMKa-KBa3apa U
BJIMSIHUE MUKPOJIMH3UPOBAHUS;

HallIeHHbIE COOBITUS MUKPOJIMH3UPOBAHUS MOATBEPKIAET TUIOTE3Y O TOM,
YTO TaKue SBJICHUS B YETHIPEXKOMIIOHEHTHBIX CUCTEMaX MMEET OOIIYIO IPUPOAY U
HOCAT IIOCTOSIHHBIN XapaKTep;

AIrOpUTM O00paOOTKM HW300PAKEHUM MIMPOKUX TIOJICH MPUMEHSAETCS MPHU
00paboTKe n300pakeHUH, MOTYYEHHBIX TP MEPUANAHHBIX HA0IIO/ICHUSX;

NpeJI0kKEeH HOBBIM METOJT MOCTPOCHHUSI HCKYCCTBEHHBIX KPUBBIX OJiecKa.

JlocToBepHOCTH pe3yJibTaTOB HCCJIeI0BAHMS 00OCHOBBIBAETCS
MPUMEHEHUEM COBPEMEHHBIX M XOpOIIO 33apEKOMEHJIOBABIIMX C€e0s METO/I0B
dboTomerpuyeckoit o0paboTku I13C-uz00pakeHuid, aHaau3a BPEMEHHBIX PAJIOB,
BBIYHCIICHUS] BPEMEHHBIX 33JIEpPKEK, ONpeeNeHUsl COObITUII MUKPOIMH3UPOBAHUS,
MOJICJIMPOBAHUS TPABUTALIMOHHO-TMH3UPOBAHHBIX CUCTEM.

Hayuynas u npakTuyeckasi 3HAYMMOCTb Pe3yJbTATOB MCCJAEI0BAHUS.
HayudHast 3HauMMOCTh pe3yJIbTaTOB MCCIEIOBAHUS OMNPEIEISIETCS MPEkKIE BCEro
MOJyYeHHBIMU HaOMoaTenbHbIMU AaHHBIMU 0 uccienyembiM [JIK, kotopeie
3aMETHO JOINOJHWINA CYIIECTBYIOIIME 3HAHMS O HHMX M CTald OCHOBOW JUIA
JAIIbHENIIETO €ro MOMOJIHEHUS U IETAIbHOro uccienoanus npyrux I'JIK.

[IpakTryeckas 3HaYUUMOCTb PE3YJIbTATOB MCCIEAOBAHUS 3aKIIOYAETCS B TOM,
YTO MpPEAJIOKEHHBIH HaMu (DOTOMETPUUECKHI METOJA aJanTHUBHOW TOATOHKHU
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¢bynkiun paccesnusa Touku (OPT) moMokeT cIKOHOMUTH HAOTIOAATEFHOE BPEMS
Ha TEJECKOMax, MOCKOJIbKY MOXeT paboTaTh naxe ¢ Ae(poKycupOBaHHBIMHU
n3o0paxkeHussMu. HaiiienHole HaMu 3Ha4YeHUsI BpeMeHH 3anepkku s tpex ['JIK
oOneryar B JajdbHEHIIEM BBISIBICHUE MHUKPOJMH3UPOBAHUS B ATHUX CHCTEMaXx.
Pa3paboTanHbie HaMU METOJ U QITOPUTM OOPaOOTKH H300paKEHUU IIUPOKHUX
noneil B pexume B3H HemocpencTBEHHO MPUMEHSIIOTCS B paMKax MpoekTa 4-m
ILMT. Pe3ynbrarel BKJIIOYEHBI B CHEIUAIbHBIE KYpChl ACTPOHOMHUYECKOTO
ornenenuss HYY3 «KBa3apbl U akTUBHBIE TaNaKTHK», «IIpoOnemMbl KOCMOTOHUN
i 6akanaBpuaTypsl 1 «Pu3KKa rpaBUTAMOHHOTO JTMH3UPOBaHUMD», «O0paboTKa
ACTPOHOMHUYECKUX N300paKEHUIN» MarucTpaTyphl.

