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UStLUNUNERESUL CUEZULARE FLNREUSGPIT

Phlugh wpnhuljwimeiniip

Uunwnnudhqhulud wnpmipubpnid wbnh niubgnn $hqhjuljumbt wpnghutbph
nunidtwuhpmpjut Ukpnnutnhg Ukyp nputg’ nwnhnjhg dhtsh pupdp b gippupén
tubkpghwikph (FE; > 100 UL b @RE; > 100 k) y-nhpnypubpnud nhnnudubph
wpmynitpbph pYuyht/nbkuwljut dnpbjudnpnidi b Puquuhwdwpiughtt inhpnypeoud
Swnwquypdwl wnpmnipubphg i Ujunpy Quuyunpljului Thontjukpp (UQU-
ubtpp), npnup hwinhuwind G Shqhpph dwnwqupdut wdkiwhqnp b Yuynil
wnpmoipubpp:  UQU-ubkph JdbkS  hgnpuipjudp  {wnwqujpnid wnwowind L
yEunpnbwlwt ghpbwiup ul junpnsh (nph quiuqusp hwdwp hwutnmd bt dhish
10°Mg) Ypw plltnn Wymph wnwnbkighw) tukpghugh thnpwlbpyduwdp: Uyn ub
lunpnsh  onipop  wwundnn  qughg gnyuund  E - wipbghnt  ujwduowl, npp
Swnwquypenid £ oyunhjuljui b nypupudwinyyulugnyi (ABU) whpnyptbtpnud: Ul
unpnsh - pmpep’  ~10°  Tupgohiph  pwpunnmy  whpnyphg, nhnynd - Bh
$nunpntihqugius quqht plnpng b gdkp, hul pwn wikih plpwpdwy whpnyphg
ubn gbtp: UQU-ukph dhonijhg qpuigdws nidbkn huppwlupdhp dwnwquypnidp
gnyg k wiwihu, np ipw onipep gnymipinih nith Wniph quiqus nnpuindiwi («torus»)
Junnigwépny: Ulpkghnt ujwwnrwlhg wnwowind b swhwquig Eubkpghnply
dwuthlubph juhun ninpnppdws yiuquugh wpnwtbnmd, wjuybu Ynsqus ohpe, nph
swihbpp Yupng kb hwutly dhish th puih Yhinwwpubkh: Gwhijws shph ghungh
ujundwdp niikgusd wiljniuhg, UQRU-ukpp pudwiynid B nwppbp quubph: UQU-
utph wdktwhbwwppphp Bipunwup pjuqupibtp &u, Gpp ohpt nuynyus & phuh
nhwunnp b Inwkp nidknugdw otinphhy dwnwquypnidt wykh wuydwne L nphinnnh
hwdwnp (1): Fjmqupubkpt hpkug hippht pudwbynid Eu «BL Lacertae (BL-Lac)» b «Flat-
Spectrum Radio Quasars (FSRQ)» nwubkph, npnup wnwbdiwbind &t qpubgyus
Swnwquypdwul gdkph nuppkp hwnlnipmibutpny:

Plmquputph  ohphpnid  wbnh nmibbkgnn  wypnghuubph  nunidbwuhpnipiniip
dudwtuljujulhg wunnudhqhuyh wdbwwpnhwlwb punhputphg Ukl £ puuh
nn wju htwpwynpnipmitt t wnwjhu htnwgnunk] ny dhwytt phjunhyhunuljut
wpngbutbpp b wpnwbbnnwlubpp wdkbwbpunpbdw] yuydwbbbpnud, wy twb
niuntduwuhpby Shhqtpph juytwdwusnup Junnigfuspp: Quuwyws ppuquptpp dhown
bk Eu niumdwuhpnipjut wowplw, tputg shpbpnud wnknh niitignn $hqhljulju
wpngkutbpp pbnbu (hnyht wwpqupuiqus sku: Hnbu wthwulwbwh b ohpnd
Supwquypdwi whpnyph nhppp. wpnyn’p wyi gnignud E jEnpnbwlub ul junpnght
Unn, pk b gsbpn] fwnwquypdwb whpnyphg (L9S-hg) nonipu, hbsybu b
ohptpnud dwuthubkph wpuquinud dhiish SRE-h mhpnye b wji: Loqws munhpubpp
Yupkih Ehinwgnunb] dhuy Ubs puwbwlnipyu iy utph donpijudnpdwi vhongny:
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Uunbkijununipjut byuunwlt b nuunidbwuppl) wwppbp quubph pjuqupttph
ohpkpnud nbnh nibkgnn ns gkpuughll wpngbutkpp' b Fukpgwnhl whpnygpoud
uykwunpubph wbuwfuwt  dnphjudnpdwt oqunipjudp: Twubwynpuybu,
wuwwpuwunyk] Lt Spwgqpuyhtt  thwpbp, huyp  htwpuwynpoipmit . wwihu
mipupwiginip mbuwfwb dnghih opowbwynmd quil] wyt wquun wwpwdbnpbph
hwdwpinwdpp, npp  Jpdwljugpnpt (wugnyiue  Wqupugpoud £ gpugdws
njuubpp: Uju tyuwnwlng oquuwugnnpdyty t hwjnth Markov Chain Monte Carlo
(MCMC) ubpnnpp: Opwgpnud ukpunyws bu ohpnid dwuthlubph wpuqugdwi b
thnhiugnbgnipjut pojnp httwpwynp Ukhwthqdubpp, hugp pnyp b iwjhu putwplly
Swnwquypdul  wnwowgdwl wwpphp  hwpwynpoipmnibibpp, hiyywbu  twb
htunwgnuityp wwppbp wwpwdbtnptphg b dwpwquypdwt  whpnyph  ghppbphg
Jupdws fwrwuquipdut  uyblnph  thnthnpnipmoibibpp: Updws  Spugpuyght
thwpbph Uhongny niunidbwuhpyty t @RE y-nhpnypmid gpuitigdus FSRQ-tph PKS
1510-089-h, PKS 1222+216-h L 3C 279-h shptpmud poulnidubph wnwowgdwt
Ubkjuwthquubpp: PKS 1441425 u CTA 102 htowynp pjuqupbbph shpbtpnud wnbknh
niikgnn ny otpduyhtt wpnghubbpp nuunwdbwuppbine hwdwp  Jepoisdl; Bu
oyunhluwlwlt, MU, nkunghiywt b PE y-mhpnypnud qpugdws wndjuyubkpp:
Stuwljui/pdughtt  Unpbjwynpdwt  wpymbpubpp pubwplyl; o dwubhljubkph
wpuwqugdui b fwnuqupdui nuppbp nkuntpniiitbph oppwbwlubpnid:

Uwnkbhwjununipjub tuyywwnulji n ul

e Munuwlbwuhpk; UQU-kpph  Eupunwu  hwinhuwgnn — pluqupbbph
phjjuinhypunwljut  ohphpnid  dwubhlukph wpuqugdwi b {wupwuqupdul
Ukjuwmthquubpp:

e Zhunwgnub] Swnwquypdwl uwbliupbbpp b tpwbg thothnjunipniap
Swnwquypdwl whpnyph wwppkp ghpphpnud:

*  Muwnpuunty dpugpuypl hwpbp pruqupbtph 2hpbph  puquwihpuht
nppnypnd ghinnidubph wpyniipttiph mbuwui/pduwihtt dnpbjuynpdwi hwdwp
oquugnpstiny wuwpwdbinpbph ghwhwndwt Jhdwjugpuljui dkpnnubp:

e Munulbwuhpk] @RE y-nhpnypnid gpuiugus FSRQ nwup pjuqupbbph
ohplphg dwnwquypuwi Ukwihquukpp wnpmpibph fupwquypdwi hwighun b
wlinhy Yh&wljubpnud:

e Munuwlbwuhpby hinwynp PKS 1441+25 (z = 0.939) pjmqupnid nknh niikignn
pupdp b ghppupdp Fubpghwibph wpngbkutbkpp, npnbg wpymbpnul wnpniph
Swnwquypniudp gpuiigyt) E MAGIC b VERITAS ghunwljutph hwdwlwpghpny:

e ’Zhwwgnuik] 2016-2018pp. pupwgpnid CTA 102 pjuquph oyunhjuljwi, MU,
nbingkiyut & PE  y-nhpnypubpnid  qpuigdus  peulnudutph  wpwowgdwt
Ukjuwmtthquubpp:



Shunwljwit inpmypp

e  Puqupubtph pwquwhwdwpiughtt  whpoypnd  qpubgduws  Eublpghuygh
Uytlunpuw) Puoljuénipjut (EUR) dnphjuynpdwi  hwdwp wwuwwpwungl] b
Spugpuyhtt hwphp, npt wqun yuwpwdbnpbph quuhwndwb hwdwp oginugnpénid
E MCMC dbtpnnp, husp pny) E mmwhu gl mquun yupwdbnnpkph wyt wpdbpubpp,
nnpnup Jhdwugpnpbi juugnytiu tjupugpnid Eu gqputgyws wpyniupubpp:

e 38nygkwpdky, np PKS 1510-089-h, PKS 1222+216-h  3C 279-h wnwqupnidp
PE whpnypnud htwpwynp b pugunpt] dhuwyt wyt ghwpnud, Epp funwquypdui
nppnypp quidnud E LAS-hg nnipu, b dwnwquypnidp wnwewbnid L wnpniuhg
funuquypws  dnuinbubph hwljuwnupd Yndwyuniywit  gpouwdhg  (2U8-hg):
Unphjuynpdudp quwhwwnyl] b wnpnipubph ohptpp Wjupugpnn yuwpuwdbnpbpp
Swnwquypdwl hwiqunh b winhy Jhdwlubpnid:

e 8nyg L wipgk), np PKS 1441+25-p quuglkp b poujiwt Jhdwlynmd RE y-
whpnypowd 2015 hnitbduph 24-ht, Gpp hnupp wdlp B dhigh (2.22 4+ 0.38) x
1076 $nunti ud " Jp " Unphjunplwh wpymbplbkpp gnyg kb wwghu, np bpp
wnpniph Swpwquypnidp gpuiigyl] t GRE y-nppnypnwd, shpnd wpuqugyus
LEyupnuutph tukpgbnhly pushudw gnighsp thnppugl) | quntuyny® 1.98 + 0.03.

e 3nyg k wipykg, np CTA 102-p quuidly E wlnhy dwnwquypdub Jhdwlnud
whpught poinp whpnypbbpnud, 2016 unjtdptiphg dhtgh 2017 thtwnpupp: 2016p.
nklwnbkuptph 16-ht, 4.31 pnybh pupwgpnid, £E y-inhpnypenid (nruwnynipyniip ok
L ~3.25x 105 tpgpy ™", husp pjuqupbphg dhis uydd gpuibiguws wdkiwdbs
Intuwnynipiniiibph Yupgh b 8nyg k wpyk), np nkungkiyub b £E y-nhpnypubpnud
hnuph wght qniquhtn $nwnntiwghtt gnighsp tjugnud t, hul hnuph thnthnjunipjui
wlktwupd dudwbwlp juqunmd £ 4.08 + 1.44 dwd:

e 8nyg kL wnpyky, np whnhy Jhdwlnid CTA 102-h Swnwquyjpnidp wnwewnud

E ohrh Yndwywlwn whpnypnid, npp gunuignid £ LAS-hg nnipu, b gputgdws wndyujukpp
pugunpynid ki inpniuh $nunintitkph 248-ny:

Uunugywé wprynitipubs nwlwh b gnpstuljut wpdh

Plmqupubph puquuhwdwhiwihtt mppnypnd UL dnphjuynpdwt hwdwp
wuwpuunyws Spuqpuyhtt thwpkpp Jupnn b oquuugnpsyty wyp wnpmnipubpnid
wbknh niitignn ny okpduyhtt wpnghubkipp niuntdbwuhpbynt hwdwp:

PKS 1441+25-h b CTA 102-h ohplpnud wtinh niukgnn wpngkutbph dwipwdwut
nunidtwuhpmipiniip nith Jupbnp ywbwlnipmtt FSRQ nwuh pluqupbbkph
dhqhljuts hwuljwtwnt hwdwp:

PKS 1510-089-h, PKS 1222+216-h k 3C 279-h hwiqunh b ppuljuwt Jhdwmlutpnid
Swnwquypdul uyklunputph dopbjudnpdwt wpnyniupubpp Jupnn B oguruugnpdyby
BL Lac U FSRQ nuubtiph pjuqupttph ohptpnid dwuthljubph wpugugdw b
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Swnwquypdul ypngkutbph hinwqu hbnwgnunipnibtbpnid:

Nuonuymtimpuhb tkphuyugluéd wnkitwnum pput hhliwlwb npnyphb;

1) Mwwpwundt] b spugpuyhtt twpkp  puqupibph  puqiuhwwwhl
Swnuquipdwt EUR-h pduht/nbuwlut dnpbjudnpldwt hwdwp, npp wquun
wuwpwubnpkph quwhwndwt hwdwp ogunugnpénid E MCMC dbpnnp:

2) 8nyg L wpdk, np PKS 1510-089, PKS 1222+216 L 3C 279 pjuqupubph
pouljnudubpp Jupbh £ pugunnpt] fwnuquypdwt whpnyph nhpph b/jwd Ynubp
gnpéwlgh thnthnfum pyudp:

3) Zwynwpkpyby £ np PKS 1441+25-h RE y-nihpnypnd hnupp Yupndy wdk) k2015
hniijupht, hull wwyphht vykuph $nunbughtt gnighsp tnkp &' I = 1.54 + 0.16,
hisp punipugpuijui sk FSRQ pjuqupttph hwdwp: Unyh dudwbwlwhwndusdnid
hwjinwpbpyty k nhdtpkughwy uybklnph oknnid wmunhgwbwght opkiphg:

4) Skuwljut Unphjwdnpdudp gnyg b wpk], np 2015p. wwyphihtt PKS 1441+25-h
ppujuut  dwdwtwl gqpubgqué Jgwnwquypnidp  pugwupynd L wnpniuhg
Swnwquypnn dnunbubph 248-nd b gnyg b wpdbk, np ohpnud wnwquypnn
Hbywnpnutkph Fakpghnhl pusuwsnipyui gnighsp thnppughy Euhish @ = 1.98, hush
htwnlwbpny wnpniph fwnwquypnidp qpuitgyt) E FLE y-nhpnypenud:

5) Zupnuwpkpyt) £ np 2016p. nkjuntdpkph 16-htt CTA 102-h y-dwnwquyjpnudp 4.31
pnybh phpugpmd wdk; Eouhtsh (3.55 + 0.55) X 1076 $nuntiud 2 qpl~t, nphi
hudwyuinuuuwind £ 3.25 x 1050 kpg dply ™ jnuuwnmnipynit, npp pruqupikphg
gpuiigqué wdkhwdbs nruwnynipjut jupgh b Zuynbwpkpyty £ np nkingkiywi o
PE y-whpnypubpnid hnuph w&ht qniquihbn dnunntiwghti gnighsp wfuqnid E:

6) 8nuyg L wpygk;, np CTA 102 wnpniph y-nnhpoypnid poujdwb phpwgpnid
gpuiigqué nyjuiutpp pugunpynid Eu LAS-hg nnipu tukpgbwnhl LEjupntukph b
wnnpniuhg Swnuqujplus dninnbinkph 248-n4:

Uoluunnwiph ubplyujugnidp
Ushiwwiph hhdwub wpmyniuptbipp tkpluyugyt B hbnlyw dhpwqquyphe
qhinmwdnnnyubtpnud.
1. The 6th International Symposium on High-Energy Gamma-Ray Astronomy
(Gamma2016), July 11-15, 2016, Heidelberg, Germany,
2. High-Energy Phenomena in Relativistic Outflows VI, September 11-15, 2017,
Moscow, Russia,
hiswbu twh pubwplt] ko PULULES Ykinpnth b 9. Zwdpupdndjubh wigwb
Pmipuljuth wunnunhwnwpwith ubkdhtwpubph dadwbwly:

Zpuyyupulmfubpp
Uwnbktwnunipyut hhpdtwlwh wpyniipubpp myuqgpdty B pynyg hhig ghunnufjui
wpluwnwpubpnud, npnug gniguljp ukpuyugyus k ubniwuqgnph Jipenud:
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Uwnkiwjunum pjuih junn gduépp
Uwnbkuwjinunipiniup punugus k ukpwdnipnitihg, 5 qiiuhg, kqpujugnipmiihg b

152 hnnudukph guiihg: Unktwjununipiniup wupnibwlnud £ 33 tjup b 9 wnjniuwl,
huy swup Juqunud & 127 Ey:

Uwnbkhwjunumpiuh pnjwinuljnipinibip

Unwgwpwimd hwlhpd uhpjuyugjws btu  phdugh  jupbnopoippiip b
wpphwuimpmip dwnbwiobng weweunpyus tyunwlukpt nt ubghpubpp,
hyybu twb wnktwinumpjut hulhpd pnyuinulnipemniup:

Unwghti qplumd  ubplujuguws i UQU-ukph b pjuqupubph  hhdbwlwb
hwnlmpiuutpp b tpwig pjuwuwlwupgnidp, hywbu  twb  phbwpydl; o
pluquputph  puquuwhwdwjpuihtt whpnypnd fwnwquypdwt  punipwugpbpp:
Ukpuyugyt) b nhpunhdhunwluwt hwdwlwupgbiphg nyh wbowpd hwdwlupg
wuigttijhu nwwppbp dbdnipniiubph dbwthnjunipiniuubpp:

Bnhpnpy qilund putiuplyl) B pluquiptibph ohphpnid dwuthjukph wpuqugdw
b fwnwquypdui dkjpwthquubpp: Twipudwut tbpuyugus b iy LEjupnth o
Eywnpnuutph hwdwhdph uhippnunpniughtt Swnwquypeaidp, b 248-p, tkpjuyugyt)
Eu dwnwquypdwb uyblwnpubpp b dhwynp dwdwtwlnd tubkpghwjh Ynpniunh
wpwgnipnibp:  Rutwplyl] B pjuqupbbph  fwpwquypdwt  uwybkliupnd PR
pununphsh dbun]npnidp’ wupdwiwynpjus wwppbp $nnnbughtt puownbkph 248-nd:
Lutwplt] b twb dwubhyubph htwpuynp ikpghnhly pugp]usnipnibubpp
wuydwbwynpjus wpuqugdudp b funuquypdudp:

Eppopy  goifup wjhpjws b opluqupbbph puquwhwdwpiught nhpnypnid
Swnwqujpdwt EUR-nh pYuwght/nbuuub dnphjugnpdwbp: Lutwplyly o wuppkp
Jhdwjugpuljut dkpnnubp, ph hswybu qul] wjt ywpwdbupbpp, npnup npdws
Unphih  opowbwlnd  wdugnyiu  GWjupugpmd Bu qpuigduws  wdyujubkpp:
Uwutwynpuwbu, tbpiuyugyl] b juyt Yhpuenipnit niikgnn Pujtuhwb dbkpngp,
hisyhu twl wqun ywpwdbnpbph oyunhdhqugdwi Uks Yhpunnipmit niikgnn
whwhinhy (¥?, log-likelihood b wyt) b puyhl (Newton’s, Steepest-descent, MCMC,
uy ) dkpnpubpp: Udhh dwbpudwut putwplus T MCMC dbpnnh affine-invariant
wignphpup (2) b Ykpghthu hhdtwlwb npoypltpp: Lygws wignphedh dhengn]
wuwwnpwunyk] b spugpuyhtt thuptkp, hyp dnpbjuynpdut dwdwbwl poy) £ nwhu
quk] wyt mquun yuwpwdtwnpbph hwdwhindpp, npntp Jhdwljugpnpkt jwjugnyiu
puguupnid ki gpuibgyué wndjujubpp: Lkpuwyugduws b oSpugpuyhtt thwpbkph
Jupnigusptt nt wppuwwnwbph  hpdtwluwb  ulqpnibptbpp, b npwybu Spwgph
Yhpupmpmt  Unphjunpyl; ki PKS  0537-441 L Mkn 501 pluqupbbph
puquuhwdwhiughtt mhpnypnd fwnwquypdut EUL-pp: Unphjwynpdwt dhgngny
htwpunp t quwhwwnt] dwutthljubph tubpgbwnhl pwojujusnipniip tjwpugpnn



wwpwubnpbpp  wowdbjugnyhn b Gjuqugmyb - Eubpghwbtp,  Eukpghnhy
puofrudnmpyub gnighs b wyl, huswbu twlb shph hhdbwlwi wwpwdbnpbkpp
dwquhuwwi guow, (nuwunynipnit b wc Fuwhwnduws  wwpudbnpbpp
htwpwynpnipnit Bt wiwjhu ny dhuyt hbnnwgnunt] dwutthlubph wpuqugdu
Eubkpghugh Ynpunh dkpwtthquubpp, wyp twl hwuljwbw ohptph bhqhlwit: 4.4-4.7
Eupugnijuubpnud  Jbipp upyws Spwghpp oquwgnpéyk] £ @RE  y-nhpnypnd
qpuiigyué FSRQ-ukphg tiptiph' PKS 1510-089-h, PKS 1222+216-h 1 3C 279-h ohptpnid
wnbnh niubkignn wpnghuubpp nunidbwuhplnt hwdwp: 8nipwpwibynip wnpniph
huwdwp wpwbdbwgyl) ki dkjuljwi hwighun b wwppkp winhy Jhdwlubpht
huwdwywwnwupwing puquubhwdwhiwihtt nfjujukp b nputp dnpbjwynpyl; Bu
wnwppbp mkuwlut dnpkjubph opowtwyutipnud: EUR-Eph hwdbdwwnnipniip gnyg k&
wnwihy, np wlnpy Jhdwlnd funwquypdui bpint pununphsubpp wdk) Lo, huly
npny phypbhpnud bwlb obndl) B nhkwh RE wppnyp: Lwuh np wnpnipubph
Sunwquypnudp qpuigt] E @LE mhpnypnud, wyw fwnwquypdw nhpnypep wyhnp
E {htth LSS-hg npnipu, hwljunwl nbwypnd 700 <-hg pupdp tubkpghw nitkgnn
dnunntubpp Yudbht: Lutwplyl) L hbwnlbyw) nhwyptpp. hwiqunh Jhdwlhg
wlunphy Jhdwlh wbgubhu 1) dwpwquypdwi whpnypep ujund b wdbh wpug
owpdyl (Lnpklg gnpswlhgp Ukswimd £) b jpmd b 1QS-p, Yud 2) Lnphkug
gnpéuljhgp dind £ withnthnfu b whpnypp wupquuybu jpnud £ LES-p: Updws Eplyne
nbypbpnd Unpjwynplw wpyniipubpp (unnuwl 1) gnyg G wmwhu, np PKS
1510-089 wnpmiph peulnulubph dwdwbwl EUE Jwpkh b pugwwnpk, bpp
Etywnpnutbph tubpghnhy puojujuédnipjut wunhdwbwhtt optuiph gnighsp aq =
(1.91 — 2.11), npp thopujmd t a, = (3.68 — 4.13), Ej,, = (0.30 — 0.63) Gtd-hg pupap
wnhpnypnd, hull wquhuwljut nupwnp B = (0.34 — 0.46) Gu Jupgh k: Foulnidubph
Unyniuwly 1. Unpjun]npdwh wpmyntippp hwighun b wljnhy] Jh&wlibpnud:
& £l B Lp/10% L, /104

PKS 1510-080
Q6= 10)

Q (6 =125)
2000 (5 = 25)
2012 I..\ =25
2015A (8 = 25)
20158 (4 =
PKS 12

Q (=347

Q (4 = 36.5)
Flare B (6 = 36,5)

Flare G {# = 36.5)

I8TL.T 9.3

32.0 1=l .6
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‘Lljup 1: PKS 1510-089, PKS 1222+216 1 3C 279 pjwqupiubph &mnwuquyypuuit hwiighuwn b ppuljuwi
Jh&uljutkpnid EUR-Eph Unpbjuwdnpdwb wpmyniipubpn
dudwbwy Whunkhnptt wémd b oohph muwinnipniipn’ Lie = (5.4 — 7.6) X
10*¢ tpg Y, hul hwbqunh Jhdwlnud wyh juqunud k Lj, = 1.5 X 10** tpg y~*: PKS
1222+216-h niypnid hwiuqunh Jhwlnud gpugyus EUR-p htwpwynp k puguwnpby
uhtippnuipntt fwnwquypdwtt b uhtippnunpnuwghtt $nunntubph 248-nd (uWjup 1):
Pouljdwtt dudwbwl hnupp ULI-QEd mhpnypnid qquith wdnwd E, hulj nkiingkiyut
wnhpnypnd wjt gptptk sh thnthnpuynud, hyp gnyg £ wwhu, np Swnwquypnidp wn
uppnypibpnd wuypdwiwdnpduws L wwpplp  wypnghububpny:  Ghunghiyut
nphpnypnd Swpwquypnidp pugunpyl] b npybu uhippnunpniuwghtt $nnntiukph
248, hulj UkL-QEd whpnypmd npybu ninpniuhg fwnwquypus $ninntitkph 2U8:
Zudbdwinws hwighun Jhdwlht, tpynt ppulnudubpp jupkh b puguunpl] pun
sthnthnjubing  Ep. =03 9kl b B =(042-047) Qu wwpuwdkpbkpp: CThph



