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Modemitv 

The progression of technology in both space and ground-based detectors has now opened 
up unprecedented opportunities for exploring astrophysical objects across a wide range of 
energy bands. These include radio, infrared, optical, ultraviolet, X-ray, and y-ray bands. 
Various objects are known to have non-thermal emission ranging from radio to High Energy 
(HE; > 100 MeV) and/or Very High Energy (VHE) y-ray bands. Among these objects are 
different types of Active Galactic Nuclei (AGNs), which are very luminous sources. The 
radiation is primarily generated from a compact core that significantly dominates over the 
emission from the other parts of galaxy. 

Approximately 10% of AGNs are classified as radio loud, and these exhibit a narrow beam 
of plasma, called a jet, that is ejected from the central region of a supermassive black hole. 
These jets remain collimated and their narrow structure can extend to larger distances, 
sometimes to kiloparsec or even megaparsec scales. The jet, composed of highly energetic 
particles such as electrons and positrons accelerated to relativistic speeds, plays an important 
role in the study and classification of AGNs. The appearance of radio-loud AGNs can vary 
greatly depending on the orientation of their jets. If the jet is oriented at a small angle with 
respect to the observer, the AGN is classified as a blazar. 

Blazars are a subclass of AGNs that exhibit some of the most extreme properties in the 
universe, making them fascinating objects for astrophysical research. They can be further 
classified into two subtypes: flat-spectrum radio quasars (FSRQs) and BL Lacertae objects (BL 
Lacs) depending on the emission lines. FSRQs are characterized by the strong emission lines 
which are absent or very weak for BL Lacs. Blazars are known for their rapid and extreme 
variability across all energy bands, ranging from radio to y-ray bands. The variability 
timescales can be as short as minutes to hours, and this rapid change in flux is thought to be 
related to the relativistic jets and their orientation toward the observer. 

Blazars are considered the most luminous and intriguing class of AGNs due to their 
unique and extreme characteristics. They are the brightest persistent sources in the universe 
and are visible even at great distances. This makes them of significant interest to astronomers 
and astrophysicists. Blazars at high redshifts (z > 2.5) are particularly important to study for 
several reasons: 1) high redshift blazars are some of the most distant known objects in the 
universe, allowing to examine the early universe and the formation of the first galaxies, 2) 
the strong radiation from blazars will enable to understand the intergalactic medium, 
particularly the distribution of gas in the universe, 3) studying these objects helps to 
investigate the cosmological evolution of blazars and supermassive black holes, 4) large 
distances to high redshift blazars can be used to constrain cosmological parameters, such as 
the density of extragalactic background light (EBL), 5) can shed light on evolution of 
relativistic jets across different cosmic epochs and accretion disc-jet connection. Recently, 
multiwavelength observations have identified new high redshift blazars, and the availability 
of a substantial amount of multiwavelength data has increased, allowing for their detailed 
study. Studying these objects can provide valuable insights into various astrophysical 
phenomena, such as the processes occurring near supermassive black holes, the acceleration 
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universe. So, the broadband investigation of high redshift blazars has become one of the 
interesting topics in modern high-energy astrophysics. 
Research goals and tasks 

The aim of the thesis is to study the multiwavelength emission properties of high redshift 
blazars detected in the HE y-ray band. For this purpose, a large amount of multiwavelength 
data is analyzed, and different theoretical models are applied. In particular, the main goals 

are: 
1. to investigate the spectral and temporal properties of 33 distant blazars (z > 2.5) 

detected in the HE y-ray band by analyzing the Fermi-LAT and Swift UVOT and XRT data. 
2. to study the multi-frequency spectral and temporal properties of high redshift blazar 

PKS 0537-286 by analyzing data from Fermi-LAT, NuSTAR, Swift XRT, and UVOT 
observations, and investigate the origin of broadband emission by applying a one-zone 
leptonic scenario, assuming different locations of the emission region. 

3. to investigate the y-ray flaring activities of blazar B3 1343+451 (z = 2.534) by 
analyzing data accumulated between August 4, 2008, and August 4, 2018, and performing 
detailed temporal analysis. 

4. to study the origin of broadband emission from high redshift blazars PKS 1830-211 
(z = 2.507), LQAC 247-061 (z = 2.578), 4C +41.32 (z = 2.550) , PKS 2311-452 (z = 2.884), 
PMN J0833-0454 (z = 3.450), PKS 2318-087 (z = 3.164), and TXS 0536+145 (z = 2.690) by 
analyzing all the available multiwavelength data. 

Scientific novelty 

The broadband study of emission from all 33 high redshift blazars (z > 2.5) observed in 
the HE y-ray band showed that in the fy - Ly plane, the majority of the considered sources 
occupy the narrow range of fy = 2.2 - 3.1 and Ly= (0.10 - 5.54) x 1048 erg s-1 , which is 

more typical for the brightest blazars. However, during y-ray flares, the luminosity of 
variable sources is significantly beyond this boundary, changing within 1049 

- 10 50 erg s-1
. 

The black hole mass estimated for the sources with a clear blue-bump in their Spectral nergy 
Distribution (SED) is in the narrow range of (1.69 - 5.35) x 109 Mo where the highest black 
hole mass of 5.35 x 109 Mo is estimated for PMN J0226+0937 which has also the highest disc 
luminosity. Several periods are identified when they-ray photon index of blazars at the high 
redshift hardened; the hardest y-ray spectra of B3 1343+451, B3 0908+416B and TXS 
0907+230 are with indexes of 1.73 ± 0.24, 1.84 ± 0.25, and 1.72 ± 0.15, respectively, while 
that of TXS 0536+145 and 4C+41.32 was fy = 2.00 ± 0.16 and fy = 2.10 ± 0.11 
respectively. In the y-ray emission of PKS 0537-286 multiple powerful y-ray flares were 
observed. Starting from MJD 59170, the source was in an enhanced y ray emission state when 
they-ray luminosity reached 6.14 x 1049 ergs 1 . During th C' considered fourteen years, the 
y-ray luminosity of the source exceeded 1049 ergs 1 for 61.8 d~1ys in total. The modeling of 
the SED ofB3 1343+451 in the quiescent state allowed 10 rn11s1rain the properties of the jet 
when it is in the average emission state. Tht' flan's ('<ill Ill' rqnoduccd by changing the bulk 
Lorentz factor of the emission region and sligh1ly ('h.111gi11g 1ht' energy distribution of the 
emitting electrons, the total luminosity of tlw )t'I lw111g t 1111,1,1111. 

t1 

Practicality of the research 

In this thesis, novel analysis methods were applied to develop a tool for the automatic 
analysis of y-ray data observed by Fermi-LAT. As the amount of data observed by Fermi-LAT 
continuously increases, its automated analysis is crucial for performing both spectral and 
temporal analyses. The light curves and SEDs in different periods obtained from the 
multiwavelength study of high redshift blazars are important for further investigating these 
powerful objects. The parameters estimated from the theoretical modeling of SEDs for a large 
sample of high redshift blazars can be used to study the evolution of blazar jets (plasma, 
magnetic field, etc.) in the early epoch of the universe. The results from theoretical modeling 
of PKS 0537-286 SEDs in quiescent and flaring periods are significant for investigating where 
the energy dissipation of the jet occurs. The temporal analysis of they-ray light curve of B3 
1343+451 is crucial for understanding the size of the emitting region and can be used in 
further modeling of blazar SEDs. 

