Paniogizuka i pagioactporomist. 2019, T. 24, Ne 4, ¢. 254-271

DOI: https://doi.org/10.15407/rpra24.04.254
A.JI. CYXAPEB'2, M. . PABOB !, B. B. BE3BPYKOBC?

' O6cepparopust “YPAH-4”, Pagnoactponomuueckuii uacTuTyT HAH Vipausst,
yi. Ilymkunckas 37, r. Onecca, 65011, Ykpauna
E-mail: magister phys@yahoo.com

VIK 524.7-7

PACS number: 98.54.Cm

2 BeHTCIIICKHI MeXIyHapoaHslil pamuoactpoHomuueckuii neHTp (VIRAC),
yi. Umxenunepy, 101, . Benrcmmnc, LV-3601, JlatBus
E-mail: vladislavsb@venta.lv

VICCJIEJTOBAHUE CBOVICTB TIEPEMEHHOCTU JIALIEPTHU]I OJ 287
N BL LAC B OIITUYECKOM U PAINOINAITASOHE

IIpenmert U 1enb paboThL: Hccredyemes 63aumocesissb U pasiuyue 8 NPOAGIeHUU K8A3UNePUoOUecKoll akmusHOCu 1ayepmuo
OJ 287 u BL Lac no oannvim onmuueckux u paouonabniooenuil. L{eavio pabomot signisiemcest onpedeneHue u CpagHeHue 0CHOGHbIX
K8a3unepuo0os 3mux 1ayepmuo 6 pasHvlX C6emopuibmpax onmuiecko2o Ouana3ona u 8 paouoouanasome (na wacmomax 15
u 14.5 I'T'y), a maxoice kpamkuii 0030p pe3ynbmamos, Noay4eHuslx opyeumu agmopamu. Onpo6oean memoo cpagHeHuss Onmu-
Y4eCKUX U pAOUOOAHHBIX 8 OMOEbHBIX NOA0CAX OIUKUX NePUod08. Dmom Memoo no360Jsiem iyuue onpeoeisims 3a0epicKu
MeHCOy ONMUYECKUMU U PAOUOOGHHBIMU 8 NOTOCAX OCHOGHBIX KEA3UNEPUOOUYECKUX KONebanull, (popmupylowux Kpussle brecka,
u “omceusamv”’ wiymul u HepezynapHvle Gapuayuu O.1ecka u NOMoKa U3IyYeHuss UCHOYHUKOS.

Mertonsl u MeTononorus: Mcnonvsosanucy danuvle onmudeckux Habnwooenuti OJ 287 6 1978-2018 ce. u BL Lac ¢ 1970-2018 2e.
u3 kamanoza AAVSO (American Association of Variable Star Observers) u kamanoea donzoepemennozo (2008-2018 zz.)
MoHumopunea paououcmounuxos na 40-wemposom paouomenecxone oocepgamopuu OVRO (Owens Valley Radio Observatory,
USA) na uacmome 15 I'Ty, a maxace oannvie o6cepsamopuu UMRAO (Radio observatory of Michigan University), nonyuennvie
na wacmome 14.5 I'Ty ¢ 1974-2011 2e. [{nsi eviuucienusi nepuooocpamm u Geteiem-cnekmpos npumensiiuce “‘ovicmpas’”
mooupurayus memooda Jlomba—Crapera a makdice “Gvlcmpwlil” Memoo pacuema 8etigiem-cnekmpos ¢ HOMOUWbI ObLCMpPo2o
npeobpaszosanus Pypve ¢ ananusupyiowjeli pynxyueti Mopae. Hnmepnoasyus 0aHHbIX 8bINOTHANACH C NOMOUBIO C2NANCUBAIOUUX
KyOuueckux cnaaiinog. s 6bloeneHust noaoc OmoeIbHbIX KGA3UNepuo0os ¢ ONMUYecKux u paouoOaHHbIX NPUMEHSIACL Qypbe-
@urempayus co CHeKMmparbHbiM OKHOM XomMmunea, komopas obecneuusaem Kpaesvie sgpgexmol 0xon0 1 % om Onunvl 6pemen-
HO20 psoa.

Pesynwrarer: V paduoucmounuxa OJ 287 nabnooaemces xopouiee coomeemcemaue mMencoy Ka3unepuooamu 8 Onmuieckom
u paouoouanazone 6 nonoce om 1.1 200a 0o 2 nem. OOHaxo 0oncospemerHble nepuodbl 6 ONMUYECKOM OUanasoHe, OIuU3Kue
K 12 u 6 200am, ynomunaemvie 60 MHO2UX pabomax, 8 paouooUanazone NPaKmuiecKu He3amemnuvl Ha gone 25-nemmueii mpen-
00601l 601nbl. Y paououcmounuxa BL Lac pasznuuuii 6onvuie. B onmuyueckom ouanazone xgazunepuoo 6 9 iem (8 paouoouana-
30He 0KoJ10 8 1em) HaO.I00aAemcs 8 8U3YalbHOU KpUsoll becka. /[numenbHas 0IHA ¢ 603MONCHBIM Nepuooom okono 12 +13 nem
6 ONMUYeCcKUxX OAHHbIX 8 PAOUOOAHHBIX He3aMemHd, a HauboIbuLee CX00CME0 MedcOy ObLICMPOLl NePeMeHHOCIbIO 8 ONMUYec-
KoM u paduoouanazone Habiooaemcsi 6 noaoce nepuodos 0.6 +4 2ooa. Cpasnenue omoenvbHbix KoieOanutl 8 61U3Kux nojo-
cax nepuooos Oisi ONMUEeCKUX U paduoOaHHbIX, 8bIOCIEHHBIX (Pypbe-puibmpayueri, NOKA3ai0 ux Xopouiee cXxo0Cmao u nepc-
NEeKMUSHOCMb OdNbHeue20 UCNOAb308AHUA NPUMEHEHHO20 MeMOOd NPYU AHANUZE 8PEMEHHBIX 3A0ePHCEK MENCOY IMUMU OUa-
NA30HAMU.

3akirouenue: Hccaedosarnue ceoticme nepemenrocmu nayepmuod OJ 287 u BL Lac no oanHsim onmuueckux u paouonHadio0eruil
NOKA3GI0 CXOOCMBO U PA3IUYUS 8 KEAZUNEPUOOAX UX AKMUBHOCTU, KOMOPbLE MOZYM OblMb CE:A3AHbI C PAIUNUEM USTYYAIOUUX
obnacmetl 8 onmuyecKom u paouoouanasoue. B onmuueckom ouanazone, Kpome usnyyenus: 0xcema u3-3a 06pamHo20 Komn-
moH-a¢ppexma, Habro0aemcs 6K1a0 U3Iy4eHus akKpeyuoHHo20 OUCKA, 60THOBbIE NPOYECChl @ KOTMOPOM MOy 0A8amb Opyeoill
Habop Keazunepuooos, wem @ paouoouanasone. Ilosmomy kauecmeenHvle HAOIIOOEHUsL IMUX PAOUOUCTIOUHUKOG (0COOEHHO
onmuyeckue) oueHb 8adICHbL 01 OAIbHelule20 NOCMPOeHUs. MOOeell, YYUMblearowux paiuius 6 npoyeccax opmupyrowux
nepemMeHHOCMb U3YYEeHUs 8 ONMULECKOM U paOuoOUandasome.

Kitouessle cnoBa: 1ayepmudul, nonocosas uibmpayus, Gomomempus, nepuo0ocpammd, 6eusnem-anaius

1. BBenenue HecMoTpsi Ha MHOTOYHCIICHHBIE HAOIFOICHHMS TIepe-

B Hacrosmee Bpemsi HaOIIONEHUSI IEPEMEHHOCTH
MTOTOKOB M3JIyYCHHSI aKTUBHBIX SI/IEP TAIAKTHK IIPO-
BOJITCS BO BCEX IUAIA30HAX DJIECKTPOMArHHUTHOTO
criektpa. OCHOBHOM LIENBIO 3TUX UCCIEIOBAaHUN SIB-
JISIETCSl CPaBHEHUE CBOMCTB U B3aUMOCBSI3H IEPEMEH-
HOCTH W3JIY4YeHHS OT PajJno- IO raMMa-IHrara3oHa.
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MEHHOCTH aKTUBHBIX SIZIEp TaJIAKTHK B YAbTpagroie-
TOBOM, PEHTT€HOBCKOM, raMMa- U WH(]ppaKkpacHOM
QMaria3oHax, BEITIOJHEHHBIC HAa OPOUTAILHBIX Telle-
CKoTax, Hanboiiee MPOAOIKUTEITHLHBIMU SBIISIIOTCS
PAIBI HA3EMHBIX HAOMIOACHUMN B pagHo- M ONITUYEC-
KOM JIhana3oHax. B mporpamMmmax 10iaroBpeMeHHOro
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MOHUTOPWHTa TOTOKOB BHETAIAKTHUYECKUX PATTHOUC-
TOYHHMKOB B Pa3IHUYHbIC TObl YUYaCTBOBAJIU PAIUO-
Teneckomnbl obcepBaropuii Algonquin, Kanaza;
UMRAO, Muuwran, CI1IA ; Metsahovi, OuHIIHINS,
Green Bank, 3anannas Bupmxunaus, CILIA; OVRO,
Kamudopuus, CHIA; Kitt Peak, Apuzona, CIIIA;
CRAO, YkpaunHa, u 1p.

Hacrosmas pabora ocHOoBaHa Ha pe3yibTarax
nabmonenuit naneprun OJ 287 u BL Lac B paauo-
nuana3zoHe u3 0a3 nmaHHbBIX oOcepBatopuit OVRO
(Owens Valley Radio Observatory <https://www.ovro.
caltech.edu/index.php?page=home>) u UMRAO
(University of Michigan Radio Astronomy Obser-
vatory <https://dept.astro.Isa.umich.edu/datasets/
umrao.php>) ¥ Ha JAHHBIX ONITUYCCKUX HAOIOICHU I
AAVSO (American Association of Variable Star
Observers <https://www.aavso.org/>). [IpoBeneno
CpaBHEHHE CBOICTB MEPEMEHHOCTH OJiecKa janep-
THJI B PaJIM0O- H ONTHYECKOM JIMAa30HaX, a TaKkKe
COIIOCTABJICHUE MOJTYYCHHBIX PE3yJabTaToB ¢ pabo-
TaMHu JPYTUX aBTOPOB.

[MpumeHeHre HEOOBIINX U MOJHOCTHIO aBTOMa-
TU3UPOBAHHBIX ONITUYECKUX TEJIECKOIIOB, OCHAIIICH-
HBIX BBICOKOKAYE€CTBEHHBIMH IIM(PPOBBIMH 3ePKab-
HBIMHU (oToarmapaTaMu Wik oxiaxkmaeMeiMu [13C
MaTpPHUIIAMH, BBIBEJIO MHOTOIIBETHYIO (DOTOMETPHIO,
MPOBOIUMYIO JIFOOUTEISIMU ACTPOHOMHUHM, Ha TIpoec-
CUOHAJIBHBIN YPOBEHBb. DTO 3HAYUTEIHLHO YBEITMYHUIIO
00BEM JTOCTYITHBIX JTAHHBIX HAOTIONEHUI aKTHBHBIX
SJep TajJaKkTHK.

