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Abstract

The thesis is devoted to study supernovae (SNe) and their host galaxy dynamical
features. To constraint the nature of the SNe progenitors the spectral and photometric
properties of Type la and core-collapse (CC) SNe are investigated and connections with
the properties of their host stellar populations are established, specifically focusing on
dynamical ages within galaxies.

Particularly, the impact of bars and bulges on the radial distributions of the different
types of SNe in the stellar discs of host galaxies with various morphologies has been
analysed by using a well-defined sample of 500 nearby SNe and their SO-Sm host galaxies.
Furthermore, based on the UV/Ha images of the discs of galaxies hosting 185 SNe la, a
simple visual classification method is presented to perform a comparative analysis of the
locations and light-curve (LC) decline rates Am,5 of both normal and peculiar SNe la in
the star formation deserts (SFDs) and beyond.

On the other hand, constraints on SN progenitors have been also approached from a
dynamical perspective, such as by studying the spiral structure of host galaxies. The
impact of spiral density waves (DWs) on the radial and surface density distributions of
333 SNe hosted in relatively nearby, low-inclined, morphologically non-disturbed and
unbarred 269 galaxies with different arm classes has been analysed. Moreover, the
distribution of 77 SNe la relative to spiral arms of their host galaxies have been analysed
by using our original measurements of the SN distances from the nearby arms. The LC
decline rates (Ams) of the SNe have been studied as well.

With the implementation of the WOLFRAM MATHEMATICA software and Monte Carlo
simulations, the well-known statistical tests (Kolmogorov-Smirnov [KS] and Anderson-
Darling [AD] tests) are used to perform various comparisons between the
properties/numbers of the different subsamples. Moreover, to analyse the possible
correlations between the physical properties of SNe and their host galaxies the
Spearman’s rank correlation test are used.

The results obtained in this thesis, give an excellent possibility to constrain the nature
of SNe la progenitors by assuming that these events can be interpreted in the framework
of sub-Mc, mass white dwarf (WD) explosion scenario. In this context, the SN la LC
decline rate serves as an effective gauge of the age of the progenitor population. On the
other hand, it is demonstrated how the mentioned dynamical features of host galaxies
affect the distributions of CC SNe.



Relevance and motivation

The spatial distribution of SNe within host galaxies offers significant constraints on the
characteristics of their progenitor stars. Much work has been done to determine the
nature of SNe progenitors by studying the relations between the properties of SNe and
characteristics of galaxies in which they are discovered. However, specific and much
detailed investigations regarding the influence of spiral DWs and stellar bars on the
distribution of star formation from the perspective of SNe have not been conducted.
Furthermore, the dynamical ages of these structural features have not been clearly
explored within the context of the diverse nature of SN progenitors. Here, we intend to
fill this gap and perform relevant studies in the field.

Aim of the thesis

The central aim of this thesis is to scrutinize the spectral and photometric properties of
Type la and CC SNe and establish connections with the properties of their host stellar
populations, specifically focusing on dynamical ages of the different structural
components within galaxies. This exploration seeks to provide additional important
constraints on the nature of the SNe progenitors.

Novelty of the work

For the first time

e We present an analysis of the impact of bars and bulges on the radial
distributions of the different types of SNe in the stellar discs of host galaxies
with various morphologies.

e  We perform a comparative analysis of the locations and LC decline rates of
normal and peculiar SNe la in the SFDs and beyond.

e  We present an analysis of the impact of spiral DWs on the radial and surface
density distributions of SNe in host galaxies with different arm classes.

e  We analyse the distribution of SNe la relative to spiral arms of their host
galaxies and study their LC decline rates.



Main points of defence

The impact of bars and bulges on the radial distribution of SNe in disc galaxies
are studied.

The radial distributions of SNe in different morphological types of host
galaxies are studied.

In grand design (GD) galaxies the impact of spiral DWs on the distribution of
SNe are obtained.

SN la progenitors are constrained by their locations relative to spiral arms.
Different correlations between SN la distances from the spiral arms, their
galactocentric radii, and SN LC decline rates are demonstrated.

Structure of the thesis

The dissertation consists of

Introduction

Chapter 1 “The impact of bars and bulges on the radial distribution of
supernovae in disc galaxies”

Chapter 2 “Type la supernovae in the star formation deserts of spiral host
galaxies”

Chapter 3 “The impact of spiral density waves on the distribution of
supernovae”

Chapter 3 “Constraining Type la supernovae via their distances from spiral
arms”

Conclusions

Bibliography

The thesis contains 114 pages, including 23 figures and 21 tables.

