Jd. <wdpwpénujjwup wudwu Finipuljwuh wunnwnhunwpwu

Qnn Upbgh Uhpwjbjjwu

«GLUuUUrUbr SULUUShYULENh
nenuvnkyU 54 NRUNRULUUPPNRE@3NRLLEM»

usuuanr
U.03.02 - «Uunnwphghlw, nwnhnwumnwghwnnigniu»

dwutwghwnipiwdp $hghjwidwptidwnhyuywt ghwnegniutbph
ptluwdnth ghnwlwu wunhtwuh hwigdwt wnbkbwfununiyejwu

Pinipwlwu - 2026

V. Ambartsumian Byurakan Astrophysical Observatory
Gor A. Mikayelyan
“SEARCH AND STUDIES OF INFRARED GALAXIES”
SYNOPSIS
of the Thesis for the degree of candidate of physical

and mathematical sciences

in the specialization A.03.02 - “Astrophysics, Radio Astronomy”

Byurakan - 2026



2026 .- 3- 14:30-

« » 048

2026 .- 28-

The thesis is approved by the scientific council of the Byurakan Astrophysical
Observatory after V. Ambartsumian.
Scientific advisor:
Candidate of Phys. Math. Sciences Areg Mickaelian
Official opponents:
Doctor of Phys. Math. Sciences Gagik Ter-Ghazaryan
Doctor of Phys. Math. Sciences Narek Sahakyan
Leading Organization:
Institute of Astronomy of the Russian Academy of Sciences
The defense of the thesis will take place on December 3, 2026, at 14:30, at the
session of the Special Council 048 “Astronomy, Radio Astronomy” of the
Byurakan Astrophysical Observatory after V. Ambartsumian.
The thesis is available in the library of the Byurakan Astrophysical Observatory
after V. A. Ambartsumian.
The synopsis is distributed on October 28, 2026.
Scientific secretary of the Candidate of Phys. Math. Sciences

Special Council: Hayk Abrahamyan



General Description of the Thesis

Relevance of the topic

Infrared galaxies represent an important class of extragalactic objects for
studying the physical processes associated with galaxy formation and evolution.
A substantial fraction of the energy emitted by galaxies can be absorbed by
interstellar dust at ultraviolet and optical wavelengths and subsequently re-
emitted in the infrared. Consequently, infrared observations provide an
essential means of identifying and studying dusty galaxies, systems with intense
star formation, and galaxies hosting active galactic nuclei (AGN). The
investigation of their infrared luminosities, optical spectral properties, and
multiwavelength characteristics contributes to a better understanding of the
relationship between star formation, nuclear activity, and the evolution of
galaxies.

The Infrared Astronomical Satellite (IRAS) provides a fundamental
observational basis for such investigations. Its all-sky coverage and
measurements in four infrared bands have enabled the construction of
extensive catalogues containing hundreds of thousands of sources. However,
the identification and physical interpretation of these sources remain
challenging. Positional uncertainties, the presence of multiple optical
counterparts, source confusion, and the limited availability of spectroscopic
information may complicate the reliable association of infrared detections with
individual galaxies. Furthermore, infrared photometry alone is often insufficient
to determine the dominant physical mechanism responsible for a galaxy's
emission.

Optical identification and spectroscopy are therefore essential for establishing
the nature of infrared sources, determining their redshifts and absolute
magnitudes, and classifying their nuclear and star-forming activity. Particular
attention is required for ultraluminous (ULIRGs) and hyperluminous infrared
galaxies (HLIRGs), which represent the high-luminosity end of the infrared
galaxy population. Their investigation provides an opportunity to examine
systems with exceptionally high infrared output and to study the relative
contributions of star formation and AGN activity. Reliable selection and
classification of these objects require the combined use of infrared
measurements, accurate positional cross-identifications, and optical
spectroscopic data.



In this context, the present Thesis addresses several interconnected problems:
the spectroscopic study of Byurakan-IRAS Galaxies (BIG), the preliminary
extragalactic classification of the IRAS PSC/FSC Combined Catalogue, the
selection, study and classification by activity types of ULIRGs and HLIRGs, and
the application of astronomical archives and digital data-processing methods.
By combining infrared photometry, optical spectroscopy, catalogue cross-
identification, and archival resources, the research contributes to improving
the identification and characterization of infrared galaxies and provides a basis
for further investigations of their physical properties and population statistics.

The objectives of the Thesis

The main objectives of the Thesis are to investigate infrared galaxies selected
from IRAS PSC/FSC combined catalogue by improving the identification and
classification of their optical counterparts, studying their spectroscopic and
infrared properties, selecting high-luminosity infrared galaxies, and evaluating
the contribution of astronomical archives and digital methods to further
research.

The main tasks are:

e To analyse, improve and summarise the optical identifications and
spectroscopic properties of the Byurakan-IRAS Galaxy sample, including
redshifts, distances, absolute magnitudes, and activity classes.

e To construct a preliminary extragalactic sample of the IRAS PSC/FSC
Combined Catalogue using cross-correlations with known galaxy and
quasar catalogues, optical morphology, radio data, and Gaia astrometry.

e To identify high-luminosity infrared galaxies by combining improved
positional information, SDSS spectroscopy, and IRAS photometry in all
four bands.

e To calculate infrared and far-infrared luminosities and investigate the
spectral activity types and statistical properties of the selected ULIRGs and
HLIRGs.

e To examine the role of star formation, AGN activity, composite spectra,
and interacting or multiple systems in interpreting infrared emission.



e To describe the scientific infrastructure of ArvVO, the BAO Plate Archive,
and DFBS, and review automated methods for extracting and classifying
low-dispersion spectral images.