withpudhpn nuwnynipynip’ Liet = (1 —3) x 10*° tpg yny~?, gpliptk tnyb Yupgh &
hs hwuquunp Jhdwlnud: 3C 279-h hwiquunp Jhdwlnid owywmhljuljut wmhpnyph
njuubpp gnyg L wwhu, np gwsp Eubkpghwubph pwnunphsh wnwybjugnyu
hw&wunipynitp sh jupnn gipuquitigly 10 £g b wyn $nwnnbitkph 248-p Ypugunph
PE y-nhpnyph njjujtbpp dhugt Inuybp mdbinugdwi ks gnpdwlgh nhuypnud:
zhnbwpup, hwiqhun Jhulnd  fwnwquypnudp  puguupdl] L uhtppoupnt
$nunnbikph 248-ny, kpp § = 36.5, huly kpp 6 = 11.4, hwpyh | welb) twb L3S-hg
wunpunupdws pninntiukph 248-p: Gplynt phypmd k) LEjupnuubph wunhduught
opkliph gmighstitipp buljwinpbt skt wwppbpymd’ o = 1.98 + 0.11 by = 1.91 + 0.01
wpdbpubphg, uwluyt Gtpypnpn pbwpmd  wwhwbgymd L ohph swwnn  ULS
Inuwunnipynih’ Liee = 2.9 X 10*¢ tpg yny~, npp hhttwminid wwyplwbwnpjus
E  Lbthwupnuubph  wgpbgnpjudp: Poulnudubph  dudwbwl  tjuwndbkp o
puquuhwdwuwgh wnppnypnid Swnwquypdul uyklinph wnwpphkp
thnthnjunipititkp:  Ophiwl  <<B>>  polljdwl  dwdwiwl gpubgdt; E  hnuph
Upwdwdwiwlyu  wd  pnnp whpnypbtpmd’ pugh  phlnghiyut  whpnyphg:
zhnbwpwp, dnpijudnpldwt dwudwbwl nkungbiywt whpnyph hnupp hwogh sh
wnuyk], hul] y-mhpnypnid Swnwquypnudp puguwnpyl) b winpniuhg fwnwuquypws
$nuntittiph 248-ny: <<G>> pnuljdwb dwdwbwl pnpp wihpuyhtt whponypubpood
gpuigyty &b hnuph  Upwdwdwbwlpu  thnhnjumpinibbtp,  hbnbwpup
funuquypnudp puguuipyl] L uhtippnupntughtt $nunntivkph 248-ny: Nthunghyu
wmhpnyph wjuiukpp poy; Bu wgl UkS Lounmipjudp quuwhwwnby a; = 2.10 £0.05
wpdtipp, npp punipwqpujut wpdbp b hwpdudwihtt wihpubpn] wpuqugdu
ntwpnud:

2nppnpy qjunmid dwiipudwubinpb hbnwgnungdty £ dhty wydd SRE y-nnhpnypnid
gpuigqué wuktwhtnnt FSRQ-ukphg Ukhh PKS 1441+25-h (z = 0.939) shpnmid nknh
niikgnn wpngbutbpp: Uju wnpmniphg PR y-dwnwquypnudp  (dhtish 250 9Ed
wmppnypp) wnwohlt wuqud qpuugyl] Lt 2015p. wyphtht MAGIC U VERITAS
phuiwljubph  hwdwlwpgbiph Jheongnd (3), (4): PKS 1441425 wnpmniphg PR
Swnwquypdwlt  dbjuwihquubph dwipuwdwul nmundbwuhpompjutt hwdwp
Jtpnusyt] G 2015p. hmijup-phinbdpip wdhuubph plupwgpnid Ferms LAT
nhunwlny gpuigjus wdyubkpp: Znuph thnthnpnmpiip nunidwuhpdlp B
oquiuugnpstiny dwdwbwlh hwjwuwp b wthwuwuwp (adaptive binning) wpnhdwi
Enwuwlubpp (Wqup 2): Ungpoipp gnidl] B owlnhy fwnwquypdut Jhdwynid
hniifwph 21-27-p, kpp hnitjuph 24-ht hnupp wgk) E dhish (2.22 +0.38) x 1076
$nunt wi~2 Ypy~t: Bpp wypmiph fwpwquypnudp gpubigdl] B @RE y-nhpoypnd,
Utd/atd  whpnypnd  dwnwquypdwt  $nunntughtt  gnighsp  thnppugh;
hhdtwlwind thnthnjudling 1.73 — 1.79 whpnypnud, T' = 1.54 £ 0.16 wdkuwthnpp
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‘Ulup 2: 2015p. hnitbjup-niunbdpbp Ehpm;ié:;d y-§wnuqujpdwt hnuph thnihnjunipjut
dudwtiuljuryhts Ynphpp:

wpdtpny, npp  pumpwgpului sk FSRQ-ukph  hwdwp: Uju  pupwugpnid
Sunwuqujpdul uytlnpp twb obngt Eyupq wunhfwtught onkiphg
(Wqup 3): Uwubwynpuwbu, wwphih 15-hg dhish 26-p qpubgqué wmfjujukpp
Jwjwugnytu Wywpugpdnid &a E-TExp(—E/E.,;) opkipny, npnkn I'=156+0.1 b
E.ye = 17.7 £8.9 Qb4 Pouljdwt dudwiwl quwhwwndl) k np hnuph wdkbwlupg
tnthnwljuinipyu dwdwbwlp 75,=144 op L, husp pEny b wwhu
uwhdwbwhwl] fwnwquypdwl nhpnyph swhkpp Ry < 3.5 X 1016(6/18) wi-ny:

Unpniph ohpnwd dwuthlfubph dwnwqupuui dkjpwihquutpp hbnwgnungt) G,
Unpjunplym] BEUR-tpp’ gpuibiguws hwiquinh Jh&wlnid, 2015p. hminjupht b
wynpiht: Uju EUR-Eph hwdbdwwnnipnitp gnyg E wwihu, np wnhy Jhdwlutpnid
1) uyklpnph plypopn pununphsp qquih wéky £ hulj wyn puqunphsh wpwibjugny
hnuph tubkpghwt obnyk; L ntwh RE whpnypep, 2) wdk] b guwdp Lubpghwibph
pwnunphsp (wyphiht gpuitgqwsd hnupp gkpuquingnud E hmujupht gpugjushi),
uwuyt nktngkiywi whpnyph uykluph gnighsp qptipt sh ool (@ ~ 2.3) b 3),
wlunj] Jhdwlubpmd AR pununphsp dh pwth jupgnl ghipuquignud E gusp
Eukpghwubph pwnunphsht: &wnwquypdw vytijupnd tdwb hnthnfunipniabpp
htwpwynp E  wuydwbwynpqué (hukbt  dwpwquypuwit  whpnyph  pojnp
wuwpwubnpiph dhwdudwiwlju thnthnpdwdp, vwluyt Epphdt by jud Epyom
wupwubnpkph hothnjunipniiap pujupup b wy hoginjunipniabbpp pugunpbno
hwdwp: Zwdwp wlwb tothnjunipmniip hwennnipjudp pugunpdnd £ ohpnid
fwnwqupiwt  wnppnyph nhpph  thnthndwdp: Twubwynpuwybu, hwbquunh
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‘Ulup 3. PKS 1441+25-h PE y-nihpnypnid Swnwquypdut uybkljnpitpp hntiup (Quynygn fhntp) b
wuyppy (Gupdhp Yhnkp) wdhutibph:

Jhdwulnmd Swpwquypdw mhpnypp quimud | jEunpnbwljwt wnpnipht Unn, huly
poulynudutiph dudwbwly LES-hg nnipu: Zknbwpwp, nkuwfui Unpbjuynpdwt
dudwiwy Eupwnpyl) k np Swnwquypdwi whpoypp, nibbbwny 6 = 10 Lopkug
qopéuljhg, ninnuijh goipu k quihu LS-hg, hull djniu ghypnid wbknh L nibkund
Lnpklg gnpduligh Ukdwgmu’ § = 10-hg Uhtsh § = 18-h: Unphjunpuiwt dudwbwly
Eupunpity L np dwnwquypnudp  wpwewunud L dElY  whpnyphg, npunbkn
EEyupnutbph pupp]usnipymiip tywpugpnd £

