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YOUNG STELLAR OBJECTS IN THE REGION OF DUST BUBBLE N1

The study of young stellar objects is one of the key studies in astrophysics, as these objects provide a
unigue window into the processes that occur during the formation of stars and planets. Young stars are often
found in clouds of gas and dust, which serve as a kind of "cradle" for their birth. Young stars, especially in
massive star clusters, create powerful streams of wind and radiation that knock out dust and gas, creating ring
structures, those as bubbles in molecular clouds. Analysis of such structures can provide additional clues about
the strength of the interactions between stars and their environment at different stages of their evolution.

The main objective of this study was to study the N1 dust bubble region and search for and identify young
stellar objects. Searching for young stellar objects (YSOs) using infrared data from astronomical catalogs is an
important and effective method for studying star formation. Young stars and their surroundings are often
hidden from visible-light observations by dense clouds of gas and dust, but infrared radiation can penetrate
these clouds, allowing astronomers to find objects that would otherwise be invisible.

The identification of young stellar objects in this study was performed according to the algorithm of
Koenig & Leisawitz (2014). The observational data of the WISE spacecraft in the near and mid-infrared bands
W1 (3.4 um), W2 (4.6 um), W3 (12 um) and W4 (22 um) were used. Reliable non-zero fluxes of infrared
radiation sources from the 2MASS and AlIWISE catalogs were selected for the study. For the studied dust
bubble, 7 objects of class | and 11 objects of class Il were identified, 32 objects were assigned to the transition
disk stage. For all identified young stellar objects, color diagrams were constructed showing the locations of
the found objects with the corresponding evolutionary regions. Spectral indexes were calculated and energy
distributions in the spectra were constructed for young stellar objects, which also confirmed their evolutionary
status. The distribution maps of early-stage YSOs within the dust bubble are analyzed, which indicate the
patterns of their distribution along filamentary structures in the dust bubble N1.

Key words: bubble, infrared radiation, wise, young stellar objects (YSO), evolutionary stage.
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N1 waH, Kenipwiri aMMarbIHAAFbI XKaC XKyNabi3apl 06beKTiNep

ac Kynapi3abl 0ObeKTINepiH 3epTTey acTpoPU3nKaHbIH, Heri3ri 3epTTeynepiHiH, 6ipi 6oabin Tabblaaabl,
OUTKeHI byn 0bbeKTIIep KyNabi3gap MeH naaHeTanapabiH nanaa 6onybiHaa 60naTbiH NpouecTepre biperei
barbIT 6epeai. ac xkynabizgap kebiHece ra3 b6eH LWaHHbIH byATTapbiHAa Ke3aecei, onap nanga 6oay yuiH
"6ecik" peTiHoe KblameT eTeai. Kac Kynabi3gap, acipece YAKEH XKyAabl3[4ap LWOFbIPbIHAA, WaH MeH rasgbl
KafbiN, MoOseKynanblk, OynTTapaa CakuHa Tapi3ai Keniplwik KypblbiIMAAPbIH KacalTbiH KYWTI Ken MeH
coyneneHy afblHAAPbIH Kacanabl. MyHAAM  KypbiibIMAApAbl  Tanday KyA4bi34ap MeH  0napaplH,
9BO/MOUMACHIHBIH, 9PTYPAi KeseraepiHaeri KopluafaH OpTaHblH ©3apa 9peKeTTecy KyLWi Typasabl KOCbIMLA
ManimeTTep Hepe anaapl.

Byn 3epTTeyaiH Herisri makcatbl N1 waH Kenipuiri aiMasblH 3epTTey, »Kac »Ky/bl3 0O0beKTiNepiH Taby
)KOHe aHblKTay 6onabl. ACTPOHOMMUANbBIK KaTanortapAafbl MHOPAKbI3bLA AepeKTep apKblibl XKac Kyaapl3
obbekTinepiH (YSOS) aHbIKTay *KyAAbl34apablH, Nanaa 60aybiH 3epTTeYAIH MaHbI3bl XKaHe TUiIMAI aaici 6obin
Tabbinaabl. Kac Kynapiagap MeH onapablH arHanacobl KebiHece ras OeH LWaHHbIH TbiFbl3 OyATTapbiMeH
KepiHeTiH »apblkTa DaKplnaynapaaH »Kacoblpblnagbl, bipak MHOpPaKbI3blA cayneneHy GynTTap apKblabl eTin,
acTpoHomaapfa backalla KepiHbelTiH 3aTTapapl Tabyfa MyMKiHAIK bepeai.
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Byn 3epTTeyae Kac Kynabisabl obbekTinepai aHbikTay Koenig & leisawitz (2014) anropuTmiHe calikec
wyprisingi. WISE fapbiw annapatbiHbiH, W1 (3,4 mkm), W2 (4,6 MKMm), W3 (12 MKM) KaHe W4 (22 MKM) »KaKbIH
OHEe opTa MHPPAKbI3bIA KoNMaKTapaarbl Dakbliay AepeKkTepi nanganaHbingsl. 3eptrey ywiH 2MASS KaHe
AIIWISE KaTanortapblHaH MHGPaKbI3blA Ke34epAiH HOAIK emMec CeHimAi afbiHAapbl TaHaanapl. 3epTTeneTiH
LaH KenipLwuiri yLWiH | KnaccTafbl 7 06beKT KaHe |l KnaccTarbl 11 00BbEKT aHbIKTanabl, 32 06beKT eTneni Auckinep
CaTbICbIHA »KATKbI3blAAbl. Bap/blk aHbIKTanfaH Kac »KyA4bl3 00beKTinepi yWiH CaMKec 3BOMOLMAIBIK,
aimakTapbl 6ap TabbinFaH 0ObEKTINEPAiH OPHANACYbIH KBPCETETIH TYC AMarpammanapbl casibiHFaH. CNekTpik
WMHAEKCTep ecenTenin, onapablH, 3BOMOUMANBIK MapTebeciH pacTaiTbiH »Kac XKyA4bI34blK 00beKTiNep yuiH
cnekTpaepaeri aHepruaHbiH, Tapanybl Kypbiagsl. N1 waH, KenipluiriHaeri xin Topi3ai KypblabiMaap 6onbiMeH
Tapany 3aHAbIbIKTapPblH KepCeTeTiH LWaH, Kenipuwiri weriHaeri 3BOMOUMAHBIH, epTe KeseHAepiHaeri ac
KYNAbI3Abl 0OBEKTINEPIHIH Tapany KapTanapbl TanaaHapl.

TyliH ce3pep: Keniplwik, MHOPaAKbI3bI CayNeNeHy, Wise, Kac XKyadpi3abl 06beKTiNep, 3BONOLUMANbIK
Ke3eH.
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Monopaple 38e3Hble 06BEKTbI B pErMoHe Mbliesoro ny3bipa N1

NccnepoBaHne MONOAbIX 3BE3AHbIX OOBEKTOB ABAAETCA OAHOM M3 K/OYEBbIX MWCCAeA0BaHMUIM
aCTPOPU3MKN, TaK KaK 3TU OOBEKTbI NMPeAoCTaBAAOT YHMKAZbHOE OKHO B MPOLLECChbl, NMPoUCXoAsLimMe npu
bopmmpoBaHmM 3BE34, 1M NAaHeT. Mosiople 3Be3/bl YaCTo HaxoaATCA B 06/1aKax rasa U Nblaun, KOTOPbIe CAy»KaT
Kak cBoeobpasHblie "Konblbenn" ans ux poxkaeHua. Mosoable 3Be34bl, 0COOEHHO B MaCCUBHbIX 3BE3HbIX
CKOMMEHMAX, CO34at0T MOLLUHbIE MOTOKW BeTpa M M3aydyeHue, KOTopble BbIOMBAOT Mblb W ras, co3gasan
KO/IbUEBbIE CTPYKTYPbl -My3blpM B MOMEKYAAPHbIX o06naKkax. AHanM3 TakMx CTPYKTYP MOXeT AaTb
A0NONHUTEbHbIE MOACKA3KM O CU/le B3aMMOAENCTBMA 3BE3/, M OKPYXKAKOLWLEN Cpebl Ha Pa3HbIX CTaguax mx
3BO/OLMN.