Crneyer OTMETHTh pa3linune Xapakrepa JaHHBIX
HaOMIOICHUH B Pajlio- U ONTHYECKOM JHaIla30HaXx.
PagroactpoHoMuveckrie HaOMIONEHHUS B CAHTHMET-
POBOM JAMara3oHe HE UMEIOT JJIUTEIBHBIX BPEMEH-
HBIX pa3pbiBoB. OHU MOTYT MPOBOJUTHCS HA OJTHOM
pamuoTeNiecKorie B JII000e BpeMs CYTOK B Manoo0-
JagHyto rmoroay. OnTudeckrue HaOIIONEHUS BEIYTCS
TOJIBKO B HOYHOE BPEMs ITPH SICHOM HeOe, U ITOITOMY
JUTst 00€CTICUCHUS MX HEMPEPHIBHOCTH IPUMEHACTCS
MHOXECTBO TEJIECKOTIOB, Pa3HECEHHBIX MO BCEMY
36MHOMY ILapYy.

2. O030p uccaeaoBaHui

Jlaneptunst OJ 287 u BL Lac panee cuuranuch 1e-
PEMEHHBIMH 3BE37[aMH, & B HACTOSIIEE BPEMs ITO
OJHH M3 CaMBIX MIMPOKO HCCIIEIYyEeMbIX aKTHBHBIX
sep raJlakTyK. [10 3TUM MpUYrHAM HAKOTIIEHO 0OJTh-
I0€ KOJIMYECTBO HaOMIOAaTeIbHbBIX JaHHBIX 00LIeH
JUTITEIEHOCTBIO OKoJio 47 et B paauo- u 100 ner
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B ONTHYECKOM AuanazoHax. Harmpumep, B padote [1]
uccienyercs kpusas Onecka OJ 287, monyueHHas
u3 pparMeHToB pa3HbIX HAOIIOACHUH B uisTpe V ¢
1891 o 2010 rr. IIpoBeneHHBIN pa3HBIMU METOJAMHU
aBTOpaMH 3TOH pabOThl FTApMOHMYECKHUIA aHATIH3 MO-
Ka3aJl HaJJM4ue OCHOBHOTO KBasunepuona =~ 12 ner,
a TakXe JIByX KasurepuonoB ~4 u ~1.7 roma.

CrnemgyeT OTMETUTbH, YTO JBEHAAIATUIICTHUN KBa-
3unepuoy (MpeanoiaraeMblid mepuo oOpareHus
YEepHOHW ABIPHI-CITyTHHUKA) MPUMEHEH IJIsl pacuera
MOJENH JBOMHOW 4epHOU NBIpbI, KOTOpPasl OMHUCHI-
BaeT MHOTHE HaOIoAarelbHble 0COOEHHOCTH Ba-
puanuii 6iecka OJ 287 u moapoOHO paccMOTpeHa,
Harpumep, B padore [2]. B padore [3] uccnenyrot-
css UBVRI xpuBsie 6mecka BL Lac. Cambiii amu-
TENBHBIN PsIi HAOMIOMATENBHBIX TJAHHBIX TIOJTY4YeH B
¢unbTpe B B mepuoz ¢ 1896 o 1996 rr. Aranus atux
JaHHBIX MeTo10M FOpKkeBrnYa mokasan HaT4Iue Hau-
Oosiee BEpOSATHOTO KBaszumnepuona ~14 et u cia-
Ooro kBaszumepuoja = 7.5 roaa, a TakxKe Cepuu
Oonee xKopoTkux kBasumepuonoB =~ 0.6, 0.9, 2, u
3 roxa.

Kpome nonroBpemeHHBIX Bapuauuii Ojecka Ha
BPEMEHHOM MacIITa0e B HECKOJIBKUX JIET, Y 000UX
PaAMOUCTOUYHUKOB B PaIl0- U ONTHYECKOM JTNana3o-
Hax HaOIIomaeTcsi OYeHb OBICTpas MEPEeMEHHOCTD
Ha BPEMEHHBIX MacumTabax B HECKOJBKO THEH H
Jlake HecKonbKo yacoB. Hampumep, 3apeructpupo-
BaHbl U3MeHeHUs1 Onecka BL Lac B onTuyeckom
nuanasone Ha 1.5™ 3a Bpems HaOmomeHust ~20 u
[4], u3smenenus Onecka Ha 0.56™ Ha BpeMEHHOM
mkane ~ 40 muH B ¢puisrpe B [5], cinabbie Bapua-
nun ¢ ammaaTynoi 0.1 Ha BpeMEHHOH IIKae
~30 muH B Qunsrpe V [6].

BayTprCcyTOUHas epeMeHHOCTh B paanoanara-
3oHe y OJ 287 3apeructpupoBaHa BO MHOTHUX pado-
Tax pa3HbIX aBTOPOB. OHAKO B CBA3M CO CIOKHOC-
THIO HAOIIONCHUH U HEJOCTAaTKOM HaOJIONATEIbHO-
ro BPEMEHU Ha paJMOTeNIeCKONax AJs PeryIsapHbIX
HaOIIONEHNH ITOTyYeHHbIE 3HAYeHNS KBa3UIIEPHOIO0B
HE SABJIAIOTCS HanexHbIMU. Harmpumep, B padote [7]
BpEMEHHas IlKaja U3MEHEHUH IJIOTHOCTHU IMOTO-
ka mznyuenus OJ 287 B paguoanamna3one (Ha 4acTo-
te 5 I'Tn) onenuBaerca 3HaueHUsIMU ~ (0.4 CyT U
~2 CyT, B OIITHYECKOM JHara3oHe 3a TO K€ BpeMs
HAOIIONCHUHN MOMYYEeHbl 3HAUEHHs KBa3HUIIEPHOJOB
~0.5 u ~1.3 cyr B pmnsrpe R.

Yrto kacaeTcsi JOJITOBPEMEHHON MEPEMEHHOCTH
HACCIIEAYEMBIX OOBEKTOB C TIEPHOIOM Ooiiee 6 JeT
(0J 287) u 8 nmer (BL Lac) B pagmommama3soHe,
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TO UMEIOIIKECS PANbl JAHHBIX B ATOM AHANa30HE
KOpOYEe, YeM B ONTHYECKOM, U IOATOMY HAJIW4YUE B
HUX JTOJITOBPEMEHHBIX U3MEHEHHH MOKHO paccMmart-
pUBaTh KaK MPEanoaoKUTEIbHOE.

CTpyKTypa IepeMEHHOCTH B PaTNOTHAIA30HE TaK-
K€ HECKOJbKO orTinmuaercs. Hampumep, mis OJ 287
Mpeo0IaaloNIMMH SIBIITIOTCS. KBa3UMIepHoAbl ~ 1.1
u l.6 roma [8] m =0.5, 1.1, 2.5 roxa [9] Ha wacrote
14.5 TTu. bonee pnurenbHble Bapualuy IDIOTHOCTU
MTOTOKA Y ATOTO HCTOYHHUKA YKE TPYIHO Pa3IMIMMbI Ha
(hoHE BBICOKOAMITIUTYTHOM OBICTPOI MEPEMEHHOCTH.
CHoXXHOCTh OTpeeNieHHsT JOJITOBPEMEHHBIX BapHa-
U JIOTHOCTH MOTOKA CBA3aHa TaKXKe C pa3dpocom
3HaYEHHI BEPOSTHBIX KBa3UIIEPHOJIOB IIPH pacyeTe pas-
HbIMU MeToJilaMu. Y paauouctounrka BL Lac B pa-
JINO/TMaTnia30He HallIeHbI JBA OCHOBHBIX KBA3UIIEPHO-
ma ~ 7.5 u 3.5 roga. Kpome HUX, TIPOSIBIISTIOTCS e1iie
JIBa 3HAYMMBIX KBasunepuoaa ~ 1.6 u 0.7 roxa, coot-
BETCTBYIOIIHE HU3KOAMILIUTYIHBIM BapHAIHASIM TUIOT-
HocTH motoka m3nmyuenus BL Lac [10, 11]. Pabor,
B KOTOPBIX MOIPOOHO CPaBHUBACTCS KBa3UTAPMOHH-
gecKas TIepEMEHHOCTD B PaJIMO- U ONTHIECKOM JTHa-
Ma30Hax IO JUIUTEIHLHBIM psiaM HaONIOACHUH, J0-
BOJIHO MaJIO, ¥ TOATOMY Pa3BUTHE TAKUX HCCIIEI0Ba-
HUM — BaKHas 3ajada.

3. Ou3nyecKHe MOJeIH PATHOMCTOYHHKOB

3a MTeNbHOE BpeMs UCCIIeIOBaHMS BHEraJlaKTH-
YeCKUX PaJIMOMCTOMHIKOB C(OPMHUpOBAIIACH “YHUDH-
LUpOBaHHAas MOZEJb, YaCTHYHO ONMCHIBAIOLIAs Ha-
omronaeMbie 3G deKThl UX aKTUBHOCTH (CM., HAIPH-
Mep, [12]). Moaens ocHOBaHA Ha aKKpELHMH BeIlle-
CTBa B LICHTPAJIbHOI 00JIACTH raJIaKTUKU Ha CBEPX-
MaCCHBHYIO YepHYIO AbIpy Maccoit ~10° +10'" M/ o
IIpu 3TOM BOKPYT 4epHOH ABIpBI GOopMHUpPYyETCS
AKKPEITMOHHBIN TUCK. DIEKTPUIECKHE TOKHU B aKKpe-
LIMOHHOM JIMCKE CO3AA0T MarHUTHBIE MOJIS, IPOHU-
3BIBAIOIIIHE JUCK M OKPYKAIOIIYIO €T0 “KOpOHY’ BHI-
cokoTeMIieparypHoro rasa. IlapannensHo ocu Bpa-
IIEHHS TMCKa BEIOPACHIBAIOTCS C(POKYCHPOBAHHBIE U
YCKOpEHHbIE MarHUTHBIM TIOJIEM CTPYH PEISTHBUCT-
CKOH TIIa3Mbl (JIKETHI), B KOTOPBIX MEPEeMENatoTCs
SIPKH€ KOMITOHEHTHI (CTYCTKH WM “y3JIbI”), KaK Mpa-
BUJIO, JBMKYIINECS C KaXKYIIUMHUCS CBEPXCBETOBBI-
MU CKOpOCTAMHU. B paanonnanazone nepeMeHHOCTh
M3JTy4eHHs B OCHOBHOM (pOpMHUpYETCs IPoLieccaMy B
JDKeTe, TAKUMH KaK KBa3HIEPUOIUIECKast CTPYKTY-
pa apkux KOMIoHeHTOB [ 13], mpeneccus mxeta [ 14],
IposiBlIcHUE HeycTronunBocTer Penes—Telnopa u
KenbBuna—I eapMrosbiia B HEOTHOPOIHOM IO TJIOT-
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HOCTH WJIM MHOTOCJIONHOM kete [15] u pacmpocT-
paHeHHe MPSMBIX U 0OPaTHBIX YIAPHBIX BOJH B JIKE-
te [16]. OnTryeckoe U3Iy4eHrue TakKe YaCTUYHO I10-
SIBIIIETCS B JKeTe Oyarogapst oOpatHomy 3¢ dexTy
Komrnitona (yBeTU4EeHUIO SHEPTUU U YaCTOTHI (hOTO-
HOB, PAaCCEUBAIOIIMXCS HA PEIISTUBUCTCKUX DJICKTPO-
Hax JDKeTa, YHePT sl KOTOPHIX BBIIIE SHEPTHH (POTO-
HOB). Hammpumep, y kBazapa 3C 273 mxeT 1 ero Kom-
TTOHEHTHI BUIHBI B ONITHYECKOM M JTake HHppakpac-
HOM Juarazonax. OJTHaKo 3HAYUTENbHBIN BKIIA]] B Ha-
OJII0IaEMYI0 TTIEPEMEHHOCTh aKTUBHBIX S€p Tajiak-
THK B ONTHYCCKOM JIHAaIla30HE 0OECIICUNBAIOT BOJI-
HOBBI€ MPOLIECCH B aKKPEIMOHHOM aucke [17]
u ero “xopone” [18].

