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SPECTRAL AND PHOTOMETRIC STUDY OF SOME WOLF-RAYET STARS

Abstract: Massive stars of spectral class O, leaving the Main Sequence (MS), are capable to lose their
hydrogen envelopes. The remaining core begins to shrink, starting a sequence of nuclear reactions, the
products of which are heavy elements C, N and O. The WR stage is an intermediate stage in the evolutionary
path of massive stars to their final state: a neutron star or a black hole.

WR stars play an important role in evolution: firstly, they enrich the interstellar medium with heavy
elements, and secondly, they are considered as progenitors of supernovae and as possible sources of X-ray
flares.

This article presents preliminary results of observations of the group of WR stars. The spectra were
obtained for three WC-type stars: WR 4, WR5, and WR154, and two WN-type stars: WR2 and WR3. On
the basis of observational data, the absolute fluxes in the emission lines were obtained, the equivalent widths
and half-widths of their profiles were determined. Comparison of our results for WR4, obtained over 2
nights, shows that in January 2021 the absolute fluxes in the emission lines decreased by 20% compared to
the data of December 2020. Comparison with the data obtained in 1983-1984 did not reveal serious
discrepancies in the results for WR4, but our values of the equivalent widths for WR5 turned out to be half
as much. This may be due to an increase in the level of the continuum or due to decrease of the emission
lines fluxes.

Photometric observations were carried out for four WR stars, with WR4 and WR5 observed over
three nights. Comparison with the earlier data shows an increase in the brightness of objects over the past
20 years: by 0™.2 - 0.3 for WR2 and WR5 and by 0™.6 -0™. 8 for WR4 and WR3.

So, at this stage, we have established the photometric variability of 4 WR stars: WR2, WR3, WR4,
and WR5, as well as the spectral variability of at least two objects: WR4 and WR5.

Key words: emission objects, emission spectrum, B V R magnitudes, individual objects: WR2, WR3, WR4,
WR5,WR136, WR139, WR154

Introduction. Wolf-Rayet stars ((hereafter WR) are the intermediate stage for massive stars on their
evolutionary path to the final state: neutron star or black hole. They were assigned to a separate class due to
their spectra with the broad (up to several thousand km/s) emission lines of He, N, C u O. These lines are
forming in an envelope due to the powerful stellar wind of a central star. The deficit of hydrogen is another
distinctive property of WR stars. These objects are considered to be formed from the O stars. They have
the masses 10 - 25Mg, and spend in the WR stage several million years [1]. WR stars are subdivided into
three main subtypes: WN (nitrogen-rich), WC (carbon-rich) and WO (oxygen-rich), depending on the
observed spectra.

Specifically, chemical composition of matter on the surface of the star and in its envelope depends
on the type of nuclear reactions in the stellar interior. Thus WN and WC stars are the products of
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the CNO cycle (H-burning) and the triple-a. (He-burning), respectively [2], and they enrich interstellar
matter with these elements. It is believed that some WN stars (M = 20 - 30M¢) are formed from the
luminous blue variables (hereafter LBVs). Just these stars have strong winds and hydrogen-poor
atmospheres. It is known that some the most massive stars have WR spectra during their main-sequence
phase, and young WR stars contain and display hydrogen in their atmospheres [3].

The formation and evolution of the WR envelope is determined by the stellar winds, sometimes
with aid of Roche-lobe overflow in close binaries and/or episodic mass loss during stage.Giant ejection
of LBVs stars may result the observed shell up to 10 M. The mechanism of such ejection is unknown,
because light pressure is unable to do so [4].

WR stars are the main candidates as progenitors for core-collapse, supernovae (hereafter SNe) and
the long gamma-ray bursts [5]. The study of WR stars has the great importance for our understanding of the
properties of SNe and the resulting compact objects such as neutron stars or black holes.

It is very difficult to obtain the physical characteristics of an object before its SNe flash. To date,
only in some cases it has been possible to associate the observed SNe outburst with its progenitor - the WR
star.

Last year the spectral and photometric study of WR stars was began In Fesenkov Astrophysical Institute
(FAI). The observation program included several WN and WC stars of medium brightness. It is planned to
study the main characteristics and possible variations of the objects. This article presents preliminary
observational results of our research.

