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SPECTROPHOTOMETRIC STANDARDS 8™- 10™. IV. THE STARS-STANDARDS
ALONG +61 PARALLEL

Abstract. This article is the fourth paper from cycle of notices, which devoted to the creation of
spectrophotometric standards of intermediate brightness. The stars-standards such as brightness are
necessary first of all for standardization of the spectral observations on the big telescopes. In paper the
absolute energy distribution in visual region of spectra for 6 B-A-stars about 8™ were present. The
investigated stars are located along the sky parallel with § =+61° in the range of right ascensions from 0" to
24" Observations were carried out on the telescope Zeiss-600 (D : F = 1 : 12) with the help of a diffraction
spectrograph with toroidal grating. The receiver of radiation was served by CCD-camera ATIC 490EX.
Equipment, observation methods, reductions and computations detailed described in our first paper of
present cycle. The distribution of energy was studied in the range of 345nm - 665nm; the spectral resolution
of the data is 5nm, the relative standard error of the received data - from 2 to 6%. The reliability of the
obtained monochromatic results is assessed by means of comparing the calculated and directly observed
star magnitudes in the UBV-system.

Key words: stars, energy distribution, spectrophotometrical standards

Introduction. The present paper is the fourth article from cycle of notices, which devoted to the
creation of spectrophotometric standards of intermediate brightness. Of the spectrophotometric standards
should be on sky as large as possible, as the productiveness of observations and accuracy of the measuring
data depends on their quantity. As spectrophotometrical standards the early-type stars with good known
energy distribution in their spectrums are serving. Naturally the observations on large telescopes require
weaker standards. However, stars-standards 7™-10™ is too small, - about of half hundred. We decided to
extend the list of spectrophotometric standards 7™-9™ twice. A brief overview of the works on the
investigation of energy distribution in the spectra of stars 7"-10™ were given in our article [1]. In present
article for 6 stars-standards 8™ the distribution of energy in the visual spectrum is given. The stars-standards
are located along 61 parallel of north hemisphere. The main characteristics of the investigate stars put in
table 1.

Table 1
List of explored stars and their main characteristics
No HD RA2000 DE2000 V; (B'V)J Sp
1 | 5409 00"56™46° 60° 01' 59" 7".84 0™.018 A0
2 | 25427 04 05 58 61 37 58 7.91 0.096 A0
3 | 70177 08 24 12 62 18 01 7.68 -0.034 B9
4 1108518 12 27 37 61 09 10 8.00 0.203 A2
5 | 151554 16 44 18 60 58 14 7.88 0.145 A0
6 [ 195391 20 28 00 59 44 04 7.98 -0.021 A0
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Observations were carry out with the CCD-spectrograph, which specifically for absolute
measurements was manufactured [2]. The spectrum have registering by the CCD-camera ATIC 490EX. The
spectrograph had installing on the 60-cm "Zeiss-600" (D:F = 1:12) located on the observation ”Kamenskoe
plateau” (height = 1350m). Five stars from the catalogue [3] served as primary standards. A full list of
primary standards and their main characteristics are available in our article [1]. The observations were
carried out by differential method of equal heights. This allowed used the average value of the coefficient
of the transparency of atmosphere for the place of observations in the reductions. Each star was observed
from 3 to 5 times in different nights. In every night the spectrum of star twice was registered.

The resulting spectra were processed in the MaxImDL-6 package. The process of processing frames
is detailed in the work [1].

Numerical reductions were made according to the formula:

Ex(1) = Ea(X) [14(0) / 1s(W)][Ats/ At<]xpay(h)™™, (1)
where the E~ and E: are the outside atmospheric values of the spectral density of the energy illuminance
created by the star and the standard:;
I~ and Ist - amount of counts in CCD-camera from star and standard in the 5nm intervals
Aty and At - the duration of exposures to the standard and the star;
P.v- the average coefficient transparency of earth atmosphere;
AM = M= - Mg, - the difference of air masses between the standard and the investigated star.
The difference of air masses for the absolute majority of observations did not exceed 0.10. The difference
of time between star observations and standards was usually less than half an hour. The processing of frames
of the stellar spectra was carried out by standard means. At first frame was cleaned from hot pixels, then
was calibrated and, finally, subtracted background. In detail numerical reductions was describe in [4]. For
all stars- standards were designed the schedules of energy distributions E(L). They were used to identify
"bouncing” points. These points are located in the area of the Balmer jump and on the edge of the ultraviolet
region. On each chart there were from two to four such points. On each chart there were two to four such
points. Using graphs of normal energy distributions for the stars of the respective spectral classes, the
rebounding values of E (A) have been corrected by interpolation and extrapolation.
The results of observations of six stars - spectrophotometric standards of intermediate brilliance are
presented in Table 2. Wavelengths belong to the centers of averaging intervals.
Table 2
Extra-atmospheric energy distribution in the spectrums of the stars studied.
Units - "watt/m*m*10"", wavelength - in angstroms.