OCHOBHOW Le/blo AAHHOFO MCCAenoBaHWA ObIIO M3ydyeHMe obnacTu nblnesoro nysbipa N1, nouck m
NAeHTUOUKAUMA MONOAbIX 3BE3AHbIX 0ObEKTOB. NOUCK MOAOAbIX 3BE3AHbIX 00beKkToB (YSOs) ¢ nomoLlbto
MHPPaKPACHbIX AAaHHbIX M3 aCTPOHOMMYECKUX KaTaNlOroB — 3TO BaXKHbIM U 3ddEKTUBHbIN METOA UCCAEA0BAHMA
3B8e3710006pa3oBaHMA. Monoapble 3Be3/bl M MX OKPECTHOCTM YaCTO CKPbITbl OT HABNOAEHMIA B BUANMOM CBETE
NAOTHbIMKW 06N1aKaMM rasa U Nblau, HO U3yYeHne B MHOPAKPACHOM AMana3oHe MOXKET NPOHMKATb Yepes 3Tn
obnaka, N03B0/AA aCTPOHOMAM HaxOAMTb 0ObEKTLI, KOTOPble MHAYe Bbln Obl HE3AMETHbI.

NaeHTUdMKaumMa monoapix 3Be3AHbIX OOBLEKTOB B JaHHOM MCCAeA0BaHMWM MPOBEAEHa COrMMacHo
anroputmy Koenig & Leisawitz (2014). Bbinn MCNonb30BaHbl AaHHbIe HAabAOAEHNI KOCMUYECKOro annapara
WISE B nonocax 6amnkHero n cpeaHero nHdpakpacHoro ananasoHa W1 (3,4 mkm), W2 (4,6 mkm), W3 (12 mKm)
n W4 (22 mMKkm). [na wuccnenoBaHus 6biam oTOOpaHbl HaAeXKHble HEHyNeBble MOTOKM WCTOYHMKOB
MHPPaAKpPacHOro u3nydyeHns K3 Katanoros 2MASS u AIIWISE. [na wccnegyemoro nblAeBOro ny3bipa
naeHTMdMUMpoBaHbl 7 0b6bekToB | Knacca u 11 obbektoB Il Knacca, 32 obbeKkTa OTHeECEHbI K CTaauu
nepexoaHbix AMCKoB. [na Bcex MAeHTUOULMPOBAHHbIX MOMOAbIX 3BE3AHbIX 0OBEKTOB NOCTPOEHbI LIBETOBbIE
AMarpammbl, NOKa3blBatOLWME PACNONOKEHNA HANAEHHbIX OOBEKTOB C COOTBETCTBYHOWMMM MM 0BAACTAMM
3BOMOLUMN. PaccumTaHbl cnekTpasibHble WMHAEKCbl WM MOCTPOEHbl pacnpefeneHua 3Heprui B cnekTpax ana
MO0AbIX 3BE3AHbIX 0OBEKTOB, KOTOPbLIE TAKKe NOATBEPANAN UX IBONIOLIMOHHbIN CcTaTyc. [TpoaHann3nposaHbl
KapTbl pacnpeneneHmsa mMonoaplXx 3BE3AHbIX O0OBEKTOB pPaHHMX CTaAaui 3BOAOUMKM B Npeaenax nblnesoro
Ny3blpsA, KOTOpble YKa3blBAalOT Ha 3aKOHOMEPHOCTM WX pacnpeaeneHus BAONAb HUTEBUAHbLIX CTPYKTYP B
nblnesom nysbvipe N1.

KnioueBble cnoBa: nysbipb, MHOpaKpacHoe M3aydeHue, wise, moaodple 3BesdHble 06bekTbl (M30),
3BOJ/IIOLIMOHHAA cTaams.
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Young stellar objects in the region of dust bubble N1

Introduction

In recent years studies of dust bubble regions and
associated star-forming regions have attracted
considerable attention [1-5], and studying their
morphology and evolution may shed light on the
conditions that facilitate the formation of stars and
planets in interstellar space. Bubbles have a
characteristic morphology that indicates the presence
of initiated or stimulated star formation processes.
Star formation may be triggered by the expansion of
a bubble when its shock front compresses and
initiates the gravitational collapse of a pre-existing
molecular cloud core. This mechanism, based on
initiated star formation, is currently in its early stages
of study, making it particularly relevant for
researchers studying star formation processes.

Young stellar objects are stars in the early stages
of their evolution. They are also called protostars, as
they continue to gain mass from the surrounding giant
molecular clouds and have not yet reached the stage
of a full-fledged stellar state, since thermonuclear
fusion in their cores has not yet been launched.
Studying such objects is quite difficult even within
our Galaxy. The main problem is that the dense dust
clouds surrounding them during the formation stage
block visible light, making observations almost
impossible. In addition, when these objects heat up,
they begin to emit energy mainly in the infrared
range. For this reason, infrared observations are
considered a key method used by astronomers to
identify regions where stars are forming.

Methods

Data

In this study, large-scale surveys in the infrared
wavelength range were used: 2MASS and WISE
(Wide-Field Infrared Survey Explorer). Observations
of the sky in the near-infrared range of J (1.25 um), H
(1.65 um) and Ks (2.17 um), obtained by 2MASS, are
presented in the catalog of point sources 2MASS All-
Sky Catalog of Point Sources (2003) [6]. WISE
observations are presented in the AIIWISE catalog
[7], which contains radiation fluxes in the near and
mid-infrared range at wavelengths W1 (3.4 pm), W2
(4.6 pm), W3 (12 um) and W4 (22 pum).

For this study, data from the catalogs were
selected that have reliable non-zero fluxes: the flux
error was taken less than 0.2 mag; the signal-to-noise
ratio - wsnr Was greater than 3.

Dust bubble N1

N1 is one of the small galactic infrared bubbles
catalogued by Churchwell [8]. N1 is a dust bubble
centered at | =10,231°, b=-0,305°, with a size of 0.98
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arcmin and a mean projected thickness of 0.21
arcmin. N1 has a C type of morphology, meaning that
the bubble is a complete and closed ring (Figure 1).
In [9], the bubble was associated with the HII region
G10.16—0.35 and a massive OB2-type capture star.
The first measurement of the bubble velocity was in
the ionized hydrogen region and not directly to N1.
Therefore, the distance of 3.4 kpc corresponds to the
distance from the capture cluster G10.16—0.35 [9].
Then in [10] the kinematic distance to the bubble was
calculated as a distance (may be up to 14.8 kpc),
based on the velocity of ionized gas, measured mainly
using radio recombination lines, and assuming
circular rotation around the center of the Galaxy. And
in [11] the kinematic distance for the bubble was
taken to be 2 kpc, its size was also specified as 1
arcmin.

