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KATAJIOT ITEPOA0OB IEPEMEHHOCTU BHETAJTAKTUYECKHUX
PAIMONCTOYHUKOB B CAHTUMETPOBOM JIUAITA3OHE JIJIMH BOJIH

[Ipeamer u nenb padoTel: Hccnedyemces nepemenHoCms NIOMHOCMEN NOMOKOS8 U3NYYeHUs BHe2ANAKMUYECKUX PAOUOUCIOYHU-
xoe (3C 273, 3C 120, 3C 345, 3C 446, 3C 454.3, OJ 287, OT 081, BL Lac, DA 55, CTA 102) no dannvim MHO2ONEmMHE20
(1965-2011 22.) monumopunea na wacmomax 14.5, 8, 4.8 I'Ty, evinornennozo na 26-mempogom meneckone Muuueanckoeo
ynusepcumema (UMRAQ). Llenvio pabomel s6nsiemcst cocmasienue Kamanio2a 3Ha4eHuti U C8OUCHE KEa3UNepuooos UsMeHeHUs!
naoOmHocmeti HOMOKO8 PAOUOUTYYEHUS UCCIEOYEMBIX PAOUOUCMOYHUKOS, 4 MAKHCe NPOSHOZUPOBAHUE HA €20 OCHO8E U3MeHe-
Hull niomuocmeil nomokog nocie 2011 e. na wacmome 14.5 I'Ty.

Mertonst u Mmetoponorusi: C npumenenuem 8etigien-aHaiu3a, nojiocosol puibmpayuy u anaiusa cuneyisapHoeo cnekmpa (“I’ycenu-
ya’-SSA) nonyuena unghopmayus 0 3HaUEHUAX U CBOUCMBAX KBAZUNEPUOOO8 UBMEHEeHUs! NIOMHOCEl HOMOKO8 PAOUOU3TYYeHUs.
Pazo0envHo 01 001208pemMeH ol U bbicmpoti cocmagnaruwux nepemenrocmu. C UcCnoIb308aHUeM MUX 3HAUEHUT] 61epable GbINONHe-
HO NPOZHO3UPOBAHUE 08YMS MEMOOAMU. 2APMOHUYECKUM MEMOOOM U MEMOOOM ABMOPeSPecCUOHHO20 TUHEIHO20 NPEOCKA3AHUA.
Pesynwrarel: [locmpoen kamanoe K6a3unepuoOuteckux COCmagnaouwux nepemerHoCmu RAI0MHOCMell HOMOKO8 PAOUOUSTYYEHUs
10 paduoucmounuxos, ompasxicarowux OUuHaMuKy ux akmusnocmu. Iloxasano, 4mo nepemeHHOCHb BHE2ANAKMUYECKUX PAOUOUC-
MOYHUKO8 (POPMUPYEMCS 3a CHem CIOHNCEHUS KBAZUNEPUOOUHECKUX COCMABIAIOUWUX HA PASTUYHBIX 6DEMEHHBIX MACUMAOax.
Tlonyuennvle pezynomamsi npo2HO308 NOKA3AIU XOPOUiee COOMEEMCMEUe pedibibiM Habniooenusim uz 6asvl oannvix MOJAVE.
Asmopezcpeccuonnvlii Memoo npeonoumumenet O KPAMKOCPOUHO20 NPOSHOZUPOBANHUS USMEHEHUs NIOMHOCHel NOMOKO8
Y PAOUOUCTOYHUKOB CO CLONCHBIM XAPAKMEPOM NEPEMEHHOCHIU.

3axmouenue: [lpedcmasnennvle 3HaUeHUs U CEOUCMEA KEAZUNEPUOO08 NPEeOHA3HAUEHbL 05l NOCHPOEHUS] MeOPemuecKux Mooe-
aetl 6b1cmpot U 001208PEMEHHON NEPEMEHHOCHIU 6HE2ANAKMUYECKUX PAOUOUCTNIOYHUK08. Bozmodichocmy npozno3uposanus u3-
MeHeHUTl NIOMHOCMel NOMOK08 8He2AIAKMUYECKUX PAOUOUCTIOYHUKO8 HA OCHO8E OAHHbIX 00 UX NepeMeHHOCMU NO360em
ocyuecmaname 3Qhgexmueroe NAaHUpPosanue NPoepamm Hao.Ir0O0eHuil.

Kniouesvie cnosa: emecanaxmuueckue paououcmoyHuku, KA3unepuoo, nepemMeHHocns paouousiyueHus, Geliiem-ananus,
“I'vcenuya ’-SSA, npoenos

1. BBenenmue MOZOIIOJHAIOIINX METOIOB BEUBIIET-aHAIN3A U CUH-
TyIspHOTO criekTpa. IIpeacTaBieHHble 3HAUCHUS U
pacrpe/eieHust BO BpEMEHH KBa3HIIEPHOI0B MOTYT
MPUMEHATHCS B TEOPETUUIECKUX MOJEISIX ObICTPO
U TOJITOBPEMEHHOM TEPEMEHHOCTH aKTHBHBIX SIZIED

N3ydenune nonroBpeMeHHON IEPEMEHHOCTH ITOTOKOB
U3ITyYeHHS BHETANAKTUYECKHX PaAHOMCTOYHHKOB
sBisieTcs: 3¢ (HEKTUBHBIM MHCTPYMEHTOM ISl [TOHU-
MaHus UX (PU3NUECKON CTPYKTYPBI M ITPOLIECCOB, Hop-

MUPYIOIIUX 3Ty IepeMeHHOCTb. B HacTosmieii pabo-
T€ BIIEpPBBIE MPEACTaBIEH KaTajlol OCHOBHBIX
CBOMCTB MEPEMEHHOCTH BHETAIAKTHUYECKUX PaaHO-
HCTOYHUKOB, IOCTPOEHHBIH C UCIIOJIb30BaHUEM B3aH-
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rajnakTuk. M3 oOmmpHoi 6a3b1 JaHHBIX MOHUTOPHH-
ra IIOTOKOB M3JTy4eHUs PaIuOUCTOYHUKOB Painoact-
pOHOMHYECKOH oOcepBaropnr MUYHTaHCKOTO YHU-
Bepcutera (UMRAO) ncnons30Banuch NaHHEIE, OT-
HOCSAIINECS K IECATH HanOOJIee NCCIIeIOBAaHHBIM BHE-
rajJJakTH4eCKuM 0ObeKTaM, HaOJIromaBmumcs 0oJjiee
40 et c He3HAYUTENBHBIMU MTPOIMTYCKAMHU B TaHHBIX.
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Paguouncrounuku 3C 345, 3C 454.3, DA 55, CTA 102
OTHOCSATCS K KJ1accy kBa3apos, 3C 120, 3C 273 — ceit-
(hepToBCKUe rajakTrku nepeoro tuma, 3C 446, BL Lac,
0J 287, OT 081 — oobekThI Tuna BL Lac (manepru-
ne1) [1]. Mcrionb3yeMslii B nanbHEWUIEM IS Kpat-
KOCTH TEPMUH “TIEpUO” O3HAYAET KBa3UIIEPUOANYEC-
KHe U3MEHEeHHS (2 He CTPOTHE MEPUOTUIHOCTH).

®du3nuecKue MpoIecchl, KOTOPBIE MOTYT o0ecIie-
YUBaTh HaONIOaeMyI0 TEePEeMEHHOCTh, JOBOJIHHO
pa3HooOpa3Hbl U MOJIPOOHO PaccCMaTPUBAIOTCS BO
MHOTHX 0030pHBIX paboTax, Harpumep [2]. [llupoko
pacrpocTpaneHa MOIEb JOJITOBPEMEHHOU MTepEeMEH-
HOCTH, OCHOBAHHAS HA BO3MOYKHOU MTPEIIeCCHH aKKpe-
LIHOHHOT'O AWCKA M, COOTBETCTBEHHO, JKETa, YTO B
CBOIO OYepe/lb MOXKET OBITh BHI3BAHO HATUYUEM
BTOPOW YepHOH IbIphl — cyTHHKA [3]. Jlonrospe-
MEHHAsl ePEMEHHOCTh BHETAJIAKTUYECKUX PaUO-
HMCTOYHHUKOB YaCTO OOBSCHSIETCS TaK)Ke HECTAOMIb-
HOCTBIO aKKPEIMOHHOTO VCKAa U €r0 BO3MOXKHBIM
YaCTUYHBIM paspyiieHueM [4, 5]. brictpas mepe-
MEHHOCTh PaJMOM3ITYICHHUSI MOXKET OBITh OOBSICHE-
Ha yIapHBIMU BOJIHAMH, PACIPOCTPAHSIIOIIMMUCS B
Iokere [6], BpallleHHneM BHYTPEHHUX YacTel JKeTa
[7], a Takke MPOLIECCOM MAarHUTHOTO TUHAMO U IYJIb-
CaIsIMU B aKKPEIIMOHHOM JHCKe [8, 9]. MHOXXECTBO
pPa3IMYHBIX MOJENell MepEeMEeHHOCTH MOKAa3hIBAET,
YTO €IUHOM TOYKH 3PSHHUSI HA IPUUUHBI KBa3UTIEPUO-
TUIEeCKON IEPEMEHHOCTH BHETAJTAKTHICCKHUX PAJIHO-
HUCTOYHUKOB MOKa HET. [lo3ToMy AOATOBpEMEHHBII
MOHUTOPHHT, UCCIICIOBAHHE ITEPEMEHHOCTH TUIOTHOC-
TH TIOTOKOB PaUON3ITYYCHUS, a TAKXKe MTOUCK KBa3H-
TapMOHUYECKHUX COCTABIIIIONINX IUIOTHOCTEN TOTOKOB
SIBIITIOTCS. BQ)KHOM YacTBIO CO3/IaHWS, TMPOBEPKHA U
YTOYHEHUS] MOJIENIeH, ONUCHIBAIOMINX (UINUECKUE
MIPOIIECCHI B aKTUBHBIX TAJIAKTUIECKUX sipax. [louck
MIEPUOJNIHOCTEH B M3MEHEHHAX IIOTHOCTEH IOTO-
KOB JUIsl OOJNBIINX BEIOOPOK BHETANAKTHYECKUX pa-
JTUOVCTOYHHUKOB, BKJIOUAas W paccMaTpUBaeMble B
ATOM CTaThe, MPOBOAMIICS B psAfie padoT (Harpumep,
B pabore [10] (J. H. Fan et al., 2006) metomom
IOpkeBuua uccnenoanpl 168 pagHONCTOYHUKOB),
B TOM YHCIIE C MPUMEHEHNEM BelBIIeT-aHamu3a (Ha-
npumep, B padore [11] (T. Hovatta et al., 2008)
rccnenoBansl 80 pannoncTouHUKOB). OMHAKO B O0ITB-
IIMHCTBE PabOT YaCTOTHO-BPEMEHHOMY pacIipejie-
JICHUIO TIEPUOAOB YAEISETCS He3HAYUTEeIIbHOE BHU-
maHue. CaMa BO3MOKHOCTh OLIEHKH ITOBEICHUS
BPEMEHHOTO psifia TIOCIe OKOHYAHUS HAOIIOACHUN,
T. €. DKCTPATOJIAIHSL, pACCMATPUBAETCSI B OYCHD Ma-
JIOM KOJHM4YecTBe PadoT.
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Ienpro Hamme#l pabOTHI ABISAETCS HE TONBKO ITO-
CTpOEHHE KaTajora OCHOBHBIX MEPHOOB IepeMEH-
HOCTH U BIX CBOUCTB Jy1si 10 BHETaIaKTUIECKUX pa-
JUOVCTOYHHUKOB, HO U TPOTHO3UPOBAHNE U3MEHEHUS
MJIOTHOCTEN TMOTOKOB PaJAMOU3IYUYEHHUs] pa3sHBIMHU
MeronaMu. Bo BTOpoM paszerne HacTosIel cTaThi
OTIMCHIBAIOTCS] UCXONHBIC JTAaHHBIE, MaTeMaTHIECKHE
METOABl WX aHaNW3a, a TakXKe IpeaBapHuTebHbIE
MIPOIIEY P TOATOTOBKH, PEALIECTBYIOINE aHATTU3Y.
B paznenax 3, 4 u 5 npuBeneHbl pe3yabTaThl UCCIIE-
JOBaHUU Il PaAMOMCTOYHUKOB, CIPYIIIHUPOBaH-
HBIX C YYETOM HX KJacCH(UKAIMH 1 CBOHCTB Iepe-
MEHHOCTH. {7151 cpaBHEHUS IPUBOIUTCS KPATKHIMA 00-
30p pE3yNbTaTOB, MOMYYEHHBIX APYTHMH aBTOPAMHU.
Paznen 6 mocesIeH nporHo3upoBaHHUIO TUIOTHOCTEH
MIOTOKOB paauou3ayueHus. JlaHsl omucaHue NpHU-
MEHSEMbIX METOAOB, UX OCOOEHHOCTEH M KpaTKHUM
0030p paboT APYTHUX aBTOPOB B 0OJIACTH MPOTHO3H-
POBaHUS IDIOTHOCTEH TOTOKOB M3JIyIECHNS BHETAIAK-
TUYECKUX PAJHOUCTOYHHKOB. B 3axirounTensHOM
pazzene 7 nenaroTcs BBIBOJBI IO pe3yabTaTaM Ipo-
BEJCHHOU palOTEHI.

2. MeToapl aHAIM3a MCXOIHBIX JAHHBIX

Hcxonnble nanueie Ha yactore 14.5 I'T'y noixyyeHsl
Ha 26-MeTpoBoM paauoTteneckorre (PT-26) Muguran-
cKkoro yHuBepcureTa [12] u mpenocTaBieHs! s pa-
60161 Mapro ®. Amtep (Hay4HBIH COTPYIHUK OTHE-
JIEHUs] aCTPOHOMHUHM MUUNTaHCKOTO YHUBEPCUTETA).
Meroanka noaydeHuss U oOpabOTKU NaHHBIX Ha
PT-26 onmcana B padore [13]. beumm nmpenocrasie-
Hbl YCPEIHECHHBIE 3HAYEHHUS IUIOTHOCTH MOTOKA pa-
JTUOV3ITyYeHHs] C MHTEPBAIOM BPEMEHU MEXIy OT-
cueramu 7 nHell. [Ipu moAroToBKE JaHHBIX K aHAJIU-
3y NPUMEHSUINCH CTaHJapTHBIE MPOLEYPbI CTIaXKH-
BaHMs (METOJ CKOJNB3SIILETO CPEAHEr0), BHIYUTAHUS
TpeHAa (OJIMHOMBI 13 CTeneHN) U MOTyYeHHUs paB-
HOMEPHBIX OTCYETOB 10 BPEMEHHU (MHTEPIOJISALUS
nosmmaOMOM Dyphe) ¢ maTepsasioM (.02 roaa (o ru-
CTOrpaMMe paclpeesieHus] BPeMEHHBIX pa3HoCTel
MeX1y TOukamH JaHHbIX) [14]. PaBHOMepHBIE OT-
CUETHI TI0 BPEMEHU HEOOXOAMMBI Ui MPUMEHEHHUS
OBICTPOro BeHBIET-IPE0OPa30BaHusl, & TAKXKE BBIION-
HEHUs IporHo3a. [ IpuMenenne npouenyp criaxusa-
HUA ¥ BBIYUTAHUS TPEHAA yMEHBIIAeT YacTOTHOE
paccesiHue Ha NUQPOBBIX CIEKTPax W MOJABIICHHUE
3HAUUMBIX TTHKOB MEPUOAOM, OJM3KHM K JUIMHE WC-
cienyemMoro psaa. [nd BelAeneHus: KOPOTKOIEpHO-
JUYECKUX COCTaBISIIOIINX PSINOB JaHHBIX, KOTOPHIE
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ObUIM He3aMeTHbI Ha ()OHE OCHOBHON MeAJIEHHOU
nepeMeHHOoCTH, Obula mpoBeaeHa (ypre-puibrpa-
uusd [15]. TloaTBepkeHrUEe TOrO, YTO BBIICISIEMBIC
TakuM 00pa3oM KOPOTKONIEPHOANUECKUE KOJIeOaHHS
HE SBIISIOTCS IIyMOBBIMU KOMIIOHEHTaMH, IMOJIY-
4ajaoch IPOBEPKOM TMIIOTE3Bl O MPUHAAJIECKHOCTH
HaOIrI0IaeMoi BEIOOPKH HOPMaJIbHOMY 3aKOHY He-
CKOJILKUMH METOJaMH1 (MOAU(PULIUPOBAHHBIE KpUTE-
pun Konmmoroposa u CmupHoBa, kputepun Kpamepa—
Muzeca u Aunepcona—/lapaunra [14].