Key points presented to defend 

1. 

2. 

3. 

It is shown that the considered 33 high redshift blazars have soft time-averaged y-ray 
spectra (fy ~ 2.2) whereas those that have been observed in the X-ray band have hard 

X-ray spectra (fx = 1.01 - 1.86). They-ray flux of high redshift blazars ranges from 
4.84 x 10-10 to 1.50 x 10-7 photon cm-2s-1and the luminosity is within (0 .10 -
5.54) x 10

48 
erg s-1 which during the y-ray flares increases up to (0.1 - 1) x 

10
50 

erg s-
1

. In the X-ray band, only the emission of PKS 0438-43, B2 0743+25, and 
TXS 0222+185 varies in different Swift XRT observations whereas y-ray emission is 
variable for fourteen sources (e.g., the flux of B3 1343+451 and PKS 0537-286 changes 
in sub-day scales, that of PKS 0347-211 and PKS 0451-28 in day scales). From the fitting 
broadband SEDs, the emission region size is found to be :5 0.05 pc and the magnetic 
field and the Doppler factor are correspondingly within 0.10 - 1.74 G and 10.0 - 27.4 

while the central black hole masses and accretion disc luminosities are within 
(1.69 - 5.35) x 109 M0 and Ld"" (1.09 - 10.94) x 1046 erg s-1 , respectively. 
The time averaged y-ray spectrum of PKS 0537-286 is relatively soft (indicating the HE 
emission peak is below the Ge V range) but several prominent flares were observed when 
the spectrum hardened and the luminosity increased above 1049 erg s-1 . The X-ray 
emission of the source varies in different observations and is characterized by a hard 
spectrum :5 1.38 with a luminosity of > 1047erg s-1 . By comparing the model 
parameters from the modeling the broadband SEDs during the quiescent and flaring 
periods, it is shown that the most optimistic scenario is when the jet energy dissipation 
occurs within the broad-line region and the flaring activities are most likely caused by 
the hardening of the emitting electron spectral index and shifting of the cut-off energy 
to higher values. 

The y-ray emission from B3 1343+451 was flaring on 05 December 2011 and on 13 
December 2009 when the flux increased up to (8.78 ± 0.83) x 10-7 photon cm-2s-1 . 

The hardest photon index r = 1.73 ± 0.24 has been observed on MJD 58089 which is 
not common for FSRQs. In 2014 the X-ray flux of the source increased -2 times as 
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r 

compared to 2009, but in both periods the X-ray emission is characterized by a hard 
photon index of fx-ray = 1.2 - 1.3. The shortest flux halving timescale was estimated 
to be - 2.34 days, implying the emission had been produced in a very compact region, 
R ~ 8 x c x t/(1 + z) = 3.43 x 1016cm (when 8 = 20) . 

4. It is found several flaring periods with significant increases in flux and hardening of the 
photon index in the HE y-ray band for PKS 1830-211, LQAC 247-061, TXS 0536+145 , 
and 4C+41.32. PKS 1830-211 was in an extraordinarily bright state on MJD 58596.49 
when the 3-day averaged flux increased up to (1.74 ± 0.04) x 10- 5 photon cm - 2s-1 . 

The X-ray emission of PKS 1830-211 is also strongly variable and is characterized by a 
hard photon index in the range of 0.34 - 0.94. 

Approbation of the work 

The results of the thesis were presented in Sixteenth Marcel Grossmann Meeting MG16 

(Virtual Meeting - July 5-10, 2021 ) as well as frequently presented and discussed at the 

seminars of IC RAN et Armenia center IO . 

Publications 

Four articles and one proceeding are published on the topic of the thesis. 

Structure of the thesis 

The thesis consists ofintroduction, five chapters, conclusion and References. The thesis 

contains 120 pages, including 23 figures and 12 tables. 

Content 

In the Introduction, an overview of blazar properties is provided, followed by an outline 

of the scientific novelty of the thesis. Additionally, a brief summary of each chapter is given. 

In chapter 1 the primary steps for analyzing y-ray data observed by the Fermi-LAT is 

presented. It includes a detailed explanation of the automatic tool designed for data analysis, 

as well as a brief overview of the emission processes occurring within blazar jets. 

In chapter 2 the multiwavelength emission properties of all the thirty-three known y­

ray blazars beyond redshift 2.5 was investigated. A small fraction (1.18%) of blazar in the 

fourth catalog of AGNs detected by Fermi-LAT are distant blazars z > 2.5(- 20.7 Gpc ), 

including 26 FSRQs, two BL Lacs and five blazars of uncertain type (BCU). The 

multiwavelength propertis of these distant blazars was investigated by performing detailed 

spectral and temporal analysis of Fermi-LAT y-ray data accumulated during 2008-2018 and 

by analyzing both Swift X-ray Telescope (XRT) and Ultraviolet/ Optical Telescope (UVOT) 

data accumulated in the previous fifteen years. 

They-ray properties of the selected sources were investigated by analyzing Fermi-LAT 

data accumulated during the first 10 yr of operation, from 2008 August 4 to 2018 August 4. 

The PASS 8 events from a circular region with a radius of 12° around each source in the 
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energy range from 100 MeV to 500 GeV were downloaded and analyzed with the Fermi Tools 

(1.2.1) using P8R3 instrument response functions . They-ray light curves are calculated using 

the unbinned likelihood analysis method implemented in the gtlike tool. Initially, in order 

to study the variability, the y-ray light curves with 30-day binning are calculated for all 

sources, considering the 0.1 - 300 GeV range. Additionaly light curves with short periods 

(days or a week) were computed for the statistically significant (~ Su) y-ray emitting periods 

identified in the monthly light curves. Next, they-ray variability is studied further using the 
adaptively binned method. 
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Figure I. They-ray flux(> 100 MeV) and luminosity of considered sources versus the photon index are 
shown in the upper panels. BL lacs, FSR~ and BCUs are shown with triangles, circles, and squares, 
respectively. Lower left panel: The X-ray flux (0.3-10 keV) versus the photon index. Lower right panel: 
Comparison of y-ray and X-ray (if available) fluxes . 

Swift is a multi-frequency space observatory, designed to study the sources in opticaVlN 

and X-ray bands. Twenty-nine sources from considered sources (except MRSS 291081526, 

CRATES J233930+024420, MG 1 J154930+ 1708 and B3 1624+414) were at least once observed 

by Swift. There are available data from multiple observations of some sources; e.g., B2 

0743+25, PKS 0438-43, TXS 0222+185, TXS 1448+093, PMN J0226+0937, TXS 1616+517 and 

PKS 2107-105 had been observed more than ten times. The Swift XRT data analysis was 

possible to apply only for twenty-two sources and twenty-six were detected in at least one of 
the optical-UV Swift-UVOT filters . 

In Figure 1 They-ray photon index versus flux (estimated from power-law fitting) is 

shown in the upper left panel, where the FSRQ; are circles, BL Lacs triangles and BCUs 

squares. The photon index (- E-rv) estimated in the 0.1-500 GeVrange ranges from 1.71 to 
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3.05 with a mean of 2.54. The softy-ray spectra of the considered sources (except 87 GB 

214302.1+095227 and MGl J154930+1708) indicate that the peak of the HE component in 

their SEDs is in the MeV range. The flux of considered sources ranges from 4.84 x 10-10 to 

1.50 x 10-7 photon cm-2 s-1 . The two BL Lacs detected beyond z = 2.5, 87GB 

214302.1+095227 and MGl J154930+1708, have the lowest flux, (4.84 ± 1.37) x 

10-10 photon cm- 2s-1 and (1.66 ± 0.79) x 10-9 photon cm-2s-1 , respectively, but they 

have a harder y-ray spectrum. The y-ray flux of BCUs included in the sample ranges from 

2.19 x 10-9 photon cm-2 s-1 to1.46 x 10-0 photon cm-2s-1 with ry within 2.20- 2.84. 