Scientific novelty

The scientific novelty of this Thesis lies in the systematic spectroscopic analysis
of the Byurakan-IRAS Galaxies (BIG), the construction and preliminary
classification of an extensive extragalactic sample from the 345,163-source
IRAS PSC/FSC Combined Catalogue, and the identification and classification by
activity types of 114 high-luminosity infrared galaxies, comprising 107
ultraluminous infrared galaxies (ULIRGs) and 7 hyperluminous infrared
galaxies (HLIRGs). Among these, 48 ULIRGs and all 7 HLIRGs are newly
classified objects.

The Thesis develops and applies a multi-catalogue approach to the preliminary
classification of IRAS sources, distinguishing confirmed or genuine galaxies and
QSO0s, galaxy candidates, star candidates, and unknown objects. This approach
combines information from optical catalogues, morphological data, radio
surveys, and Gaia astrometry, providing a basis for further identification and
verification of infrared sources.

The Thesis also integrates infrared luminosity estimates with optical
spectroscopy, redshift information, improved source positions, and spectral
activity classification. The comparison of the BIG sample with the high-
luminosity infrared galaxy sample provides insight into the diversity of activity
types and the observational selection effects associated with optical magnitude
limits, four-band IRAS photometry requirements, and the availability of SDSS
spectra.

An additional methodological contribution is the investigation of automated
classification of low-dispersion astronomical spectra from the Digitized First
Byurakan Survey (DFBS) using supervised and unsupervised machine-learning
methods. The Thesis also examines the classification of selected astronomical
object subtypes and a cloud-based machine-learning service supporting
spectral-image extraction, model training, evaluation, and classification. These
studies demonstrate the potential of automated methods for analysing large
astronomical archives and complement the Thesis's broader research on
infrared galaxies and astronomical data resources.
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Practical importance

The resulting catalogues and samples provide a basis for statistical studies of
star-forming galaxies, AGN, ULIRGs, HLIRGs, and systems with pairs or
multiple optical counterparts. The classification of the large IRAS catalogue
helps prioritize objects for follow-up observations, while the spectroscopic
analysis supplies physical information for selected sources. The work also
emphasizes the need to preserve uncertainty labels and document selection
effects when using catalogue samples for population studies. The development
of large and homogenous samples is particularly important for studying the
statistical properties of infrared galaxies and their evolution.

The archival component shows how digitized historical observations can
complement modern surveys. The BAO Plate Archive preserves an important
observational record, while DFBS provides digitized low-dispersion spectra for
a very large number of objects. Automated extraction and classification can
make such archives more accessible, although model accuracy depends on the
training sample, class balance, image quality, and the confidence criteria used.

Basic results to be defended

Results of the optical identification and spectroscopic study of Byurakan-IRAS
Galaxies. A spectroscopic sample comprising 257 objects was compiled and
investigated using observations obtained with the 2.6-m telescope of the
Byurakan Astrophysical Observatory (BAO), the 6-m telescope of the Special
Astrophysical Observatory (SAO), the 1.93-m telescope of the Observatoire de
Haute-Provence (OHP), and data from the Sloan Digital Sky Survey (SDSS).
Redshifts, distances, absolute magnitudes, and spectral activity classes were
determined for the studied objects.

Methodology and results of constructing an extragalactic sample from the IRAS
PSC/FSC Combined Catalogue. An approach for the preliminary identification
of the extragalactic nature of infrared sources was developed and applied. It is
based on cross-matching with catalogues of known galaxies and quasars, optical
morphological information, radio-source data, and astrometric information
from Gaia.

Selection of high-luminosity infrared galaxies and identification of new objects.
A sample of 114 galaxies belonging to the ultraluminous infrared galaxy (ULIRG)
and hyperluminous infrared galaxy (HLIRG) classes was selected from the IRAS
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PSC/FSC Combined Catalogue. Among these objects, 48 ULIRGs and 7 HLIRGs
are newly classified.

Results of the spectroscopic classification of high-luminosity infrared galaxies.
The spectral properties and activity types of the selected objects were
investigated, distinguishing Seyfert galaxies, quasars, LINERs, HIl galaxies,
composite objects, and other spectral classes. The roles of active galactic nuclei
and star-formation activity in the infrared emission of high-luminosity systems
were examined.

Results of the investigation of pairs and multiple systems of infrared galaxies.
The optical identification of infrared sources and the characteristics of
interacting galaxies and multiple systems were investigated. Possible
relationships between their structure, star-formation activity, and nuclear
activity were considered.

Applications of astronomical archival data and digital methods. The potential of
the Armenian Virtual Observatory (ArVO), the BAO Plate Archive, and the
Digitized First Byurakan Survey (DFBS) was investigated for the identification
of astronomical objects and the classification of low-dispersion spectra.

Approbation of the work

The results of the Thesis have been presented in seminars and scientific
meetings, including seminars at Leiden University, Netherlands (18 June 2025)
and the Byurakan Astrophysical Observatory (15 October 2026) and oral
presentations at the European Astronomical Society Annual Meetings of 2020
and 2025, the conference “Non-Stable Phenomena in the Universe” (Byurakan,
2023), the symposium “Relation of Astronomy to Other Sciences, Culture and
Society” (Byurakan, 2024), and “Astronomical Surveys and Big Data 3”
(Byurakan, 2025).

Structure of the Thesis

The thesis consists of an introduction, six chapters, a conclusion, and a
bibliography. The thesis contains 141 pages, 18 figures, 24 tables, and 102
references.