3HaueHus1 MapaMeTpoB HCXOJHBIX AAHHBIX AJIA
TPyl paguorajakTHK, KBa3apoB M JalepTui MoKa-
3aHbl B Ta0n. 1, 2 u 3 (3mech /' — yacrora HaOIIO-
JeHUH; ¢ — MHTEpBaj HaOMoAeHUi; N — YUCIIO TOUEeK
pit:1 13050 S SNNINRY | I .« — CpPelHee, MUHMMAIIb-
HO€, MaKCIMaJIbHOE 3HAUYEHH ITIOTHOCTH TIOTOKA pa-
JUOU3ITY4eHHsT; O/ — MOrPEelIHOCTh U3MEPEHHUS IUIOT-
HOCTH II0TOKAa; G — CTAHAApPTHOE OTKJIOHEHHE).

min »

[lepeMeHHOCTP MHOTMX BHETAJAKTHYECKUX pa-
JTUOVCTOYHUKOB HMEET HEOIHOPOIHYIO CTPYKTYPY.
[lepronorpaMmHBIil aHAJIN3, B OCHOBE KOTOPOIO Jie-
XHT npeoOpazoBanue Pypbe, TO3BOISIET BBIACTHUTE B
aHAJTM3UPYEMOM BPEMEHHOM psily €ro rapMOHHYEC-
KHE COCTABIISIOIIIE U OLICHUTH X Neprosibl. OHAKO OH
He JaeT HHPOPMAIIH O TOM, KaK IMEHHO 3TH FapMOHH-
YECKHE COCTABJISAIOLINE U3MEHSIOTCS BO BPEMEHHU.
YactuuHo 3Ta 3a7a4a penIaeTcs ¢ MOMOIIbIO IPUMe-
HEHUsI OKOHHOTO IpeodpazoBanust Pypre. OnHaKo He-
JOCTaTOK 3TOT0 METOJ[a COCTOMUT B TOM, YTO ILIMPHHA
OKHa HE M3MEHSETCA B 3aBUCHMOCTHU OT JIOKAJIbHBIX
0COOEHHOCTEN MCCIemyeMbIX NaHHbIX. [ aHamm3a
OBICTPON NEPEMEHHOCTH LIMPHHA OKHA JOJKHA
YMEHBIIATHCS, a JUISI MEIJIEHHON — yBEJTMYMBATHCA.
Ecnu »e npuMeHATh TOIbKO “IINpOKoe” WIH “y3Koe”
OKHO, Oy/IeT CyIlleCTBEHHAs MOTeps WHPOpMALUK O
YaCTOTHOM COCTaBE MCCJENyeMbIX NaHHBIX. [Ipume-

Tabnuya 1. TlapameTpbl BpeMeHHBIX PsI10B 111 ceiipeproBekux ranaktuk 3C 273 u 3C 120

3C 373
F,ITu t, IT. N 1 o> SIH I in» A1 L pax > S0 81, Sl c
14.5 1974.4-2011.1 1429 31.28 18.33 53.95 0.36 7.88
8 1965.6—-2011.1 1738 37.54 24.71 51.95 0.43 5.95
4.8 1978.4—-2011.0 1025 37.24 32.78 44.56 0.30 2.55
3C 120
14.5 1974.6-2011.0 1096 3.21 1.60 11.77 0.06 1.70
8 1966.7—2011.1 1182 4.57 1.84 15.30 0.08 2.48
4.8 1980.3 —2009.7 629 3.74 221 5.55 0.08 0.70
Tabnuya 2. llapameTpbl BpeMeHHBIX psaaoB s kBazapoB 3C 345,3C 454.3, DA55u CTA 102
3C 345
F,ITu {, IT. N 1 ean» S1H Lin» SH 1oy, SH 31, Sln c
14.5 1974.4-2011.1 1289 8.68 4.50 17.48 0.13 2.71
8 1965.7—-2011.1 1196 9.50 4.62 16.05 0.12 2.61
4.8 1978.4-2011.0 1094 8.51 5.11 13.12 0.10 2.03
3C 4543
14.5 1974.2-2011.1 1558 10.05 5.11 28.04 0.13 3.86
8 1966.6-2011.1 1529 12.30 6.51 2691 0.14 3.73
4.8 1978.5—-2011.1 885 11.70 7.61 17.16 0.13 2.06
DA 55
14.5 1999.1-2011.0 519 3.95 1.56 5.73 0.07 0.77
8 1991.1-2011.1 354 3.36 1.60 4.90 0.08 0.65
4.8 1999.1-2011.0 403 2.64 1.37 4.63 0.06 0.58
CTA 102
14.5 1999.1-2011.1 481 4.18 222 7.22 0.07 0.98
8 1999.1-2011.0 301 4.50 2.85 7.03 0.07 0.73
4.8 1999.1-2011.1 259 492 3.83 6.28 0.07 0.44
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Tabnuya 3. IlapamMeTpbl BpeMeHHBIX psiioB 1Js janeptug OJ 287, OT 081, BL Lac u 3C 446

0J 287
F,ITu f, IT. N I ean»> SIH I ins S0 1 ax> SIH 3/, Sn c
14.5 1974.5-2011.1 1121 3.81 1.25 10.00 0.08 1.72
8 1971.1-2011.1 936 3.47 1.15 7.67 0.07 1.37
4.8 1979.3-2011.0 766 2.44 1.05 4.57 0.07 0.80
OT 81
14.5 1999.1-2011.1 707 4.10 0.90 8.36 0.06 1.42
8 1999.1-2011.1 364 3.46 1.20 5.93 0.07 0.11
4.8 1999.1-2011.0 409 2.72 0.64 5.31 0.07 0.82
BL Lac
14.5 1974.2-2011.1 1441 3.56 1.50 15.46 0.06 1.60
8 1968.1-2011.1 1138 4.18 1.67 13.33 0.08 2.01
4.8 1979.3-2011.1 1010 341 1.70 10.22 0.06 1.23
3C 446
14.5 1979.9-2011.1 949 6.33 2.90 10.37 0.08 1.66
8 1979.0-2011.1 752 5.86 3.04 8.95 0.08 1.45
4.8 1980.4-2011.1 603 5.36 3.53 8.20 0.09 1.07

HEHUE BelBJIeT-aHaIM3a II03BOJIIET YBUETD JEeTallb-
HYIO CTPYKTYpY IIPOLIECCA U HBOJIIOLUIO TAPMOHHYEC-
KHUX KOMIIOHEHT CUT'HaJIa BO BPEMEHH.
HenpepeiBHOE BeiiBneT-peodpa3zoBaHue MOKHO
TIOJIYYHTh, CCIIM B BHIPAXKCHHUH BeiBIIeTa  , ; (x) =
27/ *y(2/x—k) paspemmts uucnaMm j u k TpHHH-
Marb HETIPEPBIBHBIE 3HAYEHHUS, & UX CYMMBI 3aMEHUTh
Ha UHTerpaibl. Torma momy4YnM ceMeicTBoO (QyHKIUIA

W, (X) =L\v(

al

x—b

), a,beR, a=+0,

3aBHUCHIIEE OT ABYX HEIPEPBIBHBIX MMAapaMETPOB a
u b. [Tapametp b ompenensier CABHT MO OcH X, Ma-
pameTp a — 3To MaciTabHbINA K03 duimeHt. Henpe-
pBIBHOE (MHTETpajbHOE) BeWBIET-IpeoOpa3oBaHue
dbysakmun f(x) ompenensieTcs opMyIIon

W, /](a:b) =
=(vus) =l o[ 55 e

[IpuMeneHne HENPEepPHIBHOTO BEHBIIET-TIpeoOpa3oBa-
HUS 00YCIIOBJICHO TEM, UYTO B CPABHEHHUH C JTUCKPET-
HBIM TIpe00pa3zoBaHUuEeM OHO OoJsiee yoOHO /sl aHa-
JM3a BPEMEHHBIX PSOB 32 CYET U30BITOYHOCTH, CBSI-
3aHHOU C KBa3WHEIPEPHIBHBIM M3MEHEHHEM Macll-
TabHOTO KO3 UIMEeHTa a U MapaMmeTpa cABura b.
OT0 MO3BOJISIET ONPEAEINTh Ha BEIBIET-CIIEKTpE
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HE3HAYUTEIbHbIE U3MEHEHUS MEPHOAOB U aMILIH-
Tynbl KoneGanui. s morcka nepruoin4eckux KoM-
MMOHEHTOB CUTHAaJIa XOPOLIO TOIXOAUT KOMIIEKCHBIH
BeiiBneT Mopie, mpeacTaBISONNi co00il cuHy-
COUAAJILHYIO BOJIHY, MOIYJIMPOBAHHYIO I'dy CCHAHOM.
B oTnnume oT 1pyrux BeHBIETOB 11 HEMPEPHIBHOTO
npeoOpa3oBanus, HanpuMep Beiipiera [layns u npo-
n3BoaHbIX QyHkmu [aycca (DOG), BeliBner Mopie
HMMEET XOpOoIllee YaCTOTHOE Pa3pelieHue U Ompese-
JIeTCs cexyromei GopMynou:

w (eZinwt _ 6723/2 ) e—anwztz/zg ]

WM(I’W): \/7

31ech ¢, — HOPMaJIM3YIOLIAs KOHCTAHTa, W — Yac-
TOTA JIOKAJIbHBIX KosleOaHuii. BoiHoBoe uucio z, 3a-
JaeT KOJMYECTBO KoJeOaHWil B BOJIHOBOM IIaKeTe.
Koppexrupyromuii kodpduiment e ? OYeHb Mall npu
Z, 25, 1 UM YacTo npeHeOperator. C yBeIudeHHEM
Z, BO3pACTaeT yIIOBOE paspelleHue 0asuca, Ho yXya-
IaeTCsl MPOCTPAaHCTBEHHOE. Majble 3HaYeHUs Zz,
MNPUBOJAT K CYIIICCTBCHHOMY IMMOHMKCHHUIO HaCTOTHO-
r0 paspeuieHus CIeKTpa, IIPU 3TOM BPEMEHHAs 4yB-
CTBUTENBHOCTh MaKCHUMAaJIbHA. YBEJINUYECHUE Zy npu-
BOJUT K YBEJIMUEHUIO YaCTOTHOTO pa3pernteHus [16].

Ha npaxTuke BbIYUCIIEHHE HETPEPHIBHOTO BEWB-
JIeT-Ipeo0pa30oBaHmsl METOIOM TIPSMOTO HHTETPH-
pOBaHMS MOXXET 3aHUMaTh MHOTO BpeMeHH. [loatomy
yIO0OHO HCIOIB30BaTh OBICTPOE HEMPEPHIBHOE BEUB-
JIET-TipeoOpa3oBaHe Ha OCHOBE OBICTPOTO Mpeodpa-
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30BaHusl Pypre. D10 obecreunBaeT O4eHb OBICT-
pBI€ BHIYMCIICHUS (B CPAaBHEHUH C TIPSMON CBEPTKOM
CUTHaja ¢ MaclITa0UPOBAaHHBIM BEHBIETOM) IpH
Oonmpmx 00bEMax HMCXOMHBIX IJAHHBIX, a TaKXKe
BbIOOPOYHOE BOCCTAHOBJIEHHE KOMIIOHEHT BPEMEH-
HBIX PSIOB B MHTEPECYIOLIEH YacTH BEHBIIET-CIIEK-
Tpa (monocoBas ¢uisrpanus). [logpodHOEe ommca-
HHE TOT'0 METO]1a MOKHO HalTH B padorax [17, 18].

YPOBHH 3HAYMMOCTH MaKCHMYMOB BEUBIICT-CIICKT-
pa HaHOCUIHNCH Ha TpadUK BEHBIET-CIIEKTPA B BHUIC
BETOBBIX rpaaneHToB (0T 10 +50 % 10 99+99.9 %).
Hampumep, ypoBers 95 % mokaspIBaeT, 4T0 TOIBKO
B 1 cimyuae u3 20 118 cirydaiiHBIX HA0OPOB TaHHBIX,
AQHAJIOTHYHBIX 0 pa3Mepy HCXOJHBIM, MaKCHMAJb-
HBII CIEKTpaJbHBIM MUK HA BEUBIIET-CIIEKTPE J1OC-
TUTHET 3TOM BBICOTHI cinydaiiHo. Ecnu cniekTpaib-
HBIN MK OPEBHIIAET ypoBeHb 99.9 %, TO ecTh MM
OJIMH IIAHC W3 TBHICSYH, YTO STOT MUK CIyYaiHBIMH.

ITockobKy ITpH BBIYUCIIEHUN HEIIPEPBIBHOIO BEWB-
JIET-CIIEKTPa UCTIONB3YeTCs OBICTPOE Ipeodpa3zoBaHe
@Dypbe, Ha Kpasx CIEKTpa MOTYT HOSBISITHCS HCKa-
xeHnst. OOBIYHO OHM MPOSIBIISIIOTCS B HU3KOYACTOTHOM

o0JacTy CreKTpa. 1o CBSI3aHO C TEM, YTO BBICOKOYA-
CTOTHAsI YacTh CIIEKTPAa BHIYUCIISIETCS HA OCHOBE MAJIBIX
O JUTUTENIbHOCTH YYaCTKOB aHAJM3UPYEMOTo psijia, a
HHM3KOYaCTOTHAsI 4aCTh — Ha OCHOBE Ooubmnx. [ToaTo-
My JOCTOBEPHOH sBJIsieTcs: 00/1acTh CIIEKTPa, BHE KO-
TOPO BEHBIET-KOIPPUIMEHTHI BEIYHUCIISIOTCS 110 OT-
pe3KaM, BBIXOISIIMM 3a TPaHHIBI aHATU3UPYEMOTO
psaa. UtoObl yMeHBIHTE 3TOT 3()(deKT maHHbIe 10-
MIOJHSIOTCST HEOOXOANMBIM KOJIMYECTBOM HYNEH 10
OmroKaiiieit creneHu ABOWKH. DTO MPUBOIUT K YMEHb-
HICHUIO aMIUTUTYIbI BelBieT-kod(hduinreHToB Ha
Kpasix criekrpa. 1 yuera 061acTu BO3MOXKHBIX Kpae-
BBIX 3(h(heKTOB Ha BEHBIIET-CIIEKTP JOOABIISFOTCS YPOB-
HH KOHYCa BJIMSIHUS, a 3HAYCHHUS IEPHOZIOB JTydlle Oparhb
M3 JIOCTOBEpHOM obyactu criekrpa [19].

BeiiBieT-crieKTp 0JJHOMEPHOTO CUTHAJIA PECTAB-
nsieT co0oi MOBEPXHOCTH B TPEXMEPHOM IPOCTPaH-
CTBE, IJ€ M0 OCH Z OTKJIAJAbIBAETCS] CHEKTpaIbHAs
TUIOTHOCTH MOIITHOCTH WJTH 3HAYEHUS KO PUIIeH-
TOB BEHBIIET-TIpe0Opa3oBaHus, MO0 OCH X — BpeMms,
a mo ocu Y — yactoTta (KOJIMYECTBO LIMKJIOB B T'O)
WK Tiepuos, uto ynoOHee (cM. puc. 1).