The FSRQJ; occupy the region of high flux;::: 3.89 x 10-9 photon cm-2 s-1 and ry;::: 2.2 with 

a mean Fy "" 2.11 x 10-8 photon cm-2s-1 . The highest y-ray flux of (1.50 ± 0.02) x 

10-7 photon cm-2s-1 was observed from the bright FSRQB3 1343+451. 

The flux, which is a function of the distance, is compared for each source in Figure 1 

(upper left panel). Even though it is informative, the total energy released from each source 

cannot be investigated. Next, using the observed flux (Fy) and photon index (ry), the 

luminosity of each source is computed as: 
2-ry 2-ry 

2 I'y - lEmax - Emin 
Ly = 4rrdL r. 

2 1_r, 1_r, Fy (1) 
Y - Ema; - Eminy 

where Emin = 100 MeV and Emax = 500 GeV. Figure 1 (upper right panel) shows the 

distribution of the considered sources in the ry - Ly plane. The y-ray luminosity of 

considered sources ranges from 1.01 x 1047 erg s-1 to 5.54 x 1048 erg s-1
. The lowest 

luminosity of (1.01 ± 0.38) x 1047 erg s-1 has been estimated for CRATES J105433+392803 

which is of the same order with that of the two BL Lacs included in the sample; 

(1.42 ± 0.98) x 1047 erg s-1 for 87GB 214302.1+095227 and (1.24 ± 0.59) x 1047 erg s-1 

for MGl J154930+1708. They-ray luminosityofonly PKS 0347-211, PKS 0451-28, PKS 0537-

286 and B3 1343+451 exceeds 1048 erg s-1 with the highest y-ray luminosity of 

(5.54 ± 0.06) x 1048 erg s-1 , estimated for B3 1343+451. The X-ray flux is plotted versus the 

photon index in the lower left panel of Figure 1. For several sources, the number of detected 

counts was not high enough, so the flux and photon index were estimated with large 

uncertainties. The X-ray photon index of considered sources is < 2.0, implying the X-ray 

spectra have a rising shape in the vFv - v2-rx representation, which is natural as LSP blazars 

are considered. B3 0908+416B has the hardest X-ray spectrum with rx = 1.01 ± 0.46. In the 

Fx - rx plane, PKS 0451-28, TXS 0222+185, PKS 0834-20, PKS 0537-286, TXS 0800+618, B2 

0743+25 and PKS 0438-43 are detached from the other sources because they have a 

comparably high X-ray flux, Fx-ray ;::: 2.13 x 10-12 erg cm-2s-1 . In the lower right panel of 

Figure 1 they-ray and X-ray (if available) fluxes of the considered sources are compared. 

Interestingly, the bright y-ray sources PKS 0537-286 and PKS 0451-28 appear to be also 

bright X-ray emitters. The other bright y-ray blazars (e.g., B3 1343+45 l, PKS 0451-28) do not 
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have any distinguishable feature in the X-ray band, having a flux and photon index similar 

to those of the other considered sources. The bright X-ray sources TXS 0222+185, B2 

0743+25, TXS 0800+618, and PKS 0834-20 appear with a similar flux in they-ray band, Fy = 

(l.72 - 2.23) x 10-9 photon cm-2s-1 • 

To understand the origin of the broadband emission of the considered sources, a simple 

one-zone leptonic model was used. In this model, the emission region is assumed to be a 

spherical blob of radius of R moving in the blazar jet with a bulk Lorentz factor of ~ at a 

viewing angle of 9. The emitting region is filled with a uniformly tangled magnetic field B 

and with a homogeneous population of relativistic electrons (and positrons), the nonthermal 

energy distribution of which is described by a power-law with an exponential cut-off at 

higher energies as: 

N(y) - y-a exp (--yy ) Y > Ymin (2) 
cut 

where y is the Lorentz factor of electrons in the blob rest frame, and a is the power-law 

index. Ymin and Yem are the Lorentz factors corresponding to the minimum and cutoff energy 

of the electron distribution in the emission region. 

In the modeling it is assumed that the low-energy peak (from radio to opticaVUV) is due 

to synchrotron emission from ultra-relativistic electrons in the jet with an energy 

distribution as given by Eq.2. Instead, the HE peak is due to the IC scattering of internal (SSC) 

or external photons (EIC). The IC scattering of external photons is considered, since the SEDs 

ofFSRQJ; are better explained by EIC, as shown by the previous studies and the CD is evident 

in the SEDs of the considered sources. Here we assume that the emitting region is outside the 

broad-line region (BLR) where the dominant photon field is the IR emission from the dusty 

torus. The IR radiation from the dusty torus is assumed to have a blackbody spectrum with a 

luminosity of L1R = 0.6Ldisc where Ldisc is the accretion disk luminosity, which fills a volume 

that is approximated as a spherical shell with a radius of Rm = 2.5 x 1018 (Ld/1045
)

112 cm. 

Some of the SEDs modeling results are presented in Figure 2. The applied model reproduces 

the multiwavelength data relatively well for almost all the sources. The electron power-law 

index is defined by the X-ray data (through a= 2rx - 1 relation) and depending on whether 

the SSC or EIC component is dominating in the X-ray band, different values for a are 

obtained. When the X-ray spectrum is hard and the SSC component is dominating, the 

energy distribution of the emitting electrons has a hard spectrum as well. For example, for 

GB 1508+5714, PKS 0537-286, B2 0743+25, TXS 0222+185 and B3 0908+416B, a= 1.17 ± 
0.07, 1.33 ± 0.07, 1.13 ± 0.19, 1.62 ± 0.05 and 1.31 ± 0.25 were estimated which shows 

that the emission is due to newly accelerated electrons. On the contrary, when the emission 

in the X-ray and y-ray bands is only defined by the EIC component then a > 2.2; e.g., a = 

2.75 ± 0.04 and 2.70 ± 0.06 are correspondingly estimated for TXS 0800+618 and PKS 0834-

20. Correspondingly, Ymin and Ycut are in the range of 2.58 - 93.28 and (1.01 - 15.73) x 
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Figure 2. Modeling of the broadband SEDs of some sources. The Swift UVOT, XRT and Fermi-LAT data 
obtained here are shown with cyan, red and blue, respectively, while the archival data are in gray. 