( E\" %
! NO (E_O) Ee S EbT
N(E,) = Ey @20 /F 02 ,
I e
() () Ee > Eyr

opkupny, npunkn Np-u Juwyduws b EEjupntubph pughwinip Bukpghuyh htn, W, =
[ E, N(E,) dE,: Unphkh wquun wupwUbnpbpp ghwhwingb) ki MCMC dbkpnnny:
Unpniph EUR-Eph dnphjuynpuwt wpnynitipubpp wunlpqus tu wjup 4-nud:
EiEyunpnuutph uhtippninpniwghtt fwnwqujpnudp b uhippnupnuughtt $nwnnbinbkph
2U8-p Yuwpnn o pugwupk] wnpnipp funwquypnudp hwighun  Jhwdwlnid
(wnniuwly 2): Znibdup b wyph; wdhutbph pipugpnid gqputgjws wdyuutph AR
pununphsp Udnphjudnpyl] t wnpnweh $nunbubph 248-nd: Gpynt phwpnud
Ekyupnutbkph Eubpghwnhy pwoldwh gnighsp RE wppnypmd tnyt Yupgh b
ap = 3.46 — 3.64, puth np wyu npnoynid k nknghiyut wjuutpny: Unwu Ynndhg,
hwpunjnp b qwhwwnb] a;-p’ oquuugnpstyng dpuytt nhngkiyut  whpnyph
ujuttpp, npnbp hwdwywunwupwind B guwdp b pwpdp  Eubkpghwubkph
punqunphsttph - whgnufughtt - wppnypht: - Uwppihtt - qpubigjus  idpuutpp
puguwupbint hwdwp wjn tnkp £ a; =198+ 0.03, npp wykih thnpp L pwl
hmuphl qhwhwndus wpdbpp’ @ = 2.10 + 0.06: Ugk] bl twl Epp b Epgy s
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‘Uljup 4. PKS 1441+25-h EUR unnbjudnplw wpnyniipubpp:

nuptwny hwdwywupiwbwpwn 3.1 & 203 G4 Udbktiwt hwjwiwljuwintipjudp wju
otinnuuny E yuydwtwynpyws wnpniph qpuiignidp @LE y-nhpnypenud:

Unyniuwly 2: Unnbijh wupwubnpbkpp

Pararmeter Quiescent Quiescent January April

Dappler factor & 1
R (¥ 10,651

204 £ 004

18 18

Y HLAT
6127 5

Zgth 198 + 0,03

]
338 & 0.06 A6 £ 006 3.64 £ 0.01
164

-
167y

46277000 i
009 £ 0013 (L £ 0,002

Maximum electron encray

+ 0183
il L7 4.51
A7 Q.60 147

Magnetic feld
Jet power in magnetic fiel Lgx 1M eps! 044 1

Jet power in clectrons Ly 107 erg 5! 201 !

Ogquugnpdking]  Unphjwynpuwl  wpyymbpubpp, L, = ncRET?U,  pubwdling
hwpun]np t ghwhwinby twl phph nuwnympymip: Uja bk £ (4.5 — 9.6) x 10%5
tng ypy™® b (21-4.1)x10* tpg dpyl, wypmiph wiunhy b hwbghun
Jhdwlubpnid: Gupwnpbiny, np  ohpnud  jmipwpwiymip  EEjupnupt
hudwyuwwnwupwinwd E Ukl ypnwnnb (hiyybu ophiwy (5), (6)-nud), ohph punhwtnip
Yhukwnhy tubpghwi quuhwngby £ Lg, = 8.02 X 1047 tpg ypy~! b Ly, = 1.35 x 1047
tng YpYy ! Yupgh, hntbwph b wyphih whnhgnmpiniiibph dwudwbwly:

Zhugkpnpny qijumid htwnwqnugtyp ko CTA 102-h (z = 1.037) ohph ny otpduyghlb
Supwquypuwl Ukjuwihquitpp wnpmph 2016-2018 pp. whnhy dwpuquypdwi
dudwiwl: Uy tywunwlnd Jbpmsyl; i 2016-2018  ppe. pupwugpnid
oyuhjujui/MU, nkungbhiyut b AE y-nwhpnyputpnid Swift UVOT/XRT, NuStar b
Fermi LAT phuwljubpny gpuugus wjjuubpp: Unpmniph wwppbp Eubpghnhy
nhpnypubpnud fwnwqupdwt hnuph thnthnjuwuiunipjut Ynpbpp (Whup 5) gnyg
Eu wwihu, np MJD 57700-57900-h pupwgpmid wnpmoipp quuyl] b wlunhy
Supwquypuwl Jhgwlnid tpdws pojnp whpnypbpnid: Ophtwl R y-inhpnypenud
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‘Uljup 5: CTA 102-h &wnwqujpdwt hnuph dmﬁmhml{m]]ﬂl thnthnhiuljuimi eyt llnpbpg‘
oupinhjulju/MU, nklnngklyut b PR y mhpnypubpnud:

wnpmniph  hnupp wgk] £ dhtsh  (3.55 4 0.55) x 1076 nwnbud~? Ypy~t, npp
Unwnwynpuytiu 220 whqud ghipuquugnid Ewnpniph Sunwquypdwi thohtt hnuphi:
Uy hnuphtt hwdwyuinwupwbtmd £ 3.25 X 1050 bpg ypy ™! jnruwinymipnil, npp
Uhy wydd pluqupubphg gpuigqué wdbtwdks jmuwwnympjui jupgh E Upu
pupwugpnid  thnthnpyl] £ twb  fwpwqujpuwt  hnuph  $nunntuyhtt  gnighsp
(wwp 5 (c)), npp Jupnn b yguydwbwynpuws 1hul) vwutthlubph wpuqugdudp jud
wpuwq funwqujpdudp: Mhwnunth gsuyht Ynpkjughuwyh gnpdwlhgp gnyg b nwhu,
nn hnuph b $nuinbiuyght gnighsh dhol ju puguwuwlwb Ynpkjughw, wyuhtplt hnuph
wdht qniquhbn $nnntiughtt gnighsp tWwgnud E: Nhtngkiyut mhpnypnud unybuybu
hnuph wght gniquhtn $nnntiughtt gnighsp tjugnid k:

Unpnipp fwnwqujpuuit EUR-Epp wuwwnpwuwndb) By, Epp wnpnipp qugly &
hwiquuh Jpdulnid gunwquypdwtt pninp whpnypubpowd, pywybu twb peuljdwt
dudwitwl: Ujnpy Jhdwlutnhg punpdl o wyt dudwtwjwhwndwsubpp, Gpp y-
nhpnypnd tjunygt] b wnpmiph fwnwqujpuwt nidinugnid, b nph pupwugpnid
wnpnipp nuuntdtwuhpgby b bwb Swift jud NuStar nhunwljubpny: Unpbjuynpyty Bu
Uhuytt hwbqunh Jhdwymu gpuibigqus FUR-tpp, hiswhu twl' P1 (MJD 57625.06-
57625.39), P2 (MJD 57738.02-57738.08) i P5 (14.66 pnnyk MJD 57862.15-h onipop)
poulnudubph  dwdwtwl, Gpp qpuigdh] Eu wwppbp whpnypubpnid  hnuph
htwnwppphp  thnthnpjunipnibubp:  BUR-tph mbuwui/pduihtt  dnnbjudnpdwt
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‘Uwp 6: CTA 102-h EUP—hil]l Unnywynpdw wpnyniipiipp hwliqunh, P1, P2 P5 Jhd&wlubpnud:
Unyniuwy 3: Unnlijh wwpwdbwnpbp
| Towr Pl P2 Ph

SSOLBLR BLR compict SSC4BLR Torus compact Torus

10 1 N 20 20 20 an
o 219+ 0.02 2124054 270+ 044 1.91 + 0.03 1.95 + 0.03
By [MeV]

0.54 + 0,03 | 155.50 4 100.18 | 227.25 4+ 26.43 1.38 £ 0.156 OGS 4 (.00
Ee[GeV] . 0.49 £ 0.04 1424081 1324043 0,98 £ 0.05 ! 3,854 1.57
Frmax [TeV 057 £0.31 049 40,131 048 £0.34 0.50 4+ 0,30 DAL 4018 0,58 40,25 054 4031
iG 540+ 0,13 5AT 004 0230329 6,10 £ 0,50 1.00 & 0003 0.004 £ 0.042 0015 + 0049
Lplergs™! L.75 x 108 1.73 x 1046 1.47 x 1042 1.0d % 1045 286 % 1033 .86 x 1088 6.44 % 1049

Lalergs—1 166 = 104 200 x 1048 1.73 x 1048 2,84 x 1048 2,74 % 1047 7.33 x 1086 197 x 1087

dudwtwl pubwplydl; i YEtnpnwluwb wnpoiph tjundwdp funuquypdui
whpnyprh mwppkp ghpptp, b Gpp fwnwquypnidp wnwewinid b Ukl Yud kplynt
nhpnyplbphg: Bupunpb; & np ohpmd wpuqugus Hlnpnbikpp pushnjus b
N(E)~ Eg*Exp(—E¢/Ecy) optupny, npp dbwynpynud L hwpdudwiht wihpubpnyg
wpwqugdut nkypnid:

Swnwquypdwt hwighun Jhwlnid gpubgqué EUL-p pugwwnpkint hwdwp
Eupunpynd L, np fwnwquypdwb whpnypp qguignud § LES-h wkpunwd,
funwquypnudp phunghiyut b y-nhpnypnud yuydwbwynpdws k uhippnunpnuwght
bnunbiukph b LRS-hg wbppunupdws $nwunbubph 248-nd: EEjwupnuubph
Eukpgbnply pupppjwédnipjut hwdwp qghwhwwnydt) £ np a =251+0.11 b Ey =
0.67 £ 0.1 GFd: Gph toqws Epynt mhpnypubpnid fwnwqujpnudp pugunpyh dhuygh
LA2S-hg wiunpunupdws dnunbiubph 248-ny, wyw nkuwnghiyut whpnypenwd hnupp
pugwuptnt hwdwp wihpudbown E np fEjunpnutbph tJuqugny Eukpghwi (huh
Ymin =1 Jupgh: Uwluyt wyn Ebtjupnuubph uptppninpnbwghtt Sunwuquyypnidp
lhgkpuquigh gpuugyws hnupp nunhn mhpnipnud, husp poy) k imwhu pugunt) wn
htwpwynpnipniup:

P2 poujiut dudwbwl gpuiugqus EUR-p udnpljuynpdl) b Gupwnpling, np
Sunwquypdwui mhpnypp gniynid £ LES-h tkpunid jud gpunid: Bpp wy guninud |
La3S-h tkpund b EUL-p pugunpynid k uhippnunpniughtt b L3S-hg winpunupgus
$nunntiubph  248-ny, www phungkywlb uwybklupp '=1.2340.05 gnighsny
htwpwynp t pugwunpk], tpp dunwquyput wnhpoypnd dwqhuwlub gquownp
B = 6.10 + 0.50 Qu Ywpgh k b dwpwqupnn LEjwupnuubpp Wjupugpdnud B
@ =279 + 044, E. = 132 + 043 bl U  Epy, = 22725 + 2643 UKL
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wuwpwubnpkpny: Gpp fwnwquypnidp wnwewinud E dhwyt LES-hg winpunupdws
$nunnbiikph 2US-ny, wyw Swpwquypdwi wykunpp oknynud £ ~y2ep;, ~ 0.52 YEd-
hg gwép wppnyp, hivp pnyp sh wnwjhu pugwwnplk] nktngbiyub whpoypnwd
gpuigqué wnjjuubpp: Lwih np winpniuhg fwnwqupws dnwnnbubph Lubpghwi
wykih thopp k, wyw bpuwig hwjunupd Yndyuniyut gpnudp Jupng b pugunply
nhlnghiyut b PE y-nnhpnyputpnud gpuitgdus wdjuyutpp (Wqup 6): Unghjudnpdui
wpnniupnid quuwhwwndws wpdbpubpp thpfujugdus ko wnniuwly 3-mud: Uw gnyg b
nwihu, np prufjdw dudwbul LSwpwquypdwt mhpnypn Jupnn b huk) twb L&S-hg
noipu:

PI i P5 poulnufubiph dwdwbwl gqpuigdl) t RE pununphsh wé&, hul
Swnwquypdwl hnupp dbwgws whpnypubpnud gpbpt withnhnfu k, stuywus <<P5>>
ppujuut dwdwbtwl nkungkiyut whpnypnd qpubgdtp b thnpp wd: Ujuughuh
thnthnpunipniin gnyg £ wwihu, np fwnwquypnidt wnwewind £ Epynt wowppkp
wnppnypubphg:  fwbh np  pwunppn-oyunhlfuwlwb-nkingkiyutt  whpnypubpnd
Swnwquypenudp withntnj b, wdbbut hwjuitujwinipudp wit wpwewind L
nwpwdwljul mhpnyphg, npp qudnud E LAS-h thpund, hull wpwq hnhnpuwlwt
Supwquypnidp PR y-nppnypnid  wowewbmd k4.2 X 1015 ud  swihbpny
(vwhuUwbtwthwlyws hnuph 4.08 dudjw thnthnjuwlwinipyudp) whpnyphg, npp
quiynud t L2S-hg poipu: Unphjuynpdwt dudwbwl, nwpwswlui nhpoypoid
EEyunpnuubph  wquun  wwpwdbnpbpp  tngbt Bh hy hwbquuh  Jhdwlnd
Unphjwynpiutt wpyniipmd wnwgquws wpdbpubpp, b dhuytt tinthnjuynid  Eu
dwquhuwfuwib nuownp' B-u b hkywmpnutbph puinhwinip pwbwlp® No-t, hulj djniu
Swnwqujpdwlt  wmhpnyph ponpp wwpwdbnpipp wquun Bb, dhugb tpwtg
uhuppnuipnuughtt fwnwquypdwi hnupp swhwp b ghpuquigh nwnhn wppnypnod
qpuiagqué hnupp:

Unphjuynpdwt  wpyniapnid - ks swhbpnd  fwnwquypdut whpoypnid
dwqihuwwi puonp quuhwnby Enpybu B = 5.05 + 0.08 Gul B = 3.43 + 0.05 Gu’
P P5pnuljnudubph dwdwtwy, hisp wykih thnpp k pw hwiquinh Jh&wlnid, hugp
wpwhwlnd L, np nhbwnghkiyut  whpnypnwd  hnuph  thnpp  thnthnfunipniip
wuydwbwynpquws k LEjupntubph pinhwinip pubwlh thhothnpunipyudp: Sputg]us
PE dwnwquypnidp Juphkh L pwguwnph), Gpp unp wpwqugqué Eubkpgbunhly
btywnpnuubpp  (bpwtg  puwpppdwédnipniup  tjwpugpdnid £ < 2.1 opkupni)
thnpiwgnnud ki imnpniuh $nnntiikph htwn: Uy HEfunpnuubpp jupnn Bb wnwewbiug
ugl phypnd, Epp dwnwquypdwi nmhpnye i puthwignid tnp wpuqugdus
Etyunpnuutp ud ohpnid gnnipinit niikgnn LEjupnuitpp tnphg B wpuquimid:
Ulgpniupnpkl, nkingkiyut b AE mhpnypnid fwnwquypnidp Jupkih E pugunply
twl L3S-hg nnipu quinynn Ukl nhpnypnwd LEjupnuubph wnpniuhg fwnuquypws
$nunnuiitiph 248-ny: Uju nhypnud prulnudp wuyjdwbwynpdws £ wnhpnypnud 10 G-
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hg uks tubpghwbbpny hLEYunpnububph  Wkppuhwigdwdp, npntug  Bukpghuwgp
Unpniunp  phy wqpbgnipnit £ wwjhu nhungkiyut whpnypnud: Unwgus
wpnnitpubpp gnyg o wydk), np CTA 102 wnpniph hwbquunp  Jhdwmlnd
Swnwqujpnudp puguwupknt hwdwp wuhpwdton E np ohph nruwwnynipmniip
Yuquh L = 2 x 10* Epg ypy™, hul poulynudubph dudwbwly Liee = 3 x 10%
tng Uny~:

2bULUUUL BrUYUSNRESNPLLEE

e  MNMuupwunyws spwuqpuyhlt thwpbpp tkpunnd b ppuqupbph ohptpnud
btywnpnuubph thnjupuqpbigmipyut poinp httwpwynp dkwthquubpp, hul wquun
wuwpwubnpkpp  ghwhwngnd b MCMC  dbpnnny, hugp poy; b wwihu
Unphjwynpuut Uhongny hwuljwbiwy ohphpnid mbinh niikgnn wpngbutbpp:

e PKS 1510-089, PKS 1222+216 k 3C 279 wnpniputph hwiiquunh b pouljuwi
dudwtul] gpubgqué dwnwquypdwi EUR-tph Unphjuynpnudp  gnyg b wyk), np
ppujdwt dudwbwl] dwnwquypdwi mhpnypp quinud k' LES-hg nnipu, hull RE
Swnwquypnudp wnwewinid k winpniuhg fwnwqujpws dnnnbinbkph 248-hg:

e 38nyg Lk wpyk, np PKS 1441425 wnpmniph y-dwunwquypdwi hnupp 2015p.
hnitjuph 24-ht w&ky E dhbgh (2.22 £ 0.38) x 107 $nunt ud~24dpy =2, hul wwphihb
uyn Swnwquypdwl uyklnph $nnntwghb gnighsp Ynownwgty Evhugh I' = 1.54 £ 0.16
wipdbpp, hswbu bwb gpuigl) k nhdptptughw) uvybuph sbnnud wunmhgwwgh
opkuphg:

e  Unphjuynpdwdp gnyg t wmpyk], np PKS 1441425 wnpniph fwnwquypnudp
PE 1 QRE y-uppnypubpnd puguunpymd E winpnieh $nunbubph 2U8-ny, huly
wuynphtt gpuiigqué EUL-p unphjuynpbimt hwdwp wpuqugyus LEjunpnuutph
tubpglnhl pushunudp tqupugpmud Ethnpp gnighsny a; = 1.98 + 0.03:

e  8nyg k wipdky, np CTA 102 winpniph 2016-2018pp. pruynudubph dudwiwy
y-nhpnypnd fwpwquypdut (nruwnympniip wgk) kUhsh 3.25 x 1050 Epg ypy?,
husp pjmqunpubphg dhty wydd gpuigdué wdktwdks nruwnynipiniiubph Yunpgh b
Lul gnyg k mpyby, np nkingkiyut b RE y-mhpnypubpnid hnuph wdh gniquhbn
$nunntiuyhtt gnighsp tjugnud k:

e 8nyg t wpdl, np CTA 102 wnpmiph y-whpnypnd  wnwquyypnidp
wyuydwbwynpjws k LAS-hg noipu, winpnieh $nuntinkph 248-ny: Uju nhypnid y-
mppnypnid hnuph wpwq thnthnjuwuinipiap wwjdwbwynpduws L > 10 GEd
tubkpqhwubkpny Likjupnuubph ubpghuyh wpwg Ynpunny:
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Summary