4. Ucxoanbie IaHHbIE
H MeTOo/ibl 00padOTKH

HaGnronarensHbie MaHHBIE B pauoMana3oHe 10-
ny4yeHbl Ha 40-METPOBOM pajroTeNieckore o0cepBa-
topur OVRO na gactore 15 I'Tm B mepuox ¢ 2008
o 2018 . 1 Ha 26-MEeTPOBOM PaAHOTENECKOIIE 00-
cepBaropun UMRAO na gactore 14.5 [T B me-
puox ¢ 1974 mo 2011 rr. Pesynerarel HaOmOneHUI
B OITHYECKOM Auana3oHe u3 0a3sl faHHbIX AAVSO
TIOJTy9eHBI TI0 HaOIONEHNSIM MHOMKECTBA MCCIEN0-
BaTeJici Ha pa3HbIX HHTEPBAIaX BPEMEHU B HECKOJTb-
KHX CBETO(QMIBTpax B nepuonbl ¢ 1978 mo 2018 T
(0J 287)u ¢ 1970 mo 2018 rr. (BL Lac).

B 1abn. 1 mepeunciens! CBeTOGHUIBTPEI, B KOTO-
PBIX OBUIM TPOBENEHBI HAONIONEHHS MCCIEAYEMBIX
JanepTui B ONTUYECKOM JIMara3oHe, ¢ yKa3aHUeM
LECHTPaJIbHOMN JUTMHBI BOJTHBI MPOITY CKAHUS M ITOTYILIH-
PYHBI KPUBO# peakiuu cBeTouiibTpa (poToMeTpu-
Yyeckasi 1mosioca OOBIYHO ONpeAeseTcs] LUEeHTPab-
HOU JJTMHOW BOJIHBI ¥ TOMYIIUPHHON (DYHKIINH TIPO-
IyCKaHUsI CBETOQMIBTPA B 3aBUCHMOCTH OT JJIH-
HBI BOJTHBI (kpuBas peaknun)) [19]. (bomee moxHOE
OIKMCAaHUE MOYKHO HAWTH Ha cTpaHuIe <https://www.
aavso.org/filters>.) Habmonenus B nonocax TG u CV
OBUTIH BBITIOJIHEHBI C IIOMOILBIO Pa3HBIX MoZENei nud-
POBBIX 3epKaITbHBIX (hoToarmapaToB. Kpubie mmporryc-
KaHUSI BCTPOCHHBIX CBETO(QIIBTPOB M KPUBBIE UYB-
ctButensHOCcTH CCD mim CMOS matpur pa3Hbix
Mozenel (oToanmnapaToB CyIIECTBEHHO pa3InyaloT-
csi M OBUTH WCIIONB30BaHBI TOJBKO ISl MPUOJIMKEH-
HOTO CPaBHEHUS Pe3yJIBTATOB IIEPUOIOTPAMMHOTO aHa-
JM3a B pa3HBIX MOJIOCaX ONTHYECKOTO JHara3oHa.

CaMble BBICOKOKAQUYECTBEHHBIE W JUIHTEIbHBIC
PsAIBl HAOMIOMATENBFHBIX TaHHBIX, B KOTOPBIX OTMeE-
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Tabnuya 1. llapameTpbl cCBeTOQUILTPOB AJ151 HA0MI0AeHUS
ganeptun OJ 287 u BL Lac B onTuyeckoM 1nana3oHe

Dddexrupnas | [omymupuna
CaeTohuabTp Wnpexc JUTHHA KpHUBOit
BOJIHbI, HM peaKLU/H/I, HM
Visual
observations VIS ~ 5500 -
Johnson V A% 5448 840
Johnson B B 4361 890
Cousins R R 6407 1580
Cousins | 1 7980 1540
Sloan g SG 4770 1490
Sloan i SI 7625 1300
Sloanr SR 6231 1400
DSLR Green TG OTJINYaeTCsA -
JUTSL pPa3HBIX
(doToxamep
Unfiltered, OTJIMYAETCS
reduced TS pa3HBIX
to V sequence (0)% (horokamep -

YalTCsl HE3HAYUTEIbHbIE BPEMEHHBIE Pa3phIBHI,
OB moy4eHsl B ojocax V u VIS (rmasomepHsie
OIleHKH Ojecka). VIMeHHO ¢ >TMMH JaHHBIMH OY-
IYT CpPAaBHUBATBLCS PE3YNIBTATHl PAIHOHAONIONCHUH.
KauecTBO naHHBIX, IOJIy4E€HHBIX B OCTAJIbHBIX I1O-
J0cax, JOBOJBHO HU3KOE (pa30pocC TOUEK U Pa3phIBHI
B JIaHHBIX BEJIUKH), U OHU MOTYT HCIOJB30BATHCS
TOJIBKO 7151 TPUOIMKEHHON OLIEHKH BO3MOKHBIX KBa-
3UIIEPUOJIOB.

IIpumensieMble B paboTe METO.IbI HEPEPHIBHOI'O
BeliBneT-ananu3a [20] 1 monocoBol Qypbe-(PUIIbT-
paruu [21] 1 BEIACICHUS OTICIBHBIX KOMITOHEH-
TOB JIaHHBIX, COOTBETCTBYIOLIMX yYacTKaM Ha (Qy-
pbe-creKTpax, TpeOyroT paBHOMEPHBIX OTCYETOB IO
ocH BPEMEHH. B cBfA3M ¢ 3TUM AONOIHUTENBHO IPO-
BEICHA MHTEPITOJISIIS ONTUYECKUX KPUBBIX Oecka
KyOHYEeCKMMU CIIJIaiHaMH.

[Tpy HE3HAYUTENBHBIX Pa3phiBax U “BbIOpocax’ B
psAAax UCXOMHBIX JAHHBIX MPUMEHSIICS CTIIaKUBaIO-
¥ KyOMYeCKHi CIUIaifH C KpocC-TIPOBEPKOit, KOTO-
past pacCcUUTHIBATCS 1O METOAMKE, OMMCHIBAEMON B
pabote [22].

ITpu GonpIIMX pa3pbiBax B psiax JAHHBIX U HATTMYUN
BBITIAIAIOIIMX TPYTIIT TOYEK U ‘‘BHIOPOCOB™ CIIIaKHBAIO-
M KyOH9YecKUi CIIaiiH 4yacTo popMHUpyeT HCKaKEHHS
B BHUJIE JIOKHBIX BCILUIECKOB W “IlIEpPOXOBATOCTEN”,
U IOPUMEHATH €r0 CTAHOBUTCS 3aTPYAHHUTENBHO.
B sToMm ciydyae mpuUMeHSUIOCH ITOCTPOCHHE HEpaB-
HOMepHOTO panuoHaidbHoro B-cmmaiina (NURBS),
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KOTOPBIH B 3HAYMUTEILHOM Mepe JIMILIEH YKa3aHHBIX
BbIIIe HexocTaTtkoB. [lonpoOHoOe ommcaHue 3TOro
BUJA CIUIAHHOB paccMOTpeHo B padote [23].

5. Pagmoucrounuk OJ 287
51 Haﬁ.]'lIO,IleHl/lﬂ B OIITHYECKOM AHAIIA3aHE

Ha puc. 1 mokazanbl UCXOnHBIE HEOOpaOOTaHHBIC
JIaHHBIC, TTOIYYCHHBIC B pe3yibTaTe HAOIIOMCHUI
B ONTHYECKOM Auamna3zoHe B mojiocax VIS, V, CV
1o mporpamme HaOmonernii AAVSO. BepTukaibHbIe
OCH JTaHBI ¢ OOpPaTHBIM OTCUETOM, TTOCKOJBKY UeM
MCHBIIIC 3BE3/IHAS BEIMYMHA, TEM spdye HaOromac-
MbIii OOBEKT.

Kaxk BuaHO M3 pUCYHKA, B JAHHBIX MPUCYTCTBYET
[IyM, TIO3TOMY TIPH UX 00paboOTKe MpeaBapUTEIIh-
HO ObLTa BBIMNOJIHEHA WHTEPIOJALUS CIIaXKHUBAIO-
UM KyorndeckuM ciiaitnom. Koaddummentsr me-
tepmuHaimn (R*) u cranmapTHsie ook (SE) npu
3TOM JOCTUTAJIU CJICAYIOIINX 3HAYCHUM: R* =0.854
u SE=0.246 nns momocsl VIS, R*=0.955 n
SE =0.108 nns nonocsl V, R* =0.98 u SE =0.085
Juts noJiocel CV.

Ha nepBom sTamne aHanu3a JaHHBIX BEIYUCISIIUCH
niepuogorpammbl Jlomba—Ckapria (co CHeKTpalib-
HBIM OKHOM Baptnerra mis ymeHbieHus 3Qdexra
“pactekaHus’ criekTpa). [[ns HepaBHOMEpPHBIX Bpe-
MEHHBIX PSJIOB JAHHBIX MOJYYEHBI 3HAYEHUS He-
CKOJIbKUX HanOOJIee BEPOSTHBIX KBa3UIIEPHUOIOB IS
KaXJI0M MOJIOCHl ONTHUYECKOTO auamnaszoHa. s ps-
OB JaHHEIX B mojiocax B, R, I ¢ mioxum 3amojHe-
HUEM TOYKaMH IpyObIe OICHKU 3HAUYCHUI BO3MOXK-
HBIX KBa3UNEPUOA0B MOTYUYEHBI IIyTEM alpPOKCHUMa-
LMY ONITHYECKUX HAOMIOCHUI CUHYCOUIO0N METOJIOM
HAaUMEHBIINX KBaJpaToB. Pe3ynbTaThl MOKa3aHbI
B Tabm. 2.

B Ta61. 2 npuBeICHBI CBEACHUS O TPOIOJIKUTEIIb-
HOoCTH HaOmroneHuit naneptuast OJ 287 B mepeunc-
JIEHHBIX TI0JIOCaX ONTHYECKOTO AUara3oHa, SHAYCHUs
BEPOSATHBIX KBA3UIIEPHUOA0B B JAHHBIX U IIOTPEIITHO-
CTHU UX BBHIYHCIICHUS. BBICOTBI MAKCUMYMOB, IIEPUO-
JIbl KOTOPBIX yKa3aHbl B TaOJHUIIE, HPEBHIIIAIOT J0-
BepUTeNbHbIE YpoBHH 99 % 1 99.9 %.