Observations and data reduction

Spectral observations of WR stars are carried out with the diffraction spectrograph mounted the
telescope AZT-8 (70cm). CCD camera SBIG STT-3200 (2184x1472, 6.8y) is used as a detector. Some
spectra of the objects were obtained with the Echelle spectrograph mounted the “Western” 1-meter Carl
Zeiss Jena telescope of the Tien-Shan Astronomical Observatory (TShAQ), the high altitude observational
base of the FAI. During observations, the spectrograms of an objects and standards were obtained with a
wide (7"- 10") entrance slit. Standard stars with a known energy distribution from [6] were used for the flux
calibration Data reduction consists of subtracting the dark background and correction for atmospheric
absorption.

Photometric observations of the objects were carried out with the «Eastern» 1-meter telescope located
at the TShAO. The CCD camera Alta F16M (4096x4096, 9u) of Apogee and a set of Johnson B V R filters
were used. Several standard stars were chosen in the fields of the objects and were used for calibration.
These stars, as a role, were located at small angular distances from the target, thus there is a negligible
difference between atmospheric extinction for standards and object.

All instrumental BVRc magnitudes of the objects were transformed to the standard photometric
system. The expressions for this procedure were obtained from photometric measurements of the stars from
[7]. Obtained images were processed using the Bias, Dark and Flat files and the standard software package
IRAF. The log of the observations is given in the Tablel.

Table 1 — List of spectral and photometric observations

Dates of Name of the object Type of Telescope
observations observations
07.11.2020 | WR136,WR139,WR154 Spectral AZT-8
24.11.2020 HD 6327 Photometry | 1-meter TShAO
05.12.2020 WR4, WR5 Photometry | 1-meter TShAO
11.12.2020 HD 6327, HD 9974 Photometry | 1-meter TShAO
16.12.2020 WR4 Spectral AZT-8
03.01.2021 WR4,WR5 Spectral AZT-8
Photometry | 1-meter TShAO
09.01.2021 WR4,WR5 Spectral AZT-8
27.01.2021 WR4,WR5 Photometry | 1-meter TShAO
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Results of the spectral observations
WR4=HD 16523. This object is classified asa WC5 star [8]. It is surrounded by a gaseous envelope

with the radius of 3.4 pc and is located at the distance of 4.9 kpc [9]. The main parameters of the star:
T*=79000K and log L=5.3L( were obtained in the paper [10]. The binary nature of WR4 was discussed
in [11]. There are numerous emission lines of carbon (CII, CIlI, CIV), helium (Hel, Hell) and oxygen (Oll,
Olll, OV, OVI) in the spectrum of WRA4. Equivalent widths (EWSs) of the emission lines in the spectrum of
WR4 were determined in the paper [12]. The fragments of spectrogram of this star, obtained in 2020 in FAI,
are presented in Figures 1. The most intensive lines are these of CIlII, CIV. An analogous spectrum was

obtained in the beginning of 2021.
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Figure 1 — The spectrum of WR4 in the “blue” range of the wavelengths. X axis -wavelengths in
angstroms, Y axis - absolute fluxes in erg/cm?sec

WR5=HD17638, is located at the distance of 1.4kpc. This object is classified as a single WCG6 star [8].
Its dynamical age is evaluated to be 1.5 10°years [9]. Two fragments of spectrograms of this star, obtained

in 2021, are presented in Figures 2,3.
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Figure 2 — The spectrum of WR5 in the “blue” range of the wavelengths.
Axes X and Y are the same as for Figure 1.
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Figure 3 — The spectrum of WR5 in the “red” range of the wavelengths.
Axes X and Y are the same as for Figure 1.

WR154 =HD 213049 belongs to WC6 class. Information about its effective temperature and
luminosity was compiled in [13]: T*=80000K, log L*=5.06Lo. It is considered a single star, at least until
significant RV variations were not detected [11].
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Figure 4 — The spectrum of WR154 in the “red” range of the wavelengths.
Axes X and Y are the same as for Figure 1.

The WR154 spectrum is similar to that of WR5, the CIII emission lines are stronger than the CIV and
He lines. The main characteristics of the emission lines in the spectra of WR4, WR5 and WR154 are
compiled in Table 2. These three objects belong to WC5 and WC6 sequences. Emission lines of CllII, 4650A
and 6740A have the highest intensity in the blue and red fragments of the spectra.

