News of the National Academy of sciences of the Republic of Kazakhstan

NEWS
OF THENATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

PHYSICO-MATHEMATICAL SERIES
ISSN 1991-346X https://doi.org/10.32014/2020.2518-1726.42
Volume 3, Number 331 (2020), 100 — 107

UDC 524.31
V. M. Tereschenko

Fesenkov Astrophysical Institute, Almaty, Kazakhstan.
E-mail: volter2307@mail.ru

SPECTROPHOTOMETRIC STANDARDS 8™-10™. I1I.
THE EQUATORIAL ZONA FROM 12" TO 24"

Abstract. This article is the third paper from cycle of notices, which devoted of the creation of
spectrophotometric standards of in-termediate brightness. In paper the absolute energy distribution in visual region of
spectra for 12 B-A-stars 8™-10™ were present. The investigated stars-standards are located along the celestial equator
(8 = +3°) in the range of right ascensions from 0" to 12". Together with the stars from the second work of this cycle,
they form a system of equatorial standards of intermediate brilliance. As a product of these two works, the total
number of spectrophotometric standards of 8m-10m in the visible spectrum area has more than doubled.

Equipment, observation methods, reductions and computations detailed described in our first and second papers.
The distribution of energy was studied in the range of 340nm - 665nm, the spectral resolution of the data is Snm, the
relative standard error of the received data - from 2 to 6%. The reliability of the results is assessed by comparing the
calculated and directly observed star magnitudes of the investigated stars in the UBV-system. For several stars, the
distribution of energy in their spectrums, in addition to the observations, was calculated by photometric data.
Differences between them in the ultraviolet region can reach 20-30% due to differences in the course of energy
distribution curves in their spectrums, errors in spectral classification and determination of interstellar absorption.

Keywords: stars, energy distribution, spectrophotometric standards, comparison with photometry.

Introduction. This work is a continuation of the work on the creation of spectrophotometric
standards of intermediate brightness [1,2]. Once again, the creation of spectrophotometric standards
remains an urgent task. There should be as many standards as possible, as the number of observations and
the accuracy of the data obtained depend on them. This paper presents the distribution of energy in the
visible spectrum area for 12 stars of the early spectral classes of 8™ - 10™. As in the work [2], the stars
studied are located along the equator (+3 degrees), but cover the zone from 12" to 24", Together with the
stars from the second work of this cycle, they form a system of equatorial standards of intermediate
brightness. Thanks to these two works, the total number of stars - spectrophotometric standards of 8™-10™
in the visible area of the spectrum has more than doubled.

Observations, reductions and results. The list and main characteristics of the stars studied are given
in table 1. The second column contains numbers on HD catalogs, if they are not in it - on the BD catalog.
In general, the stars studied are slightly dimmer than the stars from the previous work [2]. The five stars
recommended in the standards are weaker than 10™. The stars observed have not been specifically
investigated for the change, but they do not appear as variables in the SIMBAD database. It should be
noted that, unfortunately, even in modern photometric catalogs, the differences between magnitudes V and
color-indexes B-V are relatively often 0.05™ or more. The accuracy of spectral classification in most cases
is one or two subclasses.

The observations are made on the 70-centimetre reflector AZT-8 (D : F =1 : 16) and on the 60-cm
"Zeiss-600" (D : F = 1 : 12) with the help of spectrograph, which is specifically designed for absolute
measurements (SAM) [3] . The dispersing element of the spectrograph is the toroidal diffraction grate and
the detector is the CCD camera ATIC-490EX.
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Tablel - List of investigated stars and their main characteristics