A A HD5409 | HD25427 | HD70177 | HD108518 | HD151554 | HD195391
3425 252 193 330 160 216 187
3475 246 204 321 162 212 182
3525 252 183 320 167 211 181
3575 252 188 320 170 201 180
3625 254 191 342 165 208 177
3675 251 190 368 183 202 175
3725 266 225 391 202 210 200
3775 314 250 455 219 245 237
3825 375 325 578 272 317 279
3875 500 454 772 350 470 444
3925 480 427 748 336 462 420
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3975 450 400 730 318 433 400
4025 536 516 831 413 529 484
4075 484 443 744 362 484 419
4125 458 426 699 344 463 410
4175 483 471 737 381 496 448
4225 469 459 711 373 491 445
4275 450 432 671 351 475 414
4325 397 366 596 304 416 357
4375 401 388 596 321 423 366
4425 423 423 636 355 453 393
4475 408 409 611 344 442 383
4525 401 398 594 335 437 369
4575 389 391 574 330 421 358
4625 379 379 552 327 412 357
4675 371 367 550 319 405 347
4725 362 353 519 309 377 334
4775 345 334 493 296 366 317
4825 308 290 430 258 324 282
4875 285 267 406 240 301 260
4925 312 307 441 272 323 291
4975 315 311 439 279 328 294
5025 306 302 424 269 322 285
5075 301 303 407 270 319 282
5125 294 290 390 259 311 274
5175 284 283 371 250 306 265
5225 283 283 364 253 299 259
5275 273 266 356 241 290 251
5325 265 264 343 242 281 246
5375 263 255 335 231 272 241
5425 256 255 335 231 273 235
5475 251 253 330 225 268 232
5525 247 250 313 224 265 226
5575 246 235 305 216 258 222
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5625 242 230 301 214 248 217
5675 231 224 292 209 237 212
5725 224 222 288 206 240 201
5775 217 216 275 201 230 199
5825 215 209 266 195 226 198
5875 208 204 261 193 217 194
5925 205 200 252 192 213 191
5975 204 199 249 189 208 183
6025 201 195 243 188 205 178
6075 197 192 235 182 199 173
6125 197 186 232 179 192 169
6175 190 182 222 172 186 167
6225 184 180 216 172 184 160
6275 175 176 212 169 179 157
6325 172 171 202 165 171 150
6375 170 167 195 159 170 147
6425 166 158 189 158 164 147
6475 165 158 186 155 161 142
6525 156 132 172 143 149 129
6575 139 103 143 128 133 116
6625 157 143 172 147 152 136

Comparison with photometry. The spectral distribution of energy for the studied stars was
obtained for the first time. A rough estimate of our results can obtained by oblique means - comparing the
observed appear values for the studied stars with calculated values out of energy distributions. For
comparison, we decided to use the UBV system [5]. In catalogues [6, 7] our stars are absent. From behind
the data in UV-region 3100-3400A we were able to assess resemblance only in B and V bands by calculating
the stellar magnitude V and the color-index B-V. The calculations of stellar magnitude V was made by
formula:

Veal = -2.5x [0gZE(A)xS (A)xAA +const (2),

where V¢ is a calculated magnitude;

E (1) - the monochromatic outside atmosphere illuminance;

S (1) - the response curve of the band of photometric system;

AN - the spectral interval of the averaging;

The color-index (B-V)ca Was calculated on the formula:

(B-V)ca =-2.5l0g [ZE(A)xSB (1) / ZE(L)xSv (A)] + const 3

The reaction curves of bands taken from [8]. The constants were determinate by the main

spectrophotometric standard Vega. Then for all stars was calculated the discrepancies:
OV = Vea - Vobs, (4)
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8(B-V) = (B-V)ca - (B-V)aps (5)
Their values are represented in Table 3. Ibid the primary standards (numbers on catalogue HD)
and the quantity of night’s n was indicate.