Figure 1 - N1 image at near and mid infrared
wavelengths

Search and identification of young stellar
objects

To identify candidates for young stellar objects,
data from the AIIWISE catalog, presented in the
SIMBAD Astronomical Database (CDS, Strasbourg),
were used. Key information about the study region
and the sources detected within the specified search
radius is presented in Table 1.
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Table 1- Parameters for object search

Region R.A. Decl. Search radius | Number of objects
& Range (deg) Range (deg) (arcmin) found
N1 272.255<0<272.430 | -20.153<6<-20.315 5 444

In this study, an algorithm based on the
methodology described in [12, 13] was used to
identify young stellar objects. According to the stages
of their evolution, young stellar objects are classified
into several groups: class 0 (protostars), classes | and

Il, transition disks, and class Ill. Identification of
young stellar objects was carried out in the specified
sequence.

To identify young stellar objects, it is first
necessary to eliminate contaminants, i.e. objects that
cannot be young stellar objects. These are active
galactic nuclei (AGN), stationary stars, as well as
sources associated with the emission of polycyclic
aromatic hydrocarbons (PAH) and the emission of
particles at the leading edge of shock waves [12].
After cleaning the data, in accordance with the criteria
outlined in [13], the remaining objects were identified
for belonging to a certain class of YSO evolution.

To identify true candidates for YSOs, the
identification was carried out in several stages using
different approaches.

Initially, the algorithm described in the work of
Koenig & Leisawitz (2014) [13] was applied.
According to the study, at this stage, no objects of
evolution class O were detected in the region of the
N1 dust bubble of the protostar. A total of 152 objects
were identified as candidates for young stellar
objects.

At the next stage, a search for information in
astronomical databases was performed for all
previously identified candidates for young stellar
objects. As a result of the search, out of 14 candidates
for young stellar objects of class I, it was found that
there is information in astronomical catalogs for 8
objects and for some of them, various object types
and evolutionary statuses were already indicated. For
5 objects, the status of young stellar objects was
confirmed, which was assigned on the basis of the
analysis of Spitzer data [14-17], 2 objects are sources
of infrared and submillimeter radiation [18, 19] and 1
object is a Wolf-Rayet star, which is a star of a later
evolutionary class [20]. Out of 25 candidates for
young stellar objects of class Il, information was
found for 3 objects: 1 object is a candidate for young
stellar objects [14], 2 objects are sources of IR and
submillimeter radiation [18, 19]. Of the 74 objects
that are candidates for class Il YSOs, 1 object has

been assigned the status of a star [21] and 1 object is
asource of IR radiation [22]. A search for information
on 39 objects — candidates for class “transition disk”
YSOs showed that 1 object is a candidate for YSOs
[14] and 1 object is a source of submillimeter
radiation [23].

For further study, known objects (except radio
and infrared sources) were excluded. Thus, 143
objects remained as candidates for young stellar
objects, of which 8 objects are of class I, 24 objects
are of class Il, 73 objects are of class Il and 38
objects that can be classified as transitional disks.

Next, for all found YSOs, color indices were
determined and a corresponding color diagram was
constructed (Figure 2). Red circles indicate
candidates for YSOs of class I, green squares indicate
class Il, blue triangles indicate "transitional disks"
and black stars indicate candidates for YSOs of class
I11. Since the existing methods for dividing YSOs into
evolution classes on color diagrams are still at the
stage of improvement, for the analysis of the location
of the found YSOs we selected the known and applied
for WISE flows criteria for dividing regions [24],
which are shown in Figure 2 by dotted lines. The
diagram also indicates the regions corresponding to
the class of objects.

As can be seen from Figure 2, all candidates for
class 1 YSOs and most candidates for class Il YSOs
are located in the corresponding area of the diagram.
However, 4 objects of the class Il YSO candidate are
located in other areas of the diagram. The majority of
candidates for the "transition disk" class are located
to the left of the area indicated for them. They
practically fill the area in which, as suggested in [24],
AGN sources should be located. The location of the
evolutionary stage of transition disks [25] is currently
unknown reliably, therefore, assuming that this is an
intermediate stage between classes Il and Ill, the
location of this object close to the group of class Il
YSOs is quite explainable. Class Ill objects are
practically formed young stars, therefore their
location on the diagram corresponds to their evolution
class. The candidates for class 111 YSOs are located in
the immediate vicinity of the candidates for
"transitional disks" on the diagram, which may
indicate their direct connection in the evolutionary
development of objects.
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Figure 2 — Color-color diagram for the YSO in the region of dust bubble N1

As we can see, for most candidates for YSOs,
their location on the diagram indicates the correct
identification of their evolutionary stages. However,
this is not enough to identify true YSOs, so additional
studies have been conducted.

The next step in the study was to apply a typical
classification of the YSO, which is calculated based
on the slope of the DES, i.e. the spectral index is
determined

_dIog(iFi)
~ dlog(4)

Typically, the incline of the DES is measured
between ~2 and 20 um, the use of mid-IR DES fluxes
allows measuring the IR emission of the disk and the
inner shell of the YSO, so this IR range is used in this
study. For different classes of YSOs, the spectral
index has different ranges. This is due to the fact that
as YSOs age, their circumstellar environment
changes, and this change is reflected in the shape of
their DES in the form of the presence of infrared
excesses caused by their optically thick disks. In the
standard system originally developed in [26], young
stellar objects: of class | have DES inclinations
0>0,3; of class Il have -1,6< a<-0.3; of class Il have
a<-1.6; sources with a “flat spectrum” have -0.3<
a<0.3. Class I YSOs have ascending or flat spectra in
the range from 3 to 22 um and are considered to be an
early stage associated with the presence of a
significant, infalling circumstellar envelope. Class Il
Y SOs have decreasing DES in this wavelength range,
with the emission coming only from the optically
thick circumstellar disk [26-28]. Class 111 YSOs are
characterized by very small infrared excesses and are
often indistinguishable from young main-sequence
stars based on infrared observations alone. In addition
to Class I-111 YSOs, there are also YSOs with little or
no near-IR excess in the 1-10 um range and large
excesses above 1020 um [29]. These objects, known
as “transition disk” sources, are thought to be YSOs
with a cleared inner disk and a truncated, optically
thick outer disk. The age of transition disks is
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unknown, as various possible origin scenarios are
considered. One of the most likely scenarios is that
transition disks are an intermediate stage between
class 2 and class 3.

We used a technique to determine the spectral
index that includes data from all four WISE bands.
Measuring the inclination using only four WISE
bands can mitigate absorption effects due to the
nearly identical absorption coefficients across the

entire WISE wavelength range, i.e. Ay, ~0.5A

[30]. For all previously identified YSOs for which
values are available in all four WISE bands, we used
the equation to find the spectral index according to
[31]:

a, =0.36(W1-W2)+0.58(W2-W3)+

+0.41(W3—-W 4)—2.90.

This is a weighted average of the slopes obtained
between successive pairs of WISE bands, presented
in magnitudes. The numerical coefficients are a
combination of the magnitude-flux density
conversion coefficients at the corresponding
wavelengths and weighting coefficients.