BHenpenue pe3ynabraToB ucciegoBanus. Ha ocHoBe uccienoBanust Gusnku
SBIICHUN MUKpOJIMH3UpOBaHUS U 3(p(deKTa BpeMEHHU 3aJCPKKH B H30paHHBIX
JIBOMHBIX M YETHIPEXKOMIIOHEHTHBIX TPABUTALIMOHHO JIMH3UPOBAHHBIX KBa3zapax, a
TaK)Ke pa3pabOTKH AJITOPUTMOB 00PaOOTKU N300paKEHUN ITUPOKHUX TTOJICH

pe3ynbTaThl, MOJYYEHHBIE B XOJ€ MCCIECAOBAaHUSA MPOAOJDKUTEIBHOCTA H
npupoasl mukpoiunzupoBanus B [JIK FBQ 0951+2635 u SBS1520+530 Obuin
UCIIOJIb30BaHbl MCCIEN0BATEISIMU (CCBUIKM B 3apyOEKHBIX HAyUHBIX XKypHalax
Astronomy&Astrophysics, 2018, 2012a,b; Monthly Notices of the Royal
Astronomical Society, 2013; Astronomy&Astrophysics Supplement Series, 2011;
Astrophysics Journal, 2010) ucmoib30BaIMCh MPH MOJACIHLHOM aHAIN3€ CHIIbHBIX
TPABUTAMOHHBIX JIMH3 U BBIYHMCICHUH KOCMOJIOTMYECKUX MMapaMEeTpPOB B paMKax
npoekta GLENDAMA. Ilony4yeHHbIe pe3ysbTaThl MPEAOCTaBUIN OOMIMPHYIO 0a3y
JAHHBIX IO JIMH3UPOBAHHBIM KBa3apaM W MO3BOJWIM OINPEACIIUTH JIUTEIbHbIE
COOBITHSI MUKPOJIMH3UPOBAaHUS Apyrux ABouHbIX [JIK;

HOBbIE 3HAYEHUS BPEMEHHBIX 3aJ€PKEK MEXAY JUH3UPOBAHHBIMU
komnoHeHtamu ['JIK PG 1115+080, mnosy4eHHbIX B XOA€ MOHMTOPWHIA B
Maiinanakckoit 06cepBaTOpHH, UCTIOIB30BAHbBI B 3apYOEKHBIX KypHaIaX (CChUIKU
B Astronomy&Astrophysics, 2018, 2013; Monthly Notices of the Royal
Astronomical Society, 2016; The Astrophysics Journal Supplement Series, 2015;
Astronomical Reports, 2015) npu MOBTOPHBIX BHIYUCICHUSX BPEMEHHU 3aJICPIKKHU B
3TON cucTeMe U pa3paboTKe HOBOTO METOJIa BBIYMCIICHUS STOW BEJIUYUHBI NPU
HAJIMYUA MHKPOJUH3UpOBaHUA. [lomydeHHbIE pe3ynbTaThl MO3BOJIWIM HM3YyYWUTH
CTPYKTYPY OKPYKarOLIEro MPOCTPAHCTBA BOKPYT JIMH3 IO Jy4dy 3pEHHUS U Jy4Ylle
NOHATh BIUSHUE KPYNMHOMACIITAaOHOM CTPYKTYphl Ha CTaTUCTHKY JIMH3 U HUX
napameTphbl;

aHanu3 Bapuanui Oliecka JIMH3UpOBaHHbIX kommnoHeHToB [JIK PG
1115+080 u MUKpOIMH3UPOBaHUA B ApKOM komrnoHeHTe Al/A2 ucnoyib30BaHbl B
3apy0exHbIX KypHanax (cceuiku B Monthly Notices of the Royal Astronomical
Society, 2016, 2018; Astronomy&Astrophysics, 2015, 2018; The Astrophysics
Journal, 2016; Astronomical Reports, 2015) mnpu anamuze 3ddekTa
MUKPOJIMH3UPOBAHUS M TO3BOJMJ pa3paboTaTh HOBBIM METOJ MOJAEIMPOBAHUS
KapT MUKPOJMH3UpOBaHus. [ToiryueHHbIe pe3yapTaThl MO3BOJIWIA 3aHOBO OLIEHUTH
MOCTOSIHHYI0 Xa005ia, a Takke pa3paboTarh HOBBIM METOJM CTaTUCTHYECKOTO
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aHanau3a KPHUBBIX Oytecka JaTIeKUX HMCTOYHUKOB, BO3MYIIIEHHBIX
MUKPOJIMH3UPOBAHUEM CO CTOPOHBI TOYEUHBIX U MPOTSHKEHHBIX MacCC;