Table 3
Calculated residuals for V and (B-V)
Ne HD Vobs Y (B-V)obs | 5(B-V) n St-ds, HD
1 | 5409 7.84™ 0.01m 0.018™ 0.03m 5 36117
2 | 25427 7.91 0.03 0.096 -0.02 5 75620
3| 70177 7.68 -0.13 -0.034 -0.08 6 36117
4 | 108518 8.00 0.04 0.203 -0.02 3 75620
5 | 151554 7.88 -0.00 0.145 -0.07 5 10237
6 | 195391 7.98 0.04 -0.021 0.08 3 9716

Table 3 shows that maximum residuals for HD70177 be available. Theirs causes not be a success
elucidate. In general, for the rest of stars the value of residuals 6V and 8(B-V) are not show of systematic
differences with the observed ones. The residuals are generally the same as for catalogs obtained by
photoelectric method, in which also have significant differences.

In conclusion, | express sincere gratitude to Bobryashova T. A. for her great help in carry out
observations and processing them.

The work was executed within program 05336383 "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".

B.M. Tepemenko
«B. T'. ®ecenkoB areiaarsl Actpodusuka nHCTUTYTE EXXILIC, Anvatsl, Kazakcran
E-mail: volter2307@mail.ru

8™-10" CHEKTPO®OTOMETPJIIK CTAHIAPTTAP.
IV. +61 IIAPAJIVIEJII BOUBIHIIA KYJLABI3JAP

AnHoTauus. byn ocmapiaHFaH Ke3eKTi JKYMBICTBIH TOPTIHIII Makajachbl, CIIEKTPOPOTOMETPIIK
apabIK JKapKpIpay CTaHIapTTapblH Kypyra apHanrad. 8"-9" skyyie3biK mamanars! 6 B-A skyiasiuap
VIIiH KOepiHepIiK aifMaKTaFbl CIIEKTPJIepiHIeri aOCOMIOTTI SHEPTHSAHBIH Tapallybl KOPCETUITEH. 3epTeITreH
JKYIIIBI3AP aciad cepachiaaa OipiHFai 61 cONTyCTiK NapajuleniHae OpHajacKaH. YJKEeH TeJecKonTapaa
JKYPTi3UIeTiH KYJIABI3AApABIH CHEKTPIepiHIeTI SHEPTUSHBIH Tapaidybl Typajbl MOIIMETTEp CIIEKTPIIK
OakpuTayIapasl CTAHIAPTTAyFa KaXkeT. AOCONIOTTIK emeyIepai Kypridy VIIiH, apHalbl TH(paKITHaIbIK
cnektporpad >xacanraH, COHbIH kemeriMeH A3T-8 xone Lleiicc-600 TtenmeckonrapbIMeH OakpLIaynap
opeiHpannel. Cnekrporpad “ATIC 490” 3BA (3apsinranran Oaiinaneic acmaObl ) - KaMepacbIMEH
kaOmpIkTanFrad. bi3min OipiHIm >KYMBICBIMBI3[IA acliall, OaKbUIay OIiCi XOHE PEAYKIHSIAY Typaisl
MAIMETTEpP TOJBIK CHUMATTaNFaH. DHEPrustHbIH Tapanysl 340HM—6060 HM aliMarbIHAA 3€PTTET/l, AIbIHFAH
MOJIIMETTEPIiH CIEKTPIIIK aXKbIPATHUIBIMIBUIBIFBL SHM, a1 aJbIHFaH MOJIIMETTEPAIH CalbICTHIPMalibl OpTalia
KBaJIPATTHIK KaTeliri 2-m1eH 6% -Fa neiiH. AJNBIHFaH HOTWKENePIiH CeHIMILIIT *kanaMa oaicrieH - UBV
KyHeciHae 3epTTeNreH JKYJIAbI3AapIbIH €CENTEIreH XKoHE TiKeJed OaKbUIaHFaH JKYJIIBI3JBIK [IaMaJlapblH
CaITBICTBIPY apPKBLIBI OaraiaH/Ibl.