The conducted study of the spectral index
showed that for most candidates in the YSO, the
spectral index values correspond to the previously
determined evolution class. Thus, for candidates in
the YSO of class I, only 1 object is assigned to class
I1, out of 24 objects of class 11, 13 IR radiation sources
have flat and characteristic class | spectra. Since the
evolutionary stage of "transitional disks" is
considered an intermediate stage between classes 2
and 3, then for most candidates in the YSO this is
confirmed by the values of the spectral indices, only
6 objects have flat and characteristic class | spectra.
The results of the study on candidates for YSO s of
classes I and |1, as well as the transition disk class, are
presented in Table 2. The results for class Il are not
presented, since these are already practically formed
young stars, while the main emphasis in the study is
on identifying YSO s of earlier evolutionary classes.
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Table 2 — YSO candidates

N RA(.JZ(.)OO) DE(.JZ(.)OO) AIIWISE 1D w1, W2, W3, W4, o
h:m:s d:m:s mag mag mag mag
I Class
1. 18 09 25.1 -20 14 14.7 J180925.06-201414.7 10.851 | 9.495 5.120 0.316 2.10
2. 18 09 15.6 -20 16 03.7 J180915.59-201603.6 10.547 | 9.364 5.614 1.201 1.51
3. 1809 28.4 -2016 43.4 J180928.39-201643.3 12.335 | 9.779 5411 | -1.016 3.19
4, 18 09 31.3 -20 16 24.0 J180931.27-201624.0 9.889 8.365 4,575 1.433 1.14
5. 180921.9 -20 10 05.5 J180921.90-201005.4 12,915 | 10.651 | 6.382 0.875 2.65
6. 1809 39.4 -20 12 39.2 J180939.43-201239.1 12.416 | 11.257 | 8.195 5.795 0.28
7. 18 09 33.6 -20 18 07.9 J180933.55-201807.8 9.488 7.163 4539 | -2.406 2.31
II Class
8. 18 09 20.7 -201547.0 J180920.70-201546.9 11.166 | 10.532 | 8.048 7.453 -0.99
9. 18 09 30.1 -20 14 00.7 J180930.12-201400.6 11.504 | 10.786 | 8.105 7.723 -0.93
10. 1809315 -20 13 56.2 J180931.51-201356.2 10.587 | 9.722 9.153 6.478 -1.16
11. 1809 16.8 -20 15 59.3 J180916.81-201559.3 8.406 7.249 5.244 2.893 -0.36
12. 18 09 16.0 -2011 435 J180916.02-201143.5 10.448 | 9.902 8.787 6.697 -1.20
13. 180934.4 -20 12 40.9 J180934.42-201240.9 11.052 | 10.795 | 8.698 5.587 -0.32
14, 18 09 09.1 -20 14 40.8 J180909.13-201440.8 11.273 | 10.767 | 8.418 6.476 -0.56
15. 18 09 16.2 -20 10 36.0 J180916.18-201035.9 10.174 | 9.868 8.041 5.143 -0.54
16. 18 09 25.7 -20 09 26.8 J180925.69-200926.7 9.949 9.609 7.201 7.123 -1.35
17. 18 09 24.3 -2009 12.8 J180924.30-200912.8 10.309 | 9.994 8.427 5.875 -0.83
18. 18 09 43.1 -20 15 29.5 J180943.07-201529.4 10.627 | 10.271 | 9.003 6.197 -0.89
Transitional disks
19. 18 09 15.0 -20 14 02.6 J180915.02-201402.5 10.162 | 9.994 9.980 6.484 -1.40
20. 18 09 24.8 -2011 44.9 J180924.81-201144.8 9.092 8.774 | 10.044 | 7.108 -2.32
21. 1809 19.5 -201147.0 J180919.50-201146.9 10.262 | 10.053 | 8.634 6.220 -1.01
22. 1809 31.9 -2012 55.1 J180931.88-201255.0 9.801 9.549 8.631 4,928 -0.76
23. 1809 17.5 -201157.6 J180917.46-201157.5 10.417 9.986 9.223 6.175 -1.05
24, 18 09 13.7 -20 12 36.6 J180913.66-201236.6 10.078 | 9.840 7.855 4,575 -0.32
25. 180932.4 -201212.9 J180932.43-201212.8 10.015 | 9.615 8.967 5.342 -0.90
26. 1809 21.6 -20 10 56.3 J180921.64-201056.3 9.917 9.349 9.684 4.520 -0.77
217. 18 09 33.3 -20 12 03.6 J180933.33-201203.6 9.856 9.258 8.892 5.456 -1.06
28. 18 09 29.9 -20 11 06.0 J180929.88-201106.0 8.497 7.892 8.034 3.378 -0.86
29. 18 09 08.1 -20 13 08.7 J180908.12-201308.6 9.210 8.928 9.230 5.270 -1.35
30. 18 09 08.8 -201553.9 J180908.78-201553.8 10.013 | 9.750 | 10.582 | 3.791 -0.50
31. 18 09 10.7 -20 11 29.9 J180910.72-201129.9 10.073 | 9.804 9.388 5.926 -1.14
32. 18 09 32.6 -201104.8 J180932.57-201104.7 7.920 7.377 7.890 4.142 -1.47
33. 18 09 39.5 -20 14 35.8 J180939.49-201435.8 10.647 | 10.247 | 9.323 6.043 -0.88
34, 18 09 08.9 -20 11 43.0 J180908.91-201143.0 7.260 6.717 5.819 3.442 -1.21
35. 18 09 10.0 -201121.7 J180910.08-201121.7 10.984 | 10.734 | 9.900 6.142 -0.79
36. 18 09 06.3 -2012 43.4 J180906.34-201243.4 9.003 8.645 8.858 5.577 -1.55
37. 18 09 40.0 -201354.9 J180940.08-201354.8 10.567 | 10.221 | 9.490 5.702 -0.80
38. 18 09 39.3 -201529.0 J180939.30-201529.0 9.167 8.557 9.748 6.917 -2.21
39. 18 09 06.2 -20 15 55.6 J180906.23-201555.5 9.980 9.696 | 10.375 | 5.271 -1.10
40. 18 09 36.3 -201105.2 J180936.32-201105.2 8.657 8.320 7.394 5.098 -1.30
41, 18 09 07.0 -201127.2 J180907.04-201127.2 8.992 8.770 6.757 3.935 -0.50
42, 1809 33.1 -2010 20.3 J180933.11-201020.3 10.265 | 9.977 | 10.941 | 8.304 -2.27
43, 18 09 39.2 -201148.2 J180939.23-201148.2 9.748 9.241 9.510 6.425 -1.61
44, 18 09 38.4 -201124.7 J180938.37-201124.6 10.439 | 10.231 | 8.490 6.454 -0.98
45, 18 09 27.9 -2009 42.7 J180927.85-200942.6 11.175 | 10.943 | 9.840 7.780 -1.33
46. 180942.4 -2014 42.7 J180942.43-201442.6 8.888 8.536 8.530 5.157 -1.39
47, 18 09 02.5 -201504.2 J180902.53-201504.2 10.134 | 9.922 9.085 4,128 -0.31
48, 18 09 40.5 -2011 48.3 J180940.48-201148.3 10.749 | 10.105 | 9.824 6.668 -1.21
49, 18 09 10.7 -2010 13.0 J180910.66-201012.9 8.774 8.616 9.718 6.936 -2.34
50. 18 09 43.0 -201310.4 J180943.01-201310.4 9.343 9.103 8.842 5.660 -1.36
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Young stellar objects in the region of dust bubble N1

Also, to confirm the evolutionary status for
objects observed by Spitzer and having reliable
information on fluxes in the astronomical catalogs
GLIMPSE Source Catalog (I + 11 + 3D) (IPAC 2008)
[32] and MIPSGAL 24um point source catalog
(Gutermuth+, 2015) [33], energy distributions in the
spectra were constructed with suitable models
according to the work [34] (Figure 3). As can be seen
from the figure, the YSOs have an IR excess in the
spectrum, which corresponds to the evolutionary
status of these objects that we previously determined.
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Figure 3 — SED for candidates for YSO | (a)
and Il (b) classes: dots — observational data,
lines — theoretical models (black line — the most
suitable model)

Thus, excluding all objects whose evolution
classes do not match according to two features, we
assume that the remaining ones are the most likely
candidates for YSOs.