Content of the Thesis

Introduction

The Introduction establishes the scientific motivation for studying infrared
galaxies and explains the limitations of interpreting IRAS sources from infrared
photometry alone. It presents the objectives, scientific novelty, practical
significance, structure of the work, main points to be defended, and the
author’s contribution to the research and co-authored publications.

Chapter 1

Infrared Galaxies and Their Astrophysical Context. The first chapter establishes
the physical and observational framework for the thesis. Infrared galaxies are
introduced as systems in which dust absorbs radiation at shorter wavelengths
and reradiates energy in the infrared. This makes infrared surveys particularly
useful for identifying dusty star-forming galaxies and systems in which nuclear
activity contributes substantially to the energy output.

The chapter describes the IRAS survey and the PSC/FSC Combined Catalogue,
which form the observational foundation of the thesis. It explains why the four
IRAS bands - 12, 25, 60, and 100 pm - are important for estimating infrared
and far-infrared luminosities, while noting that reliable source identification
remains a separate and essential problem.

Infrared luminosity classes are discussed, including luminous infrared galaxies
(LIRGs), ultraluminous infrared galaxies (ULIRGs), and hyperluminous infrared
galaxies (HLIRGs). The Chapter explains that these classes provide a useful way
to organize samples by energy output, but luminosity alone does not uniquely
specify the physical process responsible for the emission.

The Chapter also considers star formation and starburst activity, active galactic
nuclei, and the connection between starbursts and AGN. These processes may
coexist in the same system, and their relative contributions can be difficult to
establish from broadband photometry alone. Optical spectroscopy supplies
diagnostic information that helps distinguish Hll/star-forming galaxies, Seyfert
galaxies, LINERs, composite systems, and other activity types.

Finally, the Chapter discusses interacting, pairs, and multiple infrared galaxies,
along with multiwavelength data and astronomical archives. These topics
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establish the motivation for the later chapters: reliable interpretation depends
on matching infrared detections to the correct optical counterparts and using
complementary observational evidence.

Chapter 2

Byurakan-IRAS Galaxies: Optical Identification and Spectroscopic Studies. The
BIG programme provides a source-level spectroscopic component of the thesis.
The revised dataset contains 257 spectra assembled from observations with the
BAO 2.6-m telescope, the 6-m telescope of the Special Astrophysical
Observatory, the 1.93-m telescope of the Observatoire de Haute-Provence, and
the Sloan Digital Sky Survey. The combined dataset makes it possible to
examine the properties of identified infrared galaxies using optical spectra and
derived parameters.

The analysis includes optical identification, redshift determination, distance
estimates, absolute magnitudes, and spectral activity classifications. The
reported redshift interval is 0.0092 < z < 0.1997, while the absolute
magnitudes span approximately —24.46™ to —16.81™. The chapter emphasizes
that observations from different facilities do not form a fully homogeneous
survey and that repeated records or multiple optical components must be
considered when interpreting sample counts.

The activity analysis identifies Hll/star-forming galaxies as the largest category
in the BIG sample. Other types include AGN, Seyfert galaxies, LINERs,
composite and mixed spectra, emission-line objects, normal galaxies,
absorption-line objects, and records whose classifications remain uncertain.
The classification has value both for individual source interpretation and for
comparing the relative frequency of activity types across samples.

The Chapter discusses the redshift, distance, and absolute-magnitude
distributions and the role of pairs and multiple systems. An IRAS positional
ellipse can contain several optical objects, so the association of the infrared flux
with one galaxy or a group of components may affect the inferred luminosity
and physical interpretation.



Table 1 Distribution of the 257 BIG objects by activity type in the revised

summary.
Activity type Number Percentage

HIl 149 58.0
AGN 13 51
Sy 2 17 6.6
LINER 12 4.6
Composite 22 8.6
HIl / LINER 4 15
HIl / Sy 2 2 0.8
Norm 13 51
Em 2 8.2
Abs 3 11
Unknown 1 0.4
Total 257 100.0

The BIG study is a methodological bridge between historical individual
identifications and the larger catalogue cross-correlation approach in Chapter
3. It also supplies a spectroscopic reference population against which the more
selectively defined high-luminosity sample in Chapter 4 can be compared.

Chapter 3

The Extragalactic Sample of the IRAS PSC/FSC Combined Catalogue. This
Chapter extends the investigation from a targeted spectroscopic sample to the
IRAS PSC/FSC Combined Catalogue, which contains 345,163 sources. Its goal
is to provide a preliminary classification of the catalogue population by
combining independent identification evidence and organizing sources
according to the reliability and nature of their available counterparts.

The methodological design uses cross-correlations with catalogues of known
galaxies and quasars, optical morphology, radio information, and Gaia
astrometry. The Chapter discusses the choice of search radius and positional
uncertainty, and it explains that the different catalogues trace distinct
populations. A match to a known galaxy or active nucleus can provide strong
evidence, while a possible optical galaxy counterpart or radio association may
indicate a candidate requiring further inspection.
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Table 2. Cross-correlations with catalogues of previously known extragalactic