pe3ynbTaThl HAIIMX MCCIENIOBaHUNA Bapuanui Ojecka KOMIIOHEHTOB B
H1413+117, BeruucieHus BpeMEHHBIX 3a7ePiKEK, ONPEACIICHUS COOBITHS CUITBLHOTO
MUKPOJIMH3UPOBAHUS, BBIYHCICHUS KPACHOTO CMEUIECHUS JMH3UPYIOUIEro Tena
UCIIOJIB30BaHbl B 3apyOCKHBIX KypHamax (ccbuikk B Astronomy&Astrophysics,
2018; Astronomy&Astrophysics, 2018; 2018arXiv181002624W; Nature, 2018)
MIPU OLICHKE HEOJHO3HAYHOCTH B MOJICSIX FPABUTALIMOHHBIX JIMH3 M BIMSHUS Ha
BPEMEHHBIC 3a/ICP’KKU M3MEHEHUMN MOJI0KEHUSI MCTOYHUKA, CIEKTPOCKOITMYECKOM
MOATBEP)KICHUU OOHAPYKCHHsI HOBOW T'PaBUTAITMOHHO-TUH3UPOBAHHON CHCTEMBI
GRAL113100-441959 1 MoaenbHOM MPOTHO3UPOBAHUU BPEMEHU 3a/ICPKKH B HEH.
Ham naHHble OBUIM BKJIIOYEHBI B HOBYIO 0a3y JaHHBIX ONTHYECKU SIPKUX
JMH3UPOBAHHBIX KBAa3apOB B CEBEPHOM MOIyLIAPHUH, a TAKKE UCIIOIb30BAIUCH MPU
aHaJIn3€e COBPEMEHHOT'O COCTOSIHMSI aCTPOHOMHHU B Y 30€KHCTaHE;

pa3pabOTaHHbIE HAMH METOABl M aJTOPUTMBI OOpPabOTKH H300pasKeHUM
IIMPOKHUX TIOJIEH HMCHOJB3YIOTCS B paMKaX MEXIYHApOJHOTrO HaOJI0IaTeIbHOTO
npoekta 4-m ILMT (mucemo JIbexckoro ynuepcutera oT 15 sHBaps 2019 r.).
[TomydyeHHble pe3ynbTaThl MO3BOJIWIM  CHOPMUPOBATH MOCIEAOBATEIBHOCTh
porpamm 1o 00padoTKe N300paKEHUN MIUPOKUX TOJIEH U HAWTU HOBBIE OOBEKTHI
KOCMHYECKOI'0 MyCopa.

AnpobGanus pad6orel. OCHOBHBIE PE3YJIbTaThl AUCCEPTALUOHHON PabOTHI
JOKJIaJABIBAIUCh M OOCYXIAIHCh Ha 23 MEXIYHAPOAHBIX U PECITyOIMKAHCKHX
HAay4YHO-TIPAKTUYECKUX KOH(EPEHIIUSIX.

Ony0/IMKOBAHHOCTH pe3yJbTaToB. [lo Teme muccepranuu OmyOIMKOBAHO
34 wHayuHble paOoThl, 11 HayuyHbBIX cTaTed B U3JAHUAX, PEKOMEHIOBAHHBIX
Briciieii arrectaiimonHoit komuccueit Pecniyonuku Y30ekucTan aJisl myOaukaiui
OCHOBHBIX HAy4YHBIX pE3YyJbTATOB JOKTOPCKHUX JHUCCEpTAallMii, M3 HHUX 6 B
3apyOEKHBIX HAYUHBIX KypHasax.

Ctpykrypa u 00bem auccepranuu. Jluccepranmuss COCTOUT U3 BBEICHMUS,
MATA TJaB, 3aKJIIOYEHHS M CIHCKAa WCIOJIb30BAaHHON JuTepaTypbl. OO0beM
JIyccepTanuu coctapiser 188 crpanuil.

3AKJTIOYEHHUE

[To pe3ynbraraMm HcclieqOBaHUM, TPOBEACHHBIX IO TEME JOKTOPCKON TUCCepTaIU

«II3C-poroMerpusi H30paHHBIX T'PABUTALIMOHHO-IMH3UPOBAHHBIX KBa3apoB U

Clly4dau IHUPOKUX MOJIEH», MPEACTABIEHBI CIEAYIOIINE BHIBOIBI:

1. BbINogHEHBI MOHMTOPUHIOBBIC HAOIOJEHUS OOBEKTOB HccieaoBaHus. s
HM30paHHBIX JIBYX- U YETHIPEX-KOMIIOHEHTHBIX OOBEKTOB 00pabOTaHbl TaHHBIC
[13C-nabnroneHuii, TOCTPOSHBI W HMCCIENOBaHbI KpuBbie Onecka B V, R u 1
bunpTpax. OHU TOKa3aJId, YTO MCTOYHUKU-KBA3aphl BCEX PacCMATPUBAEMBIX
O00BEKTOB HETIPEPHIBHO MEHSIOT CBOM OJIeCK, PUUEM JJIs ABYX-KOMIIOHEHTHBIX
npenen Bapuaruu B cpeqHeM Am ~0.5™) a y 4deThIpex-KOMIIOHEHTHBIX AM
~0.3™, yTO 3aMeTHO MeEHbIIE, 4YeM Yy JBOHHBIX. M3MmeHeHus Orecka
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JMH3UPOBAHHBIX KOMITOHEHTOB CBSI3aHBI C HECTAIlMOHAPHOCTHIO HCTOYHHKA
(BCHBIIIKK,  HEPETyJSIPHOCTh  TMpollecca  akKpeuuu W Jp.) H
MUKPOJIUH3UPOBAHUEM.