Figure 4 shows a map of the distribution of the
found and identified candidates for young stellar
objects of classes I and II. The black cross is the
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coordinates of the center of the dust bubble, according
to the Churchwell catalog [8]. Here we observe that
the distribution of candidates for YSOs of early
spectral classes is subject to a certain pattern, which
allows us to identify the filamentary structures along
which they are located, which indicates one of the
possible signs of initiated star formation.

RA, deg

Figure 4 — Distribution of the YSO in space on the
Spitzer image. Designations: “+” — coordinates of
the bubble center, “ red circles” — class I, “ green

squares” — class Il

Conclusion

In this study the region near the N1 dust bubble
was studied. Based on the use of infrared radiation
fluxes in the near and middle wavelength ranges, the
search and identification of YSOs depending on the
stages of evolution was performed. The study was
carried out in several stages, which included testing
the data by criteria and by the spectral index,
constructing a color-color diagram and a map of the
distribution of identified objects in space, searching
for information in astronomical catalogs and
constructing a DES. As a result of the study, 50
objects are presented as candidates for YSOs: 7
objects of class I, 11 objects of class Il and 32 objects
of the "transition disk" class. We assume that these
objects are young stellar objects.

Acknowledgments

This research was funded by the Science
Committee of the Ministry of science and Higher
Education of the Republic of Kazakhstan (Grant No.
AP23489575).



N.Sh. Alimgazinova

Reference

1  Dejian Liu, Ye Xu, YingJie Li et al. Molecular Bubble and Outflow in S Mon Revealed by Multiband Data
Sets // The Astrophysical Journal. — 2024. — Vol. 964. — N. 1. — P. 93. DOI: 10.3847/1538-4357/ad24e0

2 Manapbaeva A.B., Esimbek J., Alimgazinova N.Sh., Kyzgarina M.T., Atamurat A.B. N22 shan kopirshikteri
zhanyndagy zhas zhuldyz obektilerin anyqtau // 1zvestija Nacional'noj Akademii nauk Respubliki Kazahstan. Ser. Fiz-
mat. — 2021. — Vol. 3. — Ne 337. — P. 96-105. https://journals.nauka-nanrk.kz/physics-mathematics/article/view/2078

3 Nazar A.B., Manapbayeva A.B., Alimgazinova N.Sh., Kyzgarina M.T., Demessinova A.M. Identification of
young star objects near dust bubble N10 // Recent contributions to physics. — 2022. — Ne4 (83). — P.13-20. DOI:
10.26577/RCPh.2022.v83.i4.02

4 Alisher A.M., Aslan D., Turekhanova K.M. Search and identification of young stellar objects in infrared dust
bubbles N19// Recent Contributions to Physics. — 2023. — Ne3 (86). — P.12-20. DOI: 10.26577/RCPh.2023.v86.i3.02

5  Alimgazinova N. Sh., Sharipbay N.A., Kyzgarina M.T., Manapbayeva A.B., Turekhanova K.M., Omar A.Zh.,
Demessinova A.M., Alibek A.A. Study of the N126 dust bubble in the infrared wavelength range // Recent Contributions
to Physics. — 2024. — Ne2. — P.19-26. DOI: 10.26577/RCPh.2024v89i2-03

6  https://vizier.cds.unistra.fr/viz-bin/VizieR-3?-source=11/246/out&-out. max=50&-
out.form=HTML%20Table&-out.add=_r&-out.add=_RAJ, DEJ&-sort=_r&-oc.form=sexa

7 https:/ivizier.cds.unistra.fr/viz-bin/VizieR-3?-source=11/328/allwise &-out. max=50&-
out.form=HTML%20Table&-out.add=_r&-out.add=_RAJ, DEJ&-sort=_r&-oc.form=sexa

8  Churchwell, E., Povich, M. S., Allen, D. et al. The Bubbling Galactic Disk // The Astrophysical Journal. —
2008. — Vol. 649. — Iss. 2. — P. 759-778. DOI: 10.1086/507015

9  Blum, R. D., Damineli, A., & Conti, P. S. The Stellar Content of Obscured Galactic Giant H 1l Regions. I. W43
/I The Astrophysical Journal. — 2001. — Vol. 121. — P. 3149. DOI: 10.1086/321088

10 Deharveng L., Schuller F., Anderson L.D., Zavagno A., Wyrowski F., Menten K.M., Bronfman L., Testi L.,
Walmsley C. M., and Wienen M. A gallery of bubbles: The nature of the bubbles observed by Spitzer and what
ATLASGAL tells us about the surrounding neutral material // Astronomy and Astrophysics. — 2010. — Vol. 523. — P. A6.
DOI: 10.1051/0004-6361/201014422

11 Hattori Yasuki, Kaneda Hidehiro, et al. Mid- and far-infrared properties of Spitzer Galactic bubbles revealed
by the AKARI all-sky surveys // Publications of the Astronomical Society of Japan. — 2016. — Vol. 68. — Iss. 3. — P. 37.
DOI: 10.1093/pasj/psw028

12 Koenig X. P. et al. Wide-field infrared survey explorer observations of the evolution of massive star-forming
regions // The Astrophysical Journal. — 2011. — Vol. 744. — Ne. 2. — P. 130. DOI: 10.1088/0004-637X/744/2/130

13  Koenig X. P., Leisawitz D. V.A classification scheme for young stellar objects using the wide-field infrared
survey explorer AHWISE catalog: revealing low-density star formation in the outer galaxy // The Astrophysical Journal.
—2014. - Vol. 791. — Ne, 2. — P. 131. DOI: 10.1088/0004-637X/791/2/131

14 Kuhn M.A,, De Souza R.S., Krone-Martins A., Castro-Ginard A., Ishida E.E.O., Povich M.S., Hillenbrand
L.A. (The COIN Collaboration). SPICY: the Spitzer/IRAC candidate YSO catalog for the inner Galactic midplane //
Astrophys. J., Suppl. Ser.. — 2021. — Vol. 254. — P. 33-33. DOI: 10.48550/arXiv.2011.12961

15 UrquhartJ.S., Konig C., Giannetti A., Leurini S., Moore T.J.T., Eden D.J., Pillai T., Thompson M.A., Braiding
C., Burton M.G., Csengeri T., Dempsey J.T., Figura C., Froebrich D., Menten K.M., Schuller F., Smith M.D. and
Wyrowski F. ATLASGAL - properties of a complete sample of Galactic clumps // Mon. Not. R. Astron. Soc.. — 2017. —
Vol. 473. — P. 1059-1102. DOI: 10.1093/mnras/stx2258

16 Robitaille T.P., Meade M.R., Babler B.L., Whitney B.A., Johnston K.G., Indebetouw R., Cohen M., Povich
M.S., Sewilo M., Benjamin R.A. and Churchwell E. Intrinsically red sources observed by Spitzer in the Galactic midplane
/I The Astrophysical Journal. — 2008. — Vol. 136. — P. 2413-2440. DOI: 10.1088/0004-6256/136/6/2413

17 Deharveng L., Zavagno A., Samal M.R., Anderson L.D., Leleu G., Brevot D., Duarte-Cabral A., Molinari S.,
Pestalozzi M., Foster J.B., Rathborne J.M. and Jackson J.M. Bipolar HII regions - Morphology and star formation in their
vicinity. 1. G319.88+00.79 and G010.32-00.15. // Astronomy and Astrophysics. — 2015. — Vol. 582. — P. Al-1. DOI:
10.1051/0004-6361/201423835