Content of the thesis

In the Introduction, the scheme of SN classification, their spectral and photometric

properties, explosion models of SNe progenitors are discussed. The nature of SNe

progenitors by studying the relations between the properties of SNe and the impact of



dynamical features of galaxies in which they are discovered are analysed. The chapters of
the thesis are outlined below, detailing their content.

Chapter 1

In the first chapter, we study the possible influence of bars and bulges on the SNe
distributions through an analysis of the radial distributions of different types of SNe in
discs of host galaxies with various morphological types. We use a well-defined sample of
500 nearby (< 100 Mpc) SNe and their low-inclined (i < 60°) and morphologically non-
disturbed SO-Sm host galaxies from the Sloan Digital Sky Survey (SDSS).

The results obtained in this chapter are explained by the distinct distributions of
massive stars in the discs of early- and late-type spirals and summarized below. We
found that in Sa—Sm galaxies, all CC and the vast majority of Type la SNe belong to the
disc, rather than the bulge component. The result suggests that the rate of SNe la in
spiral galaxies is dominated by a relatively young/intermediate progenitor population.
This observational fact makes the deprojection of galactocentric radii of both types of
SNe a key point in the statistical studies of their distributions. We performed two-sample
KS and AD tests to compare the radial distribution of SNe la in SO-S0/a galaxies with their
distribution in Sa—Sm hosts. P-values of KS and AD tests show that they are significantly
different, which is probably due to the contribution of the outer bulge SNe la in SO-S0/a
galaxies (see left panel of Fig. 1). These results confirm that the old bulges of Sa—Sm
galaxies are not significant producers of Type la SNe, while the bulge populations are
significant for SNe la only in S0-S0/a galaxies.
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Figure 1. Left panel: Distributions of deprojected and normalized galactocentric radii (Rsn/R2s)
of Type la SNe in S0-SO/a and Sa-Sm hosts, as well as CC SNe in Sa—Sm galaxies. Right panel:
The distributions of CC SNe in unbarred Sa-Sbc and Sc-Sm galaxies.The insets present the
cumulative distributions of SNe. The mean values of the distributions are shown by arrows.



We found, that the radial distribution of CC SNe in barred Sa—Sbc galaxies is not
consistent with that of unbarred Sa—Sbc hosts. (see right panel of Fig. 1). We propose
that the additional mechanism shaping the distributions of Type la and CC SNe can be
explained within the framework of substantial suppression of massive star formation in
the radial range swept by strong bars, particularly in early-type spirals. On the other
hand, the radial distribution of CC SNe in unbarred Sa—Sbc galaxies is more centrally
peaked and inconsistent with that in unbarred Sc—Sm hosts. The result can be well
explained by the distinct distributions of massive stars in the discs of early- and late-type
spirals.

Chapter 2

In the second chapter, with the aim of linking the Am,5 of SN la with the progenitor
age, the SN decline rates that exploded in SFDs and other regions of hosts are studied. In
addition, the SN galactocentric distances between the spectroscopic subclasses is
compared, and the possible correlations between the Ams and galactocentric distances
are checked. To accomplish this, a simple visual classification approach based on the
UV/Ha images of the discs of host galaxies are presented. The SFDs are observed in some
barred Sa—Scd galaxies, therefore the morphologies of SNe hosts are restricted to the
mentioned types, with barred and unbarred counterparts. Host galaxies with strong
morphological disturbances are also ignored, which may add undesirable projection
effects, and complicate the assignment of an SN la to the SFD. It should be noted that,
because of the absorption and projection effects in the discs, the SFDs are observed in
some spiral galaxies only with low/moderate inclinations. Therefore, host galaxy sample
in this Chapter is also limited to inclinations i < 70°.

Table1. Comparison of the B-band Amys distributions between normal SNe Ia in different locations

Subsample | ———— Versus Subsample 2 PYE PYS

SN in NsN (Aimys) SN in NsN (Anmys)
SFD 12 1.32 +0.08 Versus bar/SF 12 1.07£0.05 0.005 0.020
SFD 12 1.32 £ 0.08 Versus outer disc 52 1.13 £ 0.03 0.009 0.029
bar/SF 12 1.07 £0.05 Versus outer disc 52 1.13+£0.03 0.660 0.682
SED+bar/SF 24 1.20 £ 0.05 Versus outer disc 52 1.L13£0.03 0445 0477
Inner class i disc 17 1.19 £ 0.05 Versus  ouler class i disc 58 .11 £0.02 0517 0.253

Nores. Since, the (Fgem) = 0.30 for class ii—iv discs. we define inner and outer class i discs when rgy < 0.30
and >0.30. respectively.