objects.
Number Search Single
Catalogue . . .
of objects radius associations
Catalogued Galaxies and Quasars
observed in the IRAS Survey, 11,444 10 arcsec 5,377
Version 2
NGC 2000.0 13,226 2 arcmin 4,006
Th.ll’d Refergnce Catalogue of 23011 2 arcmin 7,956
Bright Galaxies (RC3)
Catal f d acti
atalogue of quasars and active 168,940 10 arcsec 1271
nuclei, 13th edition
Roma BZCAT, 5th edition 3,561 10 arcsec 40
L Ast tri
arge Quasar Astrometric 592,809 3 arcsec 1,364
Catalogue, 5threlease (LQAC-5)
SDSS quasar catalogue, DR16Q 750,414 3 arcsec m
SO selection fi SDSS and
QSO selection from an 1,604,577 3 arcsec 180
WISE
Table 3. Cross-correlations used to identify galaxy candidates.
Number of Selection Search Single
Catalogue . L . .
objects criteria radius  associations
Extended
objects
SDSS DR16 1,231,051,050 treated as 3 arcsec 46,396
galaxy
candidates
Galaxy
HyperLEDA 93261 Catalogue/ ! 33,309
yp ' PGC2003 arcmin '
candidates
Ellipticity >
0.5 used as a
APM-North 166,466,987 galaxy- 3 arcsec 37,232
candidate
criterion
Gaia DR3 Extended
Part 2, 11,491,504 3 arcsec 21,599
sources

Extragalactic
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Optical morphology is used to identify galaxy candidates, and radio information
serves as an independent extragalactic criterion. Gaia-based information helps
reject stellar counterparts where appropriate. Because the input catalogues
overlap and the positional precision varies, the resulting classification is
hierarchical and preliminary rather than a definitive classification of all IRAS
entries.

At the reported stage, 12,057 sources were classified as confirmed or genuine
galaxies/QSOs, 68,940 as galaxy candidates, 183,168 as star candidates, and
80,998 as unknown. These groups provide a structured starting point for
further work. Candidate and unknown sources require validation, and
catalogue matches should not be interpreted as independent sources when they
refer to the same astronomical object.

Table 4. Preliminary classification of the IRAS PSC/FSC Combined Catalogue.

. Number of Fraction of full
Object category
sources catalogue
Confirmed galaxies or QSOs 12,057 3.5%
Galaxy candidates 68,940 20.0%
Star candidates 183,168 53.1%
Unknown sources 80,998 23.5%
Total 345,163 100.0%

The Chapter also establishes the parent-population context for the
ULIRG/HLIRG sample. It highlights the need to refine infrared positions and
combine infrared photometry with optical spectroscopy before assigning
reliable luminosities and activity types.

Chapter 4

High-Luminosity Infrared Galaxies: ULIRGs and HLIRGs. The fourth Chapter
investigates the high-luminosity end of the IRAS-selected population. The study
combines the broad catalogue framework developed in Chapter 3 with accurate
infrared positions, optical counterpart identification, SDSS spectroscopic
information, and IRAS photometry. The selection is designed to support
luminosity calculations and spectral classification for a defined set of objects.
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The sample construction begins with sources that have unique SDSS
spectroscopic counterparts. Of 6,346 sources with unique SDSS spectroscopic
counterparts, 6,270 had measurements in all four IRAS bands required by the
adopted luminosity calculation. The study then applies the infrared-luminosity
threshold and the adopted SDSS spectroscopic magnitude criterion to select
the final sample. Infrared and far-infrared luminosities have been calculated
using the relations below:

Lir = 5.6 x 10sR2(13.56/i2 + 5.26/25+ 2.54/,0 + AOOH 0

Lfir = 56 x 105R2(25sf60 + /100)0

The resulting sample contains 114 high-luminosity infrared galaxies: 107
ULIRGs and 7 HLIRGs. Among these, 48 ULIRGs were newly identified, and all
seven objects were newly recognized as HLIRGs within the selected sample.

Figure 1. Typical examples of each activity type (from left to right and from top
to bottom): S1.0, NLS1.0, SI.2, NLS1.2, S1.5, NLS1.5, S1.8, S2.0, LINER, HU,
S1.9/HIl, S1.9/LINER, LINER/HII, NLAGN, QSO, NLQSO, BE Lac, Em, Abs,
unkn.
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Spectroscopic activity classifications were assigned to 113 of the 114 high-
luminosity objects. One source remained unclassified because its spectral
quality was insufficient. The identified categories include HIl galaxies, broad-
and narrow-line Seyferts, LINERs, composite systems, narrow-line AGN,
BLL/QSO objects, and other emission- and absorption-line types.

The distribution demonstrates that high infrared luminosity does not
correspond to a single optical activity mechanism. Star-forming systems remain
an important class, while AGN-related systems collectively contribute
substantially. Some spectra are composite or uncertain, emphasizing that the
physical interpretation of a galaxy may require more than a single classification
label.

The Chapter compares mean properties by activity type and examines the
relationship between starburst and AGN activity. It also compares the
classifications with information available in NED and with the activity
distribution of the BIG sample. HIll galaxies dominate the broader BIG sample,
representing 58.0% of the classified population, whereas the high-luminosity
selection contains a larger relative contribution from AGN-related classes.