103 (excluding TXS 1448+093). As expected, lower values ofYmin are estimated when the X­

rays are produced only by the EiC component: e.g., Ymin = 2.68 ± 0.36 and 2.58 ± 0.15 are 

correspondingly estimated for PKS 1351-018 and OD 166. The HE tails of both synchrotron 

and IC components are well defined by the optical/UV and y-ray data, respectively, allowing 

precise estimation ofYcut = (1.01-15.73) x 103 . Ycut is in a strong dependence on a, and 

its highest value, (15.73 ± 1.60) x 103 was estimated when a= 2.80 ± 0.04. Meanwhile, 

when a= 2.2 - 2.5, the highest Ycut is (8.67 ± 0.48) x 103 for B3 1343+451. The modeling 

shows that the magnetic field in the emitting region is within 0.10 - 1.74 G. The estimated 

Doppler factor is from o = 10.00 too= 27.42 with a mean of o = 19.09. Although, these 

are higher than the average values estimated for FSR~, they are well within the range of 

physically realistic values. The emitting region size is within R = (0.70 - 9.48) x 1016 cm 

except for TXS 0800+618 andS42015+65 for which R = 1.55 x 1017 cm and 1.35 x 1017 cm, 

respectively. The values estimated for R are consistent with they-ray flux variation in a day 

or several day scales and suggest that the multiwavelength emission is produced in the sub­

parsec scale regions of the jet. 

In chapter 3 the broad band study of one of the brightest high redshift blazars PKS 0537-

286; at z = 3.10 is performed. They-ray data collected between 2008 August 4 and 2022 

September 9 (MET=239557417-686130659) were analyzed. In order to investigate the 

variability pattern of the source, the light curves were computed with 5-day bins as well as 

with the help of adaptive binning method. The adaptively binned light curve (> 

Eopt =168. 19 MeV) is shown in Figure 3 upper panel. Up to MJD 57740 they-ray flux was 

in its average level of (1 - 3) x 10-s photon cm-2s-1 with no significant changes, while 

then, in several occasions, they-ray flux increased substantially. The light curve with 5-day 

(> 100 MeV) and adaptive bins(> Eopt = 168.19 MeV) for the period when the source was 

active in the y-ray band are shown correspondingly in Figure 3 panels (a) and (b). The first 
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Figure 3. Multiwavelength light curve of PKS 0537-286. Top panel shows the long-term adaptively 
binned y-ray light curve above 168.19 MeV. The other panels show the light curves after MJD 57800 (16 
February 2017) when the source was active in the y-ray band. 

flaring period was between MJD 57876-57883 when the flux increased with a maximum of 

(5.26 ± 1.13) x 10-7 photon cm-2 s-1 . Starting from MJD 59170, the source entered an 

active emission state with several bright flaring periods between MJD 59204-59233, MJD 

59301-59411 and MJD 59721-59738. The maximum y-ray flux of the source, 

(6.32±1.11) x 10-7 photon cm-2 s-1 was also observed in these y-ray flaring periods. 

Figure 3 panel ( c) shows they-ray photon index estimated for the adaptively binned periods; 

it varies in time as well. In the non-flaring periods, they-ray spectrum is characterised by a 

soft spectrum with a mean of r "" 2.83 but the photon index hardens during the bright 

periods as can be seen from Figure 3 panel (c). For example, during the first flare between 

MJD 57876-57883 the hardest index of 2.49 ± 0.23 was observed on MJD 57879.9 or during 

the second flare between MJD 59204-59233 the hardest index was 2.25 ± 0.21 when the 
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source was in an active state with a flux of (6.12 ± 1.22) x 10-7 photon cm-2 s-1 . During 

the hardest y-ray emission period, 2.23 ± 0.18 was detected on MJD 59322 which is unusual 

for this source. 

All the XRT observations were processed with Swift_xrtproc tool applying standard 

analysis procedure. The 2-10 keV X-ray flux variation is shown in Figure 3 panel (d). The X­

ray emission of the source in the 2.0 - 10 keV band was at the level - 3.0 x 

10-12 erg cm-2s-1 but during the bright periods it is ~ 5.0 x 10-12 erg cm-2s-1 . The 

highest X-ray flux of (8.34 ± 3.59) x 10-12 erg cm-2s-1 was observed on MJD 59213.18. 

The X-ray spectrum of the source is hard (Figure 3 panel (e)) and during all the observations 

fx-ray :5 1.3 8. 

The analyzed data allows to build the SEDs of PKS 0537-286 in different periods. The 

SED/light curve animation is available here https://youtu.be/4UPqf­

C7EW cyoutube.com/4UPqf-C7EW c. In order to understand the origin of emission processes, 

the SEDs from following periods were considered for modeling: 

(i) between MJD 55150-55330 when the source was in the quiescent state. 

(ii) between MJD 59208-59212 when the source was bright in the y-ray and X-ray bands. 

The broadband SEDs were modeled using a one-zone leptonic scenario. In order to have 

a general view we consider three different scenarios: i) the broadband emission from PKS 

0537-286 is entirely due to synchrotron/SSC radiation, ii) the jet dissipation region is close to 

the central black hole, and SSC, EIC-disk and EIC-BLR are contributing to the HE component 

and iii) the emission region is beyond the BLR and the HE component is due to EIC-torus. It 

is assumed that BLR is a spherical shell with lower and upper boundaries of 0.9 x RsLR and 

1.2 x RBLR• respectively. Rs LR is assumed to scale as Rs LR = 1017 L~rsc.45cm where Lctisc.4 5 = 
~~1:; erg s-1 is the accretion disk luminosity. Similarly, we assume that the distance of dusty 

torus is 2 x 1018 L~rsc.45 which emits TJ = 0.5 fraction of disk luminosity in the IR range for 

which we adopted Tcorus = 103 K effective temperature. The disk luminosity and effective 

temperature are correspondingly 8.7 x 1046 erg s-1 and Tctisk = 1.9 x 104 K estimated by 

fitting the thermal blue-bump component in the SED with a black-body component. Figure 

4 panels (a) and (b) show the results of the modeling when the entire emission is due to 

synchrotron/SSC emission from a compact region of the jet when the source is in a quiescent 

and flaring state, respectively. In the quiescent state the spectral slope of the emitting particle 

distribution is 1.8 ± 0.1 and their distribution extends up to (1.2 ± 0.1) x 104
. The 

strength of the magnetic field is found to be (9.3 ± 0.8) x 10-3 G. The emission region size 

is (2.0 ± 0.1) x 1017 cm, which is consistent with the flux variability of tvar = 

(1 + z) x ~ S "' 18.7 days. The Doppler boosting factor is 16.8 ± 1.2. In the flaring period 

(Figure 4 panel (b)), the SED modeling shows that the emitting electrons have a harder 

spectrum with p = 1.6 ± 0.03. The electrons are accelerated up to Ycut = (1.1 ± 0.1) x 104 

12 

10- •: 

10-IJ 

10-u 

10- u 

IQ•M 

="' 10-11 

'• 
\10-11 
! 
~ io-11 

" 10- " 

10-1• 

~ 10-11 

\ 10-•l 

! 
:! 10 -
~ 

(a) 

'(c) 

-·-· ~ ! :::~- -u•-.M 

161' -10•• 10° 1Cili 101"' 10J. 
" [H1J 

::: 

10 '1 lol" IOU 10_,. 
.. 11td 

(b) 
10- • 

10-.i 

10-11 

i o-11 

10-•• 

1611 10'" iii" i on i011 10,. 
"IHt ) 

10-1• 

-" 10- 11 

~ 110-u 

~ 10-ts 

lO" " j(d ) I .. .... I -- - --·· 
10'' 10 

I .J 

10-1• 

1"' 10- 11 

g 
! 10-u .. 't 1o·u 

• .... ,(•}I I I io-·1 (I) I I I . - ~ - - - ~ - ~ - - -11 (H1) w[H;iJ 

Figure 4. The broad-band SEDs of PKS 0537 -286 in the quiescent (left-hand panels) and flaring (right-hand 
panels) states. 

which is not significantly different from that in the quiescent state. In the flaring state, the 

magnetic field also increased, B = (1.7 ± 0.1) x 10-2 G, which is caused by the increase of 

the synchrotron flux. Also, the Doppler boosting factor increased from 16.8 ± 1.2 to 24.9 ± 
1.1 in order to explain the slight shift of the HE peak towards higher energies. 