V' A 09 >
Gpe%\ \q% b:_\ R 4'13.)‘ s X
oy, & & 9 6.3, 29
N Qo g, Sy
V0
N

Puc. 1. TIpumep BEHBIIET-CIICKTPa B TPEXMEPHOM H300pakeHnu Jyist uctounnka 3C 454.3 navacrore 14.5 T
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[TockonbKy H300paskeHHsI IOBEPXHOCTEN HEYI00-
HBI NP U3YyYEHUU CTPYKTYpHl CHUTHANA, UX 3aMe-
HSIOT TMPOEKINSIMHU Ha TJIOCKOCTh ‘‘dacToTa—BpeMsl”’
C M30JIMHUSIMHU WM U30YPOBHAMH (II€ N3MEHEHHUE Be-
JIMYHHEI, OTJIOKEHHOH IT0 OCH Z, TOKa3aHO IIBETOM,
HaIpuMep B Ipafalusix Ceporo IBETa), MO3BOJISIO-
IMHUMHU NPOCTICANTb U3MCHCHNEC UHTCHCUBHOCTU aMII-
JUTY] BEeHBIET-IpeoOpa30BaHus Ha pa3HBIX IEPHO-
nax ¥ Bo BpeMmeHu. Korma HeoOxomuMmo Ioxa3aTh
OU€Hb IMPOKUH JUarna3oH NEPHOAOB, HAIPUMED OT
~ 0.5 roga 10 ~15 Jet, BEHBIET-CIEKTP CTPOUTCS
B JlorapuMHIECKUX KoopAauHarax. Ha rpaduke
“gacToTa—BpeMs” TapMOHHUYECKHE KOMIIOHEHTBI
CUTHaja BUAHBI B BUJE SPKUX IATEH, BHITATUBAIO-
IIKUXCA B MOJIOCHI BAOJb Ocu BpemeHu. [Ipumep no-
Ka3aH Ha puc. 2.

Kpome yacTOoTHO-BpEMEHHOTO CIEKTPa, BEUBIIET-
npeoOpazoBaHue AaeT BO3MOXKHOCTh CTPOUTH JI0-
MIOJTHUTEIIHHO J[Ba BU/1a HHTET PAJIbHBIX (JIByMEPHBIX)
CIIEKTPOB.

WHTerpanbHblil CIEKTP ¢ YCPEJHEHUEM 1O Bpe-
MEHH MPeCTaBIIsIeT COO0I aHANOT CTIIaXKEHHOH Tie-
puogorpaMMbI U MO3BOJIACT BbIACINUTL HAa CIICKTPE
o0JacTH ¢ HauOOIBINEH CIIEKTPATBHOW MOIITHOCTBIO.

WHTerpanbHblil CIEKTP ¢ YCPEIHEHUEM IO Yac-
TOT€ NOKa3bIBAET paclpelieieHHe CIEKTpaJbHOU

Yactora, 1/rox

0.2

1999 2001.4

2003.9
Bpewms, romst

IUIOTHOCTH MOIIHOCTU N0 BpeMmeHH. lloka3piBaer
MOMEHTBI HaWJy4dlIero COMOCTABJICHUS aHAJIH3H-
pYIOIEro BEeHBJETa U CUTHANIA HA Pa3HBIX MEPHO-
Iax Ha OJHOM MHTepBaie BpeMeHH. [lompoGHoe
onucanue npuseneHo B padote [20]. [Ipumep un-
TErpajbHOro CHEKTpa ¢ yCPEeAHEHHEM IO 4acToTe
st ucroynuka 3C 273 na gacrore 14.5 I'T'y moka-
3aH Ha puc. 3.

3HaueHus MepruoA0B U3MEHEHUH IIIOTHOCTEH Mo-
TOKOB M3JTyU€HHsI UCCIEAYEMBIX PaIUOUCTOUHUKOB,
IMOJIy4YCHHBIC Ha OCHOBC IIPUMCHCHUSA BeliBieT-aHa-
JIM3a, YTOUHSUIMCh C UCIIOJIb30BaHUEM aHAIN3a CUH-
T'YISIPHOTO crieKkTpa. B pabdore amns 3Tux nesnen Obu1
MIpUMEHEH IporpaMMHbIi maker “Tycenuna”-SSA
(Singular Spectrum Analysis). [lonpoOHoe onrcanne
MeToa JaHo B pabore [21]. Iporenypa ananmza
CHUHTYJISIPHOTO CIIEKTPa PAaCKIaIbIBACT MCXOJHBIN
CUTHAJ MO YacCTOTHBIM mojocaM (y3KOMOJOCHas
¢dunbrpars). OHK coepKaT MEIUICHHO MEHS IO -
CS KOMIIOHEHT (TpeH[), MePHOIUISCKHE COCTaB-
nstomye U myM. OcoOeHHOCTh aHallu3a CUHTYJISIp-
HOTO CIIEKTpa 3aKIII0YaeTcsl B TOM, YTO B pacuyerax
OH HE UCTIOJIb3YET aHATM3UPYIONIYIO QYHKIHIO, MO-
3TOMY 3TOT METOJ| IMO3BOJISAET C OONBIION TOYHOC-
TBIO BBIACTATH Pa3IMYHbIE KOMIIOHEHTHI IT€peMEH-
HOCTH HCCJIEyEeMOT0 BPEMEHHOTO psiza.

Tlepuon, rompt

0.32336
0.47818
0.70711
1.0456
1.5462
2.2865
3.3812

5.0

2006.3 2008.8 2011.2

Puc. 2. TTpumep BeiiBner-cnekrpa aist ucroanuka DA 55 na gactore 4.8 I'T'ny, O — C (KOMITOHEHT KPaTKOBPEMEHHOH ITepEeMEHHOCTH ).
®rnaxxkaMu yKka3aHbI HePHOIbI, COOTBETCTBYIOIINE BBIIEICHHEIM YJacTKaM CIIEKTpa
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Puc. 3. IHTeTpaJIbHBIN CIIEKTP C yCPEAHEHUEM I10 4aCTOTE JUIs
ucrounuka 3C 273 na yacrore 14.5 I'Tu, O — C (kOMIIOHEHT
KpaTKOBPEMEHHOH IepeMEHHOCTH ). BpeMeHa MakcHMyMOB CIIEK-
TpaJIbHOW IIIOTHOCTH MOIIHOCTH — 1991.5 11 1998.3. Ha Beii-
JIET-CIIEKTPE 3TH MAKCUMYMBI COOTBETCTBYIOT HAJIO)KEHHIO CIICK-
TPAJIBHBIX MOJIOC C PA3INYHBIMU IEPUOTAMH

AHaJn3 CUHTYJIAPHOTO CIIEKTPa OCHOBAH Ha Ipe-
00pa3oBaHMHM OJHOMEPHOTO BPEMEHHOTO psla B
MHOTOMEPHBIH € IMOMOILBIO OHONIAPAMETPUIECKOM
CABHUIOBOM MpPOLEAYPHI, MOCIE YETro MPUMEHSETCS
METOJl TJIaBHBIX KOMITOHEHT.

st Toro 4ToObl aHANM3UPOBATh BPEMEHHOH psij
F, = ( Sos oo J N_l) JUTHHOM N, HCIIOJIb3YETCS 1ENbII
mapameTp L (anmHa OKHA), KOTOPHIN BBIOMpaeTcs
MIPOU3BOJIBHO, HO MPH 3TOM OH HE JOJDKEH Ipe-
BBINIATH TIOJIOBUHY JUTHHEI psiAa [22]. bonbinme 3Ha-
YeHus L ynydIiaroT pa3perieHue Merona. 3arem

5(2.987 %)

6(2.141 %)

COCTaBJISIETCS] TPACKTOpPHAs MaTpula psaa pas-
MepHocTH LXK (Tae 4mMcio BEKTOPOB BIIOXKECHHUS
K=N-L+1):

X=[X,, ... X¢]

Janee MpOUCXONAUT CUHTYISAPHOE DPa3IOKECHHE
MaTpulbl X, B PE3ybTare MOIYy4aeM

X; :\/;\‘_iUiViT’

rae A =i, >... A, >0 coOCTBEHHBIE YnCIIa MATPH-
T

sl XX, A; —cobcTBeHHOe uncio, U, — coOCTBeH-

HbIit BexTop, ¥, — daxropHsiii BexTop. HaGop

1

X=X +X,+..+X,,

\/k_iUiViT Ha3bIBAIOT i-il cOOCTBEHHON TPOIKOi
(eigentriple) [23].

3areM MPOBOAMTCA TPYIITUPOBKA KOMIIOHEHT pa3-
JIO’KEHUs, MHOXeCTBO {l, ..., d} pa3OuBaercs Ha m
HETIePECEKAIOIIMXCsSl OMHOXKECTB [

X, =2 X,

kel;

X=X +X, +..+X,,

B xoHIIE 10 CrpynmMpoOBaHHBIM MaTpHUIlaM BOCCTa-
HaBJIMBAETCS UCXOMHBIHN PsI.

[IpuMeHnUTETPHO K MEPEMEHHOCTH MTOTOKOB H3-
JMy4eHUs BHETAIAKTHYECKUX PAJUOMCTOYHUKOB
¢ nomoibo Metona “I'ycenuna” psn packiaabl-
BaeTcs Ha TPEHIOBBIC, KBa3UTAPMOHUYECKUE U TIIY-
MOBBIE€ KOMIIOHEHTBI, CyMMapHO ()OPMHUPYIOIIHE Ha-
omomaemyto mepeMeHHOCTh (puc. 4). Ucmonb3ys

7(1.885 %)

8.8 73 6.1
310 [ A/\/\\ 2.0/\ AW \/\ 20 A\/\ /\ A /
e[ TV e Y AT
ﬁ_zzj 80736 %) _gz 90346 %) _gzg 100281%)
gl.O%f\M///\/\ /) /\ 1-1;\ \/\W’ 0.9 A/\A{\/\/\Avﬂ /\/\/\VA
5—1.7:\/\/ \J V \/ W _1ol \ \/\ —1,21/ V U Y v\/ VR
_22 - 11(0.f55 % _3:(1) /\ ‘12(6.24!4 %)l _3:3 13(0.204 %)
0.8/ /1 ’,f\ i ApL S/ 1 /\A f\/\ A /\ o 067
—I.OJ \/ \,\/ \'J \\/\/ \/ \\\/ VA \\/ —O.Sj v \/ \/\\\j\) v \/ \/VA\/\/ ‘_()‘8:/\ | /\/\/\
A A I Voo A ,
_2'81 297 592 888 2'71 297 592 888 2'21 297 592 888

Homep Touku

Puc. 4. I'maBHBIe KOMIIOHEHTH! 11 nctoganka 3C 446 Ha gactote 14.5 I'T'i1. BugHo, 4T0 H3MEHEHHE TUIOTHOCTH ITOTOKA M3y YSHUS
MIPENICTaBIISCT CIIOKHYIO CYMMY KoJIeOaHHH C pa3HBIMH aMILIUTYIAMH U XapaKTePHBIMUA BpEMEHAMU H3MEHEHHS
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JUTSl BOCCTAHOBJICHHUST KOMITOHEHTBI BPEMEHHOTO psijia
C pa3HBIMU MEPUOJAMU KOJIeOAHUH, MOXKHO HCCIIe-
JIOBATh JIAaHHBIE B OT/ICJbHBIX CIICKTPAIbHBIX I10JI0-
cax [24].

DTOT METO XOPOIIO PUCTIOCOONIEH /IS aHAIN3a
PaaroacTPOHOMHYECKUX BPEMEHHBIX PSJIOB, HO Bpe-
Ms BBIYMCIICHUN 3HAYUTEIILHO 0OJIbIIIe, YeM Y ObICT-
poro BeuBIeT-IpeoOpa3zoBaHusl.

3. I'pynna ceii)epTOBCKHMX raJJAKTHK
3C 273, 3C 120

Pangnouctounrnku pa30oUTHl HAa TPyNIBl B COOTBET-
CTBUH C PU3NIECKIMH OCOOEHHOCTSIMH H KJTacCU(H-
kanuei (cerihepTOBCKHE TaJlaKTUKU TIEPBOT0 THIIA,
KBazapsl, Jaueptuasl). Paguoncrounuku 3C 273
u 3C 120 9acTo OTHOCAT K celi(hepTOBCKUM TaJlaK-
tukaM nepsoro tuna (Ho 3C 273 knaccuduuupyercs
U KaK KBa3ap), 1 OObeIMHEHbI B OIHY TPYIIILY.

I'paduxu M3MeHEHMs TIOTHOCTEH MMOTOKOB H3ITY-
yerus paarnonctouHukoB 3C 273 u 3C 120 moka3aHsI
Ha puc. 5.

8ITn
w50 1
= L v
g 48TT
szt S1in
[=] 1
e t
B341
g N
=
226 | /]
E B 14.5 Ty
18 | | 1 1 |
15
%13 -
gll o
291
N
g 7 ! 48TTn
L A
3k Y %
1 1|4'SITLI ] v | Jl |V
1964 1972 1980 1988 1996 2004 2012
Bpems, roasr

Puc. 5. I'paduku n3MeHEHUs ITIOTHOCTEH TIOTOKOB PaHOH3ITY-
yeHns nctoanukoB 3C 273 (BBepxy) u 3C 120 (BHMBY)

168

CsoiictBa nepemennoctu 3C 273 u 3C 120 onu-
caHbl BO MHOTUX paboTax. Hanpumep, B padote [25]
(Z. Abraham & G. Romero, 1999) mo nmaHHBIM, 110-
ny4yernHbeM MetonoMm PCIB (pazmnountepdepomer-
pHUs CO CBEPXUIMHHBIMH 0a3aMu), UCCIIEIOBANIOCH
CIIUpaNbHOE JBUKEHUE KOMIIOHEHT B JKETE C BO3-
MOYKHBIM MEPHOIOM €ro MPEeLecCHH OKoJio 16 et
B pa6ore [26] (Bi Xiongwei et. al., 2012) obcyx-
JaeTCs MEePUOJ MPOLOIKUTEIBHOCTBIO OKOJIO § JIET,
HaOIIoMaeMbIi B paJyio 1 MIJLTUMETPOBOM JHara-
30HaX. B pabore [27] (Mao Li-Sheng et. al., 2007)
uccaegopancsa uctouynuk 3C 120 Ha yacrtortax 37,
22, 14.5, 8, 4.8 I'Tu, u Obul OOHApPY)KEH TIEPHOT
4.2 rona. B pa6ore [28] (E. T. benokons, 1987)
ObLIa yCTaHOBJIEHA B3aMMOCBS3b MEXIY CBOWCTBA-
MU PaJUOIKETa U ONTUYECKUM HU3ITYUYECHUEM y HUC-
tounuka 3C 120.

3HaueHus: nepuonoB 1jsl uctounukor 3C 273 u
3C 120, nonmydeHHbIE B pe3ynbTare BEWBIET-aHa-
nn3a, MoKa3aHel B Tabn. 4 m 5, 31ech U jaanee
HCTIONB3YIOTCS clienaylomue obo3HaueHus: F —
4acToTa, HAa KOTOPOU BENHMCh HaOmroneHus; P

max

P . — Haubombllee U HaUMEHbLICE 3HAYCHUS IIe-
pHOJa B TOIaX HA €0 BPEMEHHOM HHTEpBaJIE (€CIIH
MPUBEIEHO OJHO 3HAYEHHUE, ITO O3HAYAET, YTO IIe-
pHOJI HA yKa3aHHOM MHTEPBAJIe BpEMEHHU HE H3Me-
HsIcsl); P, — MOTrPEIIHOCTh ONpeeIeHUs] Iepuo-
na; T, T,4 —Ha4aJIbHbIM U KOHEYHBI MOMEHTHI
BPEMEHH, B MHTEPBAJIE MEXIY KOTOPBIMU NPOSB-
nserca nepuox; PSD, . — HauGonbliee 3HaueHHe
CIIEKTPAJIBLHONW MOIIHOCTH nepuona; Ipgn,  — MO-
MEHT BPEMEHH, B KOTOPBIH CIIEKTpaIbHas MOILHOCTD
Obu1a HanOonben; 7;ys ~— MOMEHT BPEMEHH IS
MaKCUMyMa cneKTpanLH(;n% MOILHOCTH INTO0aTbHBIX
CIIEKTPOB, KypCHBOM M MOAYEPKUBAHUEM BBIJIETIE-
HBI 3HAUYEHUS1, COOTBETCTBYIOLIUE €€ HAUOOIbIIEMY
3HAYEHHUIO.