CremyeT 3aMeTUTh, YTO, KPOME MPUBEICHHBIX B
Tabn. 2 MepHOI0B, HA MEpHOAOTpaMMe, TTPEACTAB-
JICHHOUW Ha puc. 2, B monoce VIS Habmomaercs ma-
JTO3HAYMMBIA, HO 3aMETHBIA MUK (TIPEBBITIAFOIITII
noBepuTenbHbId ypoBeHb 90 %, 4TO MOKa3bIBaeT
HU3KYI0 3HAYMMOCTh, HO HE OTPHUIIAET MOTHOCTHIO
HaJM4YWe B TaHHBIX TAKOTO KBa3UTIEPHO/Ia), COOTBET-
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Tabnuya 2. OuieHKH BO3MOKHBIX KBA3UIIEPHO/IOB
B IaHHBIX HaOMoneHuii 1auepTuas OJ 287
B I10JI0CAX ONITHYECKOI0 ANANa30Ha

Monoca Iepuon Kpasunepuon, IorpemnocTs
HaOnoneHu roz BBIYMCIICHHS, TOT
VIS 1978-2018 rr. 27.78 4.1
6.42 0.35
1.17 0.01
0.91 0.012
\% 1997-2018 rr. 348 0.31
2.18 0.05
1.16 0.014
0.73 0.01
CV | 2006-2018rr. 547 0.76
2.9 0.12
1.17 0.023
0.9 0.048
B 20062018 rr. 0.44 0.073
R 2003-2018 rr. 1.18 0.08
I 2003-2018 rr. 2.0 0.1

CTByIOLIMH nepuony =~ 29 cyt. [loxoxwuii nepuon B
~30 cyTt ynomuHaetcs B pabore [24] 1 cBsI3bIBaET-
Csl C BIIMSHUEM YacTO MOBTOPSIOIIETOCs HHTEpBajia
Mexy Toukamu. Eciii B psiZie JaHHBIX €CTh MOBTO-
pAeMble TPOIyCKH, TO Ha MEepUOJOTpaMMe Oynmer

3HAYUTEIbHBIH MaKCUMyM, COOTBETCTBYIOIIUN Me-
pHOJTy 3TUX IOBTOPEHUH. DTO MPEATION0KEHNE TTO/I-
TBEP)KJIA€TCsl TEM, YTO IOCJI€ MHTEPIOSINH AaH-
HBIM [EepHOA 3aMETHO MEHEee BBIPaXKEH, U, CKopee
BCEr0, OH CBS3aH CO CTPYKTYypOH NaHHBIX, & HE C
peasnbHBIM KoneOaHueM. B monoce VIS ects Takxe
MaJIO3HAUYMMBIH Tiepuos =~ 12 jeT, KOTOpbIi NpeBbI-
1aeT JTIOBEPUTEIbHBIN YpoBeHb 99.9 %, HO Ha rpadu-
K€ BHJEH KaK paclleIUIeHHe MaKCHMyMa KBa3HIIe-
puoaa 27.7 rona. OH XOpOILIO MPOSIBIISETCS Ha “UCTO-
puueckoii” kpuBoit Onecka OJ 287 Ha ¢one BeposiT-
HOH MIECTUIIETHEH TapMOHHUKH 3TOTO [IEproa v 1071-
roBpeMeHHOTo Tieproaa 6omee 27 met. [lpumep me-
puonorpammel Jlom6a—Ckapria mokazaH Ha puc. 2.

B pabore [25] mo HaOMIOIEHUSAM C BBICOKOH ITJIOT-
HOCTBIO OTCUETOB 3BE3/THOM BEIWYHHEI B mojioce R
B 2004-2006 rr. moiay4yeHO 3HAYEHHE YCTONYUBO-
ro kBazunepuoga 50 cyT. DTo 3HAYEHHUE MPEIIO-
JIOKHUTEITFHO COOTBETCTBYET MOJTyIIEpHOTy oOpartie-
HUS BEILECTBA Ha caMON BHYTpPEHHEH ycTOHuMBOI
KPYTOBOI OpOHTE BOKPYT IIEHTPAITLHOM YePHOU JBIPHI.
[ToaTomMy HaliJIcHHBIN B HACTOsAIICH pabOTe KBA3H-
nepuoa ~ 29 CyT MOXKET OTHOCUTCS K 25-CyTOYHOM
rapmonuke 50-cyTouHoro nepuoga. s noareepx-
JIEHUSI 3TOTO MPEATIOI0KEHHS HY)KHO TOTYyYUTh Ha-
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Puc. 2. TIpumep nepuoorpaMmbl, IOCTPOSHHOM 1o qaHHbIM HabmoneHuit OJ 287 B monoce VIS. dnaxkamu ykazaHbl 3HAUSHHSI
OCHOBHBIX IeproaoB. [1o ocu opArHAT 0TIIOKEHA HOPMHUPOBAaHHAS CIIEKTpalbHAsI MOIIIHOCTD, paBHAs 2A2/ N (A2 — KBaapaT
aMILTATY/IBI, HOPMHPOBAHHBINA Ha pa3Mep CIIEKTpa Ha JaHHOH 4actore, N — pa3Mep psijia JaHHBIX ), IO OCH a0CIHCC — YacToTa,

onpeaeisaeMast, Kak KOJIn4€CTBO HUKIIOB B IO
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OmromaTeNbHbIe JaHHBIE C OOJNBIIMM 3alOJIHEHUEM
TOYKaMU MHTEpBaia HaOOACHUN U MUHUMAJILHBI-
MU pa3pbIBaMH, MOCKOJIBKY KBazumepuon ~ 29 cyt
MOXET OBITh CBSI3aH CO CTPYKTYypOH psija NaHHBIX,
a He ¢ (PU3UYECKUM MPOLIECCOM B PAJIMOMCTOYHHKE.

[lectuneTnuit U ABEHAIATUIETHUN TEPUOIBI
C TIOYTH OJMHAKOBBHIMU BHICOTAMH ITHUKOB Ha M-
pPOBOM CHEKTpe TakXe ObLIM HaWIEHBI NpU aHa-
nu3e “mcropudueckoi” kpuBoil Gmecka OJ 287
(1891-1996 rt.) B monmoce B [26]. HccaenoBanme
kpuoii 6mecka OJ 287 o manuemM 20062016 1T B
moJsioce R ¢ moMoIipo nepruogorpaMMHOTO 1 BEHB-
JeT-aHaIM3a ISl HEPaBHOMEPHBIX BPEMEHHBIX Psi-
JIOB TIOKAa3ajJi0 HAJIM4YHE MEPHOAOB CO 3HAUYEHUSMHU
1.1 u 2.2 roma [27]. DTOT pe3ynbTar MPaKTUIECKU
COBMAJAET C Hallel OIEHKOM mepuoaa B mojioce R
(cMm. Tabm. 2).

5.2. Habmonennsi B paanoauana3one

PaccmoTpuM naHHBIE HAONIONCHUN JaLEPTUIBI
0J 287 B pagmonmama3one Ha gactore 14.5 I'Tn
B Teuenue 38-netHero nepuosna (1974-2012 rr.) B pa-
JmroactpoHomudeckoii oocepBatopur UMRAO u, kak
MIPOIOJDKEHNE ATHX HabmroneHnid, fanuapie 10-1eTHe-
ro nepuona Hadbmonenuit (2008—2018 rr.) Ha gacTo-
te 15 I'Tr B o6cepBaTopr OVRO. Ha puc. 3 moka-
3aHBI HCXOIHBIE TPA(HKH.

B pammonnanasone qaHHbIe HE UMEIOT 3HAUYUTEIh-
HBIX Pa3pbIBOB M JIOXKHBIX ‘‘BEIOPOCOB”, IOATOMY HH-
TEpHOJSALMS CIUIAifHAMH JaeT O4eHb XOpollee Mpu-
ommxenne. Harmpumep, st naaasrx OVRO ko3ddu-
meHtsl R? =0.999 u SE = 0.035. 3Ha4eHHUS OCHOB-
HBIX TIeproaoB B JaHHBIX O VRO, ucxons u3 aHaimza
ObicTporo mnpeobpazoBanusi dypwe crekTpa, cocra-
Buu 6.78, 2.53, 1.75 u 1.2 rona. C y4yeToM AJUHBI
psina HabmroneHuit B 10 yret, Hanm4Iue J0ITOBpEeMEH-
HOTO Tieprofa B 6.78 Tofa MOXKET CUUTATHCS TONBKO
MIPEATIOIIOKUTEIHHBIM, TIOCKOIBKY 3TO 3HaY€HHE CO-
BIQJIaCT C MHTEPBAJIOM BPEMEHH MEKAY MOIIHBIMU
BCIbILIKaMU paanousiaydenus B 2010 u 2017 rr.

BeiiBner-criextp pagunoncrounrka OJ 287, mocT-
POEHHBIH 10 JaHHBIM HaOJIIONEHUH B 00CepBaTOpuu
OVRO na gacrore 15 I'T'm, mokazad Ha puc. 4 u
JTaeT OUCHb CXOXKHUE 3HaYeHUs nepuoaos: 1.16, 1.77
u 2.47 roga. BugHo, 4TO 3T TpU OCHOBHBIX MEPHUO/Ia
MPAKTUYECKH TMOJHOCThIO (DOPMHUPYIOT HaOJIOnae-
MYIO KpUBYIO OJecka.

3HaunTensHO OoJiee MPOJOKUTEIBHBIN PsIIl JaH-
HbIX (37 net), momy4deHHsIi B o6cepBatopun UMRAO
Ha yactote 14.5 I'Tn, mokassIiBaeT HaJIMYHE JJIH-

260

TENBHOMN 1 OJIN3KOHM K CHHYCOHUJATBHOHN (pOopMe BOJI-
HbI C XapaKTEepHbIM BpeMEHeM ~ 25.5 rona.

DTOT pe3ynbTar MOJy4YeH BIUCHIBAHHEM B DS
nmaaaeix UMRAQ, 3aperncTpupoBaHHBIX HA 9acToO-
te 14.5 I'T, cuHycouapl ¢ mocneayomei MmoAroH-
KO METOZOM HAaWMMEHBUINX KBaJpaTOB, XOTS IOJI-
HBIN €€ IIUKJI HEN3BECTEH U3-3a HEZOCTATOYHOH MTPO-
IOJDKATENbHOCTH HabmoneHuid. MHTEpecHo, 4To
HaliJIeHHOE 3HaYeHNEe BEChMa OJIM3KO K XapaKTepHO-
My BPEMEHH JOJTONEepHOJNIEcKoil BOIHBI B 27.78
roja, mojfydeHHoMy B onrtudeckoi mosoce VIS. [1o
TAaHHBIM 113-1eTHUX HAOIIOIEHUHA B OITHYECKOM
nuarnaszone y nmaneptuasl OJ 287 mpeamonaraercs
JUIMTENbHBINA S50-IEeTHUH LMK M3MEHEHHH Ojecka
[28]. BeposiTHBIE HONTOBPEMEHHBIE IUKIIBI B AHAIIN-
3UpPyeMBIX JaHHBIX B paano- (25.5 roma) u ontudec-
KoM (27.78 roma) auamna3oHax OJU3KH K TOTYTIEPHO-
Jly 3TOW BOJIHBI.