Figure 4 panels (c) and (d) show the SED modeling assuming the jet dissipation occurred 

close to the central source. The thermal emission from the accretion disk, modeled as a black 

body, is shown with a pink dashed line. The distribution of the electrons is narrower with 

p = 2.3 ± 0.2 and Ycut = (0.3 ± 0.1) x 103 
, because the average energy of the external 

photons is larger than that of the synchrotron one. The Doppler boosting factor is S = 13.4 ± 
1.3 but the magnetic field is significantly larger, B = 3.5 ± 0.4 G. The emission is produced 

in a more compact region with a radius of (0.2 ± 0.02) x 1017 cm, smaller than RsLR = 

9.3 x 1017crn. During the flaring period (Figure 4 panel (d)) the electron distribution is 

nearly flat with p = 2.2 ± 0.1 and extends up to (2.5 ± 0.2) x 103 . The increase of the 

energy up to which the electrons are effectively accelerated (Ycut) resulted in the shift of the 

synchrotron component to higher frequencies and domination over the disk thermal 

emission. The Doppler boosting is S = 11.4 ± 0.7, the magnetic field is B = 3.0 ± 0.2 G and 

the emission region radius is (0.1 ± 0.01) x 1017 cm. 

Figure 4 panels (e) and (f) show PKS 0537-286 SED modeling assuming the emission 

region is beyond the BLR. In the quiescent state, the HE component is entirely dominated by 
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EIC-torus (yellow dot-dot- dashed line in Figure 4 panel e) and SSC contributing in the soft 

X-ray band (orange dot-dashed line in Figure 4 panel e). The model parameters show that in 

the quiescent and flaring states the electron distribution has a similar power-law index p "" 

2.4, but in the flaring state the cut-off energy is larger, Ycut = (6.7 ± 0.7) x 103 as 

compared to Ycut = (1.3 ± 0.1) x 103 . Also, the modeling shows that the Doppler boosting 

and magnetic field do not substantially change, correspondingly being o = 15.3 ± 0.7 and 

B = 0.2 ± 0.01 G and o = 14.2 ± 1.0 and B = 0.2 ± 0.02 G for the flaring and quiescent 

states. 

The parameters estimated during the modeling are used to compute the jet luminosity. 

The jet power carried by the electrons, calculated as Le = ncRb 2 r 2 Ue, and by magnetic field, 

calculated as La = ncRb 2 r 2U8 • When the emit- ting region is within the 8LR, a lower jet 

luminosity is required, Le+ La = 6.3 x 1045 erg s-1 and Le+ L8 = 2.5 x 1045 erg s-1 for 

the quiescent and flaring states, respectively, and the system is close to equipartition with 

Le/Ls = 0.5 and Le/L8 = 3.7 for the quiescent and flaring states, respectively. 
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Figure 5. The evolution of y-ray flux and spectral index of B3 1343+451 in time 
computed using 3-day bins. 

In the chapter 4 they-ray properties of 83 1343+451 are investigated by analyzing the 

data set collected during the first ten years of Fermi-LAT operation, from August 4, 2008, to 

August 4, 2018 (MET 239557417-555033605). The light curve of the source is shown in 

Figure 5. Several bright y-ray emission states of the source can be identified, namely from 

MJD 55083 to 55116, from 55839 to 55965, from 56160 to 56235 and from 57021 to 57126. 

Interestingly, during the prolonged y-ray active period from MJD 55720 to 57230, not only 

two major flares from the source were observed but also the flux increased from its average 

level and remained so for nearly 500 days. The peak flux of (8.78 ± 0.83) x 

10-7 photon cm-2s-1 witha photon index of r = 2.02 ± 0.07 was observed onMJD 56175 

within three days with a detection significance of 25.1 er. Another substantial increase of the 

y-ray flux has been observed on MJD 55893 when the flux was (8.73 ± 0.85) x 

14 

10-7 photon cm-2s-1 with r = 2.10 ± 0.08 photon index and with 24.0 er detection 

significance. They-ray photon index variation in time computed for three-day bins is shown 

in the middle panel of Figure 5. Most of the time, the photon index varies around its averaged 

value reported in 4FGL (2.14 from the log-parabolic fit), but in some periods hardening and 

softening are evident. The hardest photon index of r = 1.73 ± 0.24 has been observed on 

MJD 58089 with 6.2 er while the softest one 3.13 ± 0.31 was observed on MJD 57675. 

During the three outbursts in the y-ray band (the first three peaks in Figure 5 upper 

panel) the rising and decaying shapes of the flares can be well constrained by the data. The 

temporal evolution of each flare has been studied separately. For this purpose, a time profile 

fitting of these flares is performed by a sum of exponentials which gives the rise and decay 

times of each peak, 

t 0 - t t- t0 

( )

-1 

F(t) =Fe+ F0 exp(t;:-) +exp ( ~) (3) 

where F0 is the flux at t 0 representing the approximate flare amplitude, Fe is the quiescent 
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Figure 6. The flare time profile analyses . 

flux, tr and td are the rise and decay times of the flare, respectively. The light curve was fitted 

with the nonlinear optimization python package lmfit (https://lmfit.github.io/lmfit-py/). 

The corresponding fit is shown in Figure 6. The two flares are fitted together with the 

same constant level of the flux to reduce the number of free parameters. These flares reach 

the peaks within 11.34 ± 2.85 and 9.21 ± 2.43 days, respectively, then the second one 

quickly drops to its average level within 3 .64 ± 1.24 days while the decay of the other flare 

is relatively slow, 7.66 ± 2.19. The time peak of the flares are at MJD 55899.5 and MJD 56 

175.98 with amplitudes of (13.41±2.67)x10-7 and (11.85 ± 2.00) x 

10-7 photon cm-2s-1 , respectively. The shortest flux doubling or halving timescales, 

computed by tr,d x ln2, is -2.34 days. 

The SED of 83 1343+451 during the quiescent (low), and flaring (Fl and F4) periods are 

shown in Figure 7. Initially, the SED in the quiescent state is modeled (Figure 7 left panel) to 

estimate the baseline energy of the jet as well as the radiating particle energy distributions. 

In this case, the X-ray toy-ray data is interpreted as IC up-scattering of synchrotron (dot­

dashed line in Figure 7 right panel) and torus (dashed line in Figure 7 right panel) photons. 

The absence of high-quality X-ray data hardens the precise estimation of the power-law 
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Figure 7. Modeling of the broadband SEDs ofB31343+451 during the quiescent (left panel) and flaring states 
(Fl and F4 right panel). 

index of the electrons and p = 2.39 is defined by SSC fitting to X-ray data. When Ymin = 

62.78, Ycut = 4683.34 and Ymax = 1.04 X 104, the EIC component peaks around GeV 

energies, explaining they-ray data. In the emitting region, the magnetic field is B = 0.18 G 

with a density lower than that of electrons Ue/U8 = 7 4.6 which implies that even if the 

system is not perfect in equipartition (Ue/U8 = 1), there is no large deviation between 

electron and magnetic field energy densities. The multiwavelength SEDs during the flaring 

states are shown in Figure 7 (right panel). 