To link the LC properties of SN la with the progenitor age from the perspective of the
dynamical age constrain of SFD the Am,s distribution of normal SNe la in the SFD with
that in the bar/SF is compared. The KS and AD tests show that these distributions are
significantly different (see Table 1). Fig. 2 and Table 1 show that the Am, 5 distribution of
normal SNe la that are in the outer disc population is consistent with that in the bar/SF
and inconsistent with that in the SFD. Normal SNe la that are in the SFD, dominated by
the old population (>2Gyr) have, on average, faster declining LCs compared to those
located in the bar/SF, where UV/Ha fluxes are observed (i.e. age S a few 100 Myr).
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Figure 2. Variation of the Amys as a function of reem-normalized
galactocentric distance, split between different SN locations. The best fits are
shown by thick (black) solid lines. The vertical dashed line indicates the
location of radial demarcation (see the text for details). Themean values (with
standard errors) of the distributions are shown by arrows (with error bars) in
the upper panel, and by horizontal lines in the bottom panel.

The SFD phenomenon gives an excellent possibility to separate a subpopulation of SN
la progenitors with ages older than a few Gyr. We show, for the first time, that the SFDs
contain mostly faster declining SNe la (Amy5 > 1.25). For the galaxies without SFDs, the
region within the bar radius, and outer disc contain mostly slower declining SNe la.



Chapter 3

The third chapter is devoted to analyse the impact of spiral DWs on the radial and
surface density distributions of SNe in host galaxies with different arm classes (AC). All
barred galaxies are excluded from this sample to eliminate the effect of substantial
suppression of massive star formation in the radial range swept by strong bars, i.e. the
observed suppression of CC SN numbers inside the bar radius, and study only the
expected impact of the DWs on the distribution of SNe. ACs according to the flocculence,
regularity, and shapes of the spiral arms are assigned. The SDSS three-colour images
representing examples of SN host galaxies with different ACs can be found in fig. 1 of
Chapter 3 of the thesis. Host galaxies with strong morphological disturbances are also
removed which may add significant distortion into the SN distribution in discs of galaxies.
A well-defined sample of 269 relatively nearby, low-inclination, morphologically non-
disturbed and unbarred Sa—Sc galaxies from the SDSS, hosting 333 SNe is used for this
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Figure 3. Galactocentric positions of normalized corotation radii (black points) and
their errors for host galaxies. SGD, LGD, and LGD galaxies are separated by horizontal
dashed lines. The filled diamond, triangle, and circle are the corresponding mean values
of the corotation radii (with their standard deviations). For each host galaxy,
galactocentric positions of Type la (red empty squares) and CC (blue empty circles) SNe
are also presented.

To study the distribution of SNe relative to corotation radii (Rc) of hosts, an extensive
literature search for corotation radii of short-armed grand-design (SGD) and long-armed

grand-design (LGD) galaxies are carried out. Only 30 nearby host galaxies (s 80 Mpc)
with 8 Type la and 48 CC SNe have available corotation radii (see Fig. 3). The mean value



of normalized corotation radii and the standard deviation for the united LGD (AC =9 and
12) subsample is 0.42 + 0.18.

Only for CC SNe, a significant difference appears when comparing their Rs-normalized
radial distributions in LGD versus non-GD (NGD) hosts, with that in LGD galaxies being
marginally inconsistent with an exponential profile, while SNe la exhibit exponential
surface density profiles regardless of the arm class.

To check the possible impact of DWs on the distribution of SNe we now normalize the
SN radii to the corresponding corotation radii of host galaxies. When a host galaxy has
two corotation radii we use a proximity criterion, selecting only the value of Rc that is
closest to the value of Rsy. Although not statistically significant, the high CC SNe surface
density just inside and outside corotation may be the sign of triggered massive star
formation by the DWs (see Fig. 4).
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Figure 4. Surface density profile of CC SNe (with arbitrary normalization) in LGD host
galaxies. The error bars assume a Poisson distribution. The upper limits of surface density
(with +1 SN if none is found) are represented by down arrows. The black solid and red
dashed lines are the best maximumlikelihood fits of global and inner-truncated (from 0.48
corotation radii outwards to avoid the obscured inner region [grey shaded]) exponential
surface density models, respectively. The inset presents the histogram of SN radii (the
mean value is shown by arrow).
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Results, which obtained in this chapter, may, if confirmed with larger samples, support
the large-scale shock scenario induced by spiral DWs in GD galaxies, which predicts a
higher star formation efficiency around the shock fronts, avoiding the corotation region.