Ne HD or BD 02000 82000 A\ B-V Sp

1 BD+01 2668 12M13m 25.3° 01°09' 22" 10.29™ -0.09™ B5*

2 BD+02 2711 1342 19.0 013018 10.26 -0.11 BS

3 BD+02 2790 14 14 25.9 014758 10.11 0.03 A0

4 HD136161 1519 14.7 -02 10 02 8.86 0.28 A3V(A2V)
5 HD151355 16 46 47.0 0212 34 8.85 -0.09 B4/5V
6 HD162628 17 5152.6 02 53 59 8.28 0.16 B9.5V
7 HD174648 185141.0 -01 4535 8.81 0.09 B9.5V
8 HD185296 1938 21.0 013014 9.68 0.23 BIIl
9 BD -03 4950 2034 43.6 -02 41 44 10.00 0.09 A0 (B8)
10 BD+01 4436 211011.5 02 14 20 9.99 0.03 A0
11 HD215112 22 42 58.0 -02 40 57 8.25 -0.03 BIIV-V
12 BD+02 4661 2323 38.20 02 55 57 10.05 0.38 F2

*- the spectral class was "assigned" according to the color-index B-V.

The five stars from the catalogue [3] were used as primary standards, and information about them is
given in our work [1]. The observations were carried out by a method of equal heights, which allowed the
average value of the atmosphere's transparency factor for observation seating to be used in reductions.
Each star was observed 3 to 8 times. Due to the unstable transparency of the atmosphere, more than a third
of the data obtained from the observations were released. Note that the astronomical climate on the
observatory “Kamenskoye Plateau” is deteriorate every year. The deterioration of transparency and the
increase in the brightness of the sky are due to the rapid growth of the metropolis (Almaty), and the
decrease in the number of clear time - global climate change. Apparently, it is no longer rational to
observe the fundamental photometry and absolute spectrophotometry here.

The resulting CCS spectrograms are processed in the MaxIm DL-6 package. The process of
processing personnel and necessary reductions is detailed in our works. Let's focus only on measurements
of star spectrums - primary standards.

For secondary standards we took the values of luminosities and counts for the quasi-continuous
spectrum. The lighting values for them in the hydrogen lines area were obtained earlier by graphic
interpolation of energy distribution curves. Line counts for each register were also interpolated. This
procedure can be done by numerical method using a computer, however, we used a "manual" method.
Calibrated and with a subtracted register background, we printed out and made the transcripts interpolate
in the hydrogen lines. The countdowns were re-entered into the computer. The hydrogen line Hg was a
rapper at the breakdown of the spectrum by 50-angstrom intervals. The resulting non-atmospheric values
of monochromatic light for twelve stars, recommended as spectrophotometric standards of intermediate
brightness are presented in table 2.

Table 2 - The energy distribution for investigated stars in the absolute units [107 watt m?m™']