During the fit , all the parameters describing the source (e.g. , the luminosity of the torus, 

its radius, temperature, etc.) are fixed to the values obtained during the fit of the averaged 

state, while the parameters of the magnetic field and emitting electrons are left free to vary. 

X-ray toy-ray data are again interpreted by the sum of SSC and EIC components (for the 

clarity only the sum of these components is depicted in Figure 7 right panel) and the X-ray 

spectra can be explained when p = 2.08 and p = 2.38 for the flares Fl and F4, respectively. 

As they-ray spectrum during F4 is characterized by a harder photon index which extends to 

higher energies, larger Ycut = 12095.01 is estimated as compared with Fl (Ycut = 4884.00). 

In order to account the increase on the y-ray flux, higher energy densities of electrons are 

estimated which results in lower magnetic field (0.04 and 0.10 for Fl and F4, respectively) 

to keep the flux of the lower component at the same level since the synchrotron emission 

depends on the total energy of electrons and magnetic field. During the flaring states, the jet 

of 83 1343+451 becomes more particle dominated with Ue/U8 > 900, which is natural 

considering the ratio of IC to synchrotron luminosity increases. 

In the chapter 5 the properties of additional 7 high redshift blazar from Fermi-LAT 

catalogue based on 12 years of data have been investigated. They-ray properties of PKS 1830-

211 , LQAC 247-061, 4C +41.32, PKS 2311-452, PMN J0833-0454, PKS 2318-087, TXS 

0536+ 145 were investigated by analyzing Fermi-LAT data accumulated between 2008 August 

04 to 2022 December 04 (MET 239557417-691804805). After analyzing the data from the 

entire period, the y-ray variability of the selected sources was investigated. Initially, the 

whole time period was divided into short equal periods or was constrained using adaptive 

binning method and the unbinned likelihood analysis was applied to estimate the flux and 
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the photon index. They-ray light curves of selected sources are shown in Figure 8. For each 

source, when the light curve generated with adaptively binning method is with a reasonable 

time bins, the light curves generated with fixed bins (circle) and with adaptive bins are 

shown. The light curves for PKS 1830-211 and LQAC 247-061 were downloaded from the 

Fermi-LAT Light Curve Repository1, as the ROI around these sources contain a lot of objects 

making difficult the analysis. The most variable source in the sample is PKS 1830-211 (see 

panel a in Figure 8) which shows high amplitude flux changes in 3-day binned light curve. 

The y-ray emission of this source increases time to time but the largest flare was observed 

during MJD 58572-58605 when the flux increased up to (1.74 ± 0.04) x 

10-s photon cm-2s-1 on MJD 58596.49. It should be noted that average flux of y-ray 

emission from this source is (1.01 ± 0.19) x 10-6 photon cm-2s-1 so the flux increases 

-17.22 times. The time averaged y-ray spectrum of PKS 1830-211 is well explained with the 

index of fy = 2.66 ± 0.34 but during the brightening the hardest index of fy = 2.22 ± 0.03 

was observed on MJD 58596.49. They-ray light curve of LQAC 247-061 with 7-day bins 

shows (panel b in Figure 8) several flaring periods although with smaller amplitudes as 

compared to PKS 1830-211: the maximum weekly flux of this source was (5.87 ± 1.34) x 

10-7 photon cm-2s-1 observed on MJD 59222.42. The adaptively binned light curve ofTXS 

0536+145 above 285.38 MeV (panel c Figure 8) shows that the source was in active emission 

state between MJD 55872-56138 when the flux above 285.38 MeV increased up to 

(1.81 ± 0.39) x 10-7 photon cm-2 s- 1 on MJD 55945.22. On average the y-ray spectral 

index of this source is around fy = 2.68 but during the flares occasionally it hardens, for 

example on MJD 56014.81 the index was fy = 2.00 ± 0.16. Among the considered sources, 

the light curve generated with the help of adaptive binning method shows also 4C+41.32 has 

variable y-ray emission (panel d in Figure 8); the averaged y-ray flux of the source was 

(3.24 ± 0.94) x 10-9 photon cm- 2s-1 which increases up to (5.75 ± 0.12) x 
10-9 photon cm-2s-1on MJD 56177.66. It should be noted that during this bright period the 

photon index hardened being fy = 2.10 ± 0.11. For the other remaining three sources (PKS 

2311-452, PKS 2318-087 and PMN J0833-0454) no flux changes were observed in long- and 

short-time scales. 

Among the considered sources, TXS 0536+ 145, PMN J0833-0454, LQAC 247-061 and PKS 

1830-211 were at least once observed by Swift satellite. All these available data from XRT 

and UVOT observations were downloaded and analyzed. The XRT data were all processed 

using the Swift_xrtproc automatic tool. The 2.0-10 keV X-ray flux of PMN J0833-0454 is at 

the level of 1.86 x 10-13 erg cm-2 s-1 , instead, the spectral index is fx = 1.90 ± 0.53 and 

fx = 2.17 ± 0.4 7 which is unusually soft for FSRQ;. Similarly, the 2.0-10 keV X-ray flux of 

1 https://fermi.gsfc.nasa.gov/ssc/data/access/lat/LightCurveRepository/ 
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Figure 8. They-ray light curve of selected sources. 

TXS 0536+145 and LQAC 247-061 is (0.91 - 2.28) x 10-12 erg cm-2s-1 and (l.00 -

1.79) x 10-12 erg cm-2s-1 , respectively, and their indexes are 1.45 - 1.88 and 1.05 - 1.39, 

respectively. PKS 1830-211 is the most variable source in the X-ray band. Thighest flux of 

(2.41±0.44)x10-11 erg cm-2 s- 1 was observed on MJD 58583.10. The spectral index in 

the X-ray band is relatively hard, changing from 0.34 ± 0.14 to 0.94 ± 0.25 , so it defines the 

rising spectrum of the HE component. 

In order to investigate the origin of broadband emission from the considered sources, the data 

analyzed here were combined with the archival data retrieved using VOU-blazar tool. The 

SEDs composed with data retrieved from VOU-blazar tool and analyzed here, are shown in 

Figure 9. All the considered sources show the characteristic double peaked structure which 

is modeled within a leptonic one-zone scenario. The SEDs modeled with the 

synchrotron/SSC plus external Compton scattering ofBLR photons is shown in Figure 9. The 

presented SEDs have sufficient data spanning from radio (archival) to HE y-ray bands 

(analyzed here), which allows for shaping of both low and high energy peaks. The model 

utilized is able to effectively explain the multiwavelength data for nearly all of the sources. 