OnpeneneHo JBa THUMA MUKPOJMH3UPOBAHUS: B 3aBUCHMOCTH OT TEMIIa
M3MEHEHHsT Olecka OHM MOTyT ObITh (oHOBEIMM (~10~* mag/cyrku) u
cunbHbIME (~1073 mag/cyTku), a B 3aBUCMMOCTH OT NPOAOJIKUTEIBHOCTH
JoJIronepuoaAndeckuMu (0osee rojia) ¥ KOPOTKOMEPUOAUISCKUMH (JI0 TOJ1a).
Hamm pe3ynbTaTtbl M0 MUKPOJIMH3UPOBAHHWIO TOATBEPKIAIOT THUIIOTE3Y X.
Butra 0 TOM, 9TO MUKpPOIMH3UPOBAaHUE B 4-KOMIOHCHTHBIX CHUCTEMaX €CTh
BCET/a M UMEET OOIIIYIO IPUPOTY.

B TJIK SBS1520+530 BnepBeie HaiineH d3(PQeKkT T0ITOBPEMEHHOTO
MUKpPOJIMH3UPOBAHUSI  MPOJOJKUTENBbHOCTRIO  Oonee 10  mer.  Taxxke
oOHapy’>KEHO, YTO KBa3ap HCIBITHIBAET MEPHUOJIMUCCKUEC W3MEHEHHUS SIPKOCTH
MaJIOW AMIUTATYBI.

Bnepssie B ['JIK FBQ0951+263 nokaszaHo, 4TO, KaK U B MPEAbIAYIIEM Clydae,
UMEHHO  JIOJITOTIEPUOJANYECKOE  MUKPOJIMH3UPOBAHHE JOMHUHHUPYET  Haj
KOPOTKOTIEpUOANYECKUMHU.  MUKpPOIMH3UpPOBAaHUE B JTOM  CHCTEME
POJI0JDKAIOCh ke Oosee 10 jeT, mpuyem 37eCh IPOUCXOIUT Ipoliece craaa
BIIUSIHUS MUKPOJMH3UPOBAHUS Ha KOMIIOHEHTY B.

Kpussie 6mecka kommonentoB Al, A2, B u C I'JIK PG1115+080 no3Bomuau
BBEIYHCIIATh BpPEMs 3aJCPKKH MEKIY TpPEeMs IMMapaMd KOMIIOHEHTOB: Atpp =

4.4?;22 CYyTKHU, Atpc = 12.0?’2?(')4 CYTOK U Atgc = 16.4?’2?44 CYTOK.

O6HapyxeHa COOCTBEHHasi IEPEMEHHOCTh MCTOYHMKA-KBa3apa ¢ aMILTUTYAO0U
nopsiaka 0.4™. Tloka3zaHo, YTO OTHOIIEHWE TMOTOKOB MEXAY KOMIOHEHTaMHU
A1/A2 wmeHsieTcsi HE TOJBKO BO BpPEMEHH, HO M YMEHBIIAECTCS IO Mepe
YBEIUYECHUS JUTUHBI BOJIHBI ¢bunbTpa. O0HapyxeHo TaKKe
MUKponuH3upoBanue B m3o0paxkenusx Al u A2 B reuenue 2001-2006 romos ¢
Hucxoasuienn ¢dazoit mist Al u ¢azoit BocxoxaeHus s A2. Haiinena
3aBUCUMOCTb Noka3zatens nsera (V—I) KOMIIOHEHTOB OTAEIBHO OT MarHUTY/IbI
R u or Bpemenu. Ilo mepe ocnabienust Oiecka KBazapa LIBET KOMIIOHEHTOB
CMENIAETCS B KPACHYIO CTOPOHY.

Pa3zpaboTan HOBBINM MeTON ananTuBHON noAronku OPT mist hoToMeTprudeckoit
00pabOTKM TOYEUHBIX H300paKEHW B TECHBIX MOJSX W ampoOHMpoBaH Ha
npumepe wu3obpaxenuit [JIK HI413+117, BMecte ¢ TeM MpeIOKEH
HE3aBHCHUMBII METOJ OUEHKH OIMMOOK (OTOMETPUUYECKUX H3MEPEHUH Ha
OCHOBE MOJEJIIMPOBAHUSI MCKYCCTBEHHBIX M300paXEHHUH C y4yeTOM IIyMOB H
OLIMOOK, MPUCYIINX HU(PPOBBIM U300PAKEHUSIM.