¥ ucrounuka 3C 273 ecTb U3MEHEHHE OCHOBHO-
ro IepuoAa, = 8 JIeT, C yMEHbIICHUEM K KOHILY psfa.
JIydme 310 3aMeTHO Ha yacTtoTax 14.5 m 4.8 I'Tw.
K 2011 r. cuipHO magaeT TakkKe aMIUTHTyAa KO-
ne0aHU MIOTHOCTU MOTOKa. B pabote [29]
(A. E. BonbBau u gp., 2013) npenmonaraercs,
YTO Y HICTOUYHHKA IPOUCXOANUT COOl OCHOBHOTIO T1e-
puona. OnHaKo anmpoKCcUMalrs CHHYCOUJION ¢ Ie-
puonoM ~8.11 roma MOKa3bIBAET, 4TO BO3MO-
XKeH He cOoll mepuoaa, a NUIIb YMEHBIICHHUE ero
amriuTynsl (puc. 6). Ha gacrote 8 I'Ty (mepuog
~8 JeT) BOJIHA HaKJaAbIBACTCs HA IUIUTEIbHYIO
(ha3y BBICOKOH IUIOTHOCTH MOTOKA, TPHOIU3UTEIHLHO
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Tabnuya 4. 3Ha4eHHs1 NePUOJOB U3MEHEHHs INIOTHOCTH MOTOKA PaAuou3lydeHus ucrounuka 3C 273

3C 273, monroBpeMeHHast IEPEMEHHOCTb

F,ITn B, IT. Bin, T P, . Titart > IT- Ting» IT- PSD,.« Tpspyp o T | TGSy > IT

14.5 8.0 7.4 0.05 1977.7 2000.0 36333 1987.4 1991.3
p 11.3 0.40 1974.5 1993.0 10051 1984.4 1990.6

7.8 0.06 1981.5 1998.0 13086 1988.8
4.8 8.0 7.6 0.07 1981.4 2001.6 4400 1991.4 19925

3C 273, kparkoBpeMeHHas nepemeHHocTh (O — C)

34 3.0 0.04 1989.4 2004.3 500 1997.8
145 23 2.0 0.02 1985.0 1998.5 482 1990.4 1991.5
1.4 1.2 0.03 1990.0 1997.6 190 1990.8 1998.3

1.2 0.01 1980.0 1984.0 136 1983.5
34 0.05 1991.8 2003.7 384 1999.3 1967.2
] 2.8 23 0.03 1967.4 1997.0 232 1991.7 1975.5
1.6 1.0 0.02 1982.8 1998.4 157 1995.9 1991.4
1.5 1.3 0.02 1966.5 1970.5 63 1967.3 1999.0
33 29 0.06 1987.7 2004.6 202 2001.2 1980.4
4.8 2.3 0.02 1990.0 1998.0 147 1994.8 1991.1
1.3 0.04 1990.9 1995.6 50 1992.9 1999.2

Tabauya 5. 3HAYeHUSI NEPHOIOB M3MEHEHHs IUIOTHOCTH OTOKA pagnou3iaydenus ncrounuka 3C 120
3C 120, gonroBpeMeHHasi IEPEMEHHOCTh
F,ITu B, IT. By, T P, rr. Tyarys IT- Tnds IT- PSD, .« Tosp,, o T | TGws, > IT
4.6 3.8 0.03 1980.3 2008.5 195 1989.6 1985.0
14.5 6.3 5.9 0.07 1979.0 1997.8 97 1989.2 1990.2
10.1 0.20 1988.4 2009.9 198 1994.8 1998.0
4.8 4.3 0.04 1982.2 1996.5 230 1987.8 1985.2
8 8.5 8.1 0.06 1990.4 2007.7 118 1991.1 1990.0
12.4 0.30 1970.0 2005.0 1613 1979.0 1998.3
1986.0
4.8 4.5 0.02 1983.3 1994.0 194 1988.4 1989 3
10.0 0.10 1989.7 2009.2 401 1996.7 2007.6
3C 120, xparkoBpemeHHas nepeMeHHOCTh (O — C)
1.8 ‘ 1.5 0.03 1979.3 1984.3 19 1980.8 1985.0
1.6 0.02 1989.2 2000.7 29 1998.2 1992.0
14.5 2.1 0.03 2005.5 2010.2 18 2008.7 1998.2
0.8 | 0.7 0.01 1981.1 1985.1 13 1983.6 2003.7
0.7 0.01 1996.3 1999.5 10 1997.8 2007.2
1.9 | 1.6 0.03 1978.7 2007.4 32 1979.5 1978.4
34 0.06 1999.5 2008.4 43 2006.8 1985.1
IS 2.7 23 0.03 1979.1 1991.6 15 1980.1 1990.5
1999.8
24 1.2 0.05 1970.8 1975.7 12 1973.4 2004.0
2007.0
33 2.7 0.05 1981.5 2006.5 20 1983.5 1981.6
1.9 1.3 0.02 1985.7 1994.0 16 1991.2 1984.8
48 1990.5
1998.8
1.9 1.5 0.02 1997.8 2007.2 10 1999.5 2002.1
2004.0
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Puc. 6. ITpumep nCXOIHOT0 N3MEHEHUS ITIOTHOCTH NTOTOKA paon3ryueHus Ha yactote 14.5 I'T' u annmpokcumanys AByMsl CUHY-
commamu st rctounnka 3C 273 (koxdduument nerepmunamm 7 = 0.60452, crangaprHas ommbka anmpokcuvarmn SE = 0.629977,
craructuka Gumepa F =434.725). Ilepnoa ocHOBHO BOIHBI cocTaBisieT ~ §.11 roga. BcomoraTenbHbIN CerMEHT CHHY COUIIBI

cnepuoioM = 50 JIeT ONMCHIBAET TPEH/I, OIM3KU K THHEHHOMY

¢ 196601980 T, (=51 SH npu cpeaHeH INIOTHOCTH
moroka 37.5 SIH).

Jns ucrounuka 3C 120 xapakTepHbl BCIBIIIKA
¢ BbIcOkoW ammumutynoi ~12 Su (14.5 I'Tm) u
~15 Su (8 I'Tm) mpu cpeaHelt IIOTHOCTH MOTOKA
3.2 u 4.6 Sl coorBeTcTBeHHO. UTOOBI M30EXKAThH
“3areHeHni” Oojee cilaObIX KoJieOaHWIl Ha BeEWB-
JIET-CMEeKTPax, pacdyeTsl OB MPOBEIEHBI IMOCTe
yIAJIEHNsI BRICOKOAMIUTUTYIHBIX Y9aCTKOB B Psiax
MaHHBIX. B konebanusax B (ha3ze MakCUMyMa IIJIOTHO-
CTH TOTOKA Ha gacToTe 8 I'T'11 BO3MOXKHEI ITeproa
cocTaBisgeT ~2.4-+1.2 rona.

Ji1t 000MX MCTOYHHKOB HA BCEX YaCTOTaX MOKa3a-
TEJIEHO U3MEHEHHUE ITEPUOIOB CO BPEMEHEM IS J0JI-
TOBPEMEHHOW W KPaTKOBPEMEHHOW MEPEeMEHHOCTH.

3HaueHus epronoB P it rpynmsl cerideprose-
KHX TaJlaKTUK, TIOJydeHHbIC METOJIOM aHAJIM3a CHH-
TYJISIPHOTO CIEKTpPa, MPUBEICHBI B Ta0II. 0.

4. I'pynna kBa3zapos 3C 345, 3C 454.3,
DA 55, CTA 102

Pamnoncrounuku 3C 345,3C454.3, DA 55, CTA 102
KJIACCU(UIUPYIOTCS KaK KBa3apbl. Y MCTOYHUKOB
3C 345 u DA 55 Ha Tpex 4acToTax IPOUCXOIUT IUIaB-
HO€ U3MEHEHHE IFIOTHOCTH IIOTOKOB, B TO BPEMS KaK
y uctouHukoB 3C 454.3 u CTA 102 xopo1iio BeIpaxe-
HBI (pa3bl AKTUBHOCTH U3 HECKOJIBKHX YePEIYIOLIHNX-
Csl MAKCUMYMOB 1 MUHHUMYMOB.
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I'paduiku n3MeHEHMsI IIOTHOCTEH MOTOKOB H3JTY-
yeHus: paguouctounukoB 3C 345, 3C 454.3 noka-
3aHBl Ha puc. 7, a Juid paauoucTouHukoB DA 55,
CTA 102 — na puc. 8.

Tabnuya 6. Ilepuonbl ”3MeHeHUS MJIOTHOCTH

MOTOKA PATUOM3TYYEHHUS U UX OLIHOKH

st ucrounukos 3C 273 u 3C 120,

MOJIy4eHHbIe METO0M AHAJIN3a CHHIYJISIPHOTO CIIeKTPa

F.ITu 3C 273 3C 120

P, . P, . P, . P, o

8.0 0.10 9.7 0.10

52 0.20 6.5 0.05

14.5 4 0.03 4.1 0.12
35 0.04 2.5 0.03

2.0 0.03

8.0 0.08 11.7 0.30

5.0 0.04 8.8 0.16

35 0.02 6.6 0.10

8 49 0.25
3.6 0.10

2.9 0.03

2.5 0.02

8.1 0.20 9.3 0.10

7.6 0.12 6.5 0.03

4.8 5.0 0.06 44 0.04
3.4 0.04 29 0.03

2.5 0.02 2.0 0.01

ISSN 1027-9636. Paouogusuxa u padouoacmpornomus. T. 21, Ne 3, 2016



Kamanoe nepuo@oe nepemennocmu 6HecaliakmuiecKux pabuoucmowuiwe 6 CAHmMuUMempo6omM ouanazomne ONuH 60H

—_
L

14 5TTn

—
[\

IImotHOCTE MOTOKA, AH
—
=

A SN o0

[\
[e2]

3 R
T T
\

—
[\
T

IInorHOCTE MOTOKA, SH
i
N
1

o0
T

1:1.5{;1[ | &W

1996 2004 2012
Bpems, roasr

4 1 1 1
1964 1972 1980 1988

Puc. 7. T'paduku n3MeHEHUs ITIOTHOCTEH TIOTOKOB PaHOH3ITY-
yennst nctouHuKoB 3C 345 (BBepxy) u 3C 454.3 (BHU3Y)

B pabore [30] (F. Dong et. al., 2010) paccmarpu-
BAaeTCs ONTUYECKast TepeMEeHHOCTh HcTouHnKa 3C 345.
C nomo1I1pto BEWBIET-aHaIM3a 00HAPYKEHO 3HAYUTEb-
HOE€ U3MEHEHHE MEPUOJIOB CO BPEMEHEM B OIITHYECKOM
nuanaszoHe. HalineHHble nepruopl U3MEHSIOTCS B UH-
tepBanax 1.7+2.6, 4.5+5.2, 9.6+11.5 roga. B pa-
oote [31] (S. J. Qian et. al., 2009) nmpuBoasTCs pe3yiib-
Tatel uccaenoBanus 3C 345 B pamuoauamazoHe 1o
PC/Ib nmaHHBIM CIAPaTBHOTO JIBMKEHHUS KOMITOHEHT
B Jokere. IIpeanonaraercs, 4YTo HalJEHHBIA MEPUO.
6.9 7eT COOTBETCTBYET IMPELECCHH HKETa PaIHOMC-
tounuka. Onquako B padote [32] (J. Klare et. al., 2005)
tarke mo ganasM PCJIb ykaseiBaercs, 94To Hampas-
JICHWE BBHIOpOCA KOMIIOHEHTOB M3MEHSIETCSI C TIEPHO-
noM 8-+10 ner. MHoroneTHHEe HAONIONEHHUS B OII-
trndeckoM nuama3one [33] (M. K. babamxaHsHi,
E. T. Benokonn, 1984) mokazaim, 4To Ha KPUBBIX Orec-
Ka €CTh JIOJITOIIEPHOIUIECKre KoeOaHus (IeCATKH
niet), Ha (OoHe KOTOPBIX TPOSBISAIOTCS OBICTPEIE ABY-
ropOble BCIIECKH C JUTUTEIHFHOCTHIO Y OCHOBAHUS
~ 400 nHel, a Mexxay ropdamu =~ 150 aHel, yepemyto-
Hyecs Yepe3 HeCKOJNbKO JIET. ITO MOXKET OBITh Clie/-
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Puc. 8. I'paduky n13MeHEHUS IIIOTHOCTEN TOTOKOB PAJANOU3ITY-
yeHns ncTouHnkoB DA 55 (BBepxy) u CTA 102 (BHH3Y)

CTBHEM MPOXO>KACHHUS CITyTHUKA Yepe3 aKKPELIMOHHBIN
JIMICK BOKPYT 0oJiee MACCMBHON YEPHOM JIBIPHI.

Ilepemennocts nctounuka 3C 454.3 mmpoko uc-
cienoBajlack MHOTMMHU aBTopamu. Hampumep, B pa-
6ote [34] (A. E. Volvach et. al., 2006) cooGiaercst
o nepuoaax 1.5 u 13.5 roga. [lo manHBIM Ha YacTOTaX
15u 8 I'T'u B pabote [35] (Shan-Jie Qian et. al., 2006)
HaiineH nepuox 12.8 roma u mepeMeHHOCTh OOBsC-
HSIETCSl MOJIEJIBIO IBOMHON YE€PHOM JBIPBI — IEPUOIU-
YeCKHe W3MEHEHHMS IUIOTHOCTH IOTOKA MPOUCXOIST
3a cuer 3 dekra “Masika” WK H3MEHEHHUS JOTLIEPOB-
CKOT'0 YCHUJIEHHUSI TIPEIIECCUPYIOIIETO JUKETa 13-3a Op-
OuTaNBHOTO IBWXKEHMs. BO3MOXKHBI Takke kojieba-
HUSI TeMIIa aKKPELMH BEILECTBA.

['pynmoit uccnenosareneld n3 Muuuranckoit oo-
cepBaTOPUM MPOBOAMIACE 00pabOTKa JaHHBIX TUIOT-
HOCTH [TOTOKA U3TyyeHus ucrounuka DA 55 ¢ momo-
b0 Belirner-ananuza [36] (B. C. Kelly et al., 2003).
Wwmu 6bu1 00HapyXeH meprox 2.3 Toa Ha 4yacToTe
14.5 I'Tu. Asropsr pabotsr [11] (T. Hovatta et al.,
2008), ucronp3ys BelBIIeT-aHATN3, OOHAPYKUIIH Tie-
puox 2.2 roxa Ha yactotax 22 u 37 I'Tm.
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Mounutopunr ucrounuka CTA 102 gnurensHoe
BpeMs IIPOBOAUTCS B oOcepBaropuu MeTcaxoBu
(Ounnsaaus) Ha yactorax 22, 37 u 90 I'Tu. ABTOpEI
[11], mpumeHss BelBIeT-aHAIN3, OOHAPYKUIHU TIe-
pUOA MPOAOIKUTENBHOCTBIO 8.7 TOa Ha YacTOTE
22 I'T'u, nepuog 6.9 rona Ha yactore 37 I'T'u u nepuon
7.7 roga Ha vactore 90 I'Tm,.