18 Elia D., Molinari S., Schisano E., Pestalozzi M., Pezzuto S. et al. The Hi-GAL compact source catalogue - I.
The physical properties of the clumps in the inner Galaxy (-71.0° <1< 67.0°) // Mon. Not. R. Astron. Soc.. —2017. — Vol.
471. - P. 100-143. DOI: 10.1093/mnras/stx1357

19 Eden D.J., Moore T.J.T., Plume R., Urquhart J.S., et al. The JCMT Plane Survey: first complete data release -
emission maps and compact source catalogue // Mon. Not. R. Astron. Soc.. — 2017. — Vol. 469. — P. 2163-2183
(2017/August-1). DOI: 10.1093/mnras/stx874

20 Nebot Gomez-Moran A., Motch C., Pineau F.-X., Carrera F.J., Pakull M.\W. and Riddick F. Infrared
identification of hard X-ray sources in the Galaxy // Mon. Not. R. Astron. Soc.. — 2015. — Vol. 452. — P. 884-901. DOI:
10.48550/arXiv.1506.03083

21 GAIA Collaboration. Gaia Early Data Release 3 (Gaia EDR3) // 2020yCat.1350....0G - CDS/ADC Collection
of Electronic Catalogues, 1350, 0 (2020). DOI: 10.26093/cds/vizier.1350

57


https://doi.org/10.3847/1538-4357/ad24e0
https://journals.nauka-nanrk.kz/physics-mathematics/article/view/2078
https://doi.org/10.26577/RCPh.2022.v83.i4.02
https://doi.org/10.26577/RCPh.2022.v83.i4.02
https://doi.org/10.26577/RCPh.2023.v86.i3.02
https://doi.org/10.26577/RCPh.2024v89i2-03
https://vizier.cds.unistra.fr/viz-bin/VizieR-3?-source=II/246/out&-out.max=50&-out.form=HTML%20Table&-out.add=_r&-out.add=_RAJ,_DEJ&-sort=_r&-oc.form=sexa
https://vizier.cds.unistra.fr/viz-bin/VizieR-3?-source=II/246/out&-out.max=50&-out.form=HTML%20Table&-out.add=_r&-out.add=_RAJ,_DEJ&-sort=_r&-oc.form=sexa
https://vizier.cds.unistra.fr/viz-bin/VizieR-3?-source=II/328/allwise&-out.max=50&-out.form=HTML%20Table&-out.add=_r&-out.add=_RAJ,_DEJ&-sort=_r&-oc.form=sexa
https://vizier.cds.unistra.fr/viz-bin/VizieR-3?-source=II/328/allwise&-out.max=50&-out.form=HTML%20Table&-out.add=_r&-out.add=_RAJ,_DEJ&-sort=_r&-oc.form=sexa
https://doi.org/10.1086/507015
https://doi.org/10.1086/321088
https://doi.org/10.1051/0004-6361/201014422
https://doi.org/10.1093/pasj/psw028
file:///C:/Users/Lenovo/Documents/Nazgul/1Science/статьи%202025/%20https:/doi.org/10.1088/0004-637X/744/2/130
file:///C:/Users/Lenovo/Documents/Nazgul/1Science/статьи%202025/%20https:/doi.org/10.1088/0004-637X/791/2/131
https://doi.org/10.48550/arXiv.2011.12961
https://doi.org/10.1093/mnras/stx2258
https://doi.org/10.1088/0004-6256/136/6/2413
https://doi.org/10.1051/0004-6361/201423835
https://doi.org/10.1051/0004-6361/201423835
https://doi.org/10.1093/mnras/stx1357
https://doi.org/10.1093/mnras/stx874
https://doi.org/10.48550/arXiv.1506.03083
https://doi.org/10.48550/arXiv.1506.03083
https://ui.adsabs.harvard.edu/link_gateway/2020yCat.1350....0G/doi:10.26093/cds/vizier.1350

Young stellar objects in the region of dust bubble N1

22 Beichman C.A., Neugebauer G., Habing H.J., Clegg P.E. and Chester T.J. IRAS Catalogs and Atlases, Version
2. Explanatory ~ Supplement  //  NASAREef. Publ.. - 1988. - Vol 1190. - P.L
https://ui.adsabs.harvard.edu/abs/1988iras....1.....B/abstract

23 Pillai T., Wyrowski F., Hatchell J., Gibb A.G. and Thompson M.A. probing the initial conditions of high mass
star formation. 1. Deuteration and depletion in high mass pre/protocluster clumps // Astronomy and Astrophysics. — 2007.
—Vol. 467. — P. 207-216. DOI: 10.1051/0004-6361:20065682

24 Fischer W. J. et al. A WISE Census of Young Stellar Objects in Canis Major // The Astrophysical Journal. —
2016. — Vol. 827. — Ne. 2. — P. 96. DOI: 10.3847/0004-637X/827/2/96

25 Takashi Tsukagoshi, Munetake Momose, Jun Hashimoto, Tomoyuki Kudo, et al. High-resolution
submillimeter and near-infrared studies of the transition disk around SZ 91// The Astrophysical Journal. — 2014. - Vol.
783. - No. 2. DOI: 10.48550/arXiv.1402.1538

26 Lada C. J. Star formation: from OB associations to protostars // Symposium-International astronomical union.
- Cambridge University Press, 1987. - Vol. 115. p.1-18.
https://ui.adsabs.harvard.edu/abs/19871AUS..115....1L/abstract

27 AdamsF.C., Lada C.J., Shu F. H. Spectral evolution of young stellar objects // Astrophysical Journal. — 1987.
- Vol. 312. - P. 788-806. DOI: 10.1086/164924

28 Greene, T. P., Wilking, B. A., Andre, P, Young, E. T., & Lada, C. J. Further mid-infrared study of the rho
Ophiuchi cloud young stellar population: Luminosities and masses of pre-main-sequence stars // Astrophysical Journal.
—1994. - Vol. 434. - No. 2. - P. 614-626. DOI: 10.1086/174763

29 Strom, K. M., Newton, G., Strom, S. E., et al. A Study of the Stellar Population in the Lynds 1641 Dark Cloud.
I. The IRAS Catalog Sources // ApJS.. —1989. - Vol. 71. - P. 183. DOI: 10.1086/191371

30 Majaess, D., Turner, D. G., & Gieren, W. A cluster of class I/f/1l young stellar objects discovered near the
Cepheid SU Cas // MNRAS. — 2012. - Vol. 421. - P. 1040. DOI: 10.1111/j.1365-2966.2011.20366.x

31 Marton, G., Verebélyi, E., Kiss, C., & Smidla, J. Newly identified YSO candidates towards LDN 1188 // AN.
—2013. - Vol. 334. - P. 924. DOI: 10.1002/asna.201311960

32 https:/ivizier.cds.unistra.fr/viz-bin/VizieR-3?-source=11/293&-out.max=50&-out.form=HTML%20Table&-
out.add=_r&-out.add=_RAJ, DEJ&-sort=_r&-oc.form=sexa

33 https:/ivizier.cds.unistra.fr/viz-bin/VizieR-3?-source=J/AJ/149/64&-out. max=50&-
out.form=HTML%20Table&-out.add=_r&-out.add=_RAJ, DEJ&-sort=_r&-oc.form=sexa

34 Robitaille V.P., et al. Interpreting spectral energy distributions from young stellar objects. I1. Fitting observed
SEDs using a large grid of precomputed models // The Astrophysical Journal Supplement Series, 2007. — Vol. 169. — Ne,
2.—P. 328. DOI: 10.1086/512039