6. Pamnoucrounuk BL Lac
6.1. HaOmonenust B ONTHYECKOM IMANA3AHE

[Ipumeps rpadkoB KPUBBIX OllecKa paliOUCTOYHH-
ka BL Lac B onTuueckoM guana3zoHe MOKa3aHbl HA
puc. 5.

Kak u mis ucrounuka OJ 287, Obuta mpoBeneHa
AHTEPIIONIANNS UCXOMHBIX TaHHBIX CIIaKWBAIOIIM
KyOW4ecKuM cIUlaifHOM. 3HadeHus: KodpduuueHra
JICTCPMUHAIIMM ¥ CTaHJIAPTHON OIIMOKHU MPH 3TOM
cocraBwin: R2=0.91u SE =0.16 st oI0CH VIS,
R*>=0.97 u SE =0.088 s monocst V, R* =0.854
u SE =0.176 mns nonocer TG.

B onTuyeckoM amama3oHe aHANIM3 CaMBIX JIIH-
TeIbHBIX HaOMoAeHwui (48 neT) B mostoce VIS (rma-
30MEpHBIE OLIEHKH OJiecka) MOKa3bIBaeT HAIUIUE
OCHOBHOTO MPHOJIM3UTENILHO 13-JIeTHEro KBasuiie-
puogna. IIpucyTcTByeT Takke OKOJIOrOJOBOM Iie-
pHYOJI, PacIICIUICHHBIH Ha TPU OJIM3KUE TrapPMOHUKH,
(1.24£0.012), (0.93£0.01) u (0.78+£0.014) rona,
U ABa mepuoaa co 3HadeHusmu (2.4%0.11) u
(1.72+£0.16) roma. Bce makcumMyMBl HepuOI0-
rpaMMBbI I HEpaBHOMEPHBIX BPEMEHHBIX DPS/IOB,
COOTBETCTBYIOIIHUE DTUM IMEPHOJAM, MPEBLIIIAIOT
99.9 %-b1ii OBepUTENHHBIN YpOBeHb. [Ipnbmm3u-
TEIBHO TaKWE K€ 3HAUCHUSI OCHOBHBIX KBa3HIIEPUO-
JIOB XapaKTEPHbI U JUIS JaHHBIX HAOIOACHUN B I10-
moce V: (2.4£0.018), (1.82+0.11), (1.1£0.074),
(1.67+0.083) roma. Kpuas Giiecka B 3TO¥ monoce
COJIEP)KUT 3HAUMTENHHO MEHBIIE IIyMa U “BBIOPO-

2

COB”, yeM Iula3oMepHas KpuBas Oiecka. Kpome
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Puc. 3. I'paduxu n3MeHeHHs TUIOTHOCTH NoToKa m3mydeHus OJ 287 na gactore 15 [T mo maraeM o6cepsatopun OVRO (BepxHsist
naHesnb) ¥ Ha yactote 14.5 I'Tu no nanueiv odcepBatopurt UMRAOQ (HuxHsIsI TaHEIb)

KOPOTKHX IEPHOAOB, B monoce V mposiBusercs: 00-
Jiee JUTUTEINIbHBIN KBazunepuoy =~ (5.8+0.22) ronxa.
Kak OGyneT moka3zaHo HM)Ke, TOXOXKHE 3HAUEHUS I1e-
puonoB mposBiATcs B nojoce CV, moareepkuas
NPaBUIBHOCTh TOIYYCHHBIX pe3ynbratoB. Cambiii
JUTATENbHBINA KBa3UIIEPHO/I B IToJIoce V Ha MepHOI0T-
pammMme cocTaBisgeT npubausuTenbHo 16 net. Oxna-
KO MPHU JUTMHE UCCIIeAyeMoro psajia =~ 21 roj yka3zaH-
HBIA IEPHOJ YKJIabIBAETCA Ha HA 3TOH JuyIMHE ~ 1.3
pa3a. OTcrona cieayer, YyToO MOATBEPAUTH CYIIe-
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CTBOBAHHUCE 3TOIO II€PHUOJa BO3MOKHO IIpH boree JJI-
TCIBHBIX Ha6J'II-O,Z[eHI/I$IX. Hanuune MAaKCHUMYMOB IIC-
puogorpamMmal € ONM3KUMU 3HAYCHUSIMHU nepruoaoB
MOZKET YKa3bIBATh Ha UX BO3MOKHOC U3MCHCHUC CO
BpCMCHCM. PH,Z[BI JaHHBIX B OCTaAJIBHBIX ITOJIOCax
ONTUYCCKOI'0 Auarna3OHa, KaK YK€ YIIOMHHAJIOCH
paHee, UMCIOT CPABHUTCIBHO HU3KOC 3aIllOJIHCHHC
TOYKaMH. I[J'IH HpI/I6HI/I3I/IT6J'II>HOI71 OLICHKH BPEMCHHO-
ro maciraba BapI/IaLU/Iﬁ Onecka MMPpUMCHAJIACh allll-
POoKCUMaNA OHHOfI HJIX HCCKOJILKMMHA CUHYCOUaMU
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Puc. 4. Beiiner-ciekTp, IOCTPOSHHBIH 110 JaHHBIM Habmonenuii B oocepsaroprt OVRO Ha wactote 15 I'T'ir. KonTypamu mokazano

o 2 2 .
M3MEHEHHe aMIUIATY/Ib] BeliBIeT-criekTpa B Busie vV Re”+Im”, ReuIm — BemecTBeHHas 1 MHEMas! 4acThb BeiBIIeT-IpeoOpa3oBaHms
JUIS KaXKJIOTO OTCYETa BpEMEHHU ¥ 9acTOThI. Di1akkaMi OTMEYEHBI OCHOBHBIE KBA3HUIIEPUO/IBI, BEIPAYKEHHBIE B F'OJaX

METOJIOM HAaMEHbBIINX KBaaApaToB. CIMCOK BO3MOXK-
HBIX KBa3WIIEPUOJIOB MIPUBEIEH B Ta0d. 3.

6.2. HaOmonenus B paauoauana3oHe

[loce 3aBepiieHUs TPOrpaMMbl MOHUTOPUHT A IIOTO-
KOB M3JIy4€HHsI BHETAJITAKTUUECKUX PaIHOMCTOUHUKOB
Ha 26-MeTpoBoM Teseckore oocepBaropun UMRAO
B 2012 r. Habmonenus BL Lac npogomkunuck Ha 14-
METPOBOM Telieckore oocepBaropun Metsahovi (yHH-
BepcuteT Aanto, OunnsaHaus). [lpumep McxoqHbIX
JaHHBIX, 3aperucTpupoBaHHblXx B UMRAO Ha gac-
tote 8 I'T1, U noJly4eHHbIN Ha UX OCHOBE BEUBIIET-
CIIEKTp TOKa3aHbl Ha pHUC. 6. Pe3ynprarel mpeasiay-
IIUX KWCCIIEJOBAHWI W3MEHEHUM INIOTHOCTH ITOTOKa
BL Lac no na6monenussMm B UMRAO Ha uyacrorax
14.5, 8,4.8 I'T11, momydeHHbIE aBTOPaMH HACTOSIIICH CTa-
TBH, TIOKA3AJIH, YTO KBA3UTIEPUOIbI BAPHALIH, TOYTH I10JT-
HOCTBIO OIMCBHIBAIOLINE OBICTPYIO TIEPEMEHHOCTh pa-
JMOMCTOYHHKA, JISKaT B MHTepBaNe ~ 4 +0.5 rona.
[Togo6HO BapralusM B ONITUYECKOM JTHAIa30He, Xa-
paKTep epPeMEHHOCTH COOTBETCTBYET IIPOMEKYTKaM
BPEMEHHU MEXly MHO>KECTBEHHBIMH PE3KHMH BCILIEC-
KaMH U MaJCHUSIMH IUIOTHOCTH MOTOKA U3Ty4EHHUS.
Crnemyer OTMETUTD, YTO aMIUTUTYNIA UX YBEJIMUHBAET-
Csl HA MAaKCHMyMax J0JIFOBPEMEHHONH aKTUBHOCTH.
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OTa uHTEepecHass 0COOCHHOCTh PaJUOUCTOYHHKA
BL Lac nonoiHsieTcsi HaTu4ueM OCHOBHOIO JIOJTO-
BPEMEHHOTO KBa3UTIEPHO/a, KOTOPBIN MEIJIEHHO YBe-
JINYMABACTCSL B MHTEpPBAJIE ~ 7 +8 IIET, 4YTO JEIaer
3TOT PAJMOUCTOYHUK ITOMYIISIPHBIM CPEIId UCCIIE0-
BaTeseil, MPOBOIAIINX TECTUPOBAHUE U OTIIA/IKY YHC-
JICHHBIX MOZEJIeH MOCTPOSHNS IPOTHO30B U3MEHEHUS
IJIOTHOCTH TIOTOKA HM3IIyYCHUsl B OyAYIIEM B CBSI3U
C KBa3UTapMOHUIECKOH IIEpEMEHHOCTHIO (ITOIpoOHEe
B craThsx [29, 30]). IlepemenHOCTh B paguoauana-
30HE HCCIeI0BaNach MHOTUMH aBTOPaMU C MpHMe-
HEHHEM MHOKECTBa MAaTEMaTHYECKUX METOJIOB OIl-
peaeneHus KBazuneprnonoB. Bece MeTop mokaszanu
JIOBOJIBHO OJIM3KHE PE3YIIbTaTHI.

7. CpaBHeHHe OT/IEJbHBIX KOJeOaHWii
B OJIM3KHX M0JIOCAX MEPHOAOB B PaaHo-
H ONTHYECKOM IMANAa30HAX

Ocobennoctrio paguouctounnkoB OJ 287 u BL Lac
SIBJISIETCS. HAIMYNE BBICOKOAMILTUTYIHOM JOITOBpE-
MEHHOH nepeMeHHOcTH. Ha Hee HakiaibIBaroTCs ObI-
CTpbIe BapHalluy, YBEIIMYCHHE aMILTUTYABlI KOTOPBIX
TIPUXOJUTCS Ha MAKCHMYMBI JJOJITOBPEMEHHOH BOJTHBL

B nacTosmeit paboTe aBTOPBI NPUMEHWUIH METO-
IIMKY, TTO3BOJISIIONIYI0 CPAaBHUBATH MEXAY COOO0H
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HIKHAA aHenb — nojoca TG
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Tabnuya 3. OLleHKH BO3MOKHBIX KBa3UIIEPHO/I0B
B IaHHBIX HaO/oneHmii Janeptuansi BL Lac
B I10J10CAX ONTHYECKOT0 JUANA30HA

Monoca Iepuon Ksazunepuon, [Torpemnocts
HaOroneHui roj BBIUUCIICHUS], TOJ
B 2004-2017 rr. 2.0 0.22
TG | 2007-2017rr. 4.7 0.25
2.71 0.18
1.17 0.1
CV | 2005-2017rr. 5.4 0.33
0.8 0.16
R 2001-2016T. 1.1 0.087
1 2003-2015rr. 12.0 0.3
1.1 0.12