10



Chapter 4

Chapter four is devoted to analysis of the distribution of SNe la relative to spiral arms of
their host galaxies, using our original measurements of the SN distances from the nearby
arms, and study their LC decline rates. The database of this Chapter consists of nearby SNe
la with known spectroscopicaly normal, 91T-, and 91bg-like SN la subclasses and Am;s
values. Host galaxies are restricted to Sab—Scd morphologies since we are interested in
studying SNe la in galaxies with well-developed arms, where spiral DWs play an important
role. The hosts with interacting and merging attributes were excluded from the sample
since we are interested in studying SNe la in non-disturbed spiral galaxies. In addition, to
avoid projection and absorption effects in the discs due to high inclinations, as well as to
accurately investigate the immediate vicinity of SNe in terms of the existence of host spiral
arms, the sample is limited to galaxies with i < 60°. Only 142 SNe la in 137 host galaxies
met the applied restrictions.

In the bulge + disc subtracted (residual) images of the host galaxies arm and interarm
SNe la that are discovered inside the host arm edges or in the interarm region are defined,
respectively. For each SNe la in the subtracted images, the distance from the g-band
surface brightness peak of the nearest spiral arm through the galactocentric direction is
measured and normalized to the corresponding semi-width of the spiral arm (d).
Moreover, for each SNe la, the distance (D) from the shock front of spiral arm through the
galactocentric direction is also measured and normalized to the width of the spiral arm (D).
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Figure 5. Cumulative Am,5 distributions of all arm (green solid) and interarm SNe la (red
dashed). The associated spreads for each cumulative curve are shown by coloured regions,
taking into account the uncertainty in Am,s values. Arrows show the mean values (with
their standard errors) of the distributions. The inset is the same but only for normal SNe la.
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P-values of KS (0.006) and AD (0.005) tests indicate that the Am,s distributions of SNe
la in arm and inter arm regions are significantly different. The same result was obtained
for normal SNe la (with only barely AD test 0.075 significance): the Am,5 values of arm
SNe la are, on average, smaller (slower declining LCs) in comparison with those of
interarm SNe la (faster declining LCs).

Then, we analyse continuous parameter distributions, such as the galactocentric radii
of SNe and their distances from the host spiral arm, and relate them with SN LC decline
rates. The relation between the normalized distances (d) of SNe la from the arm peak
and their deprojected and normalized galactocentric distances rsy are shown in the left
panel of Fig. 5.
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Figure 5. Left panel:Distribution of the distances of SNe la relative to the peaks of spiral arms
versus the deprojected and normalized galactocentric distance. The inner and outer edges
(solid lines), as well the peak of spiral arm (dashed line) are shown by parallel lines. The best
fits for all and normal SN subclass are presented by the solid- and dashed-thick lines,
respectively. The error bars in the bottom-right corner display the typical measurement errors.
Right panel: Distributions of Amg values of SNe la versus D distances from the shock fronts
of host spiral arms. The best fits for all and normal SN subclass are presented by the solid- and
dashed-thick lines, respectively.

There is a positive trend between the parameters, as shown by the fit line to the data.
The Spearman’s (p) rank test indicates that this trend is statistically significant for all
(PsM€=0.003) and normal (PsM€=0.002) SNe la samples. The fit line to the distances of SNe
la relative to the arm peak intersects with the arm roughly at a value of 0.35 in units of
isophotal radii, which is consistent with the averaged value of R. for seven host galaxies
of SNe la from our earlier study.

12



We study the correlations between Am; < values and D distances from the shock fronts
of host spiral arms. The corresponding Ps values (0.011 for all SN la, 0.022 for normal
type SN la) show that there are significant correlations between these parameters. The
result enables us to draw the conclusion that, on average, the progenitors of SNe la with
smaller Am,5 values have shorter lifetimes and thus travelled shorter distances from the
shock fronts, i.e. birthplace, in contrast to progenitors with larger values, which have
longer lifetimes and thus travelled farther away from the shock fronts.

The results obtained in Chapter 4 can be interpreted within the frameworks of DW
theory, where SN progenitors were born around shock fronts of spiral arms and migrate
crossing the spiral pattern to the explosion sites, and WD explosion models with sub-Mc,
where SN LC decline rate is an indicator of progenitor age.