Ha xkpuBbix Onecka komrnoHeHToB H1413+117 oOHapykeHbI MPU3HAKU Kak
BHYTPEHHEH MEPEMEHHOCTH, TaK U CHUJILHOTO BJIMSIHUS MUKPOJIUH3UPOBAHMS C
ammmtynoi ~0.15™ u temnom ~10° mag/nens. [ToaydeHa OLEHKAa HMKHETO
npeaena JUisi Macchl TeNa, OTBETCTBEHHOTI'O 3a 3TO MHUKPOJIMH3UPOBAHUE

(~10 Myyp).
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10.

11.

12.

BbluncieHsl 3HAY€HUsT BPEMEHHBIX 3aJE€pKEK MEXAY JIUH3UPOBAHHBIMU
komnoneHTamu ['JIK H1413+117: Atpg =-17.4 £ 2.1 nueit, Aty =-189 =
2.8 nuet u Atpp = 28.8 £ 0.7 nuei (B u C muaupyromue, D — Bemomas).
[IpensioxkeH HOBBIM METOJ| MOCTPOEHUS CUHTETHMYECKHX KPHUBBIX Ojecka Jis
OLICHKH OIIMOOK U3MEPEHUS BPEMEHHBIX 3aEPKEK.

C y4eToM BpEMEHHBIX 33/IEPKEK HA OCHOBE MOJIETU I'PaBUTALIMOHHOW JINH3BI B
H1413+117 ¢ CHHryJSApHBIM H30TEPMUYECKAM DIUIUIICOMIOM W BHEIIHUM
CIBUTOM TIOJIy4eHO HauOoyiee BEpOSATHOE 3HAYEHUE KPAHHOTO CMEIICHUS

JIMH3BL: Z] = 1.9_+00i017.

BnepBeie HalimeHo nonroBpeMeHHoe (Oojiee 6 JeT) u3MeHeHue Oiecka B
uctoununke-kBazape ['JIK B1422+231 ¢ ammuurynoit nopsiaka 0.25™. Kpussie
Omecka Tpex KOMIIOHEHTOB TIIOKa3bIBAIOT TaKXKe W MHUKPOJIMH3UPOBAHUE.
Bapuanuu mnoxazareneil IIBETOB KOMIIOHEHTOB TakKe IOATBEPKAAIOT ITO
yTBepxaAceHue. [IpemmoxeHsl HOBBIE 3HAUEHUS  BPEMEHHU  3aJEPXKKU
3nech: Atpag = 2.5 + 2.3 cytok, Atpc =-7 + 1.5 cyroku Atyp =6+ 1.8
CYTOK (KOMITOHEHTa A — TUANpYIoLas).

Pa3paboTtana  KOMIBIOTEpHas  MporpaMma  ompeneieHus  (poHoBoMU
COCTaBJISIIOLIECH B M300pakeHUsX, NModyyeHHbIX B pexume B3H. OOnapyxen
3p¢deKkT mpeueccud B U300paXKEHUSX, TMOIMYYEHHBIX HPHU  3E€HUTHBIX
HaOmoneHusx. [loka3aHo, 4YTO mHpuU  acTPOMETPUUYECKON  KaauOpoBKE
DKBATOPUATBHBIX KOOPAMHAT OOBEKTOB HEOOXOAMM y4YeT MEepeMEeHHOIO
yriaoBoro Macmraba mnukcenoB. HaitineHo, 4to mnpu (GoOTOMETpUUYECKON
KAJIMOPOBKE JOCTATOYEH JHUHEHHBIM KO3(P(UUHUEHT mnpeoOpa3oBaHUs K
CTAaHJAPTHOMN BEIUYHUHE.

56



3bJIOH KWINHI'AH UILIJIAP PYUXATH
CIIUCOK ONNYBJIUKOBAHHBIX PABOT
LIST OF PUBLISHED WORKS

| 6yamm (I yacte; | part)