HamboJee MOIHBIE KoJdeOaHusl C KBa3UIIEPHOIaMH,
3HAYCHHSI KOTOPBIX OJHM3KU B PAJHO- U ONITHYECKOM
nHuana3oHax. JTa METOIWKa JaeT BO3MOXKHOCTH
WCCIIEZI0BATh MTPOIECCHI, POPMUPYIOIINE PA3ITNIHBIE
(ha3bl aKTUBHOCTHU PaIMOMCTOYHUKOB,

CpaBHeHUe HAONIOACHUN BHETAJIAKTUYECKUX pa-
JIMOVCTOYHUKOB B Pajfio- U ONTHYECKOM JTHAIIa30-
HaxX 9acTo TMPEACTaBIIET COOOH JOBOIBHO CIOXK-
HyI0 3amady. Onrtudeckne HabOIrogaTeNbHBIC TaH-
HBIC YaCTO COJIEPIKAT MHOXKECTBO Pa3phIBOB U ObI-
BaIOT CHJIBHO 3alllyMJICHHBIMU. [lo3TOMYy mpsimas
KPOCC-KOPpEeJsAlUs PSAAOB JAHHBIX YacTO JaeT He
CIIMIIKOM HaJeXHbIe pe3ynabTarhl. Jlms mpoBepku
ATOTO TIPENIOJIOKEHNS B JAHHBIX, MOTYyYEHHBIX B
pamuo- (manaeie UMRAO Ha gacrotel4.5 I'Tm) u
ONITUYECKOM JIaIa30HaXx, ¢ MOMOIIbI0 Qypbe-puib-
Tpaluu ObLIM BBICJICHBI KOJICOAHUSI ¢ MaKCUMAIlb-
HOM aMIUIMTYAOM Ha nepuogorpammax. IIpumepsr
rpaduKOB, MOCTPOCHHBIX 10 JaHHBIM HAOMIONEHUH
naneptuabl OJ 287, mokazaHbsl Ha puc. 7 ¥ puc. 8.

Ha rpadukax kpuBsix Oecka mareptuast OJ 287 B
pamnomuanazone (14.5 I'T'm) 1 B onTudeckoM Auamnazo-
He (nonoca VIS) co 3HaueHHsAMH NEpUOOoB ~ 6 JIeT
(cM. puc. 7) 3amepxkka Mexay (GazaMu aKTHBHOCTH
MEHSIETCS CO BPEMEHEeM OT ~36 CyT 70 ~2 JeT.
Co BpeMeHeM MaKCHMyMBbl aKTHBHOCTH B OIITHYEC-
KOM JTMaIla30He “OmeperkaroT” MaKCUMYyMBI B paIHo-
JiarasoHe.

Ha xpuBbix 6necka OJ 287 B pagmoanamnazone
(14.5 I'T) u B onTHYeCKOM jauarna3oHe (monoca V)
C OTMHAKOBEIM JIMana3zoHoM nepuonoB (1+2.5 rona)
BPEMEHHOH CHABUT MEXIy MaHHBIMH CTAHOBHUTCS
MenbIie (cM. puc. 8). MHTEpecHO, 9TO OH HM3Me-
HseTcsa co BpemeHeM oT =~ 30 mo =190 cyt. Ecin
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HaJIOKUTH HAa JAaHHBIC, IIOJYUCHHLIC B paJuoguaria-
30He, JaHHBIE, TIOJIyYE€HHbIE B ONTHYECKOH Ioioce
CV (6e3 cBetodumibTpa, HO 00pabOTaHHEIE CO 3BE3-
JHBIMU BECJIMYHMHAMHU 3BE31 CPABHCHUSA B \Y% (1)I/IJH>T-
pe), 3alepKKa MepecTaeT 3HAYUTEIBLHO MEHSTHCS
CO BpeMEHEM, OCTaBasiACh Ha ypoBHE ~47 CyT.
WHTepBan BpeMEeHH, B KOTOPOM OBLIHM IOJIyYEHBI
JlaHHBIE B onTudeckoit monoce CV, npuxoauTcs Ha
KOHEI BpeMeHH HaOIIoneHni Ha 26-METPOBOM pa-
muoreneckone UMRAO. Tlostomy B JanbpHEHIeM
IJIAHUPYCTCA B3ATH AJ11 CPAaBHCHUA ITOCJIICIHUEC TaH-
HbIE, IOTy4eHHbIE Ha 40-METPOBOM paJNOTENECKO-
ne obcepBatopun OVRO.

Heckonbko uHast kapTuHa HaOMIOAAETCS TP CO-
BMeIlleHNH KpuBbIx Onecka BL Lac B pagnonunana-
3o0He (14.5 I'T'm) u B onTH4eckoM nuamna3one (1ojo-
ca V). Hamipumep, B onoce nepuogoB ~ 1.5+2 roaa
BpCMCHHAA 3aJICPKKa IIJIaBHO YBCIHWYMUBACTCA OT
~124 cyt (1998 1) 1o ~1.2 roma (2006-2007 TT.).
B nonoce nepuonos 1.5+4 ropa 3agepkka u3Me-
HsieTcsl 0e3 BBIPa)KEHHOI'O TPEHZIA CO BPEMEHEM B
nuanaszoHe =~ 0.5+0.9 rona. B paccMOTpeHHBIX ITpH-
Mepax BapHaliy B ONTHYECKOM JHATa30HE Orepe-
JKAIOT BapHalluy B PaJloAHana3oHe.

OpHako NpUBEACHHBIE NPUMEPHI SBISIFOTCS WII-
JIFIOCTpaTUBHBIMHU, ITIOKA3bIBAOIIUMHA IPUMEHUMOCTD
TAKOT'0 IMOAX0Ja K CPAaBHECHUIO JaHHBIX B 3TUX ABYX
JMana3zoHax, 1 TpeOyIoT AajbHEHIIero yriyoneHHo-
ro aHaiusa. J{1ns TOYHOro CpaBHEHHS aAMILIUTY] OT-
JeNbHBIX KoJeOaHUH U MOCTPOCHUS TpaduKOB B O1-
HOM ¢opMaTre HEOOXOAMMO TMEPEBECTH 3BE3THBIC
BCJIMYMHBI B €TUHUIILI INIOTHOCTHU ITIOTOKA U3JTYYCHU
(suCckue). Ilockonbky 3TOT MeTon TpebyeT paBHO-
MEpPHOTO 1I1ara 1o BpeMeHH, OH HAIIPSIMYTO 3aBHUCUT OT
BO3MOKHOCTH BBIIIOJIHUTH MHTEPHOJSILHIO O€3 NCcKa-
KEHUH M JIOXKHBIX BBIOPOCOB B MECTax pa3pbIBOB
KpHBO# O11ecka. Takas mporieypa HHTSPIOISITIN ITPH-
MEHHMMa K BPEMEHHBIM psiiaM HaOJIIOEeHU# ¢ 10CTa-
TOYHBIM 3aIlOJIHCHUEM TOYKaMWU W HC KPUTHYCCKHU
OONBIIMMHU pa3phIBAMH, KOTOPBIE IENIAI0T HEBO3MOXK-
HOM MHTEPHOJISILNIO TPUEMIIEMOTO KauyeCTBa.

8. OOcyxKneHne MOJyYeHHBbIX pe3yJbTATOB

B pesynbrate mpumeHeHHs BeWBIeT-aHAIN3a OBLTH
BBISIBJIEHBI OCHOBHBIE TICPHO/TBI IEPEMEHHOCTH JIa1ep-
tun OJ 287 u BL Lac B paano- u ONTHYECKOM THa-
rmazoHax. BayKHBIM HTOTOM CTaJIO MPOBEICHHOE BIIEP-
BbIC CPABHEHUE AUHAMUKHU U3MEHEHUSI aMILIUTY OC-
HOBHBIX TIEPUOOB, BEISIBICHHBIX 3TUM METOJIOM.
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Puc. 6. T'paduk U3MEHEHHUS TUIOTHOCTH MOTOKA M3JydeHus: paaunouctounnka BL Lac Ha wactore 8 I'T1 (BepxHsis maHenb)
1 eT0 BEHBJIET-CIIEKTP (HIKHSIA MaHeb). PnakxkaMi OTMEYEHbI OCHOBHBIE KBa3UIIEPHO/IbI, BHIPAXKEHHBIE B FOJIaX

Camoe OOITBIIIOe CXOICTBO MEXIy KBAa3HIIEPHOIa-
MH B PaJifio- ¥ OITHYECKOM JAuaria3oHax ObLJIo OOHapy-
JKEHO B TAaHHBIX HaOmronenni mareptuabst OJ 287. OHo
BBISIBJICHO KaK B apXMBHBIX JaHHBIX 00CEpBAaTOPUH
UMRAQO, Tak 1 B TeKyInX HaOMIONCHUIX B 00cepBa-
toput OVRO. BeposiTHO, 3TOT pe3ynbTar — CIIeACTBUE
TOTO, YTO ONITHYECKOE N3ITyICHHE, TaK XKe KaK M PaJIfo-
H3ITy4YeHHe, MPEUMYLIECTBEHHO TeHepupyeTcs B JHKe-
TE PaJMONCTOYHNKA BCIIEACTBHE OOPAaTHOTO KOMIITO-
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HOBcKoro paccestaust [31]. CoBnajieHre TaHHBIX B pa-
JINO- ¥ ONITUUECKOM JINaNa3oHax 3aMeTHEee BCEro Ipo-
SBJISIETCS B TOJI0CE NepuoaoB ~1.1+2 rona. onro-
BpEeMEHHBIE KBa3HIIEpUOABI, Oosee 6 JieT, 3aMETHO
OTIMYAIOTCS B OTHX JHMANA30HAX.

[onroBpemeHHas BOJIHA B paguoAHana3oHe C
TpeanoiaraeMoi 25-JIeTHeH MUKIMIHOCTRHIO U BOJI-
Ha ¢ OJTM3KKUM NEPUOJOM ~ 28 JeT (HeyBEpPEeHHO BbI-
JenseMasl B 3allyMJICHHBIX BU3YQJIbHBIX JaHHBIX)

265



A.JI. Cyxapes, M. U. Psbos, B. B. be3pykosc

0] 287
= 08 1-08_
] 14.5 T Jes)
g 04 4 {045
s 8
= 0 40 m
a 3
3 =
S 04 Jo4 &
& &
=08 Jos
L L L L L L L L L L L
1974 1978 1982 1986 1990 1994 1998 2002 2006 2010 2014 2018

Bpewms, ron

Puc. 7. CoBMelieHHbIE TpapUKH KOJICOAHUH IIIOTHOCTH MOTOKa u3ydeHus naneptunsl OJ 287 B pagnonuamnasone (14.5 I'T')
¢ IeproaoM 6.5 rojia ¥ B ONITHYECKOM AuanasoHe (nonoca VIS) ¢ nepuonom, 6nuskum k 5.7 roga. [1n1oTHOCTh MOTOKA U3ITyUCHUS
(1IKasa creBa) M 3Be3JHas BEIMYMHA (IIKaJla CIIpaBa) yKa3aHbl C Y4€TOM BBIYTCHHBIX CPEIHUX 3HAUCHUH

2
24 01 287 -2.4
jas]
= ©
§ 12 1-12E
3 =
] =
0 -
-] w
:
E-12 {12 8
E 14.5 T ™
_ .4 1 1 1 1 1 1 1 1 1 1 1
1974 1978 1982 1986 1990 1994 1998 2002 2006 2010 2014 2018
Bpewms, ron

Puc. 8. CoBmenieHHbIe rpad ke KoIeOaHU INIOTHOCTH ITOTOKA M3ITydeHus naneptuasl OJ 287 B nuana3one nepuogos 1+2.5 roga
B paauo- (14.5 I'T) u ontuyeckoM (nonoca V) quanazonax. [IOTHOCTE NOTOKA W3TyueHus (LIKajIa CIeBa) U 3Be3/1Hasl BEJIMUMHA

(1IKasa cripaBa) yKa3aHbl ¢ y4€TOM BBIYTEHHBIX CPETHUX 3HAYCHU I

MOTYT OBITH CBSI3aHBI C TIPELIECCHEH KeTa paano-
uctoyHuka. [Ipu aTom xoporo 3amerHas 12-neTHss
BOJTHA OJTM3Ka K IMOIYIIEPHUOAY ITHX 00JIee IITUTETb-
HBIX BapHalWil TUIOTHOCTH TIOTOKA M OJIecKa paauo-
ucrounuka OJ 287. DTo npeanonoxeHue noaTBep-
JKgaeTcs B pabore [32], B KOTOpO#l mMpoBEAeHO MO-
JIeTMPOBaHNe MBIKEHUS U ipenieccuu mketa OJ 287
C UCTIOJIH30BAaHUEM BBHICOKOTOUHBIX HAOIONEHUN Ha
panuoteneckone VLBA (Very Long Baseline Array)
B iepuof ¢ 1995 mo 2017 rr.