Reference

1 D.Liuetal. ApJ, 964,93 (2024). DOI: 10.3847/1538-4357/ad24e0

2  A.B. Manapbaeva, J. Esimbek, N.Sh. Alimgazinova, M.T. Kyzgarina, A.B. Atamurat. Izvestija Nacional'noj
Akademii nauk Respubliki Kazahstan. Ser. Fiz-mat. 3(337) 96-105, (2021). https://journals.nauka-nanrk.kz/physics-
mathematics/article/view/2078

3 A.B. Nazar, A.B. Manapbayeva, N.Sh. Alimgazinova, M.T. Kyzgarina, A.M. Demessinova. Recent
contributions to physics 4(83), 13-20 (2022). DOI: 10.26577/RCPh.2022.v83.i4.02

4  AM. Alisher, D. Aslan, K.M. Turekhanova. Recent Contributions to Physics 3 (86), 12-20 (2023). DOI:
10.26577/RCPh.2023.v86.i3.02

5 N.Sh. Alimgazinova, N.A. Sharipbay, M.T. Kyzgarina, A.B. Manapbayeva, K.M. Turekhanova, A.Zh. Omar,
A.M. Demessinova, A.A. Alibek. Recent Contributions to Physics 2, 19-26 (2024). DOI: 10.26577/RCPh.2024v89i2-03

6  https://vizier.cds.unistra.fr/viz-bin/VizieR-3?-source=11/246/out&-out. max=50&-
out.form=HTML%20Table&-out.add=_r&-out.add=_RAJ, DEJ&-sort=_r&-oc.form=sexa

7 https://vizier.cds.unistra.fr/viz-bin/VizieR-3?-source=11/328/allwise&-out. max=50&-
out.form=HTML%20Table&-out.add=_r&-out.add=_RAJ, DEJ&-sort=_r&-oc.form=sexa

8 E. Churchwell, M. S. Povich, D. Allen, et al. The Astrophysical Journal 649 (2), 759-778 (2008). DOI:
10.1086/507015

9 R.D.Blum, A. Damineli, & P. S. Conti. The Astrophysical Journal 121, 3149 (2001). DOI: 10.1086/321088

10 L. Deharveng, F. Schuller, L.D. Anderson, A. Zavagno, F. Wyrowski, K.M. Menten, L. Bronfman, L. Testi,
C. M. Walmsley, and M. Wienen. Astronomy and Astrophysics 523, A6 (2010). DOI: 10.1051/0004-6361/201014422

11 Y. Hattori, H. Kaneda, et al. Publications of the Astronomical Society of Japan 68 (3), 37 (2016). DOI:
10.1093/pasj/psw028

12 X.P. Koenig et al. The Astrophysical Journal 744 (2), 130 (2011). DOI: 10.1088/0004-637X/744/2/130

13 X.P. Koenig, D.V. Leisawitz. The Astrophysical Journal 791 (2), 131 (2014). DOI: 10.1088/0004-
637X/791/2/131

14 M.A. Kuhn,R.S. de Souza, A. Krone-Martins, A. Castro-Ginard, E.E.O. Ishida, M. S. Povich, L. A.
Hillenbrand. The Astrophysical Journal Supplement Series 254 (2), ID.33 (2021). DOI: 10.48550/arXiv.2011.12961

58


https://ui.adsabs.harvard.edu/abs/1988iras....1.....B/abstract
https://doi.org/10.1051/0004-6361:20065682
https://doi.org/10.3847/0004-637X/827/2/96
https://doi.org/10.48550/arXiv.1402.1538
https://ui.adsabs.harvard.edu/abs/1987IAUS..115....1L/abstract
https://ui.adsabs.harvard.edu/link_gateway/1987ApJ...312..788A/doi:10.1086/164924
file:///C:/Users/Lenovo/Documents/Nazgul/1Science/статьи%202025/%20%20https:/doi.org/10.1086/174763
https://doi.org/10.1086/191371
https://doi.org/10.1111/j.1365-2966.2011.20366.x
https://doi.org/10.1002/asna.201311960
https://vizier.cds.unistra.fr/viz-bin/VizieR-3?-source=II/293&-out.max=50&-out.form=HTML%20Table&-out.add=_r&-out.add=_RAJ,_DEJ&-sort=_r&-oc.form=sexa
https://vizier.cds.unistra.fr/viz-bin/VizieR-3?-source=II/293&-out.max=50&-out.form=HTML%20Table&-out.add=_r&-out.add=_RAJ,_DEJ&-sort=_r&-oc.form=sexa
https://vizier.cds.unistra.fr/viz-bin/VizieR-3?-source=J/AJ/149/64&-out.max=50&-out.form=HTML%20Table&-out.add=_r&-out.add=_RAJ,_DEJ&-sort=_r&-oc.form=sexa
https://vizier.cds.unistra.fr/viz-bin/VizieR-3?-source=J/AJ/149/64&-out.max=50&-out.form=HTML%20Table&-out.add=_r&-out.add=_RAJ,_DEJ&-sort=_r&-oc.form=sexa
https://doi.org/10.1086/512039
https://doi.org/10.3847/1538-4357/ad24e0
https://journals.nauka-nanrk.kz/physics-mathematics/article/view/2078
https://journals.nauka-nanrk.kz/physics-mathematics/article/view/2078
https://doi.org/10.26577/RCPh.2022.v83.i4.02
https://doi.org/10.26577/RCPh.2023.v86.i3.02
https://doi.org/10.26577/RCPh.2023.v86.i3.02
https://doi.org/10.26577/RCPh.2024v89i2-03
https://vizier.cds.unistra.fr/viz-bin/VizieR-3?-source=II/246/out&-out.max=50&-out.form=HTML%20Table&-out.add=_r&-out.add=_RAJ,_DEJ&-sort=_r&-oc.form=sexa
https://vizier.cds.unistra.fr/viz-bin/VizieR-3?-source=II/246/out&-out.max=50&-out.form=HTML%20Table&-out.add=_r&-out.add=_RAJ,_DEJ&-sort=_r&-oc.form=sexa
https://vizier.cds.unistra.fr/viz-bin/VizieR-3?-source=II/328/allwise&-out.max=50&-out.form=HTML%20Table&-out.add=_r&-out.add=_RAJ,_DEJ&-sort=_r&-oc.form=sexa
https://vizier.cds.unistra.fr/viz-bin/VizieR-3?-source=II/328/allwise&-out.max=50&-out.form=HTML%20Table&-out.add=_r&-out.add=_RAJ,_DEJ&-sort=_r&-oc.form=sexa
https://doi.org/10.1086/507015
https://doi.org/10.1086/507015
https://doi.org/10.1086/321088
https://doi.org/10.1051/0004-6361/201014422
https://doi.org/10.1093/pasj/psw028
https://doi.org/10.1093/pasj/psw028
https://doi.org/10.1088/0004-637X/744/2/130
https://doi.org/10.1088/0004-637X/791/2/131
https://doi.org/10.1088/0004-637X/791/2/131
https://doi.org/10.48550/arXiv.2011.12961

N.Sh. Alimgazinova

15 J.S. Urquhart, C. Konig, A. Giannetti, S. Leurini, T.J.T. Moore, D.J. Eden, T. Pillai, M.A. Thompson, C.
Braiding, M.G. Burton, T. Csengeri, J.T. Dempsey, C. Figura, D. Froebrich, K.M. Menten, F. Schuller, M.D. Smith and
F. Wyrowski. MNRAS 473, 1059-1102 (2017). DOI: 10.1093/mnras/stx2258