HD or BD BD+01 BD+02 BD+02 HD HD HD HD HD
2668 2711 2790 136161 151355 162628 174648 185296

A A 1 2 3 4 5 6 7 8
3425 42.0 59.2 30.8 57 251 183 87 34.4
3475 41.2 64.1 30.9 54 241 162 95 30.7
3525 39.2 63.3 27.9 69 232 164 91 29.7
3575 42.1 61.5 31.9 61 231 166 89 31.2
3625 40.0 60.8 29.3 60 230 165 90 33.1
3675 41.8 55.1 36.9 60 220 166 91 35.6
3725 43.0 56.8 41.1 63 219 184 103 42.0
3775 51.1 55.0 47.4 75 224 215 121 49.1
3825 58.4 64.3 56.0 96 245 265 153 61.4
3875 67.7 73.5 64.2 110 270 314 177 70.7
3925 68.2 74.3 70.0 122 280 348 194 76.3
3975 73.3 79.4 71.7 143 299 396 212 84.0
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Continuation of the table 2
1 2 3 4 5 6 7 8 9
4025 72.3 79.2 70.9 160 291 417 225 85.1
4075 67.4 72.0 64.0 144 268 372 205 80.5
4125 64.0 69.7 64.2 147 258 364 200 77.2
4175 65.7 68.3 66.9 158 257 389 209 79.7
4225 64.4 66.3 63.4 153 245 375 201 77.3
4275 60.0 60.8 57.6 145 231 354 188 74.4
4325 55.2 56.0 51.8 126 205 296 165 67.9
4375 55.5 553 55.0 135 204 309 167 68.1
4425 55.4 53.9 56.4 143 203 328 175 70.0
4475 54.1 52.8 55.8 142 195 322 173 68.6
4525 51.5 51.9 54.7 140 193 320 170 68.3
4575 49.6 50.5 53.3 138 186 315 167 66.7
4625 47.9 48.0 51.7 137 181 309 164 66.0
4675 46.4 47.1 50.1 136 175 305 160 64.0
4725 43.6 452 47.6 131 166 291 154 61.8
4775 41.0 41.9 43.8 126 156 273 144 60.3
4825 37.9 38.7 39.3 113 143 241 129 55.8
4875 36.6 37.7 38.2 106 138 225 122 53.7
4925 39.0 38.0 41.8 117 140 250 133 57.2
4975 37.6 373 42.0 120 141 257 137 58.5
5025 36.4 35.5 41.6 119 138 257 135 57.7
5075 36.2 35.4 40.8 120 135 254 133 57.8
5125 35.8 34.2 394 117 131 248 129 56.4
5175 34.9 33.7 38.3 113 127 241 126 54.7
5225 33.7 323 37.1 114 123 236 123 54.1
5275 31.7 31.8 36.2 112 118 230 118 53.2
5325 30.9 30.3 35.2 108 114 224 115 52.6
5375 304 29.5 35.0 108 109 220 113 52.5
5425 30.8 28.8 34.6 108 107 217 110 52.5
5475 28.8 27.6 33.1 107 105 213 109 51.6
5525 27.9 26.4 32.7 105 102 210 107 51.3
5575 27.6 26.2 31.8 101 101 210 106 51.0
5625 27.3 25.5 30.7 100 97 205 103 50.0
5675 25.5 25.1 304 100 94 200 100 49.4
5725 25.6 23.6 29.8 99 92 198 99 48.7
5775 244 232 29.1 97 89 191 96 473
5825 23.6 22.4 28.2 96 86 188 94 47.3
5875 22.7 222 27.4 94 82 183 92 46.0
5925 21.9 21.5 27.2 93 82 183 90 453
5975 21.5 20.8 27.5 92 81 180 88 44.7
6025 21.3 20.7 25.9 90 79 178 88 43.8
6075 20.6 20.1 253 89 76 173 86 429
6125 19.0 19.6 25.4 88 74 169 82 42.5
6175 19.2 19.1 24.5 86 72 164 80 40.7
6225 17.8 18.6 242 85 70 162 80 39.5
6275 18.3 18.1 22.8 81 68 156 78 39.4
6325 17.6 *17.6 *22.4 *79 *67 *152 *77 38.2
6375 16.6 *17.2 *21.9 *78 *65 *148 *77 37.5
6425 16.0 *16.8 *21.5 *76 *63 *144 *71 36.4
6475 15.8 *16.5 *21.0 *74 *62 *141 *69 35.2
6525 14.7 *15.6 *19.6 *70 *59 *131 *63 33.4
6575 14.0 *14.7 *17.3 *62 *55 *115 *61 33.0
6625 16.0 *15.3 *19.6 *69 *58 *131 *67 35.1
6675 16.5 *15.0 *19.4 *69 *56 *129 *65 33.5
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Table 2, continued