3HaueHUs MepuonoB Uil UCTOYHUKOB 3C 345,
3C 454.3, DA 55 u CTA 102, moiydeHHBIE B pe-

3ylbTaTe BEWBIIET-aHANIN3a, MIOKa3aHbl B Talxl. 7,
8,9u 10.

VY kBazapa 3C 345 nabnrogaercsi 3HAYUTENIHEHOE
M3MEHEHUE aMIUTUTYIbl ¥ HECHHYCOUIATbHOCTH
KPUBBIX U3MEHEHUS IJIOTHOCTH MOTOKA U3ITyUEHHUSI.
Ha ¢a3sr makcumyMma MmioTHOCTH MOTOKa (Ha dac-
totax 14.5, 8 I'T') HakIaabIBAIOTCS OBICTPHIC €ro
koseOanus. [TonoOHast kKapTHHA €CTh U Y HEKOTOPBIX
JIPYTUX UCTOYHHUKOB, HanpuMmep y 3C 273.

Tabauya 7. 3HaYeHUSI NEPHOIOB H3MEHEHH IUIOTHOCTH NOTOKA pagnousayyenus ncrounuka 3C 345

3C 345, nonroBpeMeHHas TIEPEMEHHOCTb
FITu | P, | P IT. P,.,IT. s IT- T, IT. PSDyyy | Tpsp, T | Tows,, - IT
145 15.7 04 1976.8 2004.8 3545 1985.7 1992 1
10.5 | 9.1 0.2 1980.2 1998.0 3180 1984.6
8 15.3 0.3 1969.6 2007.5 4050 1988.8 7993.2
12.0 | 9.3 0.2 1969.6 2004.5 2800 1985.1
4.8 15.8 0.5 1984.5 2005.3 3200 1994.6 2000.4
9.3 | 8.7 0.2 1983.4 2004.3 890 1992.4
3C 345, xparkoBpemeHHas nnepemeHHocTh (O — C)
4.8 44 0.04 1981.7 2003.0 104 1993.0 1981.6
14.5 3.0 2.8 0.01 1996.0 2008.0 30 2008.8 1992.4
1.5 1.2 0.02 1980.0 1992.3 20 1985.1 2009.4
4.8 4.5 0.06 1970.0 1980.0 33 1973.0 1981.6
3 35 0.02 1980.5 1990.0 21 1988.3 19932
4.5 43 0.03 1992.2 2005.5 50 1996.3 2001.7
1.7 0.01 1996.6 2005.3 10 2001.2
48 30 24 0.05 1980.6 2009.0 13 2000.1 1983.7
2002.0
Tabnuya 8. 3HaYeHNsI IEPHOI0B M3MEHEH NS IVIOTHOCTH MOTOKA pagnon3aydenns ncrounuka 3C 454.3
3C 454.3, nonroBpeMeHHas! MEPEMEHHOCTh
F,ITn Pmax > IT. min> T+ R:rr’ IT. I;tan > IT. Tend > IT. PSDmax TPSDmaX > IT. TGWSmaX > IT.
1982.7
14.5 6.4 0.1 1976.3 1996.0 4805 1986.6 2008.2
6.8 0.1 1971.1 1998.0 9015 1976.8
8 145 03 1968.0 20092 6340 1978.8 1970.0
4.8 6.1 0.1 1980.0 1997.2 3100 1986.0 1984.5
3C 454.3, xparkoBpemenHas nepemeHHocTs (O — C)
2.6 23 0.03 1977.8 2011.0 180 2008.8 1981.4
14.5 1.6 1.4 0.02 1980.7 2004.5 18 1992.7 1989.5
1.0 0.8 0.02 1994.4 2009.2 12 1996.3 1994.8
2.6 23 0.03 1970.8 2011.0 40 2009.1 1973.0
8 1.5 0.9 0.05 1970.8 1983.8 21 1982.5 1989.6
1.5 0.01 1990.2 2004.2 15 1992.7 1994.6
48 2.6 2.0 0.03 1980.7 2011.0 33 1995.4 1982.1
. 1.1 0.01 1982.3 2000.0 13 1998.6 1995.5
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Tabnuya 9. 3HaYeHNsI IEPHOIOB H3MeHEHHUS IVIOTHOCTH MOTOKA PAaMOM3IydyeHusI ucTounuka DA 55

DA 55, kparkoBpemenHas nepemeHHoctb (O — C)
F,ITu B ax, IT. Py, IT. P, rr. Tiart» IT- Tngs IT- PSD,.« Tpsp, s IT- | TGws, > IT-
22 0.02 2003.7 2010.1 86 2008.1 2001.6
3 0.8 0.5 0.01 2000.8 2009.8 14 2009.3 2003.5
’ ’ ' ' ’ ’ 2008.3
22 0.02 2003.5 2010.1 91 2007.8 2001.1
8

1.3 1.0 0.05 2000.0 2006.0 12 2005.1 2004.1
2007.7
22 2.0 0.03 2004.0 2010.1 53 2007.6 2002.6
4.8 1.3 0.01 2001.3 2006.2 22 2005.0 2005.2
0.6 | 0.5 0.01 2001.5 2004.1 12 2002.5 2008.3

Tabnuya 10. 3HaYeHUs1 NEPUOAOB U3MEHEHHUSI IVIOTHOCTH MOTOKA pagnon3aydyeHust ucrounuka CTA 102

F,ITu P> IT. l B> IT. P, rr. Titart» TT- Teng» IT- PSD, .« Tpspp o T | TGws ey » IT-
32 0.04 2000.3 2010.4 266 2005.1
. 2000.

145 1.1 0.03 2000.8 2004.1 17 2001.7 2006.4
8 33 0.03 2000.0 2010.4 218 2005.4 2007.0
48 3.6 0.08 2002.4 2010.1 183 2008.2 2001.0
’ 1.1 0.03 1999.6 2002.8 12 2000.9 2007.5

Kgazap 3C 454.3 npumeuareneH pe3koll cCMEHOM
peXuMa IEepeMEHHOCTH C JOJTOBPEMEHHOH Ha
KpaTKOBPEMEHHYIO, KOTopasi HaOmrogaeTcst mproIu-
3utenbHO ¢ 1996 . OcHOBHOM nepuoA y Hero =~ 6 +7
JIET TMPENCTaBISIET TPOMHYIO BOJHY Ha YacTOTax
14.5 u 4.8 I'T'. Pe3ynbrar anmpoKCUMAITIN OTHOU
cunycouoit Ha yactote 8 I'T' moka3an Ha puc. 9.
BunHo, yto nepuon 7 JeT, NOMy4EHHbINH U3 IEPUO-

4.0

norpamMmbl Jlom6a—Ckaprina, mpuOIH3UTEIBHO
COOTBETCTBYET (ha3aM POCTa TIOTHOCTH MOTOKA HA
PACCMOTPEHHOM BPEMEHHOM IPOMEKYTKE, KpoMe
2003 r. PaccTosHue MEXJy CaMbIMH BBICOKMMU
MakcumyMamu Ha yactorax 14.5 u 4.8 I'T1 co-
cTaBisieT ~13 u 12 ner coorBeTcTBeHHO. Ha gac-
tote 8 [Ty Gosee mTUTETEHOE BpeMsT HAOJTFOICHIH
MO3BOJISIET YBHUAETH, YTO MPOMEXYTKH BPEMEHH

2.8333 4

1.6667

0.5/

OBaHHAA IINIOTHOCTH IIOTOKA

—0.66667 -

—1.8333 4

Crangaptus

-3.0

1
1966.5 19754

1
19844
Bpewms, rogsl

1 I
1993.3 2002.3 2011.2

Puc. 9. AnmpokcHMUPYOLIAs CHHYCOU 1A C IEPUONIOM 7 JIET, OMUCHIBAIOLIAS JOITOBPEMEHHOE U3MEHEHHE IUIOTHOCTH MOTOKA U3JTY-
venns nctoarmka 3C 454.3 nawactore 8 I'Tn (2 = 0.285915, SE = 0.845589, F = 305.5). Busen c6oit meprona B 2003 T.
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MEXIy MakKCUMyMaMH H3MEHSAIOTCS C IepHoAamMHu
~14.5, 12.5, 16.2 rona. Bo3MoxHO, 3TO TOATOBpeE-
MEHHas KBas3WIlepuoAuyeckas CTPyKTypa, Jyd-
[ie MCCleloBarh KOTOPYIO MOMOTYT Oyayiinue Mo-
HUTOPUHTOBBIE HaOMIoneHus uctounnka 3C 454.3.
C 1996 1. uctounuk nepexoguT B (pa3y OBICTpOit
MIEPEMEHHOCTH, KOTOpasi 3aKaHUYMBAETCS MOIIHOM
Benbitkor B 2011 1. (27 SIH mpu cpenHen miIoTHO-
cth motoka ~10 fu Ha wacrorte 14.5 I'Tm).

V ucrounuka DA 55 nonroBpeMeHHas nepeMeH-
HOCTb MOXET OBITh OIIMCaHA CETMEHTOM CHHYCOMIbI.
OTO JienaeT ero NoxoxuM Ha uctounuk OJ 287, y ko-

TOPOro TOXKE €CTb Takasi ocoOeHHOCTh. [Ipumep mms
yactoTsl 8 [Ty mokasan Ha puc. 10. BungHo, uro eciu
Mo00HOE M3MEHEHHE INIOTHOCTH TIOTOKA OyJIeT yCTOM-
YMBBIM, TO CIEAYIOLIasi, OC/Ie OKOHYaHUs HaOmrone-
Huii B 2011 1, Bemplmka MoxeT mpousoiity B 2016 .

3HaueHus AOJITOBPEMEHHBIX IIEPHOIOB HA YaCTOTaxX
14.514.8 I'Tu cocraBstor = 7.2 u 6.2 roga cooTBET-
ctBeHHO. [lorpenHocts A1 Tpex yactot =~ 0.2 rozga.

Ucrounnk CTA 102 Ha nccnengyeMoMm MHTEpBa-
Jie BpEMEHH TaKXe 00JIafaeT yCTOWYHMBBIM IEPHO-
JIOM ¢ OJM3KUMHU 3HAUEHUSIMHU, ~ 3 TO1a, Ha pa3HbIX
yacrorax. Ha puc. 11 npuBeneH rpaguk anmpokcu-

b
1

CTaH,uapmsonaHHaz
IJIIOTHOCTH MOTOKA
<
|

2

14 0.1523
<
=
i

—14
1 1 I 1
1999 2002.4 2005.8 2009.2 2012.6 2016
Bpewms, rogst

Puc. 10. AnnipoKCHMHUPYIOIIAsi CHHYCOUJIA C TIEPHOIOM 6.56 JIeT, ONUCEIBAOIIast JOITOBPEMEHHOE U3MEHSHHUE INIOTHOCTH ITOTOKA
panuousyuenns ucrounnka DA 55 na wactote 8 ITw (72 = 0.54491, SE = 0.676523, F = 210.138)

CTaHJ.IapTPIBOBaHHaiI IUIOTHOCTB ITIOTOKa

-3
1999

I I
2002.1 2005.2

I I
2008.3 2011.4 2014.5

Bpewmsi, ronsl

Puc. 11. Vicxonble AaHHBIe 00 H3MEHEHNH IUIOTHOCTH [TOTOKA PAIHOU3TYYCHHS C BEIYTCHHBIM MOIMHOMHAIEHBIM TPEH/IOM U aIlIPOKCH-
MHpYFOIIAst CHHYCOM/a ¢ HeprozioM 3.18 roma ms netounnka CTA 102 va uactore 8 IThy (2 = 0.548068, SE = 0.674511, F =180.695)
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MAIlM1 UCXOAHBIX JAHHBIX OJJHON CUHYCOUOM C me-
pruoaom 3.18 roma Ha wactore 8 ['T11 ¢ BEIYTEHHBIM
MOJIMHOMHUAJILHBIM TpeH10M 3-11 crenienu. Eciu npe-
MOJIOKUTh, YTO ATOT MEPUOJ YCTOUUYUBBIN, TO Cie-
IYIOIINHA MaKCHMYM IUIOTHOCTH TOTOKAa MOT OBITh
B 2012.6-2013.0 rogax.

3HaueHHs IEPUOOB [T IPYIIIbI KBa3apoB, MOY-
YEHHBIE METO/IOM aHaJN3a CHUHTYJSPHOIO CIIEKTPa,
npuBeAeHH B Tabm. 11.

5. I'pynna naneprun OJ 287, OT 081,
BL Lac, 3C 446

Paguouctounuku OJ 287, OT 081, BL Lac, 3C 446
OTHOCSTCS K JIallepTHIaM, HEMHOTOYMCIICHHOH IPpyII-

Tabnuya 11. llepnoan! U3MEeHEHHUA MJIOTHOCTH MOTOKA
PaauoON3IyYeHHs] M UX OIHOKH 1J1s1 ucTouHnkoB 3C 345,
3C454.3, DA55 u CTA 102, nos1iy4yeHHbIe METOA0OM
aHAJIN3a CHHTYJISIPHOTO CTIEKTPa

FITu 3C 345 3C 4543
P, rr. P, rr. P, rr. P, rr.
15.6 0.20 6.2 0.07
11.0 0.10 35 0.04
9.9 0.10 2.7 0.02
5.1 0.02 23 0.02
145 4.2 0.02
33 0.01
2.7 0.02
2.0 0.01
14.7 0.08 7.2 0.08
10.4 0.50 3.6 0.03
8 9.4 0.07 2.7 0.03
4.2 0.02
3.0 0.02
16.0 0.60 6.3 0.08
6.1 0.06 4.2 0.10
48 4.1 0.03 35 0.05
2.6 0.03 2.5 0.05
DA 55 CTA 102
23 0.060 3.0 0.05
14.5 0.8 0.007 0.8 0.02
0.5 0.004
2.3 0.050 3.0 0.07
8 14 0.010 1.1 0.04
0.8 0.005 0.9 0.01
2.0 0.04 2.6 0.06
4.8 1.2 0.01 1.2 0.01
0.9 0.01 0.9 0.01
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e 00BEKTOB, MOyYMBIIEH CBOE Ha3BaHUE OT Tepe-
MeHHoro ucrounnka BL Lacertae. OObiuyHO 3TH
OOBEKThI OTIIMYAIOTCS OBICTPOH MEPEMEHHOCTBHIO C
BBICOKOH aMITITUTYIOH, 9To 1 Habmomaercs y OJ 287,
OT 081 u BL Lac (manmpumep, y OJ 287 3a ~1.5
roja IJIOTHOCTh MOTOKa BO3pacTaer oT =~ 3.7 Sn
10 ~ 9.5 fH c nocneayroumM najgeHuem 10 ~ 4 Su
Ha gactote 14.5 I'Tm). Uctounnk 3C 446 oTiinuaeT-
Csl OT ATUX OOBEKTOB TUIABHBIM H JIOJITOBPEMEHHBIM
M3MEHEHUEM IUIOTHOCTH TTOTOKA.

I'paduiku M3MeHEHHMsI IJIOTHOCTH MOTOKA U3JTyde-
Hus paguonctodankoB OJ 287, OT 081 moka3aHs! Ha
puc. 12, a ans paguonctounukoB BL Lac, 3C 446 —
Ha puc. 13.

Hcrounuk OJ 287 moapoOHO HCCIEIOBAICS BO
MHOTHX paboTax M pa3iuyHbIX AWAaNa3oHaxX H3Jy-
yeHusl. XapaKkTepHas ero 0COOEHHOCTh — 3TO BCIIBI-
HIEYHAasl CTPYKTYpa, KOTopas B ONTHYECKOM JUara-
30HE UMeeT nepuo ~11+12 et no oleHkam pas-
HBIX aBTOpoB [37] (Shi Weizhao et. al., 2007).
Bo mHOTHX paboTax paccMmarpuBaercs ObICTpas
MEPEMEHHOCTh ATOT0 O0BEKTa B PaJUOIUANIa30HE
c nepuonamu ~ 1.1 u 1.6 roxa [38] (Philip A. Hughes
et. al., 1998).