[Ipu cpaBHeHMH JaHHBIX HAOIIONEHUN pajHOUC-
touHuka BL Lac B paauo- u ONTHYECKOM JHara-
30HaxX MPOSBISETCS cXxoxkasi cuTyanus. OCHOBHOM
JIONITOBPEMEHHBIN KBa3HIEPUOI OKOJIIO 7 +8 IIET,
YETKO MPOSBUBIIHNIICS B paiiOIMana3oHe, B MpoaHa-
JU3UPOBAHHBIX JIAHHBIX B ONTHYECKOM JHMAIa3oHe
MIOYTH OTCYTCTBYET (3aMETEH TOJIBKO B BU3YaJIbHOU
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KpHBOii Onecka). BeposiTHO, IO pU4KHE HU3KOTO Ka-
YecTBa M 3aIIyMIICHHOCTH JaHHBIX HAOMIoneHHH 3Ha-
YEHUE ITOTO JOITOBPEMEHHOIO [IUKJIA B BU3yAJIbHOM
KpUBOW Onecka HaXOIWTCs B WHTEpBalie 7+9 Jer
(mo pesynbraram BIId-MeTona u BeiiBneT-MeTONA).

Kaxk nmokazano B pabote [33], Koppesmus MexX Iy
naHHbIMU HaOmonenuid BL Lac B paauo- u onrtu-
YECKOM JTMarna3oHax J0BOJbHO ciabas. Benblmky B
ONTUYECKOM JIMana3oHe OObIYHO COOTBETCTBOBAIHU
c1aboMy yBETMUYEHHUIO TTOTOKA M3ITyYeHHUs B PaJHo-
JMarna3oHe MO0 BOBCE HE MMEN PaJHO-OTKIHKA.
Tonbko HanboJee MOIIHBIE BCTIBILIKA OBIITH 3aMET-
HBl U B paJuoJuanazoHe. IT0 MOXKET OBITh Cliel-
CTBHEM TOTO, YTO HaOJIOIaeMOe ONTHYECKOE H3-
TydeHre ci1abo CBA3aHO C IPOIlEcCaMH B JIKETE.
B sTOM ciydae, BO3MOXXKHO, TPe0OIaJarouM sIBIIs-
€TCsI BKJIAJL M3JIy4YECHMS AKKPELIMOHHOTO IMUCKA U OK-
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pyXarorieii ero o0iacTu, BKIOYAs YYaCTOK JPKETa
BOJIM3U aKKpeUOHHOTrOo aucka. OmucaHne HecTa-
OMJIBbHBIX MPOLIECCOB B AKKPEIIUOHHOM JHCKE, ITPOSIB-
JISFOIIUXCS B ONITUYECKUX U PEHTTCHOBCKUX KPUBBIX
Onecka, mompoOHO maercs B pabote [34]. Camas
nydmas (HO TeM HE MEHee cliabasi) KOppeJsius
HallJleHa MeXy NaHHBIMU B ONITHYECKOH Mosoce V
U B panuonuarazone. Keasumnepuoa co 3HaUCHUEM
OKOJIO 7+8 JeT, paHee OOHApPY>KEHHBIA B JTAHHBIX
MHOTOYACTOTHRIX HAONIONEHUH B paguoaHanaso-
HE, OYCHb HEYBEPCHHO BBIJCISACTCS B ONTHYCCKOM
IanazoHe. DTOT KBa3WUIEPHO CUMTAETCs Tperec-
CHOHHBIM B paamonuanazoHe. OIHAKO KBa3UIIEPHO.
~ 13 neT B BU3yallbHOH (TJ1a30MEPHOI) MTOJIOCE OYEHb
OJIM30K K YIBOGHHOMY 3HAaYEHUIO OCHOBHOTO KBa3H-
Mepuo/ia B paauoauana3oHe.

9. BbIBOaBI

1. AHanu3 ¥ CpaBHEHUE JIAHHBIX HAOIIOCHUIA B pa-
JIMO- ¥ ONTHYECKOM Jrarna3zoHax jaueptuasl OJ 287
TIOKa3aJI{ XOPOILIEe CXOCTBO 3HAYEHHUI OCHOBHBIX JI0JI-
TOBPEMEHHBIX KBAa3UIIEPUOJOB ~ 25 et (paxuoaua-
ma3zoH) U ~ 28 jeT (ONTHYeCKuii Auamna3oH). B o6onx
Juana3oHax akTUBHOCTb uctouHuka OJ 287 mposs-
JSIETCS. BO MHOKECTBE BCIBIIIEK MPOJOKUTEIBHO-
cThio OT =1 Toma 70 ~1.5 u 2 jerT, KOTOphle HaK-
JanbIBalOTCSl HA MEIJICHHBIE OJITOBPEMEHHBIE KO-
nebanus (=6, 12, 28 ner (onTHYECKUI TUANa30H)
U ~ 25 7ner (paxuoauarnasoH)). 3HaYeHUs NIEPUOIOB
HOBTOPEHHUS OBICTPBIX BapHallUi IOTOKA U3TyYEeHHUS
u 3Be3aHOM BenumuuHbl OJ 287 nexar B mpenenax
~1.1+2 roma. Beigenennbie mudpoBoit pumsTpa-
el GpparMeHThl KpUBBIX OJIeCKa B 3THX TPaHHIAX
XOPOILIO OIMHUCHIBAIOT OBICTPONIEPEMEHHYIO COCTaB-
JISTIOIIYIO PSI/IOB HAOTFOICHHIA.

2. B 10 xe Bpems nepuonsl =12 ner u ~ 6 Jer,
W3BECTHBIC TI0 “HCTOPUICCKAM ™ ps/laM JTAaHHBIX Ha-
omrongenuit OJ 287 B oNTHYECKOM IMANTAa30HE U BBISB-
JIeHHBIE B KPUBBIX ONiecka B 0aze maHHBIX AAVSO,
B paJIMO/IMANa3oHe MOYTH He3aMETHBI. DTO O3HAYaeT,
yto 1o ganHeiIM UMRAO (1974-2012 rr.) makcu-
MyM 6-JIETHEro IMepuoja HaxXOJUTCA HMXKE JOBe-
PUTETBHOTO ypOBHS mepuojorpammsl 99.9, a mo
nmaaHbiM OVRO (2008-2018 1) 3TOT Iepuox mpu-
OMM3UTENTHHO COOTBETCTBYET PACCTOSIHUIO MEXKY JIBY-
Ms BCIIBIIIKAMHU C MJIOTHOCTHIO TIOTOKA M3Ty4YEHUS
Oosnee 9 Sn. Habnmionaemblii B paguonuanasoHe npy-
ONMM3UTENbHO 25-NeTHUM LUK sBisercs dpar-
MEHTOM CHHYCOMIAJIBHOIO TPEHAA M OTMEYaeTCs
y JanepTUA AOBOJIBHO PENKO.
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3. Ilepemennocts BL Lac Gonee cnoxnasi, oHa
COCTOUT M3 MHOXKECTBa KojieOaHUH, ITOBTOPSIOIIHX-
s ¢ KBazumnepuoaamu ot 1 roga g0 2+3 nert. B on-
THYECKOM JMAIa30He, KaK v B paAuoarana3one, Bo3-
MOXXHO M3MEHEHHUE TIEPUOJOB M aMIUTHTY] KoJieha-
HUIA BO BPEMCHU, W 3HAYCHUS IIEPHUOIOB HECKOIBKO
OTJIMYAIOTCS JJAXKe B OJIM3KHUX ONTUYECKHUX TI0JIOCAX.
B onTtudeckom amamaszoHe, B OTIMYHE OT Paguo-
JIranazoHa, OiM3Koe K § romaM 3HA4YCHHE TepHoaa
(9 net) HabmomaeTcs TOIBKO B BU3yaJIbHOW KPHUBOM
Omecka.

4. Haubosblnee CXOACTBO 3HAYEHUU MEPHUOIOB
nepemMenHoctu BL Lac B paauo- 1 onTU4eCKoM -
Mma3oHax HaOmomaercs B mHTepBaie ~ 0.6+4 roma.
[lepuox co 3HaYeHHEM, OTU3KKUM K 5+ 6 TO/aM, Ha-
OJIIOIaeMBbIif B ONITUYECKOM JIUATIa30HE B (PUIIBTPAX
V, CV u TG (nannsie u3 xaranora AAVSO) He noa-
TBEPXKJAETCS UMCIOIIUMUCS Pe3yJibTaTaMKu HaO0JIo-
JIeHui B paguonuanasone. He moareepxkmaecs Ha-
OJIONICHHUSIMU B PaMOIUANIA30HE U JIOJTOBPEMEHHBIN
IMKJI cO 3HaYeHueM 12 +13 Jret, a BO3MOXXHO U 00-
Jiee JTUTENbHBIA, TPUCYTCTBYIOMUN B ONITHYECKOM
JUara3oHe.

5. BaxkHBIM pe3ynbTaToM paboTHI CTaNo 0O0HAPY-
’KEHHE MOHOTOHHBIX U3MEHEHUI BPEMEHHBIX C/IBU-
TOB OCHOBHBIX MEPHUOIOB MEPEMEHHOCTH HCCIe-
JlyeMbIX 00BbEKTOB, HAOIIOAEMOM B PaJIiO- U ONTH-
YeCKOM Juarna3oHax. JTOT pe3yibTaT MO3BOJIUT B
JATbHENIIIEM BBISBUTH (PU3NYECKHUE TIPOIIECCHI, IPH-
BOJIATINE K N3MEHEHUIO 3a/IEPKEK MEKTYy KPUBBIMHU
OJlecka B TOJI0OCaX OCHOBHBIX ITEPUOJIOB B PaaHO-
U ONITUYECKOM JUaTa30Hax.