A A BD-03 BD+01 HD BD+02 A, A BD-03 BD+01 HD BD+02
4950 4436 215112 4661 4950 4436 215112 4661
9 10 11 12 9 10 11 12
3425 28.3 23.1 236 30.0 5075 44.5 45.5 239 47.9
3475 25.7 28.7 214 27.0 5125 42.4 44.1 231 46.5
3525 28.1 22.8 238 36.0 5175 41.4 42.8 224 45.3
3575 28.5 25.0 209 30.8 5225 40.4 41.5 220 44.9
3625 28.5 24.7 206 294 5275 39.2 39.9 213 45.1
3675 28.6 27.8 210 31.5 5325 38.5 39.2 204 44.5
3725 30.8 313 221 314 5375 38.2 38.2 202 43.9
3775 332 36.1 245 322 5425 38.1 37.5 199 43.7
3825 45.5 50.0 298 374 5475 373 36.8 192 44.1
3875 51.7 63.0 366 44.3 5525 36.7 35.6 188 43.6
3925 583 68.6 387 44.2 5575 35.7 343 182 42.4
3975 64.4 78.4 419 514 5625 344 33.6 182 42.9
4025 67.5 79.4 448 583 5675 34.8 333 178 42.7
4075 64.9 73.3 420 57.2 5725 33.8 31.8 172 42.1
4125 66.4 75.9 399 55.2 5775 33.0 314 166 41.9
4175 68.3 76.8 411 56.6 5825 325 30.9 164 40.7
4225 64.5 76.3 399 55.5 5875 30.5 30.3 161 40.7
4275 58.8 70.3 375 54.2 5925 28.1 29.3 157 39.9
4325 56.1 60.8 332 51.6 5975 27.6 28.3 153 39.6
4375 58.3 61.7 331 52.1 6025 28.1 27.8 146 39.1
4425 59.8 65.7 345 53.6 6075 28.5 27.6 142 37.1
4475 584 64.8 335 53.8 6125 28.9 26.4 146 37.2
4525 57.8 62.4 326 53.8 6175 27.8 25.3 138 36.7
4575 56.6 60.5 313 53.8 6225 27.2 24.3 134 35.7
4625 54.5 59.5 308 534 6275 26.8 24.3 131 35.5
4675 53.0 58.0 298 52.7 6325 259 22.9 126 35.1
4725 50.6 54.6 287 51.0 6375 24.7 22.5 125 34.8
4775 47.2 52.0 271 49.8 6425 23.2 21.1 121 33.0
4825 42.7 45.7 247 46.8 6475 22.5 21.2 118 324
4875 43.4 42.1 229 45.2 6525 21.0 19.0 109 30.8
4925 45.7 45.8 248 47.9 6575 20.1 17.6 103 30.3
4975 46.0 47.0 249 47.5 6625 21.4 19.2 103 31.7
5025 45.0 46.1 244 47.9 6675 22.8 18.8 104 314

For six stars spectral observations was execute in region from 3400A to 6300A. For them, the energy
distribution curves in the area of 6300A-6650A were extrapolated. In Table 2, these values are marked
with an asterisk. Extrapolation is done for several reasons. First, extrapolated data can be used for
standardization. Second, they allow comparisons of V and B-V energy calculated from energy distribution
with directly observed photometric data. Extrapolation in this area is quite confident, as the course of
curves of normal energy distribution here for stars of close spectral classes and interstellar absorption
varies slightly. At extrapolation was use normal energy distributions obtained in the works [5, 6]. And,
finally, in order to represent data of table 2 in identical form for all stars.

Comparison with photometrical data. Spectral energy distribution for the studied stars was obtained
for the first time. Roughly assess the reliability of the received data can be indirectly - by comparing the
observed stellar magnitudes with the magnitudes calculated from energy distributions. The resulting
discrepancies will to some extent characterize the reliability of our results. This method has been used by
us quite often and are detail described, in particular, in the work [2]. Therefore here we let us remind only
that the calculations used the reaction curves of the photometric bands received by V.Straizys [7] and the
necessary constants were defined on the star Vega. Differences between the calculated from the spectral
energy distribution and the directly observed V magnitudes V and color- indexes B-V are represented in
Table 3 and on figures 1,2. Only two stars have big discrepancies in the band V : HD162628 u BD+02
4661. The reason of these discrepancies we not know.
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Figure 2 - Dependence of discrepancies 8(B - V) from color-index (B - V)
Table 3 - Comparison with the observed photometric data
No. HD or BD n Vobs Vcal 8V (B-V)obs (B-V)cal 8(B-V)
1 BD+01 2668 8 10.29 10.26 -0.03 -0.09 -0.09 0.00
2 BD+02 2711 5 10.26 10.29 0.03 -0.11 -0.15 -0.04
3 BD+02 2790 3 10.11 10.11 0.00 0.03 0.05 0.02
4 HD136161 4 8.89 8.86 -0.03 0.33 0.34 0.01
5 HDI151355 7 8.85 8.85 0.00 -0.09 -0.14 -0.05
6 HD162628 3 8.28 8.09 -0.19* 0.16 0.16 0.00
7 HD174648 5 8.81 8.82 0.01 0.09 0.10 0.01
8 HD185296 5 9.68 9.65 -0.03 0.23 0.27 0.04
9 BD -03 4950 5 10.00 10.00 0.00 0.09 0.14 0.05
10 BD+01 4436 4 9.99 10.01 0.02 0.03 0.06 0.02
11 HD215112 4 8.25 8.20 -0.05 -0.04 0.01 0.05
12 BD+02 4661 6 10.05 9.83 -0.22% 0.38 0.41 0.03