Table 2- Fluxes and equivalent widths of the emission lines in the spectra of three WC stars

. lons Dates of | 16.12.2020 | 03.01.2021 | 1983-1984 | 03.01.2021 | 1983-1984 | 07.11.2020
MA) observa- WR4 WR4 WRA4[12] | 09.01.2021 | WR5[12] WR154
tions WR5
Hell Fabs*10%2 | 7.56+0.65 6.37+0.55 3.51+0.29
4340 CIV, EW(A) 47 43 28 16 22
FWHM 35 39 29.9 41 22
CIV Fabs*10%2 | 5.50+0.45 5.55+0.45 3.67+0.28
4440 CIII’ EW(A) 31 33 35 18 40
FWHM 39 33 31.4 36 28
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4515, | CIIl [ Fabs*10” [ 7.7:0.65 | 575:045 4.83£0.35
o | Hell, [ EW(A) 32 34 22.4 24 35
oV | FWHM 40 38 335 50 38
Fabs*102 | 225:20 | 218+19 13885
4f§gg %'I'\'/’ EW(A) 1394 1251 1549 690 1158
FWHM 52 54 82 40 62
Fabs*102 | 3.58+035 | 2.72+0.30 1.82+0.15
cIv,
4780 | G [ EWA) 24 23 26 9.8 18
FWHM 37 35 33.6 35 30
Fabs*102 | 2.74+024 | 1.96+0.15 1.9120.11
4860 | Hell EW(A) 19 16 17 10 26
FWHM 34 32 30.6 27 27
Fabs*10% | 3.71%029 | 3.08£03 1.75+0.10
5017 | CIvV EW(A) 24 23 35 8.8 21
FWHM 35 37 413 32 31
Fabs*1011 1.10+0.10 0.910.12
gggg* 'é‘i{'/ EW (A) 2 20 17
FWHM 68 27 58
Fabs*10" 2.12+0.20 1.76+1.44
6744 %I'I' EW (A) 45 204 36
FWHM 75 67 77
oy, | Fabs*i0t 1.18%0.10 1.06+0.82
7060 | T [EW(A) 25 44 21
FWHM 45 51 60

There is almost no observational information about the spectra of researching objects. Only in the paper
[12] equivalent widths and full width at half maximum (hereafter FWHM) of the emission lines in the
spectra of several WR stars were determined, including WR4 and WR5. Comparing our results for WR4
with these data revealed discrepancies within the errors of observations. For WR5 our EWs are about half
as much. This may be due to an increase in the level of the continuum or due to decrease of radiation fluxes
in the lines.

WR136=HD 19163 is classified as a WNS5 star. It is considered that it passed through an LBV phase
before becoming a WR star. The strong wind swiped up the LBV ejecta into a ring nebula - NGC 6888 [9].
This nebula - consists of the inner filamentary zone (12°x 87), which emits HIl and [N11] lines, and the outer
homogeneous sphere, emitting mainly in [OIII], 5007A [14, 15]. Detailed study of WR136 and its nebula
as far as the model approximation of its emission spectrum were carried out in the paper [16]. Fragments
of the WR136 spectrum, obtained in FAI, are given in Figure 5.

Figure 5 — The spectrum of WR136 in the “red” range of the wavelengths.

|||||||
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Axes X and Y are the same as for Figure 1.
WR139=HD 193576=V444 Cyg
This object is classified as an eclipsing binary WN5+06. The inclination of the orbit (78°.7) gives a
chance to measure the radial velocities for the both components. Emission lines are originated in the WR
wind, and absorption — in the wind of the O star [17]. The orbital period of this system changes with time
as such as the mass-loss rate. Masses of the components were derived by some authors, for instance, values
M(06)=28.4 £ 0.6 M© and M(WR) - 12.4 £ 0.5 M(© were obtained by Eris[18].
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Figure 6 — The spectrum of WR139 in the “red” range of the wavelengths.
Axes X and Y are the same as for Figure 1.

Table 3- Fluxes and equivalent widths of the emission lines in the spectra of WR136 and WR139

MA) | lons | Datesof | 08.11.2020 | 08.11.2020
obs. WR136 WR139
Fabs*10™ | 5.37+0.50 17.2+1.1
6560 | Hell EW(A) 13 68
FWHM 30 47
Fabs*10%? | 1.17+0.35 2.31+0.18
6683 | Hell EW(A) 3.1 10
FWHM 32 50
Fabs*10'? | 6.19+0.45 11.2+0.9
7115 | NIV EW(A) 17 56
FWHM 35 50

Results of the photometric observations

Results obtained in FAI in the end of 2000 and in 2021, are given in Table 4. Data from CDS Strasbourg
database are added. Unfortunately there is almost no information to compare our data with the earlier results
for our objects.