In the thesis, the particle acceleration and emission processes in the jets of blazars are
investigated. Blazars are a sub-class of active galactic nuclei with an extremely bright
(highly luminous), rapidly variable and highly polarized emission and apparent
superluminal motions detected within a jet’s region of a few parsecs, which can be
explained if assumed that the blazar jets are pointed almost exactly towards the Earth.
Blazars are known to emit electromagnetic radiation in almost all frequencies that are
currently being observed, ranging from radio to HE (> 100 MeV) and Very High Energy
(> 100 GeV) y-ray bands. The modeling of the observed multiwavelength emission of
blazar jets allows to estimate or put constraints on such important physical parameters of
the jets as their composition, power, strength of magnetic field, electron energy
distribution, etc., which are crucial for understanding of their physics.

In the Introduction is given a brief description of the importance and relevance of the
thesis, as well as of the goals and objectives and its content.

In Chapter 1 the key features of AGNs and their blazar sub-class observed in different
wavelengths are presented. The relativistic transformations of relevant quantities (e.g., flux,
luminosity, time, energy etc.) from the proper to the observer frame are discussed.

In Chapter 2 the synchrotron radiation and the inverse Compton scattering of jet
accelerated electrons are described. The synchrotron emission spectra of one electron and
electron population as well as their energy loss rates are presented and discussed. The
inverse Compton scattering spectra and energy loss rates are discussed in both Thomson
and Klein Nishina regimes. The inverse Compton scattering of various photon fields, such
as synchrotron photons (SSC), photons reflected from broad line region and IR photons
emitted from torus are discussed in details.

In Chapter 3 the methods for modeling the blazar multiwavelength spectral energy
distributions (SEDs) are discussed. Various statistical methods for fitting the SEDs (such as
Bayesian method) and optimization of the model free parameters (e.g., x2, log-likelihood,
etc.) are presented. The affine-invariant method of MCMC sampling is described in details.
These methods are used to develop a numerical code that allows to model blazar
multiwavelength SEDs and find the parameter space with their uncertainties that
statistically better describes the observed data. The application of the code is demonstrated
by fitting the multiwavelength SEDs of PKS 0537-441 and Mkn 501 blazars. In sub-chapters
4.4-4.7, the prepared code is used to model the SEDs of PKS 1510-089, PKS 1222+216 and
3C 279 FSRQs observed in the VHE y-ray bands. By modeling their multiwavelength SEDs
in their quiescent and flaring states, there are estimated the parameters of emitting
electrons, the magnetic field in the emitting regions and the jet luminosity, which are

crucial for the understanding of the origin of flares. It is shown that the flares can be
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interpreted by the change of the location of the emitting region. Namely, during the flares
the data are best described by assuming the emitting region is outside the BLR and the HE
components are formed by IC scattering of dusty torus photons.

In Chapter 4 a discussion is presented on the origin of the multiwavelength emission
from the PKS 1441425 blazar (z = 0.939), based on the analysis of the y-ray data
accumulated by the Fermi Large Area Telescope during January — December, 2015. A y-ray
flare was observed in January 24, when the flux increased up to (2.22 + 0.38) x

2 S—l

1078 photon cm™ with the flux-doubling time-scale being as short as ~ 1.44 d. The
spectral analysis shows that from April 13 to April 28, 2015, the MeV-to-GeV photon index
has hardened and changes in the range of I' = (1.73 — 17.9) for most of the time. The
hardest photon index of I' = 1.54 + 0.16 has been observed on MJD 57 131.46 with 11.80
which is not common for FSRQs. For the same period the y-ray spectrum shows a possible
deviation from a simple power-law shape, indicating a spectral cutoff at E,,;, = 17.7 + 8.9
GeV. The SEDs during quiescent and flaring states are modelled using one-zone leptonic
models that include the synchrotron, SSC and external inverse Compton processes; the
model parameters are estimated using the MCMC method. The emission in the flaring
states can be modelled assuming that either the bulk Lorentz factor or the magnetic field
has increased. The modelling shows that there is a hint of hardening of the low-energy
index (~ 1.98) of the underlying non-thermal distribution of electrons responsible for the
emission in 2015 April. Such hardening agrees with the y-ray data, which pointed out a
significant y-ray photon index hardening on 2015 April 13 to 28.

In Chapter 5 the origin of broadband emission of CTA 102 (z = 1.037) during the
active states in 2016-2017 is discussed. In the y-ray band, Fermi LAT observed several
prominent flares that followed a harder-when-brighter behavior. The peak y-ray flux above
100 MeV, (3.55 % 0.55) x 1075 photon cm™2 s~ was observed on MJD 57,738.47 within
4.31 minutes, corresponds to an isotropic y-ray luminosity of L, = 3.25x 10°° erg s™%,
comparable to the highest values observed from blazars so far. The analyses of the Swift
UVOT/XRT data show an increase in the UV/optical and X-ray bands that is
contemporaneous with the bright y-ray periods. The X-ray spectrum observed by Swift
XRT and NuSTAR during the y-ray flaring period is characterized by a hard photon index
of ~1.30. The shortest e-folding time was 4.08 + 1.44 hr, suggesting a very compact
emission region R < § X 2.16 X 10'* ¢m. The SEDs of CTA 102 in several periods (having
different properties in UV/optical, X-ray, and y-ray bands) is modeled assuming a compact
blob inside and outside the BLR. It is found that the HE data are better described when the
infrared thermal radiation of the dusty torus is considered. In the flaring periods when the
correlation between the y-ray and UV/optical/X-ray bands is lacking, the y-ray emission
can be produced from the interaction of fresh electrons in a different blob, which does not

make a dominant contribution at lower energies.
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Pesiome

B pguccepranmuu uccieZOBaHBI IIPOIECCH YCKOPEHHS M M3Iy4eHHS YacTHI, B CTPYIX
GmaszapoB. biasapsl - 9TO IOZKIAacC AKTUBHBIX TajJakTudeckux sagep (ATS),
XapaKTepPHU3YIOUMXCA IPe3BbIYaNHO APKUM (BBICOKAS CBETHMOCTS), OBICTPO M3MEHSIOMIIMCS
U CHUJIBHO TIOJPH30BAHHBIM M3JTydeHHEM, YTO MOXXHO OOBACHHUTB, €CIU IIPeIIIOIOXKHTS,
YTO HUX CTpPys HampaBleHa Ha HabmiogaTend. VsBecTHo, 4YTO 61a3apsl H3Iy4aioT
9JIEKTPOMArHUTHOE M3JIydYeHMe OT PaAMOBOIH [0 Y-BBICOKUX dHepruil (BD; > 100 M3B) u
cBepxsbicokux sHepruii (CBD; > 100T3B). MogenupoBaHue S5THX IAaHHBIX IIO3BOJIAET
OLIEHUTh WM HAJIOXUTh OTPaHUYEHUe Ha TaKHe BaKHble (HU3MYECKHe IIapaMeTphl CTPYH,
KaK MX COCTaB, MOIIHOCTb, HAIPSKEHHOCTh MAaTHUTHOTO IIOJIA, PacIpejiesieHue SHEepPruu
9JIEKTPOHOB M T.[., KOTOphle B)KHBI JJIi IOHUMAHUA IPUCXOIAIIUX TaM (QU3MIECKHX
IIPOIIECCOB.

Bo BBefieHnu 1mog4epKHYTHI BOXHOCTh M aKTYaJbHOCTb, @ TaKXKe IIpeJCTaBIEeHBI IeIH,
3a/lauy ¥ KPaTKOe CoJiep>KaHye AUCCePTalluH.

B T'naBe 1 nmpeacrasiens! ocoberHocTr AI'Sl 1 nx mozkiacca 61a3apoB, HaGIIOAAEMBIX B
pasntuyHBIX JuuHax BoiH. OOGCYXZEeHO peNIATHBUCTCKOe IIpeo6pa3soBaHKMe BO BpeMs
Imepexoza oT COGCTBEHHOM CHCTEMBI B CHCTeMY HabIromaress.