16 T.P. Robitaille, M.R. Meade, B.L. Babler, B.A. Whitney, K.G. Johnston, R. Indebetouw, M. Cohen, M.S.
Povich, M. Sewilo, R.A. Benjamin and E.Churchwell. The Astrophysical Journal 136, 2413-2440 (2008). DOI:
10.1088/0004-6256/136/6/2413

17 L. Deharveng, A. Zavagno, M.R. Samal, L.D. Anderson, G. Leleu, D. Brevot, A.Duarte-Cabral, S. Molinari,
M. Pestalozzi, J.B. Foster, J.M. Rathborne and J.M. Jackson Astronomy and Astrophysics 582, Al-1 (2015). DOI:
10.1051/0004-6361/201423835

18 D. Elia, S. Molinari, E. Schisano, M. Pestalozzi, S. Pezzuto et al. MNRAS 471, 100-14, (2017). DOI:
10.1093/mnras/stx1357

19 DJ. Eden, TJ.T. Moore, R. Plume, J.S. Urquhart, et al. MNRAS 469, 2163-2183 (2017). DOI:
10.1093/mnras/stx874

20 A. Nebot Gomez-Moran, C. Motch, F.-X. Pineau, F.J. Carrera, M.W. Pakull and F. Riddick. MNRAS 452,
884-901, (2015). DOI: 10.48550/arXiv.1506.03083

21 GAIA Collaboration. Gaia Early Data Release 3 (Gaia EDR3). CDS/ADC Collection of Electronic Catalogues,
1350 (2020). DOI: 10.26093/cds/vizier.1350

22 C.A. Beichman, G. Neugebauer, H.J. Habing, P.E. Clegg and T.J. Chester. NASARef. Publ. 1, 1190 (1988).
https://ui.adsabs.harvard.edu/abs/1988iras....1.....B/abstract

23 T. Pillai, F. Wyrowski, J. Hatchell, A.G. Gibb and M.A. Thompson. Astronomy and Astrophysics 467, 207-
216 (2007). DOI: 10.1051/0004-6361:20065682

24 W.J. Fischer et al. The Astrophysical Journal 827 (2), 96 (2016). DOI: 10.3847/0004-637X/827/2/96

25 T. Tsukagoshi, M. Momose, J. Hashimoto, T. Kudo, et al. The Astrophysical Journal 783, 2 (2014). DOI:
10.48550/arXiv.1402.1538

26 C.J. Lada. Symposium-International astronomical union. — Cambridge University Press 115, 1-18 (1987).
https://ui.adsabs.harvard.edu/abs/19871AUS..115....1L/abstract

27 F.C. Adams, C.J. Lada, F.H. Shu. Astrophysical Journal 312, 788-806 (1987). DOI: 10.1086/164924

28 T.P.Greene, B.A. Wilking, P. Andre, E. T. Young & C. J. Lada. Astrophysical Journal 434 (2), 614-626 (1994).
DOI: 10.1086/174763

29 K.M. Strom, G. Newton, S.E. Strom, et al. ApJS 71, 183 (1989) DOI: 10.1086/191371

30 D. Majaess, D.G. Turner, & W. Gieren. MNRAS 421, 1040 (2012) DOI: 10.1111/j.1365-2966.2011.20366.x

31 G. Marton, E. Verebélyi, C. Kiss, & J. Smidla. AN 334, 924 (2013) DOI: 10.1002/asna.201311960

32 https://vizier.cds.unistra.fr/viz-bin/VizieR-3?-source=11/293&-out.max=50&-out.form=HTML%20Table&-
out.add=_r&-out.add=_RAJ, DEJ&-sort=_r&-oc.form=sexa

33 https://vizier.cds.unistra.fr/viz-bin/VizieR-3?-source=J/AJ/149/64&-out.max=50&-
out.form=HTML%20Table&-out.add=_r&-out.add=_RAJ, DEJ&-sort=_r&-oc.form=sexa

34 V.P.Robitaille et al. The Astrophysical Journal Supplement Series 169 (2), 328 (2007) DOI: 10.1086/512039

Article history: MakaJjia Tapuxbl:

Received 25 February 2025 Tycri — 25.02.2025

Accepted 11 March 2025 Ka6suimanms: — 11.03.2025

Information about author: ABTOpJIap TYpaabl MAJIiMeT:

Nazgul Alimgazinova — PhD (Phys), Ass. Prof, Al- Hasryn AgaumrasmHoBa — (u3.-Mar.FbUIL.KaHI.,
Farabi Kazakh national university, Almaty, Kazakhstan  kaysima.npodeccop, On-®Papabu aTbiHaarsl Kazak yiITThIK
e-mail: nazqul.alimgazinova@kaznu.edu.kz YHHBEPCHUTETI, AnMaThl K., Kazakcran

e-mail: nazqul.alimgazinova@kaznu.edu.kz

59


https://doi.org/10.1093/mnras/stx2258
https://doi.org/10.1088/0004-6256/136/6/2413
https://doi.org/10.1088/0004-6256/136/6/2413
https://doi.org/10.1051/0004-6361/201423835
https://doi.org/10.1051/0004-6361/201423835
https://doi.org/10.1093/mnras/stx1357
https://doi.org/10.1093/mnras/stx1357
https://doi.org/10.1093/mnras/stx874
https://doi.org/10.1093/mnras/stx874
https://doi.org/10.48550/arXiv.1506.03083
https://ui.adsabs.harvard.edu/link_gateway/2020yCat.1350....0G/doi:10.26093/cds/vizier.1350
https://ui.adsabs.harvard.edu/abs/1988iras....1.....B/abstract
https://doi.org/10.1051/0004-6361:20065682
https://doi.org/10.3847/0004-637X/827/2/96
https://doi.org/10.48550/arXiv.1402.1538
https://doi.org/10.48550/arXiv.1402.1538
https://ui.adsabs.harvard.edu/abs/1987IAUS..115....1L/abstract
https://ui.adsabs.harvard.edu/link_gateway/1987ApJ...312..788A/doi:10.1086/164924
https://doi.org/10.1086/174763
https://doi.org/10.1086/174763
https://doi.org/10.1086/191371
https://doi.org/10.1111/j.1365-2966.2011.20366.x
https://doi.org/10.1002/asna.201311960
https://vizier.cds.unistra.fr/viz-bin/VizieR-3?-source=II/293&-out.max=50&-out.form=HTML%20Table&-out.add=_r&-out.add=_RAJ,_DEJ&-sort=_r&-oc.form=sexa
https://vizier.cds.unistra.fr/viz-bin/VizieR-3?-source=II/293&-out.max=50&-out.form=HTML%20Table&-out.add=_r&-out.add=_RAJ,_DEJ&-sort=_r&-oc.form=sexa
https://vizier.cds.unistra.fr/viz-bin/VizieR-3?-source=J/AJ/149/64&-out.max=50&-out.form=HTML%20Table&-out.add=_r&-out.add=_RAJ,_DEJ&-sort=_r&-oc.form=sexa
https://vizier.cds.unistra.fr/viz-bin/VizieR-3?-source=J/AJ/149/64&-out.max=50&-out.form=HTML%20Table&-out.add=_r&-out.add=_RAJ,_DEJ&-sort=_r&-oc.form=sexa
https://doi.org/10.1086/512039
mailto:nazgul.alimgazinova@kaznu.edu.kz
mailto:nazgul.alimgazinova@kaznu.edu.kz