. Shalyapin V.N., Goicoechea L.J., Koptelova E., Artamonov B.P., Sergeyev
AV., Zheleznyak A.P., Akhunov T.A., Burkhonov O.A., Nuritdinov S.N.,
Ullan A. Microlensing variability in FBQ 0951+2635: short-time-scale events
or a long-time-scale fluctuation? // Monthly Notices of the Royal Astronomical
Society.- Oxford (Great Britain), 2009. - vol. 397, Issue 4. - pp. 1982-1989
(Ne40.Research Gate: IF = 5.56).
. Vakulik V.G., Shulga V.M., Schild R.E., Tsvetkova V.S., Dudinov V.N.,
Minakov A.A., Nuritdinov S.N., Artamonov B.P., Kochetov A.Ye., Smirnov
G.V., Sergeyev A.A., Konichek V.V., Sinelnikov l.Ye., Bruevich V.V,
Akhunov T., Burkhonov O. Time delays in PG 1115+080: new estimates //
Monthly Notices of the Royal Astronomical Society Letters. - Oxford (Great
Britain), 2009. - vol. 400, Issue 1. - pp. L90-L93 (Ne40. Research Gate: IF =
5.56).
. Tsvetkova V.S., Vakulik V.G., Shulga V.M., Schild R.E., Dudinov V.N.,
Minakov A.A., Nuritdinov S.N., Artamonov B.P., Kochetov A.Ye., Smirnov
G.V., Sergeyev A.A., Konichek V.V., Sinelnikov l.Ye., Zheleznyak A.P.,
Bruevich V.V.,Gaisin R., Akhunov T., Burkhonov O., PG 1115+080:
variations of the A2/A1 flux ratio and new values of the time delays // Monthly
Notices of the Royal Astronomical Society, - Oxford (Great Britain), 2010. -
vol. 406, Issue 4. - pp. 2764-2776. (Ne40. Research Gate: IF = 5.36).

. AxynoB T.A., MupramxkueBa K.T., Hyputaunor C.H. ®oromerpuyeckuii

MeToa 00pabOTKM H300paKEHUW TPABUTALMOHHBIX JIMH3: CIIy4ail TECHBIX
noneit // Jlokmanbel Axanemun Hayk PecnyOnmmku Y30ekucrtaH. — TalikeHT
(V36ekucran), 2010. - Ne 3. - C.56-59 (01.00.00. Ne7).

. Hyputounos C.H., AxynoB T.A., Kaxxapos b.b., Mymnnos M.M., VYcmanos

0.Y. O npobrmemax ouudpoBbIBaHUS W MO3ULUOHHBIX HU3MEpPEHUN
aCTPOHOMHMYECKUX H300pakeHuil // VY30ekckuih Qu3nueckuid >KypHald. —
Tamkent (Y36ekuctan), 2010. - Ne 3 (12). - C.103-110 (01.00.00. Ne5).

. AxynoB T.A. Ananu3 poToMeTpru4YeCKUX CBOMCTB M30paHHBIX TPAaBUTALMOHHO

auH3upoBaHHBIX cucteMm. I. Kmesepubrit muct - H1413+117 // V36ekckuit
busnueckuit xxypHan. — Tamkent (Y36ekucran), 2017. - Ne 6 (19). — C. 323-
331 (01.00.00. Ne5).

. Akhunov T.A., Wertz O., Elyiv A., Gaisin R., Artamonov B.P., Dudinov V.N.,
Nuritdinov S.N., Delvaux C., Sergeyev A.V., Gusev A.S., Bruevich V.V,
Burkhonov O.A., Zheleznyak A.P., Ezhkova O., Surdej J. Adaptive PSF fitting
- a highly performing photometric method and light curves of the GLS
H1413+117: time delays and micro-lensing effects // MNRAS, - Oxford (Great

S7



10.

11.

12.

13.

14,

15.

16.

Britain), 2017. -vol. 465, Issue 3. - pp. 3607-3621 (Ne40. Research Gate: IF =
5.36).

Surdej J., Hickson P., Borra E., Swings J.-P., Habraken S., Akhunov T.,
Bartczak P., Chand H., De Becker M., Delchambre L., Finet F., Kumar B.,
Pandey A., Pospieszalska A., Pradhan B., Sagar R., Wertz O., De Cat P., Denis
S., de Ville J., Jaiswar M.K., Lampens P., Nanjappa N., Tortolani J.-M. The
4-m International Liquid Mirror Telescope // Bulletin de la Societe Royale des
Sciences de Liege, - Liege (Belgium), 2018. -vol. 87. - pp. 68 — 79 (Ne3.
Scopus: IF =0.15).

Pradhan B., Delchambre L., Hickson P., Akhunov T., Bartczak P., Kumar B.,
Surdej J. Present status of the 4-m ILMT data reduction pipeline: application
to space debris detection and characterization // Bulletin de la Societe Royale
des Sciences de Liege, - Liege (Belgium), 2018. -vol. 87. - pp. 88 — 91 (Ne3.
Scopus: IF =0.15).