n - number of observations

*- stars with the big discrepancies 6V

For three stars, we compared the observed energy distributions in their spectrums with the
distributions that are calculated from photometric data. The method of calculating the distribution of
energy in spectra of stars (absolutization) is set out in works [8, 9]. It can be used in the absence of data on
energy distribution in spectra of stars selected as standards. According to figures 3-5, there are significant
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differences between observed and calculated energy distributions for the same stars, especially in the
ultraviolet region. Discrepancies there are not only in the values themselves, but also in the course of
distribution curves. These are primarily due to the significant difference in the course of normal energy
distribution curves in the ultraviolet region for the stars of the early spectral classes. In addition, in this

region it is more difficult into account interstellar absorption.
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Figure 3 - Energy distribution in spectra BD +01 2668. e - observed, x - computed
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Figure 4 - Energy distribution in spectra HD151355. e - observed, x - computed
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Figure 5 - Energy distribution in spectra BD +01 4436. e - observed, x - computed
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In conclusion we let's make a critical remark concerning of task of the creation spectrophotometrical
standards. It would seem that due to the mass introduction into astronomy of CCD cameras, allowing to

automate both the process of observations and their processing, the task of creating
spectrophotometric standards should be solved much faster. However currently a works on their creation
are very small. There are several reasons. One of them is the unpopularity of this kind of investigations
which certainly does not promises any discoveries. At the same time, they require a lot of time, good
photometric nights, strict adherence to the methodology, stable operation of the equipment. Therefore,
despite their importance, they are unattractive even among astronomers, especially the young. Of course,
in the end, such a network of spectrophotometric standards will be created with the help of space
telescopes. However, no such mission has been planned so far. And, apparently, it will have to wait a long
time.

I express my sincere gratitude to T. Bobryashova for her great help in carry out observations and
processing them.

The work was supported by the funding program BR05236322 of the Ministry of Education and
Science of the Republic of Kazakhstan and program "Development of space monitoring technologies and
forecasting of natural resources, man-made changes in the environment, creation of space technology and
ground space infrastructure, exploration of objects of near and near space” (No. 05336383).