Table 4- B V R magnitudes of four WR stars

Name Dates of JD- B \V R
of the observations | 2400000

object

WR4 05.12.2020 | 59189.11 9.783+0.039 9.837+0.097 9.889+0.050
03.01.2021 | 59218.03 9.666+0.055 9.768+0.056 9.499+0.052
27.01.2021 | 59242.13 9.712+0.052 9.808+0.055 9.930+0.042

WR4 From [19] 10.34+0.050 9.99+0.050

WR5 05.12.2020 59189.12 10.589+0.042 | 10.528+0.093 | 9.705+0.020

03.01.2021 59218.05 10.580+0.044 | 10.655+0.064 | 9.746+0.022
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27.01.2021 59242.15 10.611+0.045 | 10.657+0.063 | 9.763+0.023
WR5 | From [21] 10.86+0.06 | 10.41+0.06
WR2 24.11.2020 | 59178.09 11.066+0.089 | 11.195+0.023 | 10.957+0.028
11.12.2020 | 59195.11 11.142+0.064 | 11.195+0.022 | 10.573+0.025
WR2 From[20] 11.49+0.05 | 11.33%0.07
WR3 | 24.11.2020 59195.14 9.901+0.078 | 9.993+0.082 | 10.336+0.143
WR3 | From [21] 10.71+0.064 | 10.69+0.064

JD-2400000

Figure 7- V magnitudes of WRA4.

Additional data for WR4, in the V filter, taken from the American Association of Variable Stars
Observers (AAVSO, see Figure 7), show a wide scatter of values ~ 0™. 4. Quite detailed observations of
this star were carried out in 2008; sample of points have a scatter of ~ 0™.15. Our results for WR4 and WR5
in filters B and V have the same scatter of values; in filter R, it is much larger. According to our data, in
2021 the WRS5 brightness in the B filter is higher, and in the V filter - lower than the values from [21]. The
maximum difference (~ 0™.7) between our values of brightness and the data from [21] was obtained for the
star WR2.

Conclusions.

This article presents preliminary results of observations of the group of WR stars. Spectra are obtained
for three WC and two WN stars. Emission lines of CIV and CIlII are the dominant in the presented fragments
of spectra of WC stars, and the lines of Hell are the most intensive in the WN spectra. Comparison of the
spectral results obtained for WR4 shows that in January 2021 the absolute fluxes in the emission lines
decreased by 20% compared to the data of December 2020. Comparing our results for WR4 with data,
obtained in 1983-1984, revealed discrepancies within the errors of observations. For WR5 our EWs are
twice lower. This may be due to an increase in the level of the continuum or due to decrease of fluxes in
the emission lines.

Photometric observations were carried out for four WR stars, WR4 and WRS5 were observed during
three nights. The scatter of B and V values for different dates equals to 0™.08 — 0™.13, and it is much larger
in filter R,. Additional data for our objects from catalogs [19-21] are given in Table 4. Comparing with these
earlier data reveals an increase of brightness of the objects: by 0™.2 - 0™.3 for WR2 and WR5 and 0™.6 -0™.8
for WR4 and WR3.

So, at this stage, we have established the photometric variability of 4 WR stars:WR2,WR3,WR4 and
WR5, and the spectral variability of at least two objects:WR4 and WRS.

This study will be continued, the further spectral and photometric observations are planned for a
more complete understanding of the variability of the objects under study. For the WR stars, which are the
progenitors of SNe Ib/c type, such characteristics of the stellar wind as its velocity and the mass loss power
are of particular importance.
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WR KYJIIBI3JAP TOBBIHBIH CIIEKTPJIIK )KOHE ®@OTOMETPJIIK 3EPTTEYJIEPI

AnnoTanus. O CIIeKTPIIiK KIACHIHBIH MACCHBTI )KYJIbI3Aaphl Herisri Tiz0ekreH (BT) keTepae e3epiHig
cyTeri KaOBbIKIIaNapblH KOFanTybl MyMKiH. C, N, O ayblp 3JeMeHTTep ©eHimzaepi OOkl TaObUIATHIH,
SIIPOJIBIK peaKIusUIapAblH Kenecl Ti30eriH OpbIHAayFa KajlFaH sIpo CHIFbUIa OacTaiimel. MaccuBTi
KYIIIBI3AAPABGIH COHFBI KYHIHIH ODBOJIOIISUIBIK JKONBIHAArel WR aparnslk caTtbl OOJNBIN TaOBIIaIbL:
HEUTPOH/BIK KYJIIbI3IAp HeMece Kapa KYp.IbIM.