The modeling shows that multi wavelength data of PKS 1830-211 , LQAC 247-061 and 

4C+4 l .32 can be explained when the power-law index of emitting electrons is relatively hard, 

1.79 ± 0.08, 1.97 ± 0.08, 1.74 ± 0.21 respectively. Whereas soft index of 2.96 ± 0.06 and 

2.49 ± 0.07, respectively, are required to explain the data ofTXS 0536+145 and PMN J0833-

0454. Because of this soft index, the fit resulted to higher value for the cut-off energy for 
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Figure 9. The modeling of multiwavelength SEDs of considered sources. 

those two sources, (12.94 ± 1.82) x 103 and (8.57 ± 0.76) x 103 respectively.The cut-off 

energy is estimated to be (5.99 ± 0.41) x 103, (2.75 ± 0.27) x 103 and (1.62 ± 0.14) x 10
3 

for PKS 1830-211, LQAC 247-061 and 4C+41.32 respectively. The modeling shows that the 

magnetic field in the emitting region is within 0.1 - 15.8 G where the lowest magnetic field 

of 0.1 ± 0.01 G is estimated for PKS 1830-211 while maximum of 15.82 ± 1.74 for LQAC 

247-061. For the considered sources, the Doppler boosting factor varies in a small range of 

12.28 - 14.58 which is typical value usually estimated for the FSRQs. The modeling allowed 

to estimate also variability time or the size of the emitting region. The variability time is 

order to sub-day scales for all the considered except for 4C +41.31 for which tvar = 3.73 days 

which corresponds to R = 3.37 x 1016 cm considering its redshift of z = 2.55 . 

For all the considered sources, the jet is particle dominated with Le/Ls > 1. The highest 

total luminosity of Ltot = Le+ Ls = 3.17 x 1046 erg s-1 is estimate for PKS 1830-211 while 
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PMN J0833-0454 has the lowest luminosity of 5.52 x 1044 erg s-1 . The modeling allows to 

put un upper limit on the disk luminosity requiring that it does not overproduce the 

synchrotron component. The disc luminosity varies in the range of (0.01 - 9) x 

1046 erg s-1 . 
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UU<l>Il<l>Uq,flf' 

UqU1}1tJ. qm1ruqU1}1qruqrub tf}12m.qbhp~ (Uq,U-bhp~) n~ j!hptfmi}lu 6runmqru]ptfrutfp 

hqnp IDI[p]ntpub.p b.u' qhqU1prutfmqu}lumqrub UUJ. hqmp]:i IlI[j! U1}1pnt]pmtf: CuU1 uq,u­

uhp}l tf}lmuuruqmb U1b.untp]IDU, pn1np uq,U-uhpu muhu hmtfmbtfruu uhpp}lb 

qmnmgtJ.ruop, npnug q}1U1nI[ruqrub hrull1qm.pim.uuhp}1 U1rupphpmpJmb~ qrulutlrub l:; 

IDI[pJill.11}1 ' q}lll1n11q}1 uqmU1tf rutfp muhgruo q}111p}lg: 011}1umq, h11p U q,u-ub.11}1 2}1pb 

m.1111tlmb l:; qb.UJ.}1 q}lillnI[~, IDUJ.ID q11ruup qmumqm11qtlmtf hb n11UJ. hu p1mqmp: 

P1mqru 11uh11}1 <'l:runmqru Jpmtf~ uqru 11mqru11tlmtf l:; qru 116: dmtf ru bmqmhm ll1tl ruom.tf 

<'\:runruqruiptfm\i qm11mq tP-ntP-nluruqmum.pJmtfp t1hqU1pmtfmqu}luruqru\i UUJ. hll111}1 pn1np 

U1J:i11mipuh11mtf, pm11C..11 1mumll1tlmp]mtfp, nruq}ln h OUJ.U1}1qmqrub U1J:i11mwuh11mtf 

<'\:ummqru]ptfru\i phhnrugtlrubntp]mtfp h IDJLU: Uho 1m.uruU1tlmpJIDU UJ.IDU16:runntl 

ptruqru11uh11~ hIDJU1UIDph11tlht b.u Uill.JU}luq tfb.O hb.nrutlnJ1Illpjm.\iub.11}1 tl11ru, Ill.UU1}1 

qprubg m.umtfuruu}111mtf~ ummub.umhruillmq hb.U1mp11p11mpJmb l:; uh11qm]rugbmtf: 

UU1hurulunumpimu h}ltf\imqm\i uuimmruq\i l:; m.umtf\imu}111h1 prupC..11 l:;uh11q}lru\ihp}1 

qmtftfru ll1}111m.Jpmtf q11mbgtlmb tfho qm11tf}111 2h11mtfntl ptruqru11uh11}1 pmqtfmmtl1prui}lu 

ll1}111mipm.tf 6runruqruiptfru\i tfhlum\i}lqtfub.11~: UU1humlunumpim.u~ qmqtftlmb l:; 

uhpruompJmU.}lg, h}luq q1mluuh11}1g, tlh112mpmu}lg b. h11m.tfuh11}1 gmuq}lg: 

Unru2rupmum.tf ub.11\iruirugtJ.mo l:; phtfmiJ:iu mnu~tJ.n11 q}lillmqruu qpruqmump]IDU 
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hunhunnm ruljbwplj , iat.tfw]}l rupq}lruljrubmpJmb~ \i q}lmruqrub bnpm]p~: 
Unru2}1b qtlum.tf hruq}lp<'I: bb.pqruirugtJ.b.t l:; Fermi-LAT 11}1mruqntJ. qprubgtJ.ruo 

milJrutbb.p}l u2ruqtf rub h}ltfbruqru b uqqpm.bpbb.p~, }lb~UJ. b.u brub. , p1ruqrupub.11}12}1pb.pnuI 

h}ltfbruq w b <'l:wnruqru Jptf rub tfb.lu rub}lq tfub.11~: 
tp q11n11q qJlum.tf pburu11qtJ.b.1 l:; prupC..11 l:;bb.pq}lrubbb.p}l qrutfru m}111mpJmtf qprubgtJ.ruo 

33 hb.nwtJ.np ptruqrupub.11}1 (z > 2.5) <'\:runruqru]ptfrub UUJ. b.qm11ru1 \i drutfrubruqrui}lu 

hmm qmpim.uub.11~ tJ.b.p1mob.1ntJ. Fermi-LAT \i Swift q}lmruqbb.pntJ. q11rubgtJ.ruo 

U1ilJru 1ub.11~ : 
t p11np.q qtlum.tf ub.11\iruirugtJ.ruo l:; PKS 0537-286 (z = 3.1) p1ruqrup}1 2}1p}lg 

6runwqwiiaurub tf\.lu w\i J:iq tfub.1111 hruuruuiru11tliruq m.um.tf\iruu}lpmpJm.b~: UI[p]mp]:i 

pruqtfruhw6:ruluwil1\i UUJ. b.ljm11}1 l;Ub.pq}lruqruu pru2lutJ.rubmpJm.b~ tfnqb.1rutJ.n11tJ.b.1 l:; 

hru\iq]:ium \i ruqll1}1tl tJ.]:i6:ruqub.11mu' tfb.q U1}1pmJp}lg tb.UJ.U1nurui}lu tfnqb.tl12112ruuruqm.tf, 

quruhruU1tJ.b.t b.\i 2l1P~ bqrupruqpnI[ h}ltf\iruqru\i uiru11rutfb.U111b.11~ : 
'.:.ln1111n11q qJlum.tf m.umtf\iruu}111tJ.b.1 l:; tfb.o hb.nrutJ.n11pJrutfp B3 1343+451 p1ruqru11}1 

<'\:runruqru]pmtf~ pruqtfrurutl1pmJ}lb U1}1pm]pmtf: 'lb.112}1\i U1illp}1\ib.p}1\i qrutftfru 

U1}1pmJpm.tf ru11pimp~ b.I[ ht l:; ruqll1}1tJ. <'\:runruqruJptfruu tJ.PO:ruqmtf: flpruqruuruguh1ntJ. 