Table 5. Mean redshift, SDSS colours, and IR luminosity by activity class,

Activity Mean u- Mean g- Mean
N Mean z .

group g r log(LiR/L®)
BLL/QSO 3 0.89 0.60 0.44 13.14
BLS 28 0.30 0.34 031 12.37
NLS 6 0.19 1.20 0.90 12.10
NLAGN 9 0.17 141 0.85 12.14
LINER 14 0.16 1.60 0.86 1212
Composite n 0.19 1.23 0.78 1221
2l 36 0.17 131 0.74 12.19
Em 3 1.83 178 101 12.86
Abs 3 0.19 2.20 118 12.07

These differences do not establish a causal evolutionary sequence between
starbursts and AGN. They must be considered alongside optical magnitude
limits, the availability of SDSS spectroscopy, the four-band IRAS requirement,
and other selection effects. The sample is intended to characterize selected
high-luminosity objects, not to provide an unbiased census of all infrared
galaxies.
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Chapter 5

Armenian Virtual Observatory and BAO Plate Archive: Data Infrastructure and
Methodological Applications. The fifth Chapter describes the astronomical data
infrastructure relevant to the thesis, focusing on the Armenian Virtual
Observatory (ArVO), the Byurakan Astrophysical Observatory Plate Archive,
and the Digitized First Byurakan Survey (DFBS). These resources provide
access to historical observations and digital spectral data that can complement
modern all-sky surveys and targeted spectroscopy.

The DFBS is a major digitized resource derived from the First Byurakan Survey,
it is based on 1,874 plates and covers approximately 20 million objects, with
about 40 million extracted spectra. Low-dispersion spectral images contain
information that can be used for object recognition and preliminary
classification, but automated processing must account for image quality,
overlapping sources, and the diversity of spectral appearances.

Carbon stars

Cataclysmic variables

M-type stars

Planetary nebulae

UV-excess (Markarian) galaxies

White dwarfs

Quasars

Hot subdwarfs

Figure 2. DFBS spectra for various types of objects.

The chapter discusses automated classification of low-dispersion spectra,
including preprocessing, spectral-image extraction, and supervised and
unsupervised learning. The methods address different tasks: supervised
approaches learn from labelled examples, while unsupervised approaches seek
patterns or groupings in data without relying on the same type of labels.

First study reported an overall supervised-classification accuracy of
approximately 87% for its evaluated object classes. A separate study reported
96% accuracy for its tested sub-object task. These results refer to different
experiments and datasets and should not be interpreted as a direct like-for-like
comparison.
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The Chapter further presents a cloud-based machine-learning service for
astronomical sub-object classification. The workflow includes spectral-image
extraction, preprocessing, neural-network-based classification, and the use of
computational resources to support large-scale processing. The revised
extraction and CNN architecture, transfer learning, and service design are
discussed as methodological developments for working with archival spectra.

The results demonstrate that automated methods can assist in processing very
large astronomical archives, but they also reveal important limitations.
Classification performance depends on the coverage and quality of training
examples, class imbalance, the quality of the digitized images, and the
confidence thresholds used to accept a prediction. Reported accuracy values
apply to the evaluated tasks and cannot automatically be generalized to all DFBS
objects.

The relevance to infrared-galaxy research is methodological. The BIG study
illustrates the value of individual spectra; the IRAS catalogue analysis
demonstrates the difficulty of large-scale cross-correlations; and the
ULIRG/HLIRG sample shows the need for reliable source matching and spectral
information. Archival data and virtual-observatory tools can provide additional
evidence for selected objects and help build reproducible workflows.

Chapter 6

Overall Discussion and Scientific Synthesis. The sixth Chapter integrates the
Thesis components into a common research programme. The BIG sample
supplies detailed source-level spectroscopy; the 345,163-source IRAS PSC/FSC
Combined Catalogue provides a broad but preliminary classification
framework; the ULIRG/HLIRG study isolates a high-luminosity subset; and
ArVO, the BAO Plate Archive, and DFBS provide archival resources and
automated methods.

The Chapter emphasizes that an infrared detection identifies a source of energy
but does not by itself establish the nature of the emitting object, its distance,
its dominant emission mechanism, or whether multiple optical components
contribute to the measured flux. Reliable interpretation requires the
coordinated use of positional, photometric, spectroscopic, and contextual
information.
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The BIG sample and the high-luminosity sample have different selection
functions. The former combines observations from several facilities and
includes repeated records and systems with multiple optical components. The
latter requires SDSS spectroscopy, photometry in all four IRAS bands, and an
optical magnitude criterion. Their activity distributions therefore should not be
compared as though they were drawn from a single homogeneous, volume-
limited survey.

The catalogue-scale classification likewise remains preliminary. The candidate
and unknown groups require verification, and overlapping matches must be
treated carefully. For high-luminosity galaxies, optical spectral quality limits fine
classification for some objects, while the distinction between starburst and AGN
contributions cannot always be resolved from available data.

The Chapter identifies future priorities: improve ambiguous counterpart
associations, validate candidate and unknown sources, document selection
functions consistently, study multiple systems with resolved multiwavelength
observations, and evaluate automated DFBS extraction and classification
against independently classified spectra before using outputs in population
statistics.

Conclusion

The Thesis investigates IRAS-selected galaxies through optical identification and
spectroscopy, catalogue-scale cross-correlations, high-luminosity sample
construction, and archival-data methods. The revised BIG spectroscopic dataset
contains 257 spectra; the preliminary classification organizes 345,163 IRAS
sources into confirmed or genuine galaxies/QSOs, galaxy candidates, star
candidates, and unknown sources; and the high-luminosity sample comprises
107 ULIRGs and 7 HLIRGs.