13



Conclusions

The most significant conclusions are listed:

In Sa—Sm galaxies, all CC and the vast majority of Type la SNe belong to the disc, rather
than the bulge component. The result suggests that the rate of SNe la in spiral galaxies
is dominated by a relatively young/intermediate progenitor population. This
observational fact makes the deprojection of galactocentric radii of both types of SNe a
key point in the statistical studies of their distributions.

The radial distribution of Type la SNe in SO—S0/a galaxies is inconsistent with that in Sa-
Sm hosts. This inconsistency is mostly attributed to the contribution by SNe la in the
outer bulges of S0—S0/a galaxies. In these hosts, the relative fraction of bulge to disc
SNe la is probably changed in comparison with that in Sa—Sm hosts, because the
progenitor population from the discs of S0—S0/a galaxies should be much lower due to
the lower number of young/intermediate stellar populations.

The radial distribution of CC SNe in barred Sa—Sbc galaxies is not consistent with that of
unbarred Sa—Sbc hosts, while for Type la SNe the distributions are not significantly
different. At the same time, the radial distributions of both Type la and CC SNe in Sc—
Sm galaxies are not affected by bars. These results are explained by a substantial
suppression of massive star formation in the radial range swept by strong bars of early-
type barred galaxies.

The radial distribution of CC SNe in unbarred Sa—Sbc galaxies is more centrally peaked
and inconsistent with that in unbarred Sc—=Sm hosts. On the other hand, the radial
distribution of Type la SNe in unbarred galaxies is not affected by host morphology.
These results can be well explained by the distinct distributions of massive stars in the
discs of early- and late-type spirals. In unbarred Sa—Sbc galaxies, star formation is more
concentrated to the inner regions (Ha emission outside the nucleus) and should thus
be responsible for the observed radial distribution of CC SNe.

The radial distribution of CC SNe, in contrast to Type la SNe, is inconsistent with the
exponential surface density profile, because of the central (# < 0.2) deficit of SNe.
However, in the 7 € [0.2;°) range, the inconsistency vanishes for CC SNe in most of the
subsamples of spiral galaxies. In the inner-truncated disc, only the radial distribution of
CC SNe in barred early-type spirals is inconsistent with an exponential surface density
profile, which appears to be caused by the impact of bars on the radial distribution of
CC SNe.

14
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11.

12.

In the inner regions of non-disturbed spiral hosts, we do not detect a relative
deficiency of Type la SNe with respect to CC, contrary to what was found by other
authors, who had explained this by possibly stronger dust extinction for Type la than
for CC SNe. Instead, the radial distributions of both types of SNe are similar in all the
subsamples of Sa—Sbc and Sc—Sm galaxies, which supports the idea that the relative
increase of CC SNe in the inner regions of spirals found by the other authors is most
probably due to the central excess of CC SNe in disturbed galaxies.

As was found in earlier studies, the physical explanation for the more concentrated
distribution of SNe Ibc with respect to SNe Il in non-disturbed and unbarred spiral
galaxies is that SNe lIbc arise from more metal-rich environments. The radial
distributions of Types Ib and Ic SNe are sufficiently similar that the KS and AD tests fail
to distinguish them with statistical significance.

As in earlier studies, we confirm that in the stacked spiral disc, the Am5 of SNe la do
not correlate with their galactocentric radii, and such disc is outnumbered by slower
declining/prompt events.

For the first time, we demonstrate that from the perspective of the dynamical
timescale of the SFD, its old stellar population (=2 Gyr) hosts mostly faster declining
SNe la (Amy5 > 1.25). By linking the LC decline rate and progenitor age, we show that
the SFD phenomenon gives an excellent possibility to constrain the nature of SNe la.

We find no statistical differences between the pairs of the Ris-normalized radial
distributions of Type la and CC SNe in discs of host galaxies with different spiral ACs,
with only one significant exception: CC SNe in LGD and NGD galaxies have significantly
different radius distributions. The radial distribution of CC SNe in NGDs is concentrated
to the centre of galaxies with relatively narrow peak and fast exponential decline at the
outer region, while the distribution of CC SNe in LGD galaxies has a broader peak,
shifted to the outer region of the discs.