Ucrounuk OT 081 Taxke mpuMeyaTeneH OBICT-
poli U perymsapHOi nepeMeHHocTh0. B pabote [39]
(Takafumi Ishida et. al., 2012) uccnemyercsi BCITbI-
ImeYHas aKTHBHOCTb 3TOT0 0OBEKTa Ha YacTOTe
8.4 T B 2010 r. B pesynbrare oOHapyxeHa paauo-
BCIIBIIIKA JUTUTENBHOCTHIO 19.3 aHs, KoTOpas HaKja-
JIBIBACTCS Ha 0oJice JTUTEIIbHOS M3MEHEHHE ILIOT-
HOCTH TIOTOKa 3a BpeMmsl =~ 200 nHEM.

Ucrounuk BL Lac Beimensiercss ObICTpo# mepe-
MEHHOCTBIO B Pa3jIUYHbIX AMana3oHaxX IJUH BOJH,
KOTOpasi HaKJIaJbIBACTCA Ha JOJTOBPEMEHHYIO.
Hampumep, B pabote [40] (C. Humrickhouse, 2008)
T10 MCCIIeTOBaHUIO OBICTpoi IepemenHocTH BL Lac
C HCIIOJIB30BaHMEM BeHBJIET-aHAIW3a HalJeHBI I1e-
puonsl 1.5, 3.5 4 B onTUueckoM nuama3oHe. A B
pabore [41] (Y. C. Guo et. al., 2015) ¢ momombio
Metoaa FOpkeBn4a n MeTO#a CTPYKTYPHBIX (DyHK-
WA TMOKa3aHo, YTO B PaJOIMAIIa30HE TIEPUOJT CO-
craBiseT 7.5 roma, a B onTudeckoM — 1.2 roza.
[IpuBoasATCS MOIENU MPEUECCHUU MO CHUPATHHBIM
JIBWKCHUSM B JDKETE U TIEPUOAMYECKOTO PacIpoCT-
paHEeHUs yOapHbIX BOJH.

V ncrounuka 3C 446 na yacrorax 37,22, 14.5, 8,
4.8 I'T'y mepurox koneOGaHU TNIOTHOCTH MOTOKA, T10-
JIy4EHHBI METOAaMM AUCKPETHOW aBTOKOPPENS-
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Puc. 12. Tpadpuiku U3MEHEHUSI INIOTHOCTEH MMOTOKOB PaTHOU3ITY-
yenns ucroaankoB OJ 287 (Beepxy) u OT 081 (BHU3Y)

uroHHOH GyHKMK 1 FOpkeBrya, cocrapmsieT 5.8 roga
o pesynsraram padotel [42] (N. A. Kudryavtse-
va, T. B. Pyatunina, 2006). B ontnueckom nuamnazo-
He y 3C 446 naiinen nepuon 4.2 rona [43] (C. Barbieri
et. al., 1990).

3HaueHus mepuooB mis uctouHukoB OJ 287,
OT 081, BL Lac u 3C 446, nony4eHHbIe B pe3y/b-
TaTe BEWBIET-aHAN3a, MOKa3aHel B TaOm. 12, 13,
14 u 15.

V ucrounnka OJ 287 BO3MOKHBIE TIEPUOABI OJT-
TOBPEMEHHOTO M3MEHEHHsI TUNIOTHOCTH TOTOKA TIPH-
OJM3UTENFHO ONPEIeIeHbI 13 IepruoJorpaMmbl Jlom-
0a—Ckaprua [44, 45] (N. R. Lomb, 1976; J. D. Scar-
gle, 1982): ~25.5 roga mavacrore 14.5 T, ~22.2
roga Ha yactore 8 I'Ty u ~26.8 roga Ha JacTtoTe
4.8 I'T ¢ morpemnoctsio 0.3+0.7 roma. Ilpumep
COOTBETCTBHUSI CUHYCOHJIBI UCXOJHBIM JTAHHBIM I10-
Ka3aH Ha puc. 14. Eciu Takoe n3MeHeHUEe MII0THOCTH
IOTOKA COXPAHMTCHA, TO CIACAYIOUUNA MaKCUMYyM
MoxeT ObITh B 20362037 rr. OcOOGEHHOCTH 3TOTO
HWCTOYHMKA B TOM, YTO KOJeOaHUsS C MepHogamMu
1.1 u 1.6 Toma MOCTUTAIOT HAMOOIBIIEH AMIUTUTYIBI
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Puc. 13. Tpaduku U3MEHEHHS TUIOTHOCTEH MOTOKOB PaTHOU3ITY-
yeHns uctouHnkoB BL Lac (BBepxy) u 3C 446 (BHU3Y)

B MaKCUMYMax JOJTOBPEMEHHOT O N3MEHEHUS IJI0T-
HOCTH TIOTOKa.

V ucrounnka OT 081 ecthb 0COOEHHOCTH B BHIE
YBEJIMUYEHUS aMIUTUTY/bl IEPEMEHHOCTH CO BpEMe-
HEM C AByMs nepuomamu, ~ 2.7 u 1.2 roma. B mak-
CUMYyMax HaOJIOAIOTCsl UX PACLICTIIICHUS C Xapak-
TepHbIMU BpemeHamu oT = 0.9 no = 0.4 roxa, Ko-
TOPBIE YMEHBIIAIOTCS CO BPEMEHEM.

Uctounuk BL Lac o0nagaet KkBa3ucMHyconaaib-
HOH JOJITOBPEMEHHOM IEPEMEHHOCTBIO ~ 7.5+ 8 1eT
C HAJIOKEHHEM OBICTPBIX KoJieOaHHii IIIOTHOCTH MO-
TOKa C MaJIoM aMIUIMTYJ0N U XapaKTepHbIM BpeMe-
HeM 10 =~ 0.5+1 rona.

Hctounuk 3C 446 He mMeeT SAPKO BBIPAXKECH-
HBIX TMPOSIBIIEHUH OBICTPON NMEPEMEHHOCTH, OJHAKO
€ro OCHOBHOW IEPUOJ HM3MEHSETCS CO BPEMEHEM
oT ~6+7 ner 1o =~ 8+9 ner. Kpome 3toro, Bepost-
HO, CYIIECTBYET MEPHOA OKOJIO 3 JIET Ha BCEX TPEX
4acToTax.

3Ha4yeHus IEPHOIOB AT TPYIIIBI TALIEPTHI, TIOMTY-
YEHHBIE METOIOM aHAJIN3a CHUHTYISPHOIO CIIEKTPA,
npuBeeHbl B Tabm. 16.
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Tabauya 12. 3HaYeHUs NEPHOAOB HU3MEHEHHUS NIJIOTHOCTH NOTOKA paJuon3TydyeHus ucrounnka OJ 287

F,ITu Bax, IT. Bin, T P, . Tiart > IT- Tongs IT. PSD,. Tosp, s T | TGws o IT-
1.8 1.1 0.01 1978.7 1992.8 96 1985.3 1985.4
145 1989.6
1.8 1.4 0.02 2000.5 2010.0 52 2007.6 2004.0
2006.6
2.5 1.1 0.01 1972.5 1993.5 &3 1985.5 1985.4
8 19 13 0.03 2000.0 2009.6 46 2007.2 1989.5
2004.1
1.8 1.1 0.02 1981.5 1993.7 71 1986.0 1985.8
e 23 1.3 0.0 1998.6 2009.8 60 2003.3 1989.7
. . .05 . . . 2000.5
Tabnuya 13. 3HaYeHNsI NEPHUOTOB H3MEHEHNSI MJIOTHOCTH NMOTOKA paanon3iayienns ucrounuka OT 081
F,IT P x> TT. P i, IT. P, rr. Tiart» TT- Ting» IT. PSD, .« Tpsp,, o T | Tows,y o IT-
2.7 24 0.01 2000.2 2010.0 527 2006.1 20043
14.5 1.2 0.007 2006.5 2010.6 250 2008.8 2008.0
0.9 0.5 0.006 2001.5 2008.1 68 2002.0 '
2.7 2.5 0.01 2000.4 2009.8 325 2006.0 20023
8 1.2 0.007 2006.6 2010.7 137 2008.6 2009'2
0.9 | 0.4 0.007 2001.4 2010.5 32 2002.5 =
2.6 0.01 2000.3 2009.8 360 2006.2 2002.1
4.8 1.2 0.007 2006.4 2010.5 162 2008.8 2009'3
1.4 | 0.4 0.007 1999.7 2010.5 23 2003.1 ]
Tabnuya 14. 3HaYeHUs1 NEPUOA0B M3MEHEHH IUVIOTHOCTH MOTOKA paanou3iaydenus ucrounnka BL Lac
BL Lac, noiaroBpeMeHHas epeMeHHOCTh
F,ITn P x> IT. Bpin, TT. P, 1r. Titart» IT. Tng» IT. PSD, .« T; PSDyyay * T: GWS, 2 IT-
1980.5
14.5 8.2 73 0.1 1975.8 2006.2 603 1985.2 2006.3
8 8.0 7.5 0.2 1975.5 2008.8 207 1993.1 1981.2
4.8 8.1 7.6 0.1 1981.1 2004.0 486 1987.7 12814
. . . . . . . 2006.0
BL Lac, kxparkoBpemenHas iepemeHHocTh (O — C)
3.8 0.03 1976.7 1990.0 71 1981.2 1981.8
2.7 2.2 0.04 1999.0 2009.4 60 2006.5 2000.8
14.5 1.5 0.01 1979.1 1982.7 40 1980.8 2006.1
1.8 0.01 1998.7 2002.2 20 2000.4 20077
0.6 0.5 0.01 1987.3 1992.2 10 1989.2
39 35 0.02 1974.7 1995.3 50 1979.2 1975.8
8 2.6 2.0 0.04 1998.3 2009.3 15 2007.1 1980.4
1.2 0.7 0.01 1979.3 1985.4 11 1980.5 20007
2006.5
4.7 3.8 0.03 1984.3 2005.4 30 1993.1 1983.1
48 2.6 2.0 0.02 2002.2 2008.8 27 2007.0 1996.2
' 2000.6
. .01 1996. 2001. 1999.
0.9 0.0 996.8 001.5 8 999.7 2007.6
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Tabnuya 15. 3HaYeHUs TEPHOAOB U3MEHEHHs IIJIOTHOCTH NMOTOKA paguou3aydeHust ucrounuka 3C 446

3C 446, nonroBpeMeHHasi IEPEMEHHOCTh
F,ITu Pmax > IT. Pmin’ IT. Pen" IT. T;tart’ IT. Tend’ IT. PSDmax TPSDmM > TGWSmX » IT.
14.5 6.0 8.3 0.1 1981.7 2008.4 1092 1998.7 1932
. . . . . . . 2000.0
8 6.0 8.8 0.1 1981.4 2008.6 808 1998.8 1985.0
4.8 7.0 8.6 0.2 1983.0 2009.0 407 2000.1 1986.0
2004.7
3C 446, kparkoBpemeHHas nepemeHHocTh (O — C)
1983.4
14.5 32 2.6 0.01 1981.7 2004.3 20 1983.1 1987.3
1990.7
2000.0
1984.1
8 33 3.0 0.05 1982.3 2005.4 36 1984.7 1990.2
2000.8
2.6 0.01 1983.7 1994.0 37 1986.3 1983.7
48 1990.6
32 2.7 0.03 1999.3 2008.3 17 2006.0 2001.5
2007.4
4.5

w
(=]
1

PTH30BAaHHAA INIOTHOCTD IIOTOKA
o
wn
1

0 -
2-1.5
|
@&}
-3.0 T T T I
1974 1983.8 1993.6 2003.4 2013.2 2023
Bpewmsi, ronsl

Puc. 14. AnnpoxkcumMupyroias CHHyCOUa C IEpUOIoM 25.5 rojia, OMUCHIBAIOIIAS TOJITOBPEMEHHOE U3MEHEHHUE TNIOTHOCTH TIOTOKA
pamuoustyuenus ucrounuka OJ 287 na uacrote 14.5 T (% = 0.513289, SE = 0.69803, F =961.274)

[IpoBeneHHbIi aHATN3 KPUBBIX H3MEHEHUS TIOT-
HOCTH TOTOKAa PagWOU3IydYeHUS ABYMS pa3HbI-
MU METOJaMM MOKa3aJl, Kak BUAHO M3 IMPHUBEACH-
HBIX Ta0JIML, XOpoLIee COBMAJCHHUE PE3yIbTaTOB.
HesaBucumoe BbiieNIeHHE CXOAHBIX KBa3UIIEPUOIN-
YECKHMX COCTaBIAIOMINX MPU aHAIN3€ BPEMEHHBIX
PAIOB pa3HBIMHM METOIAMU CBUIETEILCTBYET O pe-
aJBbHOCTH 3THX COCTaBIAOMUX. OTHAKO B HEKOTO-
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PBIX Clly4yasX €CTb U Pa3iIuyus, MOCKOIbKY METOZ,
aHaJIM3a CUHTYJIPHOTO CIEKTPa CYyHIECTBEHHO OT-
JINYAETCST OT METOJ]a HETIPEPBIBHOTO BEUBIIET-aHA-
nmu3a. KpuBele mepeMeHHOCTH BHEralaKTUYECKHX
PaAMOUCTOYHHUKOB OYEHb PEIKO UMEIOT BUJ, OIH3-
KU K MPaBUJIBHON CUHYcOUe. DTO MOXKET MPUBO-
JUTH K MOSIBIICHUIO JIOXKHBIX IIEPHOIOB HA BEUBIIET-
CHEKTpax, OMM3KUX MO 3HAYEHHUSIM K pEealibHBIM
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Tabnuya 16. Ilepuoabl U3MeHeHHUs! IVIOTHOCTH

MOTOKA PATHON3JIYyYEHHUS U UX OLIUOKH

s ucrounukon OJ 287, BL Lac,3C 446 u OT 081,
MOJIy4eHHbIe METOI0M AHAJIN3a CHHTYJISIPHOTO CIIEKTPa

F.ITu 0OJ 287 BL Lac

P, rr. P, rr. P, rr. P,

6.0 0.10 7.3 0.20

2.4 0.02 4.5 0.06

145 2.1 0.03 3.8 0.03

1.9 0.05 2.7 0.02

1.6 0.03 24 0.06

1.9 0.05

6.2 0.10 7.4 0.20

3.8 0.03 4.7 0.10

8 3.1 0.03 33 0.07

2.4 0.02 2.8 0.02

1.6 0.08 1.9 0.01

6.0 0.10 7.3 0.06

4.0 0.05 4.7 0.07

4.8 2.4 0.02 2.8 0.04

2.0 0.03 2.2 0.02
1.6 0.02

3C 446 OT 081

8.6 0.07 2.6 0.010

6.5 0.06 1.1 0.005

14.5 3.5 0.05 0.6 0.005
2.8 0.03

9.0 0.10 2.6 0.020

6.3 0.06 1.1 0.007

8 3.0 0.04 0.5 0.005
2.3 0.03

8.8 0.07 2.7 0.040

7.2 0.10 1.3 0.010

48 3.1 0.01 0.5 0.007
2.3 0.01

nepuonaM. B takom ciyuae meron “I'ycenmia”
CIToco0eH JTydIie MmoKa3aTh 0COOEHHOCTH KoJieha-
HUH, BBIICJICHHBIX U3 UCXOAHOTO PsI/ia, MOCKOIbKY
WCIOJIB3YEeT alanTUBHBIA 0a3uc, GopMuUpyemsbiit
caMUM PSJIOM JaHHBIX. B Toke Bpems U30BITOY-
HOCTh HEMPEpPHIBHOTO BeiBIET-IpeoOpa3oBaHUs
JaeT MPEUMYIECTBA B OMPEICICHUN W3MCHCHHUS
MEpPHOOB CO BpeMeHeM. [IpumMeHeHne noa0coBoi
(GuUIBTpaMK ¥ JOBEPUTEILHBIX HHTEPBAJIOB B CITY-
yae BeWBIET-aHAIN3a H BEIOOPOYHOTO BOCCTAHOB-
JICHUsS! JIAHHBIX B CJy4yae aHallu3a CHUHTYISIPHOTO
CIIEKTpa TO3BOJISET JIy4Ille BBICIATH UMEHHO T
IIEPUOIBI, KOTOPBIE MPUCYTCTBYIOT B aHAIU3UPYE-
MBIX JIAHHBIX, ¥ OTOpachIBaTh JIOXKHbIC.
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6. IIporHo3upoBaHue M3MeHEHMIA
IVIOTHOCTH TOTOKOB H3JIy4eHHs
BHETaJIAKTHYECKMX PaJMONCTOYHHKOB