The results show that infrared luminosity alone does not determine whether
star formation or AGN activity dominates. Multiple systems complicate
counterpart identification, while sample-selection requirements shape the
observed activity distributions. The Thesis provides a basis for further studies,
provided that catalogue classifications, uncertain spectra, and selection effects
are treated explicitly.
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Udthnithwghp

Uwnbuwfununigyniup - ughpdwd £ IRAS  whbgbpwlwu  opowhwynieywl
wnywiubpny punpywd Gupwlwpdhp  quwulnplwubph npnudwup L
nwnwiuwuhpnipjuup:  Ugfuwwnwupnd  hwdwnpjwd U owwnhywlwu
Unyuwgnudp, uwblyunpwswihwlwu hbwnwgnnngyniiubpp, Bupwywpdhp
(nwwinynigjwu npnanudp, IRAS PSC/FSC dhwgjw| Ywinwingh twutwywu
wpunwgwwyunhluwlywu nwuwlwpgnup b wunnwghwnwlwt ywhngubph
Yhpwnnudp: <Gnmwgnuinigjut hhdbwlwt bywwnwlyu b pwpdpugut) IRAS
wnpnipubph owwhjwlywu  hwdwwwwmwufuwunigniuubph - unyuwgdwi
hnwiwihnieyniup, nwnwitwuhpti  qujuwyunphywubpph uwybywnpwjhu
hwuwynipnitubipp b wnwudtwgub] pwpép nuwnyniypjudp Gupwlwndhp
quwyinphywubn:

Unwoht qpunud ubplujugywd bLu bupwlwpdhp wumnughwnyejwi
dhahwlwu hhdpbpp, [RAS opowhwinipiniup b npw  Ywwwinqubpp,
Gupwlwpdhp  (nwwwynipjuu nwubpp' LIRG, ULIRG L  HLIRG,
wuwnnwnwowgdwt nt wunnwnwowgdwl  pnuynwitubiph  Gpunypubipp,
wywnpy gquuyunphyuwlwu dhoniyubpp L wuwmnunwowgdwu ni wlwhy
dheonwyubpp Yuwp: Luuwnpyynid Gu twl thnfjuwgnnn, Ypyuwyh b pwgdwyp
hwdwlywpgbpp, owwhluwlwu uwbywpwswihnienip,  pwqdwjhpwihtu
wnywiubpp b wunnughunwlwu wwhngubpp: Wu hwpgbpp hhdp Gu
uwnbindnid IRAS wnpjnipubiph $hahyuywu deluwpwudwu hwdwp:
Gpypnpn gfund nwunwWuwuhpynd £ Anipuwwi-IRAS  quijwlinhlwubph
(BIG) Jbpwuwywd puwpwupp, npp UGpwnnd £ 257 uwblwp:
Oquwgnpdyb Gu Pynipwywuh wunnunhnwpwuh 2.6 J wuwnnwnhwnwyh,
MY <wnnwy wunnunhnwpwuh 6 4 wunnunhwnwyh, Spwiuuhwih Ybphu
Mpnywuuh wuwmnuwnhwwpwuh 1.93 J wunnunhunwyh b Sloan Digital Sky
Survey-h  wjjwiubpp: Npnpdtp W dbppniddt) Gu Ywpdhp  gGnnudubnp,
htnwynpniginibubpp,  pwgwpdwl  wunnujht  dbednygynitubpp L
uwblywpwiht wywhynyeuu nwubpp: Cunpwuph Yuwpdhp obnnuwiubph
dhowlwppu £ 0.0092 < z < 01997, huy pwgwpdwy wunnwihtu
dudnupgnitiubpp’ dnunwydnpwwbiu —24.46m-hg -16.81™

BIG puwmpwlpnu wdbkuwdbd funwpp Yugdnd Bu HIM wunnunwgwgnudng
gqujwyunplwubpp:  Lbpluwjuwgdwd Gu uwb wynhy quuwynplulwu
dhontyubin,  UEdbpuimwu  quijwywphywubp, LINER-ULp,  pwnunpjug
uwbywinpubip, wnwpdwtu gdtpny, unpdw), Ywudwu gdtpny L wunpny
nwuwlwpgdwdp  opiywnubp: Nunitwuppytp Bt twb Ypluwhph L
pwquwyh hwdwlwnpgbpp, npnup Jupunp bu, pwuh np Bupwlwnpdhp
wnpnpht Jupnn B hwdwwywwwuluwub] dh pwth  owwhywlwt
pwnunphsutin:
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Gppnpn qilunid ubpluwjwgyws £ IRAS PSC/FSC dhwgjw) Ywwwingh
345,163 wnpnipubiph twhutwlwu nwuwlwpgnudp: Yhpwnyb) Gu hwjnup
gujwyunhluubiph b wywnhy opjtlyinubph Yuwnwngubiph htiv hwdwnpnup,
owwnhljwywu Suwpwunip)niup, nwnhnunyjuiutipp L Gaia-h
wunnuwswhwlwu  wnjjwiubpp: Lwptwywu  thnynud 12,057 wnpjnip
nwuwlwpgyb| £ npubu hwuwnwndws Yud hpwywu
gwjwlunhlw/pququp, 68,940-n° npwbu  quulunhluih  pbluwsént,
183,168-p" npwbu wuwnnh pbYuwsdny, huy 80,998 wnpnip duwgly &
wuhwyn: Uyju nuuwlwpgnup Jbpsuwlwy sk b wywhwugnuw £ hbEinwqu
uwnnignud:

2nppnpn gqfund  puwnpdtp £ opwpép  nwwnynypqudp Bupwlwpdhp
gwjwlunhluwubph 114 opbnhg pwnywgwd puwmpwup' 107 ULIRG L 7
HLIRG: Cuwnpnypniup hhdujwd £ SDSS-h ownhlwywu
uwElwpwswthwywu wnyjwiubinh, IRAS-h  snpu wnhpnypubpnw
[nwswthniywu L [nwwwnynipywu swthwuhpubph Ynw:
Nwnwiuwuppniygywu dbe 48 ULIRG  ubplywjwgyty bt npwbu  unp
pwgwhwjnywd, huly punpwuph pninp jne opjtiynutinp unpwhwywn Gu binky
HLIRG nwunwi: UytYunpwiht nuuwlwpgnud £ wnpyb 114 opjalyuinubphg 113-
hu. d&yh uwblupp pwdwpwp npwy sh niubgh:

Cuwmpwupnd  wnlw G wunnunwowgdwdp  wwjdwuwynpwd
guwjwynhywubn, Ubdbpunwt quiuwlymhlwubp, LINER-ubp, pwnwnnyw)
uwblwpny qupulyunhlwubn, b wy nwubip: “fwubph hwpwpbpwygnieniup
wbwp £ dbluwpwul] hwodh  wnubind  puwnpwuph  swihwthoubpp,
uwbywinpubiph npwyp L nhnnnuywt uwhdwuwtwynwubpp:

<puqbpnpn. qilunud nhunwplydnd £ gwdp nhuwtipupwny uwblnputiph
wywnndwin  nuuwlwpgndp' bpwnw] Uwhllwlwtu o dowlnadp,
uwyblwpubph  wwwybpubph  wnwuduwgnwp L Ybpwhulyynn  no
syipwhulynn  dbptuwjulwu nwmgdwdp dbennubph Yhpwnnwip: Upu
dbpnnubpt ninnjwd Gu wwppbp fuunhpubph nddwup: <puwwywpwlyws
thnpabipnud unwigybi| B twipplip douinyejniuubn’ nwppbp wyjwwowpbph
U juunhpubph hwdwp. npwup ninnwyhnpbu hwdbdwnbh sbu:

dbkgbkpnpn ginitfup hwdwnpnw £ unwgywsd wpryniupubipp b ubpyujugunud
hbrnwgw pwjtpp' wunpn?  hwdwwwwnwuluwUneniiubph  unngnud,
ptyuwdnt wnpnipubph hwumwwnnd, pbnpwuph uwhdwuwhwynwdubph
hunwly thwunwgpnd U pwgdwyh  hwdwYwngbiph  pwgdwwihpwhtu
nwnwbwuppnipna: Cunhwunp wndwdp, wwnblwfununyeniup gnyg k
wwihu, np IRAS wnpjnipubiph hnwwih deljuwpwudwt hwdwp wiuhpwdton
£ hwdwwnbnt) nhppwihtu, $nuinndbinphly, b uyEyunpwswthwlwu nyjwiubpp:
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Pesiome

JnccepTauma NocBALLEHa MOVCKY W UCCNEAOBaHUIO MH(PPAKPACHbIX ranakTuk,
oTobpaHHbIX MO AaHHbIM KocMuyeckoro obsopa IRAS. Pabota obbeanHser
ONTUYECKYIO  WAEHTUUKALMIO,  CMEKTPOCKOMWYECKUE  WUCCNefOBaHUA,
onpegeneHue UHcppakpacHoi CBETUMOCTMH, npeaBapuTENbHYIO
BHEranakTuueckyro knaccudpmkauuto obbveguHerHoro katanora IRAS PSC/FSC
M WCMONb30BaHWE acTpoHoMW4eckux apxueoB. OCHOBHaA LeNb COCTOMT B
MOBbILUEHUM  HAJEMHOCTM  OTOMAECTB/IEHWA  ONTUYECKUX  COOTBETCTBUIA
UCTOYHMKOB IRAS, M3y4yeHUM CNeKTpaibHbIX CBOWCTB ranakTuk W BblAENeHUm
BbICOKOCBETUMBIX MH(PaKpacHbIX 0ObEKTOB.

B nepsoii rnaee usnomenbl husnueckne ocHOBbI MHPPAKPACHO aCTPOHOMUM,
ob630op IRAS un ero kartanoru, knaccel ceetumoctu LIRG, ULIRG u HLIRG,
Mpoueccbl  3Be34000pa3soBaHMA M BCMbILLEYHOro  3BE34000pasoBaHuA,
aKTMBHbIe ALpa ranakTUK 1 CBA3b MEXJY 3Be34000pa30BaHUEM U aKTUBHOCTbIO
Aadpa. PaccmatpusatoTca BsamMogeiicTsytolMe, Napbl U KpaTHble CUCTEMbI,
OMTUYECKaA CMEKTPOCKOMNWA, MHOTrOBOJIHOBble [aHHble W acTPOHOMUYeCcKUue
apxuBbl.

Bo BTOpoii rnaBe uccnefoBaHa nNepecMOTPeHHaA CrMEKTPOCKOMUYECKas
Bblbopka ranaktuk Byurakan-IRAS (BIG), skniovarowas 257 cnektpos.
Ucnonb3zoBaHbl  paHHble  2,6-meTpoBoro  Teneckona — bropakaHcKoi
acTpopusnyeckoii  obcepeatopuu, 6-meTposoro Teneckona CneuuanbHowH
acTpochmanyeckoii obcepsatopun, 1,93-metposoro Teneckona Obcepsatopum
BepxHero [posanca u Sloan Digital Sky Survey. OnpepeneHbl KpacHble
CMeLLEHNA, PaccTOAHMA, abContoTHble 3BE3AHbIE BENMYMHBI U CMEKTpaibHble
Knaccbl akTusHoCcTU. [lnanasoH KpacHbix cmelenuii coctanaet 0,0092 <z <
0,1997, a abcontoTHble 3Be3aHbIE BENMUYUHBI — NpubnusutensHo ot —24,46™ no
-16,81m.