qrutftfru ll1}111mpimtf qpruugtJ.ruo U1ilJru1bhp}1 drutfrubruqrui}lu tJ.hp1m.om.pJm.b, 

quruhruU1tJ.ht l:; <'\:runruqruJptfru\i U1}1pm]p}1 ~rutli~: 
L.}1\iqb.pnpq qJlum.tf p\iurupqtJ.b.t hu ub.O hhnrutJ.npmp]IDUp (z > 2.5) 7 nruqrupub.p}l 

2}1phpmtf U1hI[}1 m.bhgnI[ n~-2h11tfrui}lu uipnghuuhp~: UI[pJm.11\ihpJ:i <'\:runruqruJptfru\i 

uuihqU1puhp~ tfnqb.1rutJ.nptJ.h1 h\i tfhq U1}1pm.Jp}lg thUJ.U1nurui}lu U1hum.piruu 2112ruuruqm.tf 

hruqruqru11C.. qntfUJ.U1nuiruu gptfruu hrutfru11, hm2tl.J:i mn\ihtntJ. u' u}lbp11nm11numJ}lb, b.' 

m11U1rup]:iu :pnU1numi}lu qm2U1hp~: q,\imhmU1tJ.ht h\i <'\:mnmqmipnI[ tfmu\i}lqub.11~ 
uqru11ruqpnI[ UJ.IDpmtfb.U1php~ \i 2}1p}11m.uruU1tJ.nt.p]Ill.U~ : 

Pe3JOMe 

AKTHBHble !!,D;pa raJJaKTHK (ARf) l!BJl!!!OTC!! HCTO'l:HHKaMH MOIIl;HOfO HeTeIIJIOBOfO 

H3JIY'l:eHHl! BO BceM ,D;Harra3oHe :meKTpoMarHHTHoro crreKTpa. Cor11acHo e,D;HHOR TeopHH 

ARf, BCe ARf HMeJOT cxolKyro BHyTpeHHJO!O CTPYKTypy, a pa3JIH'l:He B Ha61110,D;aTeJibHh!X 

CBOllCTBaX 3aBHCHT OT IIOJIOlKeHHl! HCTO'l:HHKa OTHOCHTeJibHO Ha61110,D;aTeJIJ1. HanpHMep, 

KOr,D;a CTPYll ARf HarrpaBJieHa Ha Ha61110,D;aTeJIJ1, OHH KJiaccmpmi;HpyroTcl! KaK 611a3apbr. 

:l1311y'l:eHHe 611a3apoB xapaKTepH3yeTCl! pe3KOll H3MeH'l:HBOCTb!O H3JIY'leHHl! 3a KOpOTKHll 

rrpoMelKyTOK BpeMeHH BO BCeX ,D;Harra30Hax 3JieKTpOMarHHTHOro crreKTpa, Bb!COKOll 

CBeTHMOCTb!O, IIOJI!!pH3ari;Hell H3JIY'leHHl! B pa,D;HO H OIITH'l:eCKOM ,D;Harra30Hax H AP· 

E11aro,D;ap!! BbICOKOR !!pKoCTH 611a3apbI o6HapylKHBaJOTCl! ,D;alKe Ha 6oJibIIIHX paccTOl!HHl!X, 

c11e,D;oBaTeJibHO H3J'l:eHHe 3THX o61'eKTOB rrpe,D;cTaBJil!eT oco6hli1 HHTepec. OcHOBHOll ri;eJib!O 
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AHCcepTa~HH JlBRJleTCJl MHOrOBORHOBHe HCCReAOBaHHe MexaHH3MOB H3nyqeHHJl 6na3apos 

3aperHCTPHPOBaHHblX B Y-AHarra30He Bb!COKHX ::rneprHH c 6onb!IIHM KpaCHbIM CMeIIIeHHeM. 

,ll;HccepTa~HH COCTOHT H3 BBeAeHHJl, IIHTH rnaB, 3aKmoqeHHJl H CIIHCKa RHTepaTypbI. 

Bo BBeAeHHH rrpOH3BeAeH o63op HayqHQH RHTepaTypbl, KaCaIOIIIeHCJl AaHHOH TeMbl, a TaKJKe 

H3ROJKeHbl aKTyanbHOCTb H ~enH HCCneAOBaHHJl. 

B rnase KpaTKO rrpeACTasneHbl OCHOBHbie rrpHH~HIIbl o6pa60TKH AaHHbIX 

3aperHCTpHpOBaHHblX c IIOMOIIIbIO Fermi-LAT a TaKJKe OCHOBHbie MexaHH3Mbl H3nyqeHHJl B 

CTpyHx 6na3apos. 

B rnase 2 paccMoTpeHbl crreKTpanbHO-speMeHHbie csoiICTBa H3nyqeHHJl 33 AaneKHX 

6na3apos (z > 2.5), 3aperHCTpHposaHHbIX B BbICOK03HepreTHqecKoM y-AHarra3oHe, rryTeM 

aHanH3a AaHHblX, 3aperHcTpHposaHHbIX c rroMOIIIbIO TenecKorros Fermi-LATH Swift. 

B rnase 3 rrpeACTasneHo scecTopOHHee HCCReAOBaHHe MeXaHH3MOB H3nyqeHHJl H3 cTpyH 

6na3apa PKS 0537-286(z = 3.1). B paMKax OAH030HHOH neIITOHHOH MOAenH CMOAenHposaHo 

MHOrOBORHOBOe crreKTpanbHOe pacrrpeAeneHHe 3HeprHH HCTQqHHKa B CIIOKOHHOM H 

aKTHBHOM COCTOJlHHJlX H o~eHeHbl OCHOBHbie napaMeTpbI, OITHCb!BaIOIIIHe CTPYH 6na3apa. 

B rnase 4 HccneAOBaHo H3nyqeHHe AanbHero 6na3apa B3 1343+451 B MHorosonHOBOM 

AHarra30He. B nocneAHHe I'OAbl HCTOqHHK HaxOAHTCJl B COCTOJlHHH aKTHBHOro H3nyqeHHJl B 

y-AHana30He . IlYTeM npoBeAeHHJl BpeMeHHOro aHMH3a AaHHbIX, 3aperHCTpHp0BaHHblX By­

AHana30He, 6bln o~eHeH pa3Mep H3nyqarollleH: o6naCTH. 

B rnase 5 o6cyJKAeHbI HeTennosble rrpo~eCCbI, npoHcxOAJlIIIHe B crpyHX 7 6na3apos Ha 

6onbIIIOM paccTOJlHHH (z > 2.5). CneKTpbI H3nyqeHHH HCToqHHKOB 6brnH MOAenHposaHbl B 

paMKax OAH030HHOH nenTOHHOH MOAeJIH, npeAITOnaraJl, qTQ H3nyqeHHe B03HHKaeT 3a cqeT 

CHHxpoTpOHHbIX cpOTOHOB H o6paTHOro KOMITTOHOBCKOro pacceJlHHJl KaK CHHxpoTpOHHbIX, 

TaK H BHeIIIHHX cpoTOHOB. O~eHeHbl napaMeTpbI, OITHCbIBaIOIIIHe H3nyqaIOIIIHe qacTH~bl H 

cseTHMOCTb CTPYH· 

Gevorg Harutyunyan/ Cl,\mpq 2.Ulpnt~]IllU]UlU/ fesopr ApYTIOHHH L<!Jse 
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