OBomonus ke3iHge WR KyJIs3napsel MaHBI3ABI POJT aTKapaabl: OipiHIIIACH, OJap JKYJIIbI3apaIbIK
OpTaHBI aybIp MIEMEHTTEPMEH KaMTaMachl3 €Teli, eKIiHIIiIeH, ojap acKbIH jKaHa XYJIABI3MapIsIH HETi3iH
KYPYIIBI )KOHE MYMKIH OOJIATHIH PEHTTEH JKapK €Ty Ko31 peTiHJe KapacThIPbUIAIbL.

Byn makamaga WR okyngeinap TOOBIHBIH alfblH aja OakpUiay HOTHKenepl ychiHbUIFaH, WC
KYIABI3Aap Typingeri ymr xyneiaeH: WR 4, WRS sxone WR154 sxone WN sxynasiznap TypiHAeri exi
*yaeBaeiH: WR2 xone WR3 cmektpiiepi anbiHanl. bakpuiay MoTiMETTEpiHIH HETI3IHAC DMUCCHSIIBIK
CBI3BIKTAPHl CAYJICICHYIHIH a0CONIOTTIK aFbIHBI, KBUBAJCHTTIK €HI OHE OJapiblH NpoduibaepiHiy
JKapThUIail eHi aHpIKTanael. WR4 yimiH 2 Oakpuiay TYPiHIH IITHAE aJIbIHFAH HOTHDKEHI CaJIBICTBIPY
Oapeiceiama, 2021 KaHTapaarbl SMUCCHSIIBIK CBI3BIKTAP COyIIENIeHYIHIH a0COMOTTIK aFbiHBI 2020 KBUTIBIH
JKEJITOKCAHBIHAA aJIbIHFAH MOJIMETTEPMEH caibicThipranga 20% TeMenaereHiH kepcerti. 1983-1984
JKBUIIAPHI AJIBIHFAH MOIIMETTEPMEH CallbICThIpFaHaa WR4 yIIiH HOTHXKeENEp CalIMaKThl albIpMAIbLUIBIK
TyaslpManpl, am WRS ymria 6i3miH SKBHBAJICHTTIK C€HiHIH IIaMachkl €Ki ece TOMEH OOJIBIN MIBIKTHL. byt
OMHCCHSITBIK CBI3BIKTAp COYJICNEHY AaFblHBIHBIH KEeMyiMeH HeMmece KOHTHHYYM JIeHTeHiHIH ecyiMeH
OaliiaHbICTB O0TYbI MYMKIH.

WR xynap13aapeIHbIH TOpTeyine GOoTOMETpIiK OaKbLIaynap )Kypri3iii, coHbIMeH Katap, WR4 xoHe
WRS ym tyH imiane Oakpuiay skyprizinmi. CoHrbl 20 KBTI INIIHIAETI adABIHFBI MONIMETTEPIi OCHI
MOJIIMETTEPMEH CaJBICTBIpFaHAa OOBEKTUIEPAIH KapKblpay IIaMachIHbIH apTKaHABIFBIH KepceTeni: WR2
xone WRS ymrin 0M.2 - 0.3 neitin sxone WR4 sxone WR3 ymrin 0M.6 -0™. 8 neitin apTkaH.

ConbiMeH, Kasipri ke3ae 613 4 WR xyinasiaapeiHa GOoTOMETPIIIK alfHBIMATbUIBIKTE: WR2, WR3,
WR4 xome WRS, conbimen Oipre, WR4 xoHe WRS oObexTiniepiHe CIEKTPIIK aifHBIMAaIBUIBIKTHI
AHBIKTAJIBIK.

Tyiiin ce3aep: SMUCCHAIBIK 00BEKTLIIEP, DMUCCHSIIBIK, crieKTpiiep B V R skynne3ae mamanapst,
)keke oobekTinep: WR2, WR3, WR4, WRS, WR136, WR139, WR154

JL.H. Kongparnepa', Pesa U.B.}, I'.K. Aiimanosal, B.IO. Kum'%, .M. U3maiinopa’
!Acrpodmsndecknii mHCTHTYT MM. B.I'. ®ecenkona, Anmatsl, Kaszaxcran
’ITynkoBckas obcepparopust, Cankt-IlerepOypr, Poccus