HpOFHO3I/IpOBaHI/I€ IIJIOTHOCTH IIOTOKOB U3JTy4YCHUSA
BHCTAJIAKTUYCCKNX UCTOYHUKOB HAa OCHOBEC IICPUOI0B
WX TIEPEMEHHOCTH M3Yy4aloCh W paHee B psie pa-
00T KaK B paJino, TaK U B ONTHYECKOM JTHATIa30HaX.
Jig ncrtounnka 3C 273 monbITKa CHPOrHO3UPOBATh
M3MEHEHHE TUIOTHOCTH MOTOKAa Ha dactoTe 15 I'Trx
onmcaHa B pabore [46] (HaoJing Zhang et al., 2010).
C ucnonbp30BaHUEM BEHBIIET-aHATIN3a OIIPEIEIICH Tie-
puona 8.1 rona u genaercs NpenoIoKEeHHE O Paaro-
BembIike B OKTsI0pe 2014 . B padore [47] (Huai-
Zhen Li et al., 2006) y ucrounnka 3C 454.3 ompe-
neneHsl mepuoAsl 6.1 u 1.5 roma Ha yacroTtax 22
n 37 I'T'n. Jlemaetcs mpeAmnonoxeHne o paaroBCITBIIII-
ke B Mapte i ampene 2006 . Y uctounnka OJ 287
B ONITHYECKOM JHana3oHe HaWaeHbl mepuoasl 13.5
1 7 JeT ¥ Ha X OCHOBE JEJIaeTCsl MPEAIoIOKEeHNE
0 cienyiomeM MakcuMyme oceHbro 2020 1. [48]
(XU Yun-bing et al., 2010). ¥ ucrounnka 3C 345
B ONITHYECKOM JHara3one HahaeHs! mepuoast 10.1 u
21.8 roma [49] (Zhang X. et al., 1998), Ha ocHOBaHMH
Yero JeNlaeTcsl MPOTHO3 CIIEAYIOIEH BCITBIIIKA B SH-
Bape 2002 1. [Iyis o6bexta BL Lac Tuma S5 0716+714
B padote [50] (Zhang Hao-Jing, Zhang Xiong., 2007)
obHapyxeH nepuon 1.1 roga B ONTHYECKOM JHarma-
30HE U MpeAcKa3aHa Bemblmka B utoje 2006 r. ABro-
perpeccCHOHHBIE METO B! JIMHEHHOTO MIpeICKa3aHns,
KOTOPBIE SIBIIAIOTCS MOIITHBIM CPEICTBOM ITOTyYEHUS
KpPaTKOCPOYHBIX ITPOTHO30B, TaBHO ¥ BEChMa YCIIEIII-
HO TIPUMEHSIOTCS TP MPOTHO3UPOBAHUH HHJIEKCOB
COJIHEYHOH aKTHBHOCTH Y COJTHEYHOTO PaAHOH3ITye-
Hus Ha auHe BostHE 10.7 cM, Harpumep, B paboTax
[51-53] (A. V. Mordvinov, 1986; Liu Si-Qing et al.,
2010; R. P. Kane, N. B. Trivedi, 1985). Ho mpumenu-
TEJIHHO K BHETAJAKTHYECKAM PAJHONCTOYHUKAM 3TH
METOZBI UCTIONB3YIOTCS OYeHb PEAKO.

VY wuccaenyeMbIx padoOUCTOYHHUKOB HaOIIOIatoT-
Cs PA3JIMYHLBIC TPOABJICHUA TMCPEMEHHOCTU U T1OJ0-
OpaTh €UHBIN, YHUBEPCATHHBIN METOI JJISl IPOTHO3a
He ynaercs. [IOCKOJNIBKY B JJaHHBIX HAOMIOMAKOTCS
KBa3UIICPHUOJUYCCKUC M3MCHCHMHA, BpeMeHHOﬁ paa
MOYKHO TIPEJCTaBUTh B BHUJIE MapaMETPUICCKON CH-
HYCOI/II[aJIBHOfI MOJECIN U IOCTPOUTH IMTPOrHO3 JaJIb-
HEHUIIEro N3MEHEHUs IUI0THOCTU MOTOKA. AJITOPUTM
COCTOMT U3 TpeX 3TanoB. Ha mepBoM 3Tamne ucnoib-
3yetcst mepuomorpamma Jlomb6a—Ckapriia s oreH-
KM 3HaYE€HUI YaCTOThl M KOJMYECTBA CHHYCOHIANTb-
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HBIX KOMIIOHEHTOB. Ha BTOpOM 3Tame mpOBOAHUTCS
JIUHEeWHAs anmpOKCUMAIHI METOJOM HaMMEHBIIIHIX
KBaJ[paToOB, YTOOBI ONPEACITUTh aMILTUTYIBI U (a3bl.
IToy4yeHHbIe 3HAYCHUSI UCIIONB3YIOTCS HAa TPETHEM
JTare HeIMHEWHOW ONTHUMU3aINH, 00eCTIeYnBarOIIei
HAWTYYIIIyIO alPOKCHUMAIIMIO HCXOTHBIX JaHHBIX [54].

Opnako TakoW MOJXOJ He Bceraa ObIBaeT MpH-
MeHHM. B ciywae ecnm y paamoncToyHuKa Had-
JOfjaeTCsl CHJIBHOE U3MEHCHHE aMILTHTYABI, CY-
IIECTBEHHO HECHUHYCOUJallbHass (Gopma KpUBOI
U3MEHEHUS TUIOTHOCTH MOTOKA, a TAK)KE CUIILHO He-
YCTOWYHBBIE NEPUOJIbI, TO TAPMOHUUYECKUNH METO]I
[IPOTHO3a OKA3bIBAETCS HEMPHUMEHUMBIM.

B uccnemyemoii BBIOOpKE TaKUX pagdOUCTOYHH-
koB Tpu. Y 3C 345 nabmromaeTcs CHIIBHOE HU3MEHe-
HHE aMIUTUTYIbl KOJeOaHWid, a TakKe MEepHOI0B
OBICTPOTIEPEMEHHOU cocTaBmstoNIeH. [1aBHbIN Tie-
puon ucrounuka 3C 446 3HaUUTENHHO U3MEHSAETCS
co BpeMeHeM. Y uctounuka 3C 454.3 nabnronaercs
CMEHa pexuMa rnepeMeHHocTy nociue 1996 1. ¢ me-
pexonoM B a3y MUHHMYyMa IUIOTHOCTH TIOTOKA U
OBICTPBIMH €TO W3MECHEHUSIMHU.

B Takom cirygae nydiie pe3ynbTaThl AaeT MocCT-
pOeHHNe TPOTHO3a aBTOPETPECCHOHHBIMU METO/Ia-
MH JIMHEWHOTO TIpeackaszanms. OHH OYeHb MOapo0-
HO ONHUCaHbl BO MHOTHX paboTax, Hampumep [55]
(S. L. Marple, 1987) u [56] (J. Makhoul, 1975).

Kparko onuiiem 0OCHOBHYIO UACHO UCIIONb3yEeMO-
ro Meroaa. [|Jis MHOTMX CUTHANIOB (PU3NYECKUX MPO-
LIECCOB, BCTPEYAIOIIUXCS HA MPAKTHUKE, MOIXOAUT
MOJIEJIb, ONMChIBA€Masl BEIXOIHBIM CUTHAJIOM JIMHEH-
HOMW CHUCTEMBI B BUJI€ JINHEWHOI'O PA3HOCTHOTO ypaB-
HEHUS C KOMIUICKCHBIMU KO3 unreHTamu. B obmem
Clly4ae ero MO)KHO 3aIllicaTh B BHIE

x[n]= —i ax[n—k]+ ibku[n —k]=
k=1 k=0

= i Wk]x[n—k],
k=0

rae u[n] — BXOAHAs MOCJIENOBATEIbHOCTD JaHHBIX;
x[n] — mocnemoBaTeabHOCTh Ha BHIXOAE (UIIBTPA,
tdhopmupyromero Habmronaemele ganusie (Alk]=0
npu k <0); a, — k0>)PUIUEHTE aBTOPErPECCHH;
b, — k03 ULUEHTBI CKONB3AIIETO cpeHero. JTa
JIMHEWHAsl CUCTEMa UMEET PALIMOHAIBHYIO TUCKPET-
HYIO mepenatouHyio GpyHkuuo H(z)=B(z)/A(z),
MOJIMHOMBI B KOTOPO# omnpeaeisitorest hopMylamMHu:
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)4

A =1+ a2,
k=1
q9

B(z)=1+) bz,
k=1

H(z)=1+Y hz".
k=1

J1s1 TapaHTHPOBAHHOKW YCTOWMIMBOCTH (DMITBTPA TPE-
OyeTtcst, YTOOBI TIOJIOCHI U HYJIM TIOJTUHOMOB A(z),
B(z) Haxonunuch BHYTPU €AUHUYHOMN OKPYKHOCTH
B Z-TUIOCKOCTH. DTO OOIIMI MOAXON MapaMeTpu-
yeckoi anmpoxkcuMmanuu. [lapamerpudeckue Mmope-
T pa3zersitoTes Ha aBToperpeccunonnbie (AR), mpo-
Lecchl ckompasmero cpeanero (MA), mporeccs aB-
TOPETPECCUH — CKONb3smero cpeaaero (ARMA).
B paboTe npumeHeH MO QHUIINPOBAHHBIN KOBapHa-
LIMOHHBII METOJ] JINHENHOT'O NPEICKA3aHus, IOCKOIbKY
OH JJaeT XOpPOILIME Pe3ynbTaThl AJA AAHHBIX B BUIE
CYMMBI 3alIyMJICHHBIX CHHYCOWJ] U IPUBOJMT K OT-
CYTCTBHIO PaCIICIUICHHBIX CIIEKTPAJIbHBIX TUKOB (KaK
Harmpumep B AR Burg metone). AR Monmens muck-
pEeTHOro CiIy4aiiHOTO mporiecca x[n] OmMCHIBaeTCs
JIMHEMHBIM ypaBHEHHEM

x[n]+ iakx[n —k]=u[n],
k=1

rme u[n] — 3amaroiee BO3IACHCTBHE B BHIE OEIIOTO
mymMa. Y AR ¢unerpa nepenarounas ¢ynkums H (z)
He nMeet Hylelt (¢ =0) uy nporiecca AR(p) ectb p
TOJTFOCOB. 3aj1a4a JIMHEHHOTO MPEICKa3aHus — 3TO MPe/l-
CKa3aTh HeHaOnromaemoe 3HaueHue x[n] 1o Hab-
momaeMbiM otcuetam x[n—1], x[n—-2], ..., x[n — p],
T. €. UCTIONIb3YS p MPEabIIymuX oTc4eToB. IlycTh
p
#[n]= —Z af x[n—1] — oueHka npeacKa3aHus BIe-

I=1

pex, rae af — K03 PUIHEHT TUHEHHOTO TIpeCcKa3a-

Hus Boepen (1</< p). HeobxonrMo BBIYUCIHTH
Takue 3Ha4eHusI K0d(QOUIMEHTOB, KOTOPbIE MUHIMU-
3UPYIOT TUCIIEPCHIO G, OIIMOKM IMHEHHOTO pe/cKa-
3aHUS e-l’:[n]zx[n]—if[n]. Hnsa storo pemaercs
cucTeMa JIMHEWHBIX ypaBHeHud lOma—Yonkepa.
Omunbka TMHEHHOTo NpeACKa3aHus TECHO CBsI3aHa C
AR mpornieccoM u SBISETCS CUTHAJOM Ha BBIXOJE
¢upTpa ommOKK npeackazaHus Brnepea. Eciau mo-
psaaku GunsTpoB AR 1 ommOKM mpeacKa3aHus onu-
HakoBbI, To AR (p) mporiecc MOXKHO 3ammucarh B BHJIE
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An]= & [n]+uln],

rne %/[n] — onTHManbHOE NOIIAroBOE JNHHEHHOE
MIpeCKa3aHue o MpeablyuM oTcueTaMm. [loarHom
A; (z), B KoTOpOM KO3 PUITHEHTHI SBISIOTCS KOA(-
¢unueHTaMu JTUHEHHOro mpencKa3aHus, IOJDKEH
MMETh KOpHU, HAXOAAIINECS BHYTPH €IMHUYHOIO
kpyra. Tak kak 06a HanpaBIeHUs NPEACKa3aHUs JAt0T
OJIMHAKOBYIO CTATUCTHYECKYIO MH(POPMALINIO, CTaTH-
CTHKH OLIMOOK MPECKa3aHus BIEpe] U Ha3all MOX-
HO OOBETUHUTE U YITyUIIUTh TAKUM 00pa30M OLIEHKY
AR xoa¢p¢unmentos. B moguduitmpoBaHHOM KOBapH-
AIIMOHHOM METOJIe /ISl OLEHOK KO PHUIIMEHTOB JIH-
HEIHOT 0 NPEACKa3aHus UCTIONB3YETC MUHUMHU3ALUS
METOJIOM HaMEHBIINX KBAJIPaTOB CPETHETO apud-
METHYECKOTO AUCHEPCH OIMOOK JTMHEHHOTO Mpe-