The surface density distributions of Type la and CC SNe in most of the subsamples are
consistent with the exponential profiles. Only the distribution of CC SNe in LGD galaxies
appears to be inconsistent with an exponential profile for the AD statistic but only very
marginally so for the KS statistic), being marginally higher at 0.4 < Rsn/Rys < 0.7. The
inconsistency becomes more evident when comparing the same distribution with the
scaled exponential profile of CC SNe in NGD galaxies.

Using a smaller sample of LGD galaxies with estimated corotation radii, we show, for
the first time, that the surface density distribution of CC SNe shows a dip at corotation,

and enhancements J_rg'g corotation radii around it. The CC SNe enhancements around

15
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corotation may, if confirmed with larger samples, indicate that massive star formation
is triggered by the DWs in LGD host galaxies. Considering that the different LGD host
galaxies have various corotation radii distributed around the mean value of (Rc/Rzs) =
0.42 + 0.18, the radii of triggered star formation by DWs are most probably blurred
within a radial region including ~ 0.4 to ~ 0.7 range in units of Rys, without a
prominent drop in the mean corotation region.

In Sab—Scd galaxies, the Am,s values of arm SNe la are typically smaller (slower
declining) than those of interarm SNe la (faster declining).

The SN distances from the spiral arms and their galactocentric radii are correlated:
before and after the average corotation radius, SNe la are located near the inner and
outer edges (shock fronts) of spiral arms.

For the first time, we find a correlation between Am,s values and the SN distances
from the shock fronts of the arms. The results can be interpreted within the
frameworks of DW theory, where SN progenitors were born around shock fronts of
spiral arms and migrate crossing the spiral pattern to the explosion sites, and WD
explosion models with sub-Mc,, where SN LC decline rate is an indicator of progenitor
age. On average, the progenitors of SNe la with smaller Am,5 values have shorter
lifetimes and thus traveled shorter distances from the shock fronts, i.e. birthplace, in
contrast to progenitors with larger Am,5 values, which have longer lifetimes and thus
traveled farther away from the shock fronts.
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Ywpuy buywl Upyhpil Iphgnph

QLpunpkph b ppwig dwjp quuijunhjuitph phtwdhjujwub
hwwnlnipjniittph ntunidbwuhpnipinih

Udthnthwmghp

Unktwpnumpiniip whpdws b Qhpuinp wuwnnbkph (@U) b ppubg dugp
quuliunhuitph phttwdhujuit hwnlnipmibibph  mundbwuhpnipyubp:
Npulugh vwhdwbtwthwlnidukp gpdtt twpiwgbpinp wuwnnbph punyph Jpu,
nrumtdbwuhpyl) Eu Ia quuh b dhoniyh Ynjuyuny (UY9) guydwbwynpjus U-
Enh  ugbupuht/inruwswhuljuit hwnlmpmoitutpp b gputg  dwgp
quiuljnhljuikph wunnuyhtt phwgsnipput hunympymbbkph htn Guugkpp'
wnwidtwhwwnntl  JEunpnbwbuwny  quuinpuibpnid phtwdhjuut
wwphplbph Ypu:

Uwubwynpuybu niuntdtwuhpyty £ wwppbp dhwpwbinipnit niibignn dwgp
quiuinhiuibph  ujujuoewfubpmd  nwppkp - Bupunwutph - QU-tph
ownwnuyht pwplunulibph Ypw pwekph U dnntph (bar) wqpkgnipnip
oquiuugnpsting uUnwn Shhqlippmid quuiynn 500 Q@U-tkph b npug SO-Sm duyp
quiulnhyuibph  wy  Yuqudws plwnpwbp: Udkht' hhdudbng  dwgp
quuljinhljutph UV/Ho yyunlkpubph gpw, npnugnid hwjintwpbpgty G 185 Ia
quup  QU-tp, Ukpjuyuglus b Jhqmuy gquuwfwupgiui dbpng, npwbugh
hpwjutwgdh tnpdwy b whyniyut FU-tph ghppph b wuydwenipjub Ynpkph
wiluwt wnbdwbph (Amgs) hwdbdwnwliwt  nundbwuhpnipnd, npntp
quidnud i wunnupwywgdut whwywntbpnid (SFD) b gputighg noipu:

Upuue Ynnuhg, wwhdwbwhwlnudubp Bo gpdlp bwhowgbpinp wunnbph
punyph  Ypw  dwyp  qupufnplwikph  phtudhjulut hwnympmmbtph
ubuwmihg  numdbwuppling gputg wwpnpwdl jupnigyuspp:
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Munidtwuhpdt) E ywpnipwdl pnnpjut wihpubph wqpbgnipmiip 333 QU-
Enh owpwynuyhtt b Jwlbkpbnipujhtt pwohunidubph dpw, npnup quidnud kb
hwdbkdwwnwpup dnwn, thnpp phpjusmipjudp, sdbwpubngus b wnwbg dnn 269
quulinhuibpnud: Ugbihl, oquuugnpstiny wwpnmipupbh tundwdp 77 Ia
nuuh QU-tph hinwynpnipnitiiph Ukp ophghtiwyy swthnudubipp, hknwgnungty
tu pluh Wyuundudp @U-tph puounidubpp: Munmdtwuhpyl) b twb Ia @U-bph
wuyswpniput Ynpkph wiiwb wkdwybpp (Am;s):

WOLFRAM MATHEMATICA &pwugph b Monte Carlo uhuUnipjughwibph
Yhpundwdp oquugnpsyty tu  Kolmogorov-Smirnov L Anderson-Darling
Ypdwljugpujws  phunbpp,  npwbkugh  hpwjwbwuglkt  puqiwphy
hwdkdwwnnipjniuutp wnwppkp Eupwptwnpwupubph pwtwljukph,
wwpuwdbwnptph  dhel:  Udbkht, npwyhkuqh nwundbwuppyh htwpwdnp
Unpkjjughwikpp - F¥U-tph - hqhjuljutt  hwnlmpmbbbph b ppubg  dugp
qujulunhlwutph dhol;, ogunuugnpdyty k Spearman’s rank phuwn:

Uwnbtuwjununipjut  dbky uwwnwgqwsd wpmniupubpp wdl] o hhwbwh
htwpwynpnipnit vwhdwtwhwlnudubp ik Ia twpwgkptinp wuwnnbph Jpu
ugt Gupwnpnipjudp, np wyu opjkjuitkpp Ywpny bu dEjuwpwigly dhigh
1.4 Mupsquy ququidny uypunwl pqnily wunnh wuyphint dkpwihquny: Uy
hwdwwnbpuinmd Ia QU-tph  wuydwpmpjui Ynpkph wifdwt wnbkdwybpp
hwinhuwtinud & $tnn wunnuyht' phwlynipyut wuphph Eptlunpy gnighsubp:
Lwl, gnyg b wpdl) pk hlyybu &b duyp qupulnpluitkph ghtudhjuluoi
wnwidbwhwwnnipmniitpp wqpnud UY QU-bph puplunidubph Jpu:
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Kapanerarr Apnnre I'prropsesra

I/Iccne,qona}me CBE€PDXHOBBIX U AUHAMHUYECKHUX
XapaKTepPUCTHUK UX POAUTENBCKHUX TAJAKTHK

Pesome

Juccepranusa IOCBANIeHA M3YyYeHHUIO CBEPXHOBBIX 3BE3J, M JUHAMMYECKUX
XapaKTePUCTUK WX POJUTENbCKUX TaJakKTUK. JIad oOrpaHHYeHUA IIPUPOABI
TIpeICBEPXHOBBIX 3BE3]] MCCIEOBAINCH CIEKTPAIbHEIE U (HOTOMETpHUYECKHUe CBOMCTBa
cBepxHOBBIX THHAa la u c xommamcom sgpa (KA), u ycramaBnmBarorcs CBSISH C
XapaKTePUCTUKAMH UX POAUTENbCKUX 3BE3THBIX ITOMYJIALUN C OCOOBIM aKIIEHTOM Ha

JUHAMHYECKOM BO3PacTe CTPYKTYP BHYTPH IaJlaKTHK.

B uactHOCTH, C HCIIONB30BaHUEM YETKO onpenenéHHOM BoiOOpku u3 500 6ruskux
CBEPXHOBBIX M WX POJUTEIBCKUX TalaKTHK, OTHocAmmxcai K tumam SO0-Sm, Gsrno
IIPOAHAIU3UPOBAHO BIMAHME GaJPKOB U IepeMbIueK Ha PafyajbHOe pacipefiesleHre
PasHBIX TUIIOB CBEPXHOBBIX B 3BE3IHBIX [HCKaX TaJaKTUK. bosee TOro, Ha OCHOBe
UV/Ha wusobpaxkeHMit [JUCKOB TaJaKTUK, B KOTOPHIX ObLIM OOGHapyxeHsl 185
CBEpPXHOBBIX Tuma la, IpeAcTaBleH IIPOCTOM MeTOZ BU3yalbHOM KiIacCH(bUKAIMH,
KOTODBIY II03BOJIAET IIPOBECTH CPABHUTEIBHBIN aHAIH3 MECTOIOIOKEHHUS U CKOPOCTH
TafieHusa KPUBBIX ApKocTeil (Am;s) KaK HOPMAaJIBHBIX, TaK U HEKYJIAPHBIX CBEPXHOBBIX

tuna la B mycrsiHax 3Be3foo6pasoBanus (SFD) u 3a ux npegeramu.