Hyputnuuos C.H., AxynoB T.A., MymuaoB A.A. K mpoOieme
pacmupsronuiics BeeneHHo n MoaenMpoBaHus TeMHOW Matepuu // Jlokaaasl
Axkanemun Hayk PecnyOnuku Y36ekucran. — Tamkent (Y30ekucran), 2018. -
Ne 2. —C.65-69 (01.00.00. Ne7).

AxynoB T.A. AHanu3 (OTOMETPUYECKUX CBOMCTB U30pPAHHBIX TPABUTAIIMOHHO
auH3upoBaHHBIX cucteM. II. B1422+237 // Y306ekckuit puzndeckuii >xypHai. —
Tamkent (Y36ekucran), 2018. - Ne 5 (20). —C. 275-282(01.00.00. Ne5).

| 6¥amm (11 vacTn; part 1)

Akhunov T. On a problem of microlensing revealing in gravitational lensed
systems // Astrophysics and Applied Mathematics. — Karachi (Pakistan), 20009.
- vol.1.-pp. 40-44.,

CepreeB A., XKemesnsk A., AxynoB T.A., bypxonoB O., bpyenu B.
Onpenenenne u ananu3 napamerpoB [JIC SBS1520+530 mo pesynbratam
Haomonennit B 2000-2006 romax // International conference ‘“Relativistic
astrophysics, gravitation and cosmology”. - Kyiv, 2009. — p. 24.

Akhunov T.A., Burkhonov O. Photometricresearches ofgravitationallLens
system B1422+231 /I The International Symposium “New Tendencies of
Developing Fundamental and Applied Physics: Problems, Achievements,
Prospectives”, Tashkent, November 10-11, 2016, p. 117-119

Akhunov T.A., Nuritdinov S.N., Allayorov A.N., Egamberdiev Sh.A.
Modeling and computer processing of images of gravitationally lensed quasars
// Abstracts of the International scientific conference “Modern problems of the
applied methematics and information technology — Al-Khorezmiy 2018, hold
on September 13-15, 2018, Tashkent, ed. M. Aripov et al., p. 95

bypxonoB O.A., Hyputnunos C.H., AxynoB T.A., I'alicun P.A., Tamxubaes
N.Y., XomukoB II.D. O 6Ganke HaOIIOAATENbHBIX JAHHBIX MPUOPHUTETHHIX
rpaBUTAIIMOHHBIX JUH3 // CO.: DKClepUMEHTalIbHAs U TeopeTudeckas (u3uka,
Towm I, Tamkent, 2008, c. 230-234

58



17,

18.

19.

20.

21,

22,

23.

24,

25,

26.

217.

28.

Hyputrnuuos C.H., MymuaoB M.M., YemonoB O., KaxxapoB bB.b., AxyHoB
T.A. OnudporarenbHo-u3MepuTenHas MamuHa. . // C6.: DkcrepuMeHTaIbHas
u Teopetudeckas ¢uszuka, Tom I, Tamxkent, 2008, c. 250-255

laiicun P.A., AxynoB T.A., bypxonoB O.A., Tamkubaes MN.Y. Ilepsbie
pe3yabTarel 00paboTKu rpaBuTarmoHHON JuH3bl H1413+117 («KneBepHsbrit
Jlucty) // C6.: DxcnepuMmeHTanbHass W Teoperuyeckas ¢usuka, Tom I,
Tamkent, 2008, c. 262-266

MuptamxueBa K.T., Taiicun P.A., Hyputogunos C.H., Bbypxonos O.A.,
AxynoB T.A., Tamxubaes WN.Y. HccnegoBanue  rpaBUTAMOHHO-
AuH3UpoBaHHOW cuctembl B1422+231 // C6.: I'paBUTaliMOHHBIE JHH3BI U
dbopmupyronMecs TalakTUKU: HaOmoneHus u teopusi, Tamkent, 2008, c. 15 —
19

["aiicun P.A., AxynoB T.A., bypxonoB O.A., Tampxubaes 1.Y. Mupramgxuena
K.T. IlepBbie pe3ynbrarel 0OpaOOTKM TrpaBUTAIMOHHON nuH3BI H1413+117
(«Knesepnbiit Jluct») // C6.: I'paBuTanimoHHble JUH3BI U (HOpMUPYIOIIHUECS
raJlaKTUKU: HaOroneHus u Teopus, Tamkent, 2008, c. 22 — 23

Hyputnunos C.H., BypxonoB O.A., AxynoB T.A., T'aiicun P.A., Tamkubaes
N.Y., Xomukos II1.3. YcoBepuieHCTBOBaHHEe 0aHKa HAOIIOaTEIbHBIX JTAHHBIX
MPUOPUTETHBIX TpaBUTAIMOHHBIX JUH3 // CO.: ['paBUTAllUOHHBIC JUH3BI H
dbopmupyrolmecs ralakTUKy: HaOaoaeHust u teopusi, TamkeHt, 2008, ¢. 24 —
26