B. M. TepeuieHnko
«B.T. ®ecenxoB areinnarsl Acrpodusuka nHCTUTYThD EXKIIIC, Anmatel, Kazakcran

8"- 10" CHEKTPO®OTOMETPJIIK CTAHIAPTTAP
II1L. 12" gen 24" SKBATOPJBIK AUMAK

AHHoOTauMsl. By »KocmapiaHraH Ke3eKTI JKYMBICTBIH VINIHIN MakKajiachl, CHCKTPO(POTOMETPIIK apajibiK
KapKbIpay CTaHOAPTTApPBIH KypyFa apHamrad. 8"-10™ >xynapiaslK mamanarsl 12 B-A xynne3map yoriH Kesre
KOpiHepJIiKk aiMaKTaFbl CIEKTpIIEPiHIeri aOCOIOTTI SHEPIUSAHbIH Tapallybl KOPCETUINeH. 3epTTeNreH Kyapizaap 12"
JeH 24" apanbIkTarel Typa IIapbIKTayja aclaH SKBaTopblHAa kenbey (8 = + 3°) opHamackad. EKiHIII >KyMBICTarbl
KyIIpI3aapMer Oipre oslap apaliblk JKapKblpayJblH OSKBaTOPJBIK CTaHAApTTap JKydeciH Kypainzabl. CrekTpaiH
KepiHepiik aiimakrarbl 8™-10™ >KYIIBI3ABIK IIAMagarbl CIEKTPO(POTOMETPIIK CTaHIAPTTApbIH Kbl CaHbl €Ki
KYMBICTBIH apKachlHAa €Ki ecere ocTi. DHeprusiHblH Tapanybl 340HM—660 HM aiiMarbIHIA 3€pTTENi, albIHFaH
MOIMETTEPAIH CHEKTPIIK aKbIPAaTBUIBIMIBLIBIFEI SHM, aj aJibIHFaH MOJIIMETTEP/iH CalbICTBIPMAJBl OpTalia
KBaJpaTTHIK Katemiri 2-meH 5% -ra neitin. 3bA-kamepachIMeH KaOIbIKTaIFaH AU(PAKIHIIBIK CIIEKTPOrpadThIH
kemeriMeH A3T-8 sxone Lleiicc-600 TenmeckomrapeiHaa Oakpuiayliap OpbIHIANABL. AmnmapaTtypa, Oakpuiay aici,
PEeAyKIMSIIAY JKOHE €CEeNTeyNep alFallKbl Ke3eHIl €Ki KYMBICTA TOJNBIK KENTipUIreH. 3epTTeNreH KYJIIBI3IapIbIH
HOTIDKEINEpi Tikenel OakpuIayIapIblH JKOHE eCenTeNreH JKYIABI3ABIK MaMalapIbl CABICTRIPY apKBUIBI TYPBICTHIFBI
ANIBIHFBI OKYMBICTapAareigail  gonenneHni. CoHBIMEH KaTap, OipHeme >KYIABI3Aap YIOIH CHeKTpJepiHaeri
SHEPTUSHBIH Tapalysl (GOTOMETPIIK MoiimMerTep OoiipiHIa ecentenmi. CIeKTpiiK KIaChIHAAFBl KYJIIBI3Aap YIIiH
YIBTPAKYITiH aiiMaKTarsl OaKpLIay KOHE eCenTey IaMaslapbIHbIH arbpipMambuiblFsl 20-30% medin xKeTyi MYMKIH.
Orap KaKpIH CHEKTPIIK Killll KJIacTapAblH BICTHIK KYJIIBI3AapAaFsl SHEPTHSAHBIH KBTI Tapalybl KUCHIKTAPBIHBIH
YJIKEH aWbIpMallbUIBIKTAPBl MEH CIEKTPIIK JKIKTeyAeri Karellikrepre OainaHbICThl. MakanaHblH KOPBITBIHIBI
OeJtiMiHJIE cTaHAApTTap Kypy OOWBIHIIA HKYMBICTBIH MAaHBI3AbUIBIFBI MCH ©3CKTI €MECTIr Typajibl MOCENIe KOTEPIITeH.

Tyiiin ce3mep: criekTpohOTOMETPIIIK CTAHAAPTTAP, IKBATOPHUATIBIK aiiMaK, CrieKTporpad, KYJAbI3aap.

B. M. Tepemenko
ATOO «Actpodmnueckuit UactutyT nm @ecenkoBay, AnmmaTsl, Kazaxcran

CIIEKTPO®OTOMETPUYECKHUE CTAHJAPTHI 8™-10™. I1I.
9KBATOPUAJILHAS 30HA OT 12" o 24".