B Bblbopke BIG Haubonee mHorouucneHHbl ranaktuku HIl, cBasaHHblE co
3Be3[000pazoBaHvieM. Takxe NpencTasieHbl akTUBHblE Afpa, celichepToBekmne
ranaktuku, LINER, coctaBHble cnekTpbl, 0ObeKTbl € 3MUCCUOHHBIMKA 1
abcopbUMOHHBIMWU  IMHUAMMW, HOPMalbHble TanakTUKM UM UCTOYHUKKM C
HeonpeaeneHHol knaccudukaumeid. MNapbl M KpaTHble CUCTEMBI BasKHbI MOTOMY,
4TO OAHOMY WMHCPPAKPaCHOMY WUCTOYHWMKY MOTYT COOTBETCTBOBATb HECKOIbKO
ONTUYECKNX KOMMOHEHTOB.

B TpeTbeii rnaee npencrasneHa npepsaputenbHaa knaccudpukauma 345 163
WUCTOYHUKOB obbeguHeHHoro Katanora IRAS PSC/FSC. WcnonbsosaHbl
NepPeKPecTHblE OTOMIECTBAEHUA C KaTanoramy W3BECTHBIX ralakTUK U
aKTUBHbIX 0OBEKTOB, OnTUYecKasa Mopconorua, pagroaHHble U acTpoMeTpusA
Gaia. Ha npeneaputensHom 3tane 12 057 WUCTOYHMKOB OTHeceHbl K
NOLTBEPMOEHHBIM WNM pealbHbIM ranakTukam/ksasapam, 68 940 — k
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KaHguparam B ranaktmku, 183 168 — K kaHaupgatam B 3Be3fgbl, a 80 998
OCTa/IMCb HEM3BECTHbIMU. Knaccudmkaumsa TpebyeT ganbHenlwen NpoBepKu.

B uertBeproii rnmase ccopmmpoBaHa Bbibopka u3 114 BbICOKOCBETUMbIX
uHppakpacHbix ranaktuk: 107 ULIRG n 7 HLIRG. OT160p ocHoBaH Ha Hanu4uu
ONTUYeCKOW creKkTpockonuu, panHbix SDSS, cotometpun IRAS Bo Beex
yeTbIpex fuanasoHax W Kputepuax ceetumoctn. B uccneposanum 48 ULIRG
npeacTaBneHbl kak BHOBb BbIABNEHHbIE, a BCe CeMb 0ObEKTOB Oblnn Brepsble
pacrosHaHbl Kak HLIRG B pamkax BbibpaHHOW BbIOOpKUM, XOTA OBa paHee
knaccudpmumposamuch kak ULIRG. CnexTpanbHble knaccbl ycTaHOBneHbl AN
113 0bbeEKTOB; CNEKTP OJHOrO UCTOUYHMKA MMEN HEJOCTATOYHOE KayecTBo.

Pe3ynbTaTbl MOKa3biBaloOT, YTO BbICOKAsA MHMpakpacHas CBETUMOCTb He TONbKO
CBfi3aHa C MEXaHW3MOM aKTUBHOCTW. B BbIGOpKe NpeacTaBneHbl ranakTtuky co
3Be34006pa3oBaHMeM, celipepToBCcKMe ranaktmkn, LINER, KOMMNO3WTHbIE
CUCTEMbI, aKTUBHble fA4pa C Y3KUMW NUHUAMU W gpyrue knaccbl. WX
OTHOCUTENbHbIE AONN HEO6XOAMMO WHTEPNPETUPOBaTb C Y4eTOM KpuTepues
0T6Opa, KayecTBa CMeKTPOB N HABNOAATENbHbIX OrPaHNYEHNA.

B nAToV rnaBe paccMOTpeHbl ApMsiHCKas BUpTyanbHas obcepsaTtopus (ArVO),
apxuB (POTOMNNACTMHOK bropakaHCKOM acTpodu3anyeckon obcepBatopun un
Digitized First Byurakan Survey (DFBS). O6cyxpatotcs umgpoBas ob6paboTka
CNEKTPOB HW3KOW AUCNEPCUMM, BblAeNeHne CheKTpaibHbIX WU306paXKeHW,
06y4yeHune ¢ yumtenem n 6e3 yuymtens, a Takke obnayHbIi cepBUC MalIMHHOIO
06y4yeHus. Ony6nMKOBaHHbIE 3KCMEPUMMEHTbl COO6LLAl0T pasHble nokasarenu
TOYHOCTU 418 pasHbIX 3aa4 U HABOPOB JaHHbIX, NOITOMY MX Hefb3si HanpsMyto
cpaBHMBaTh.

Llectan rnaBa o06beAVHsIET pe3ynbTaThl W ONpefensieT AanbHeliwne
HanpaBfiEHUs: MNPOBEPKY HEOAHO3HAYHbIX COOTBETCTBMIA, MNOATBEPXAEHWE
KaHAMAATOB, AOKYMEHTMPOBaHWE OrpaHuWyeHuii BbIGOPOK W MHOrOBO/IHOBOE
nccnefjoBaHne MHOXECTBEHHbIX CMCTEM. B uenom gucceprauumsi MokasbiBaer,
UTO HafeXXHasi WHTeprnpeTauuss WCTOYHMKOB IRAS TpeGyeT COBMECTHOro
MCMONMb30BaHNsA MO3ULMOHHONM, (HOTOMETPUYECKOM, CMEKTPOCKOMUYECKOA 1
KOHTEKCTHOW MHpopMaumn.

9-nn IT|ipiulbuiuti / Gor Mikayelyan / F'op MukaensiH
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