MupramxkueBa K. T., Taiicun P.A., AmrmaépoB C., bypxonoB O.A., AXyHOB
T.A. OO0 onTuyeckux HaOMIOJCHUAX M30pAHHBIX TPABUTALMOHHBIX JHMH3 Ha
Maiinanake // CO.: OnTtuyeckue MeToAbl B COBpeMEHHOW (usuke, TalIKeHT,
2008, c. 129 - 131

AxynoB T.A., HypurtaunoB C.H. K wertoguke 00paboTku 1HUGPOBBIX
n300paxkeHnit rpaBuTanmoHHbIX JHH3 // CO.: CoBpemeHHas ¢u3NKa U €e
nepcrektussl, Tamkent, 2009, c. 276 — 278

AxynoB T.A. O meronuke o6pabotku [13C uzobpaxenuit B ciydae OIU3KOTO
pacmnonoxxenust 00bexToB / C6.: PUAK — 2010, Tamxkent, 2010, ¢.28-31
AxynoB T., I'aticun P., AchanausapoB 1. Mukponunszuposanue u BpeMs 3aJ€PKKH B
H1413+117 /I “PecnyOnuKkaHCKas  Hay4YHO-TIpaKTU4YeCKass KOH(EpeHIUs
MO01bIX yueHbIX — 2013” Tamkent, 2013, c. 122

T.A. Axynos, P. laiicun, C.H. Hyputnunos, O.A. bypxonoB WM3mepenue
BpeMenu 3anepxkku B ['JIC H1413+177 // «YnyrOexkoBckue uyTeHus - 3»,
Tamxkent, 2014, c. 42-47

AxynoB T.A., YMmp3okoB O. Pa3pabotka metonuku oopadotku [13C kanpos B
cilydae MHMPOKUX TpocTpaHcTBeHHbIX mojed // CO6.: PUAK-2015, TamikeHr,
2015, c. 180-183

AxynoB T.A., YMp3okoB O., A6mypacynos K. O meromuke o6padotku I13C
KaJIpOB B Ciy4yae MMPOKUX MpocTpaHcTBeHHBIX monert // CO6.: PUAK-2015,
Tamxkent, 2015, c. 339-343

59



29.

30.

31.

32.

33.

34,

AxynoB T.A., Bypxonos O.A., lllaiimanoB A.M., Ycmonos O.Y. Habmonenus
n30paHHBIX TIPaBUTALMOHHO JIMH3WPOBAHHBIX KBa3apoB HAa MaiiJJaHAKCKOM
ob6ceppatopuu // C6.: PUAK-2016, Tamkent, 2016, c. 20-25

Axunov T.A., Burxonov O.A., Shaymanov A.M., Usmonov O.U. Tanlangan
gravitatsion linzalangan sistemalar va qo‘shaloq kvazarning ravshanlik egri
chiziglari // C6.: PUAK - 2016, Tamxkent, 2016, c. 97-102

Axunov T.A., Ametova B.X. B1422+231 gravitatsion linzalangan sistema
komponentalarining fotometriyasi // C6.: PUAK-2016, Tamkent, 2016, c. 104-
106

Pammunos JI.I'., AxynoB T.A. IIporpamma Source Extractor mis oOHapykeHUs
u otoMerpun 00bekTOB B [13C n300paskeHUsAX: OCHOBHBIE XapaKTEPUCTUKHU,
npeumymecta u Hegoctatku // Co.: PUAK-2017, Tamkent, 2017, ¢. 97-100
AxynoB T.A., l'aiicun P.A., Pamugo JI. OnpeneneHue BEpOSATHOU MacChl
mukposmusel B ['JIC H1413+117 // C6.: PUAK-2017, Tamxkent, 2017, ¢. 120-
123

AxynoB T.A. IlepBuyHasi 00paboTKa U300paKeHUM, MOJTYYCHHBIX B PEKUME
TDI // C6.: PecnyOnukaHCKM Hay4YHO-TIPAKTUYECKOW KOH(MEpEHIUU
«AKTyalibHbIE POOJIEMbI (UKW, TOCBAIICHHON MaMaTH akajaeMuka [lymara
Kupruz6aesuua Xabubymiaesa, Tamkent, 2017 in, c. 222-225

ABtopedepat «Tui Ba agabuét» XypHaIH TaXpUPUITHIA
taxpupuaal yrkazwian (22.02.2019 itun)

60