AnHoTanus. J[aHHAs CTAThs SABJISICTCS TPEThEU U3 CEPUU PAabOT, MOCBSIIECHHBIX CO3IaHUI0 CIIEKTPO(OTOMETPH-
YEeCKMX CTaHJapTOB IPOMEXKYTOUHOro Onecka. B Hell mpeacraBieHo aOCONIOTHOE paclpenelieHHe SHEPruu B
BUIMMON oOsactu criektpa st 12 B-A-3Be3n 8™-10™. MccnenoBaHHbIC 3BE3/bI PACIIONIOKEHBI PABHOMEPHO BIIOJIb
HebecHOro sKkBatopa (& = * 3°) B MHTepBale IPAMBIX BocxoxaeHH or 12" mo 24" CosmecTHO cO 3Be3maMu H3
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BTOPOIl paOOTHl NaHHOM CepuH OHM OOpa3ylOT CHCTEMY SKBAaTOPHAIBHBIX CTAaHJAPTOB IPOMEKYTOUHOTO OJecka.
bnarogapst aTum 1ByM paboTam, oOliiee Yucio cnekTpohoToMeTpudeckux cranaaptoB 8™-10" B BUIUMOi obsactu
CIICKTpa YBEJIMYMIOCH Oojice 4eM BJABOe. PacmpeneneHue dHEPrud HCCiiefoBaHO B uHTepBaie 340HM - 660HM,
CHEKTPaJIBbHOE pa3pelIeHHe COCTABISET SHM, OTHOCUTENbHAS C.K.0. IIOJyUYSHHBIX JaHHBIX B CPEJHEM COCTABIISIET OT 2
10 5%, Bo3pacTas Ha Kpasx HCCIeAyeMoro nateppaia no 7-8%. Habmronenus BoimosiHeHb! Ha Teneckonax A3T-8 u
Leiicc-600 ¢ momomipio crekrporpada ¢ TOPOUAAIBHONW IU(PPAKIMOHHOW pemeTkoi. [IpueMHHKOM W3IydeHHs
ciryxkuna [13C-xkamepa ATIC-490EX. IlompoOHo ammaparypa, MeToAbl HAOMIOJNCHWH, PEAyKUMH M BBIYHCICHHN
ONuCaHbl B MEPBBIX JBYX paboTax sToro mukina. Kak u B Oosee paHHMX paboTax, JOCTOBEPHOCTH IMOJYYEHHBIX
pe3yJIbTaTOB OLEHEHAa IIyTEM CPAaBHEHHS BBIUMCICHHBIX M HEMOCPEACTBEHHO HAOIIOMAEMbIX 3BE3JHBIX BEIHUHH
WCCIIENOBAaHHBIX 3Be31. Kpome Toro, Aisi HECKOJBKHX 3BE3J PACHpEEICHUE YHEPTUH B MX CIIEKTpax ObUIO Takxke
BBIYMCIIEHO MO ()OTOMETPUYECKUM JaHHBIM. Paznmuums B ynbTpadroneToBoil o0macTu AJsl 3BE3J CIEKTPAIBHOTO
Ki1acca B mexny HaOmomaeMbIMH M BBIYMCICHHBIMH 3Ha4eHHAMH MOTyT nocturath 20-30%. OHu oOycCiiOBIEHBI
GONBIIMMH PA3THYUAMHU B XOJI€ KPUBBIX HOPMAJIBHOTO PACIIPENCIICHNSI SHEPTUHU B 3BE37aX ONU3KUX CIEKTPAIbHbBIX
MOJIKJIACCOB U OIIMOKAMH B CIEKTPAIBbHON KiacCH(HUKALUK. B 3aKII0YNTENPHON YacTH CTATbU 3aTPOHYT BOIPOC O
B2)XHOCTH U, OJHOBPEMEHHO, HEMPECTIXKHOCTU palboT 110 CO3/IaHUI0 CTaHIAPTOB.
KaioueBblie ci10Ba: criekTpo(hOoTOMETPUYECKUE CTAHAAPTHL, SKBATOPUAIBLHBIE 30HBI, CIIEKTPOrpad, 3Be3/Ibl.
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