E-mail: lu_kondr@mail.ru

CHEKTPAJIBHBIE U ®OTOMETPUYECKHUE NCCJIIEAOBAHUS I'PYIIIIBI WR 3BE3 /1

AnHoTanus. MaccuBHBIE 3Be3/IbI CIIEKTpanbHOrO Kiacca O, mokuaas rinaBayto [locnenoBarenbHOCTh
(I'TT), ciocoOHBI TEPSITH CBOYM BOIOPOAHBIC 00010ukH. OcTaBIIeecs apo HAYMHACT COKUMATHCS, 3aITycKast
MOCIIEIOBATEIILHOCTh SJIEPHBIX PEaKIuil, IPOJIYKTaMH KOTOPBIX SBISIOTCS Tspkenble anmeMeHThl C, N O.
Cramus  WR sBisercss mpOMEXKYTOYHBIM 3TANOM Ha HSBOJIOIMOHHOM MYyTH MAacCCHBHBIX 3BE31 K HX
(UHAIBHOMY COCTOSIHUIO: HEWTPOHHAS 3B€3/Ia WM YEPHAs JIbIpa.
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3Be3ap1 WR urparoT BaKHYIO pOJIb B SBOJIIOIUU: BO-TIEPBBIX, OHH 00OTAIAIOT MEK3BE3IHYIO CPEIY
TSDKEIIBIMH DJIEMEHTaMH, BO-BTOPBIX, OHH PacCMaTPHUBAIOTCS KaK MPEANIECTBEHHUKH CBEPXHOBBIX 3BE3/1 U
KaK BO3MOKHBIC HCTOUHUKY PEHTTCHOBCKUX BCIIBITIICK.

B nmanHOI cTaThe MpeACTaBICHBI IIpeIBapUTEIbHBIC PE3yNbTaThl HabmomeHuit rpynmnsl WR-3Be3 .
Crektpsl nomyuensl s Tpex 3Be3n tuna WC: WR 4, WRS u WR154 u nByx 3Be3n tuma WN: WR2 u
WR3. Ha 06a3e HaOI0qaTeIBHBIX JaHHBIX MOIYYSHBI aOCOTIOTHBIC MOTOKH M3JIYYCHHS B dMHCCHOHHBIX
JUHUAK, ONpPEACNICHbl IKBUBAJICHTHBIC INMMPUHBI M TONYyMIMPUHBI UX mpodwuiei. CpaBHEHHE HAIINX
pe3ynbTaToB 11 WRA4, moydeHHBIX B TeUeHHE 2-X HOYCH, ITOKa3bIBaeT, 4To B stHBape 2021 r. abCcoIroTHRIC
MOTOKA B SMHCCHOHHBIX JHHHUAX CHU3WIMCh Ha 20% 1Mo cpaBHEHWIO ¢ NaHHBIME Aekabps 2020 r.
CorocTapieHue ¢ JaHHBIMH, TONYYeHHBIMA B 1983-1984 rr., HE BBIIBHIO CEPHE3HBIX PACXOXKICHUU
pesynbratoB it WR4, a it WRS Hamm 3HaueHUs] 5KBUBAJICHTHBIX IIMPUH OKa3aJIlCh BJABOC MEHBIIIE.
DTO MOXeET OBITh CBS3aHO C YBEIMYCHUEM YPOBHs KOHTHHYYMa WM YMEHBIIEHHEM ITOTOKOB U3ITyUSHUsI B
SMHUCCHOHHBIX JIMHUAX.

dotoMeTpuuecKie HaOIIOACHNS MPOBOAWINCEH IJIs deThipex 3Be3n WR, mpu atom WR4 u WRS
HAOIOJAMCh, B TeUeHWe Tpex Hoyeil. CpaBHEHHE C ITHMHU, OOJiee paHHUMH JIaHHBIMH, MTOKa3bIBACT
yBEJIMUEHUE IPKOCTH 00beKTOB 3a nocieanue 20 ner: Ha 0.2 - 0™.3 qus WR2 u WRS v va 0M.6 -0™. 8 myis
WR4 u WR3.

Wrak, Ha JaHHOM 3Tare Mbl YCTAHOBHUIN (JOTOMETPUUECKYIO MEPEMEHHOCTh 4-X 3Be3n WR: WR2,
WR3, WR4 u WRS, a Taxke crieKTpanbHyI0 EPEMEHHOCTh KaK MUHUMYM JIBYX 00beKTOB: WR4 1 WRS.

KiroueBble cjioBa: YMACCHOHHBIC 00BEKTHI, IMICCHOHHEIC CIIEKTPH B V R 3Be3nHbIC BEIMUNHEI,
unauBHIyansHbie 00bekTH: WR2, WR3, WR4, WR5, WR136, WR139, WR154.
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