C ,Z[Pyl"OfI CTOPOHBI, OTpaHHMYEHMA Ha CBOMCTBaxX IIpeICBEPXHOBBIX OBLIM TaKXe
PaCcCMOTPEHBI C I,ILI/IHaMI/I‘JIECI(OI‘/JI TOYKH 3pE€HHS, HAIIPUMED, IIPU NU3YyI€HHNN CHI/IPH]II)Hoﬁ
CTPYKTYPBI POIUTEIBCKUX  TdJTdKTHK. Bruio IIPOaHAIN3NPOBAHO BOS,ILeﬁCTBHe
CIIMPAJTBbHBIX BOJH IUIOTHOCTH Ha pacrnpeneaeHune pa,Z[I/IaJII)Hof/'I 48 HOBEPXHOCTHOP’I

mwiorHocTu 333 CBEPXHOBBIX, PACIIOJIO’KEHHBIX B OTHOCHTEJIBHO 6JII/13KI/IX, C MaJIbIM
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YIJIOM HAaKJIOHA IUIOCKOCTH K JIy4y 3peHHd, MOPQOJIOTHYeCKH HeHapylUIeHHBIX 269
TaJIaKTHKaX C Pa3IMYHBIMHU KJIaCCaMU CIIUPAIBHBIX pyKaBOB nu 693 II€pEMBIYEK. KPOMe
TOro, OBUIO IIPOAHATH3HUPOBAHO paclpefeseHrie 77 CBEPXHOBBIX la OTHOCHTEIBHO
CIOUpPaJIbHBIX PYKaBOB C WCIIOJIB30BAaHMEM HANIMX OPUTHMHAIBHBIX H3MepeHUil
PacCTOSHUN CBEPXHOBBIX [O OMMKAHIIMX pyKaBoB. V3y4ananuce TakKe CKOPOCTH

Ta/ieHus KPUBBIX SIpKOCTei (AMy5) CBEPXHOBBIX.

C nomosio nporpammuoro obecreuenns WOLFRAM MATHEMATICA u merona
Monre-Kapno, [y BBIIOJHEHUA Ppa3sIHUYHBIX CPaBHEHHUI MeXZAy CBOMCTBAaMH U
KOJIN4YE€CTBOM Pa3INYHBIX HO,ILBLI6OPOK HCIIOJIB30BAJIMCh HM3BECTHBIE CTATHCTHUYECKHE
tects! (Kommoroposa-CmupHoBa n Auzepcona-/lapiuura). Bonee toro, mas ananusa
BO3MOJKHBIX Koppenaunﬁ Me)K,ﬂy (I)I/ISI/I‘IECKI/IMH CBOMCTBAMU CBEPXHOBBIX ¥ HUX

POAUTENIBCKUX TaJIaKTHUK HMCIIOJIB30BaJICA TECT paHI‘OBOfI Koppenauun CHHPMeHa‘

IMoryyenHsle B 3TOM JUCCEPTAllMM Ppe3yJbTaThl IIPEJOCTABIAIOT OTIHYHYIO
BO3MOKHOCTb OIPaHMYHUTH IIPHPOAY IIPeACBEPXHOBBIX la, mIpexmosiarasd, 4Tro 3TH
0OBEKTHI MOTyYT OBITH HWHTEPHIPETUPOBAHBI B paMKaX CLeHapHA B3PhIBa Georo KapJanuKa
Maccoit Hixe Maccel Yanzpacekapa (sub-/Mch). B aToM KOHTEKCTe CKOPOCTD IameHUs
KpUBOHM ApKOCTH CBepxHOBOH la ciyxuT >bdeKTHBHBIM MHIUKATOPOM BO3pacTa
mpencBepxHOBOil 3Be3mbl. C  ApPyroif CTOPOHBI, IIOKa3aHO, KaK YIOMSIHYTbIe
JUHAMHUYECKUe XapaKTePUCTUKH POAUTENBCKUX TaJaKTHUK BIUAIOT Ha paclipefeseHue

Kf cBepxHOBEIX.
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