B T'maBe 2 mpezcTaBIeHsl CHHXPOTPOHHOE H3IydeHue U oOparHoe xomrroHOBcKoe (OK)
paccesHUe YCKOPEHHBIX B CTpye 3JIeKTPOHOB. PaccMaTpUBalIKCh CIIEKTPBI CUHXPOTPOHHOTO
nanydenuas u OK paccesHHsS OZHOTO 3JeKTPOHA M 3JIEKTPOHHOTO PpacIpeleseHIM.
TToppo6uo paccmaTtpuBaercs OK paccesnHme pasmudHbIX (OTOHHBIX MHOJeH, TaKMX Kak
cunxporpoHHble GoToHsI (SSC), dOTOHBI, OTpaKeHHbIe OT IIMPOKOH JIMHEHHOMH 06sacTu
(IIVTIO), u K-doToHs!I, U3TydaeMble TOPOM.

B T'maBe 3 06Cyx7aioTcs MeTOABI MOJEIMPOBAHMA MHOTOBOJHOBBIX CIEKTPaJbHBIX
pacmpezenenuit sHepruu (CPD) 6masapos. IIpescTaBieHsI pasiuyHBIE CTAaTUCTHYECKUE
Mertoxasl MogenupoBaHus CPD (taxume, xak Meros Daifeca) M MeTOZBI ONTHMH3AIIMK
CBOBOIHBIX TIApaMeTpoB Mognenu (Hampumep, y2, log-likelihood u T.1.). [logpo6HO ommcan
affine-invariant axropurm meroza Moure-Kapio s Mapkosckux pemneit (MKMII). Otu
MeTOABl HCIIONB30BAINCH JJs PaspabOTKM UMCIOBOTO KOZJA, KOTODBIH IO3BOJIAET
MOZeIMpOBaTh MHOTOBONMHOBEIe CPD 671a3apoB 1 HAXOZUTH IPOCTPAHCTBO IIAPAMETPOB C MX
HeOIpeJieIeHHOCTAMY, KOTODbIe CTaTHCTMYeCKHM JIydlle OIIMCHIBAIOT HabiiofaeMble
nannsle. [IpuMeHeHne Ko/a IPOJEMOHCTPUPOBAHO IIyTeM Mogenuposanus CPD 6iazapos
PKS 0537-441 u MKN 501. B nogpaszgenax 4.4-4.7, mOATOTOBIEHHBIH KOJ HCIIOIB3YeTCA
s mogenuposanus CPD 6raszapos PKS 1510-089, PKS 1222 + 216 u 3C 279, xoropsie
sBistoTcs kBazapamu ¢ rockuMm crnektpoM (KIIC) u 6simu 3apeructpuposansl B CBD y-
nguamnasoHe. ITyreM MozenupoBaHMA MHOroBOMHOBBIX CP3 5THMX HMCTOYHMKOB B COCTOSHUU

IIOKOS M BCIIBPIIIKM OL€EHHWBAJIHCH ITapaMeTPhI M3Ty9alOIINX 3JIEKTPOHOB MATHUTHOI'O IIOJA B
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M3Ty4aloluX 00JacTAX M CBETHMMOCTU CTPYH, KOTOpBle MMEIOT pellaiolliee 3HaUYeHHue AL
MIOHUMAaHHUA IPOUCXOXJeHUd BeiblmeK. [IokasaHo, YTO MPOMCXOX/JeHMe BCIBIIIKUA MOXHO
OOBACHUTH IIyTeM M3MEHEHUA MeCTONOJIOXEHMA M3jIydaiomei o6jacTu. A HMMeHHO, BO
BpeMs BCIBINIEK JaHHBIE JIy4lle BCETO OIMCHIBAIOTCS, €CHH IIPEATIONIOXHUTB, UTO
namydaromas o6iaacts Haxogurca BHe II1JIO u BD xommoneHT o6pasyercs 6iarogapa OK
paccesHUsA GOTOHOB IHBLIBHOTO TOPA.

B T'maBe 4 o6cyxzIaeTcs IPOMCXOX/EeHUe MHOTOBOJHOBOTO H3IydeHHs OGiasapa PKS
1441+25, ananusupys gaHHbIe, HaKoOILUIeHHbIe TeaeckonoMm Fermi LAT 3a suBapb-zfexabpsb
2015 ropa. Bembluika y-usnydeHus HaGmofanack 24 sHBaps, KOIZA TOTOK YBEJIUYIJICS [0
(2.2240.38) x 107° poron cm™2 cek™ !, a BpeMss yZBOEHMS TOTOKA COCTABIAIO ~ 1.44
. CIeKTpasbHBIM aHaIU3 IOKasbiBaeT, 4To ¢ 13 mo 28 ampensa 2015 roma dboronHBII
nHIeKc B MaB-I'aB nuanasone ymensinancs, 1 camblii ManeHpkuit uagexkc I’ = 1.54 £ 0.16
Habrromasncs Ha MJD 57 131.46, uro He xapakTepHo g1 KIIC Grasapos. 3a 3TOT Xe eprof,
CIIEKTp -M3JTydeHUs IOKa3hIBaeT BO3MOXKHOE OTKJIOHEHMe OT IIPOCTOH CTeleHHOM (OpMSI,
yKasbIBas Ha CIEKTpaabHbI cpe3 mpu E, = 17.7 £89TI3B. CPD B cnokoitHOM u
aKTHBHOM COCTOSHUY, MOZEIMPOBAHOM B paMKaX OZHO3OHHBIX JIEIITOHHBIX MOZeJei.
IToxasaHo, UTO M3JTyueHNe BO BpeMs BCIIBIIIEK MOXXHO MOZEINPOBATH, €CIIU TIPEIIIOI0XKHTS,
uTo nu60 yBemuunics JlopeHu-¢hakTop, 1160 BRIPOCIO MarHUTHOe Iose. MogemuposaHie
IIOKa3bIBA€T, YTO €CThb TEHAEHIUA Ha YKeCTOYeHHe HU3KOIHEPreTHYeCKOTO MHIeKca
(~ 1.98) amexTpOHOB, OTBETCTBEHHBIX 32 U3aydeHue B ampese 2015 roga.

B T'maBe 5 o6cyxzaeTca mpoucxoxeHre MMpoKononocHoro marydenus or CTA 102,
KOrJa OH Haxomuiacs B akTMBHOM coctosHuuu B 2016-2017 rr. B muamasome Fermi LAT
3aMKCHPOBaHbI HECKOJBKO 3aMeTHBIX BCIbIIeK: Hampumep, MJD 57,738.47 B Teuenue
4.31 MUMHYT, TOTOK y-M3TydeHus c dHeprueir Berme 100 MaB 6sur (3.55 + 0.55) X 1075

2 cex !t

doton cm” , KOTODBIif COOTBETCTBYeT M30TPOIHOM y-Ty4yeBoi cBeTMMOCTH L, =
3.25 x 105° 3pr cex 1, CPaBHUMOM C CAMBIMU BBICOKMMU 3HAYEHUAMU, HAOIIOLaeMbIMU OT
611a3apoB o cux mop. Axanus garueix Swift UVOT/XRT nokassiBaeT yBenndeHue IOTOKA B
yIBTpadUOIeTOBOM / OIITUYECKOM M DPEHTTeHOBCKOM /JHAlla30HaX BO BpeMA APKHUX V-
u3Ty4eHuH. PeHTreHOBCKUI CIIeKTp, MONTydeHHSbIH ¢ nomoursio Tereckonos Swift XRT u
NuSTAR Bo BpeMs BCIBIIIEK, XapaKTepusyeTcs >KecTKMM (GoTOHHBIM mHZAekcoM (~1.30).
CP> CTA 102 6pumm MOZeIHpPOBaHBI B pasHble IIEPHOABI, IIpeZIIojarad IPUCYTCTBUE
KOMIIAaKTHOM H3mydJaromei obactu Kak BHyTpH, Tak u BHe IIIJIO. IlokasaHo, 4TO maHHEIe
myqure onuckrBaiorcs, Korga ana OK paccesnus paccmarpuBaioTcs nHbpaKpacHbie GOTOHBI
IOBLIBHOTO TOpa. Bo Bpemsa BcHbImeK, KOTZa KOPpeNdlyd MeXAy J-U3lTydYeHHeM u
ynbTpadroIeTOBBIM/OITHYECKUM/PEHTTEHOBCKUM JUAlla30HaAMH OTCYTCTBY€T, Y -H3IydeHHe
MOXXET BO3HMKHYTH BCJIEACTBHE B3aUMOZEWCTBUA CBEXHX 3JIEKTPOHOB B IPYTOM

KOMIIaKTHO# 06JIaCTH, U3IydeHHe KOTOPOTO He BHOCUT BKJIaZ, IPU HU3KUX SHEPTUAX.
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