1
CKa3zaHud BIICPCO M Ha3ajg Gi'b :E(Gi‘ +Gi) JJIA

BceX KOA((UIMEHTOB MpeAcKa3aHusi. ITOT METOJ
oOecreynBaeT MOJyYeHUE CTATHCTUYECKU YCTOU-
YUBBIX OIEHOK, OHAKO (HIBTP MOXET OBITh HEYC-
TOWUYUBBIM. I103TOMY NpH BBIYMCIEHUU IPOTHO3A
HEO0XO0AMMO MPOBEPATH PACIOIOKEHHE KOpHEH
MMOJTMHOMA BHYTPH €AMHUYHOU OKPYXKHOCTH [57]
(b. N. HlaxTapuHn, B. A. Kopurus, 2005).
Brrunciienre onTUMabHOTO MOPS/IKA aBTOPerpec-
CHUH SIBIISIETCA BayKHOU 3a1a4ueit. [Ipu HU3KkOM mopsi-
KE MOJENI TONYyYaroTCs CIIaKeHHbIE CIIEKTpaib-
HBIE OIICHKH, a IPU BHICOKOM — YIy4IIaeTCs 4aCTOT-
HOE pa3pemieHre, HO TOSBISIOTCS JIOXKHBIE ITHKHU
Ha AR criekTpe, 4To yXyAmiaeT KauecTBO MPOTHO3A.
[ToaToMy B KauecTBe HaYaILHBIX 3HAYSHUH TTOPsIKa
AR Mozaenmn npuMeHSITHCh HH()OPMAITMOHHBIA KPH-
tepuil Akanke [58] (S. M. Kay, 1988) u kputepuit
JUTMHBI MHHEMaJIbHOTO onucanus [59] (J. Rissanen,
1983). OmHako s peabHBIX KBa3UTaPMOHUYECKIX
3alIyMIICHHBIX TIPOLIECCOB KPUTEPUH BEIOOpA TIOPSI-
ka AR Mozienm 00bIYHO 1at0T 3aHMKEHHbBIE 3HAYCHUS
[60] (T. J. Ulrych, R. W. Clayton, 1976). Jlanee cTpo-
WINCh HECKOJbKO AR Mopeneil pa3HbIX MOPSAKOB.
Te 3Ha4YeHUS MOPSIKOB, MPH KOTOPHIX IMOTyYaIUCh
HanOoJiee BEICOKHE KK Ha AR criekrpe, mpuMeHs-
JIUCH B BEIYMCIICHUH POTHO3a. B cityuae eciu psizibl
JaHHBIX COZIEpKaT, KpOME IOJIE3HBIX, €Il U Hepe-
TYJSIpHBIE KOMITOHEHTHI, MIPU pacyeTe JIMHEWHOTO
npecKa3anus y1o0HO IPUMEHSATh pa3zielicHre JIaH-
HBIX Ha CUTHAJIbHBIC ¥ ITYMOBBIE KOMIIOHEHTHI C HC-
MTOJIE30BAaHUEM AJITOPUTMA CHHTYIISIPHOTO pa3ioxke-
Hust SVD (Singular Value Decomposition). Taxoii
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MOXO0J, BO MHOTHX CIy4YasX yJAydllaeT KadyecTBO
MPOTHO3a U MOAPOOHO paccMaTpuBaeTcsi B paborax
[61] (D. Tufts, R. Kumaresan, 1982) u [62] (M. Uike
etal., 1992). ITomy4eHHbIe TPOTHO3bI U3MEHEHHSI TLIOT-
gocTtd 1otoka Ha yvactore 14.5 I'T'm mocie 2011
CPaBHUBAINCH C TAHHBIMH HE3aBHCHUMBIX HaOIIOme-
Hu#t u3 karagora MOJAVE [63] nawactore 15.4 T,
Pezynerarsl mokasaim xopoliee COBIaICHUE IPOTHO-
30B C peajJbHbIM HU3MEHEHHEM IUIOTHOCTH IOTO-
Ka M3IY4YEHHUs Yy HCCIEAYEMBIX pPaJHONCTOYHHUKOB.
CpenHee OTKIIOHEHHE MPOTHO3a OT HAOIIOAaTeNb-
HBIX JaHHBIX COCTaBisieT OT =~ 0.6 fu (s mctou-
nuka BL Lac) no ~ 6 Su (mns ucrounuka 3C 273).
VY ocTanbHBIX HUCTOYHHMKOB CpEIHEE OTKIOHEHHE
~1+2 Su. HanpaBieHue M3MEHEHUS IJIOTHOCTHU
MIOTOKA U3ITy4eHHsI (pOCT WM CTIaJ]) Y BCEX UCTOUHH-
KOB OBLIO TIpeZicKa3aHo nmpasmibHO. Ha puc. 15 u 16
MIPUBEICHBI HECKOJIBKO TPHUMEPOB MOITYIEHHBIX MTPO-
THO30B JAJIs1 pa3IMYHBIX TUIIOB BHETAJITAKTUYECKUX Pa-
JMOMCTOYHHKOB.

7. BbIBOOBI

B pesynprare nponenanHoit pabotel ObLTH 00pabo-
Tausel 30 KPHBBIX U3BMCHCHHUS IIJIOTHOCTHU ITIOTOKA HU3-
nmydenus 1 10 paguoucTOYHUKOB U3 0a3bl JaHHBIX
UMRAO Ha yactorax 14.5, 8, 4.8 I'T'1 3a uaTepBan
BpeMeHH HaOmoneHuit oonee yem 40 net ¢ BpeMeH-
HeiM pazpemenueM 0.02 roma. Hacrosimas pa6o-
Ta 0000MIaeT pe3yabTaThl MPEABIAYIINX paboT aB-
TopoB [64, 65]. C nmpuMeHeHNeM BeiBIeT-aHATN3a
MOCTPOEH KaTaJIOT 3HAYCHUH KBa3UIEPHOINYECKUX
COCTABJISIONINX EPEMEHHOCTH TUIOTHOCTH TIOTOKOB
W3ITyYeHUS KCCIIETyEeMBIX PaJIMOUCTOYHUKOB, (DOPMU-
PYIOLIMX TMHAMUKY UX akTUBHOCTH. [lokazaHo, 4To
HaOIonaemMas nepeMeHHOCTh (POPMHUPYETCS C TIOMO-
IOBI0 CJIOXKCHUSA KBASUIICPHUOJUUCCKUX COCTaBJIAIO-
LIMX Ha PA3JIMYHBIX BPEMEHHBIX MaciuTadax.

Y GoNBIIMHCTBA HCTOYHUKOB JIJIS1 KOPOTKOTIEPHO-
JIMYECKOU COCTaBIIAIONIEN TIEPEMEHHOCTH XapaKTep-
HO HaIW4Ke U3MEHEHHsI IIEPHOIOB CO BPEMEHEM, UTO
SIBIIIETCS OJTHUM W3 BaKHBIX CBOWCTB MCCIIEAYEMBIX
HCTOYHUKOB.

Taxkoii moxoz O3B0 BIIEPBBIE TOCTPOUTH MPOT-
HO3BI U3MEHEHHS IUIOTHOCTEH MOTOKOB U3IYUYEHUS
JUISL BCEX HCCIEyEMbIX PaJMOMCTOYHHKOB C yYe-
TOM MHIUBHUIYaJbHBIX CBOHCTB MX MEPEMEHHOCTH
Ha yacTtoTe 14.5 I'T'm mocne okoHUaHUs HaOIIOMIE-
mnii UMRAO B 2011 1.
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Puc. 16. TTporuos nuist ucrounnka 3C 446 ¢ 2009 o 2013 rr., moTy4eHHBIH aTOPErPeCCHOHHBIM METOIOM (TTOPSI0K 22)

Tak, JyIs1 MPOTHO3UPOBAHUS TJIOTHOCTEW TMOTOKOB
m3myueHus paauonuctouukoB 3C 345, 3C 446,3C 454.3,
00JIQIA0NINX CJIOKHBIM XapaKTepOM MEPEMEHHOCTH,
IIPUMEHEH TOJIBKO METO/] aBTOPErPECCUOHHOTO JIMHEH-
HOro npenckasanus. [IpuunHON npUMEHEHHs JaH-
HOIo M€ToJa ABJIICTCA HAJIMYUEC 3HAYUTCIIbHOI'O U3ME-
HeHus ammuTynsl (3C 345), n3MeHeHwe 1aBHOTO Tie-
puona (3C 446) 1 CIIOKHOTO MPOSIBICHUS aKTUBHOCTH
(3C 454.3). C yuerom BpIlIeyKa3aHHBIX (DAKTOPOB TO-
JIy4€H MPOTHO3 HA MHTEpBAJIE 10 ~ 4 +5 JIeT.
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s uctounmkoB BL Lac, OJ 287, OT 081, o6na-
JAIOMIMX OBICTPOH TepeMeHHOCThI0, Hanboee (-
(heKTUBHO MPUMEHEHHE METO/Ia TAPMOHUYECKOTO IIPO-
THO3UPOBaHMA. Takoi moaxof MO3BOJIMI MOIYYHUTh
[IPOTHO3 NPOJOJIKATEIBHOCTEIO 4 +9 JIeT.

Ja ucrounnkos 3C 273, 3C 120, y KOTOpPBIX KpH-
BbI€ N3MEHEHHS IUIOTHOCTH IIOTOKOB XOPOIIO OITUCHI-
BAaIOTCSl CYMMOH CHHYCOHW[, TakXe HCIOJb30BaH
TapMOHHYECKUI METOA U MOTY4EH IPOTHO3 ITUTEIb-
HOCTBIO 10 16 ner.
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JocToBepHOCTh MpOrHO3a OblIa MOATBEPKICHA
HE3aBUCHUMBIMU JaHHBIMU HaOMIOACHUH B paMKax
nporpaMMbl MOJAVE 3a 2011-2015 rr.

Hns ucrounnkoB DA 55 u CTA 102 Ha ocHO-
BE XapaKTEPHOr0 KBAa3HUCHHYCOMJAIBHOIO M3MEHE-
HUS TUIOTHOCTEW MOTOKOB MOKHO IPEAIOJIOKHUTH,
YTO CJIEAYIOIINE MAaKCUMyMbl IpuIIIUCch Ha 2016 .
(DA 55) 1 2012.6-2013 rr. (CTA 102). ITo nanHbIM
MOJAVE B 2013 1. 3adukcupoBaH OBICTPBIH POCT
IJIOTHOCTH MOTOKA M3JIy4eHUs y UcTOuHMKa DA 55,
OJTHAKO JlalibHEeWIe HaOIIONEHUS OTCYTCTBYIOT.
VY ucrounnka CTA 102 rHaOmromaemplii MaKCHMyM
IUIOTHOCTH NOTOKa npuxoanTes Ha 2013 1., 4To cooT-
BETCTBYET IIPOTHO3Y.

Takum 00pa3oM, B HEKOTOPBIX OCOOBIX CIydasx
Jlayke IpocTasi anmnpoKCUMAaIIUS OJJHON CUHYCOMIOU
MOKET JaTh OIpeleseHHYI0 HH()OPMALHIO O Aajlb-
HEWIIeN 3BOJIFOLMHN MIIOTHOCTEN NOTOKOB U3JTYyUYEHHUS
BHETAJIAaKTUYECKUX PaJHONCTOYHHKOB. BO3MOXKHOCTB
MIPOTHO3UPOBAHUS HW3MEHEHHMH IIJIOTHOCTH IMOTOKa
Ha OCHOBE JTaHHBIX MOJyYEHHOT'O KaTaJIOTa SIBJIAET-
s IPUHIMITHAAIBHO BaKHOM IIPH INITAHUPOBAHUU Ha-
OmroneHui.
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CATALOG OF VARIABILITY PERIODS
OF EXTRAGALACTIC RADIO SOURCES
AT CENTIMETER WAVELENGTHS

Purpose: Study of the variability of flux density of extragalac-
tic radio sources (3C 273,3C 120, 3C 345,3C 446,3C 454.3,
0J 287, OT 081, BL Lac, DA 55, CTA 102) according to a
long-term (1965-2011) monitoring at 14.5, 8, 4.8 GHz made
with a 26-m telescope of the University of Michigan. Making
up a catalog of quasi-periods values and their properties,
as well as using this latter to predict the flux changes after 2011
at 14.5 GHz.

Design/methodology/approach: Using wavelet analysis, band-
pass filtering and singular spectrum analysis (Caterpillar-SSA)
the information is obtained on the values and properties of qua-
si-periods of radio flux density change, separately for the long-
term and short-term variability components. Using these values,
for the first time the forecasting with the two methods — har-
monic and autoregressive linear prediction, has been made.
Findings: The catalog of quasi-periodic components of flux den-
sity variability is compiled for 10 radio sources, forming dyna-
mics of their activity. The variability of extragalactic radio sour-
ces is shown to be formed by adding the quasi-periodic compo-
nents on different time scales. The results of forecasts showed
good compliance with real observations from MOJAVE data-
base. Autoregression method is preferred for a short-term fore-
casting of flux density changes for radio sources with complex
processes of variability.
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Conclusions: Presented values and properties of quasi-periods
are designed to build theoretical models of short-term and long-
term variabilities of extragalactic radio sources. The ability to
predict changes in flux density of extragalactic radio sources
using their variability data enables efficient planning of observa-
tion programs.

Key words: extragalactic radio sources, quasi-period, variability
ofradio emission, wavelet analysis, Caterpillar-SSA, forecast
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KATAJIOT ITEPIOAIB 3MIHHOCTI
MTO3ATAJTAKTUYHUX PAJIIO/IKEPEJT
Y CAHTUMETPOBOMY AIAITA30HI JOBXHWH XBWJIb

IIpeomem i mema pobomu.: JI0CIiKY€ThCS 3MIHHICTD LIITBHO-
cTeil MOTOKIB BUMPOMIHIOBaHHS M03araJakKTHYHUX PaIioKe-
pen (3C 273, 3C 120, 3C 345, 3C 446, 3C 454.3, OJ 287,
OT 081, BL Lac, DA 55, CTA 102) 3a nanumu 6araropiquHoro
(1965-2011 pp.) MmoHiTopuHry Ha yactotax 14.5, 8, 4.8 T,
BHKOHAHOTO Ha 26-MEeTPOBOMY Teneckori Mi4uTraHChKOTo yHi-
Bepcurery (UMRAOQ). Metoro poboTH € ckiiaiaHHs KaTauory
3HAYCHb 1 BIACTUBOCTEH KBa3ilepioIiB 3MiHH IIIILHOCTEH I10-
TOKIB PaJ{iOBHIIPOMIHIOBAHHS JOCIIKYBaHUX PaJlioKepet,
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a TaKoXK IMPOTHO3YBAaHHS Ha HOTO OCHOBI 3MiH LIIJIBHOCTI HOTOKY
JOCHIPKyBaHUX paniomkepen miciast 2011 poky Ha yacToti
14.5IT.

Memoou i memooonozis: 3 3aCTOCyBaHHIM BEHBIICT-aHAIII3Y,
cMyroBoili ¢inbTpanii Ta aHami3y CHHIYJISAPHOTO CIEKTPY
(“T'ycenma”-SSA) orpumano iH(pOpMAIIito Tpo 3HAYEHHS Ta BIIa-
CTHBOCTI KBa3ilepioAiB 3MiHM LIIIBHOCTEH MOTOKIB pajio-
BUIPOMIHIOBaHHS OKPEMO JUIs IOBTOTPHUBAJIO Ta IIIBUIKOI CKJIa-
JIOBHX 3MIHHOCTI. 3 BUKOPUCTaHHSAM LIMX 3HAYEHb BIIEpIIIE BUKO-
HAHO TIPOTHO3YBaHHS JIBOMa METOJAMH: TapMOHIHHIM METOJIOM
Ta METOJIOM aBTOPErpeCiitHOro JTiHIHHOro epe10aueHHsL.
Peszynomamu: T1oGynoBaHO KaTanor KBa3ilnepioAnyHUX CKIIa10-
BHUX 3MIHHOCTEH HILTLHOCTI TIOTOKIB 10 pamiomkepern, siki Bizzep-
KaJIIOIOTh IMHAMIKY iX akTuBHOCTI. [ToKa3aHo, 1110 3MiHHICTb NO-
3araJakTHYHUX pafio/pkepelt popMyeThCs 3a paXyHOK JIOaBaH-
HsI KBa3iMepioNIHIX CKIIAJOBHIX Ha PI3HIX YaCOBUX MacIITabax.
OtpuMaHi pe3y/sTaTy IPOrHO3iB OKa3ak J0OPY BiANOBIAHICTH
pearsHIM criocTepexeHHsM 3 6a3u nannx MOJAVE. ABroper-
PpeciifHuit METOA € KPAIUM JUIsl KOPOTKOCTPOKOBOTO IIPOTHO3Y-
BaHHS 3MiHH HIUTFHOCTEH MOTOKIB Y paioKepet 31 CKIaTHIUM
XapakTepoM 3MiHHOCTI.

Bucnoeox: Hajani 3Ha4eHHS 1 BTaCTHBOCTI KBa3iNepioIiB IpH-
3Ha4eHi U1 HOOYJ0BH TEOPETUYHHUX MOJIEIIEH IIBUAKOI Ta JIOB-
TOTPHUBAJIOI 3MIHHOCTI O3araJIakKTHYHUX paiomkepen. Mox-
JIUBICTh ITPOTHO3YBAHHS IIILHOCTI HOTOKIB I103arajJakKTHYHUX
pamio/pKepen Ha OCHOBI IaHUX MO0 TX 3MIHHOCTI JTO3BOJISIE
3I1HCHIOBATH €)eKTHBHE IIAHYBaHHS IPOTPaM CIIOCTEPEKEHb.

Kniouogi crnosa: mosaragakTU4Hi pagiomxepena, Kpasime-
piof, 3MIHHICTh paJIiiOBUIIPOMIHIOBAaHHSI, BeliBneT-anami3, “I'y-
ceHnI -SSA, TporHo3
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