Tyiiin ce3aep: *KyIabI3Aap, CHEKTPIIED, SHEPTHSHBIH Tapaiybl, CIEKTPO(OTOMETPIIIK cTaHAapTTap.
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CIIEKTPO®OTOMETPHYECKUE CTAHAAPTHBI 8™-10™.
1V. 3BE3/1bl B1OJIb +61 ITAPAJIJIEJIN

AHHOTanus. DJTO YeTBEpTas CTaThsl W3 HAMEUEHHOTO IUKJIA padoT, MOCBSIIEHHBIX CO3JIaHHIO
CHEKTPO(HOTOMETPUIECKAX CTAaHIAPTOB MPOMEKYTOUHOro Onecka. B Hell mpexactaBieHO abCOMIOTHOE
pacrpejielieHie SHEPTUM B BUAMMOM 00jacTu criektpa s 6 B-A-38e3n 8™-9™. MccienoBaHHbIe 3B€3/1bI
pacrmoyio)keHpl Ha HebOecHO cdepe paBHOMEpHO BIONb 61 CceBepHOW NapaIeiu. Jannsie o
pacIpeeeHIH SHEPTHH B CIIEKTPaX 3Be3/] MPOMEKYTOUYHOIO OJiecKa MpeJHa3HaYeHbI, IPEKIE BCETO, AT
CTaH/IaPTU3AIUN CIIEKTPATBHBIX HAOMIOICHUN, IPOBOUMBIX Ha KPYITHBIX TEJIECKOIIaX.

Ha6mronenns BemomHeHsl Ha Tenmeckomax A3T-8 um Ileficc-600 ¢ momMompio AUGPaKITHOHHOTO
cniekTporpada, CrielualbHO H3rOTOBJICHHOTO A1 a0COMOTHBIX n3Mepenuii. Criekrporpad ocHarien [13C-
kamepoii “ATIC 490EX”. [TonpobHo ammapaTypa, METOABI HAOMIOACHUH 1 peAyKIHA ONMCAHBI B MEPBOM
Hamieil pabore. Pacmpenenenne sHeprum wccienoBaHo B mHTepBase 340HM - 660HM, CreKTpaibHOE
pas3pCuICHUE MOJYUYCHHBIX OaHHBIX COCTaBJIACT SHM, OTHOCHUTCJIbHAsA CPEAHCKBaJApaTUYHasA ommnoKa
MOJYYEeHHBIX JaHHBIX - OT 2 10 6%. Habmoxenus BoimonHeHbl AuddepeHIraIbHbIM METOA0M PaBHBIX
BBICOT, 4TO IMO3BOJIMJIO HCIIONB30BaTh B PEAYKLMSAX CpeqHee 3HaueHHe Kod(h@uilmeHTa Mpo3pavyHOCTH
3eMHOU aTMocdeph! I MecTa HaboieHni. Pe3ynbraThl HaOIIOEHU TPEACTABICHBI B TAOIMYHOM BHJIC.
,HaHHI:Ie (6] BHeaTMOC(bCpHOM pacrnpeacjaCcH SHEPTUU B CHCKTPAaX HCCICAOBAHHBIX 3BE3J] IOJYYCHbBI
BIIepBBIC. J|0CTOBEpHOCTh MOMYUYEHHBIX PE3YIbTATOB OIEHEHa KOCBEHHBIM METOJIOM - IIyTeM CpaBHEHUS
BBIUMCIIEHHBIX W HETOCPEJCTBEHHO HAOIFOaeMbIX 3BE3/IHBIX BEJIMYMH HMCCIIEIOBAHHBIX 3BE3]] B CHCTEME
UBV. HeoOxoaumMbie KOHCTaHThI ObLTH BBIYKCIICHBI 10 Bere - 0OCHOBHOMY CHEKTPO(POTOMETPHUCCKOMY
CTaHIAapTy. HOI[‘ICpKHeM, YTO YHUCJICHHBIC 3HAUCHHA KOHCTAHT 3aBHUCAT OT I/ICHOHI)?)YCMOI\/'I JJIsL Beru
KamnOpoBKH. M3-3a HEYCTOHIMBOCTH IMMPO3PAYHOCTH B palioHe KaMeHCKOTO M1aTo 9acTh HaO IO ACHHH OBII0
BbIOpOIIeHO. barogaps KpuTHYEeCKOMY MOAXOAY K JaHHBIM HAONIOAEHUI pacmpenesieHue SHEPTuu s
HCCJICAOBAHHBIX 3BE€3[ MOJYYCHO C TOYHOCTLIO, CpaBHHMOfI C TOYHOCTBIO CHCKTpO(bOTOMCTpI/ILIeCKI/IX
KaTaJoroB, MOJIYYCHHBIX (POTOIIEKTPUIECKUM METOIOM.

KirodeBble cioBa: 3Be3NbI, CIEKTPHL, pacHpeiesieHHe HHEPrHH, CIEeKTPo(oTOMETpHIecKre
CTaH1apThI
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