6. [IpoBenenne cpaBHUTEIHHOTO aHalM3a HAO-
JIONEHUHN OBICTPOIIEPEMEHHBIX OOBEKTOB B Pajivo-
¥ ONITHYECKOM JaIia30Hax ¢ MPUMEHEHHEM COBpE-
MEHHBIX METOJIOB CILIalH-alIPOKCUMAIIUK JaHHBIX,
MIOJIOCOBOH (PUIIBTPAIIMU M HEMTPEPHIBHOTO BEHBIICT-
aHallM3a TO3BOJUT OMpPENeNsTh MPUUYNHHO-CIE-
CTBEHHBIE CBSI3U B PAa3BUTUU AKTUBHOCTH sJEp Ta-
JIAKTUK B CAMBIX PA3IMYHBIX WX TPOSBICHUSIX.
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PROPERTY STUDY OF OJ 287 AND BLLAC
VARIABILITY IN OPTICALAND RADIO RANGES

Purpose: Interrelation and difference in the appearance of quasi-
periodic activity of BL-Lac objects OJ 287 and BL Lac is inves-
tigated according to optical and radio observations. The aim
of the work is to determine and compare the basic quasi-periods
of these BL-Lac objects in different light filters of optical range
and in radio frequency range (at 15 and 14.5 GHz), as well
as brief overview of the results obtained by other authors. Also,
the method of comparing optical and radio data in separate bands
of close periods was tested. This method will make it possible
to better determine the delays between optical and radio data
only in the bands of the main quasiperiodic oscillations, which
form light curves and screen out noises and irregular variations
in the source magnitude and flux.

Design/methodology/approach: The authors used the data
of optical observations of OJ 287 in 1978-2018 and of BL Lac
in 1970-2018 from the AAVSO (American Association of Va-
riable Star Observers) catalog and from the catalog of a long-term
(2008-2018) radio source monitoring at the 40-meter radio te-
lescope, OVRO observatory (Owens Valley Radio Observato-
ry, USA) at 15 GHz, as well as the data from UMRAO observa-
tory (Radio observatory of Michigan University) obtained at
14.5 GHz within 1974-2011. To calculate periodograms and
wavelet spectra, a “fast” modification of the Lomb-Scargle me-
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thod was used, as well as a “fast” method of calculating wavelet
spectra via fast Fourier transform with the Morlet analyzing
function. Data interpolation has been made by using smoothing
cubic splines. To isolate the bands of individual quasi-periods
in optical and radio data, Fourier filtering with a Hamming spec-
tral window is used providing the edge effects of about 1 % of
time series length.

Findings: Radio source OJ 287 shows good accordance between
quasi-periods in optics and radio within 1.1 to 2 years. Howe-
ver, long-term periods in the optical range, close to 12 and
6 years, mentioned in many works, are practically imperceptible
in the radio range, against the background of 25-year trend wave.
The BL Lac radio source has more differences. In the optical
range, a quasi-period of 9 years (about 8 years in the radio one)
is observed in the visual light curve. A long wave with the possi-
ble period of about 12—13 years, in the optical and radio data
is unnoticeable, and the greatest similarity between rapid va-
riability in optical and radio ranges is observed within the pe-
riods of 0.6—4 years. Comparison of individual oscillations
in close periods for optical and radio data allocated by the Fou-
rier filtering showed their good similarity and perspective in
further use of this method in analyzing time delays between
these frequency ranges.

Conclusions: Study of variability properties of OJ 287 and
BL Lac according to the data of optical and radio observations
showed similarities and differences in quasi-periods of their ac-
tivity, which can be due to the difference of emitting regions
in optical and radio ranges. In the optical range, in addition to the
jet radiation due to the inverse Compton effect, there exists
a contribution from the accretion radiation disk, whose wave
processes can give different set of quasi-periods than those ob-
served in the radio range. Therefore, qualitative observations
of these radio sources (especially optical) are very important
for further construction of models capable of taking into account
differences in the processes which form radiation variability
in optical and radio ranges.

Key words: BL-Lac objects, bandpass filtering, photometry,
periodogram, wavelet analysis
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JIOCIKEHHS BTACTUBOCTEM 3MIHHOCTI
JJALIEPTHU/] OJ 287 I BL LAC B OIITUYHOMY
TA PAIIOIAITA30OHI

Ipeomem i mema pobomu: JIOCTIIKYETCS B3a€MO3B’ 130K
1 BIIMIHHICTB y POSIBI KBa3iNePioqMYHOT aKTUBHOCTI JIALIEPTH]T
0J 287 1 BL Lac 3a naHuM# ONTHYHUX 1 paTiOCIIOCTEPEKEHD.
MeToro poGOTH € BU3HAUCHHSI Ta TOPiBHSAHHS OCHOBHHX KBa3i-
TIepiO/IiB UX JIALEPTHU]T B PI3HUX CBITIO(LIETPAX OMTHIHOTO Jia-
ma3oHy i B panioaiana3oni (Ha yactororax 15 ta 14.5 ['Tn),
a TaKOXX KOPOTKHH OIS Pe3yJIbTaTiB, OTPUMAHHX 1HIIHMH aB-
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TOpamH. BUIpoOyBaHO Tako) METOI HOPIBHSIHHS ONTHYHHX
1 pa/iioJaHUX B OKPEMHX CMyTax Onm3bkux nepioais. Leit Meton
JI03BOJISIE Kpallle BU3HAYATH 3aTPUMKH MK ONTHYHUMH Ta pa-
JIOJJAHMMU B CMyTaX OCHOBHUX KBa3iMepioJHUHUX KOJTUBAHb,
110 GOpMYIOTh KpUBI OJTUCKY, 1 “BiZICiBalOTh” IIyMH 1 HEpery-
JApHi Bapianii OJIMCKY Ta HOTOKY BUIIPOMIHIOBaHHS JKEpPeEIl.
Memoou i memooonozis: BUKOPHCTOBYBAIIUCS JIaHi ONITUYHKX CIIO-
crepexxens OJ 287 y 1978-2018 pp. i BL Lac y 1970-2018 pp.
3 karasiora AAVSO (American Association of Variable Star
Observers) Ta karanora gosrorepminosoro (2008-2018 pp.)
MOHITOPHUHTY pajiokepel Ha 40-MeTpoBOMY palioTeIecKoITi
obcepsaropii OVRO (Owens Valley Radio Observatory, USA)
Havactori 15 I'T', a Takox nani odcepsaropii UMRAO (Radio
observatory of Michigan University) oTpumaHi Ha 4acToTi
14.5TTny 1974-2011 pp. [Ans oGuucnenHs nepiogorpam ta
BEHBIIET-CIIEKTPIB BUKOPHCTOBYBAJIHCS “TIBUIKA” MOAM(IKALis
metoza JlJomOa—Ckapriia, a TAKOXK “TIBUIIKUNA™ METO/I pO3paxyH-
Ky BEHBIICT-CIIEKTPIB 3a JIOTIOMOTOFO IIIBH/IKOTO TIEPETBOPEHHS
Dyphe 3 anaizyo4oro GyHKIiero Mopiie. [HTeprionsiiis TaHux
BHKOHYBAJIACs 38 IOMIOMOTORO 3MIa/KYFOUHX KyOIUHHX CTUTAHHIB.
Jlnst BUIIIEHHS CMYT OKpPEMHX KBa3ilepioAiB y ONTHYHUX
Ta paiofaHuX BUKOPUCTOBYBaiacs ypbe-PuIbTparis 3i CrieK-
TpaJLHUM BiKHOM XEMMIiHTa, sIKa 3a0e31euye KpaiioBi eekTH
6113bK0 1 % Bt TOBKHUHH 4aCOBOTO PSAY.

Pesynomamu: 'Y pagiomkepena OJ 287 criocrepiraerbes 1oopa
BIJINOBIHICTH MXK KBa3irepioiaMi B ONTHYHOMY 1 pajiofiamna-
30H1 y cmy3i Big 1.1 poxy 1o 2 pokiB. OqHak 1OBroTpuBai
Nepioy B ONTHYHOMY Jiama3oHi, 6iu3bki 10 12 ta 6 pokis,
3rajiyBaHi B 6araTboXx Mpausx, B paaioiana3oHi € IpakTUYHO
HENOMITHUMY Ha T1i 25-piuH0i TpeH10Boi XBHIIi. Y pagiomkepe-
1a BL Lac BigmiHHOCTE#! OiitbIe. Y ONTUYHOMY Jliaria30Hi KBa3i-
nepion y 9 pokiB (B paaioniana3oHi OJU3bK0 8 POKiB) crocTe-
piraeThes y Bi3yalbHil KpuBiit Omuicky. TprBama XBUIIS 3 MOXK-
JIMUBHUM TepiofoM 0u3bko 12-+13 pokiB y ONTHYHHUX JaHUX
B pajIiolaHNX HETIOMITHA, 8 HAHOLIBIITY CXOXKiCTh MIXK IIIBUAKOIO
TIEPEMIHHICTIO B ONTUYHOMY 1 pajlio/[iara3oHi COCTePIiracThes
y cmy3i nepioniB 0.6 +4 poxu. [TopiBHSIHHS OKpEMHUX KOJIH-
BaHb Y OJIM3bKHUX CMYTax Mepio/iiB AJIsl ONTUYHUX 1 padiolaHuX,
BUANEHUX Qyp’e-dinpTpaliiero, HOKa3auo ix J00py CXOKICTh
Ta NEPCIEKTUBHICTD NOJAIBIION0 BAKOPUCTAHHS LIbOTO METOLY
y aHaJTi31 YaCOBHX 3aTPUMOK MK LIUMH JTialla30HaMH.
Bucnosok: JlocniikeHHs BIaCTUBOCTEH 3MiHHOCTI JIALICPTH]
0J 287 1 BL Lac 3a taHuMH ONTHYHUX 1 paiocIIocTepekeHb
II0KA3aJI0 CXOXKICTh Ta BIIMIHHOCTI B KBa3inepionax iX akTHB-
HOCTI, 1110 MOXKYTh OyTH OB’ s13aHi 3 BIAMIHHICTIO BUTIPOMiHIOIO-
yux objacTeil y ONTHIHOMY Ta pajiofiamna3oHi. Y oNTHIHOMY
Jniara3oHi, OKpiM BUTIPOMIHIOBaHHS JKETa Yepe3 if0 3BOPOTHO-
'O KOMIITOH-€(EKTY, CIIOCTePIiracThesi BHSCOK BUIPOMIHIOBAHHS
aKKPEeL[ifHOTO AUCKY, XBUIILOBI IIPOLIECHU B IKOMY MOXYTb J1aBa-
TH iHIIMI HaOIp KBa3inepioiB, HK B paaioniana3oHi. ToMy sikicHi
CIIOCTEPENKEHH [IUX paaioxkepen (0coOIMBO ONTHYHI) € Tyxke
BaKJIMBUMH JJIS1 TOAAJIBIIOT TOOYJ0BU MOZEJIeH, 110 Bpaxo-
BYIOTb BIZIMIHHOCTI B IIpo1iecax, o JOpMyIOTh 3MiHHICTb BUII-
POMIHIOBAaHHS y ONITUYHOMY 1 pafiozianasoHi.

Kniouosi cnosa: naueptuam, cMyroBa (iasTparis, poromerpis,
iepioforpama, BefBIIeT-aHali3
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