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FOREWORD

Has passed 125 years, as in Odessa on August 3, 1871 of old style a special commission of Novorossijsk (at
present Odessa) University has opened the Astronomical Observatory. Its creation was headed by the head of
the Astronomy chair L.F.Berkevich. The Observatory was under construction for money, allocated by state and
urban authorities. The (General city Council, worrying about development of education, science and culture,
has considered for debt to co-citizens to present to the Observatory a a place and buildings on 1t, as well as to

allocate for the construction of the observatory significant money resources.

To the present time the Astronomical observatory has become the largest University Observatory of the
Ukraine. It, except the main base 1n the park named after T.(G.Shevchenko, has two sub—urban stations in
a villages of Kryzhanovka and Mayaki and three mountain stations in Armenia, Turkmenia and Northern
Caucasus. In the observatory, which has a Status of the scientific research institute, work about 150 persons.
Its scientific researches have all attributes of scientific discoveries, and 1t has given to the Observatory a wide
popularity in the scientific world. Contribution to a world science by the astronomers of Odessa was awarded
by the assignment of a name ”Odessa” to one of the recently discovered asteroids (No. 2606).

The anniversary our observatory 1s celebrated by the International Jubilleum Scientific Conference ” Contem-
porary problems of Astronomy”, which was held on September 2-6, 1996. The scientists from Ukraine, Russia,
Moldova, Estonia, Bulgaria, Poland, Slovakia, Czechia, Yugoslavia, France, Germany, Switzerland, USA and
other countries have presented 32 plenary and 180 oral and poster reports. The participants of the conference
worked 1n 12 sections on different astronomical topics. In the morning the sessions were plenary and contained

the reviews by the leading astronomers of the world.

The plenary meeting devoted to the anniversary was held on September 2 in the Large Physical Auditory
of the Odessa State University. Besides the official reports, a talk was presented, during which the Certificates
were awarded with the assignment of names of the Odessa scientists to recently discovered small planets. In this
connection 1t 1s pleasantly to note, that in the asteroid belt of the Solar system, seven small planets are moving,
which are named after Odessa scientists. The message on new assignments 1s made by the representative of
the International Committee on the naming of the newly discovered celestial bodies, the representative of the
Crimean Astrophysical Observatory, N.S.Chernykh.

The present volume 9 of the ”Odessa Astronomical Publications” contains 101 scientific articles, prepared by
176 authors on materials of their scientific talks and posters presented to our Jubillee conference. Unfortunately
not all contributions presented at the conference, were given to us for publication in this volume. However,
many of them are published 1n other periodic astronomical editions and have become a property of a scientific
public. Thus, 1t 1s possible to believe, that the maimn aims of our conference - the help 1n discussion of recent
scientific results and their publication are executed.

V.. Karetnikov
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OUTBURST CYCLE LENGTH VARIATIONS
IN THE DWARF NOVA EM CYGNI

[.L. Andronov, L.L. Chinarova
Astronomical Observatory, Odessa State University

1.G.Shevchenko Park, Odessa 270014 Ukraine

ABSTRACT. The cycle length of the dwarf nova EM

Cyg undergoes season—to—season changes which may be
interpreted by changes of the accretion rate caused by
a solar—type activity of the secondary star. The mean
brightness of EM Cyg varies with a cycle of ~ 3000
and 1s highly correlated with an amplitude of the sine-
like variations. Unexpectedly no correlation was found
between the seasonal values of the cycle length and the
mean value or amplitude.

Key words: Stars: Cataclysmic: Dwarf Novae: EM
Cyg

Introduction.

Disks accreting matter from the secondary filling
its Roche lobe are dynamically unstable (Meyer and
Meyer—Hofmeister 1984, Lin et al. 1985). The out-
burst occur regularly after the quiescent stage. Altho-
ugh the time intervals 7 P” between subsequent outbur-
sts vary by few dozens percent, the mean value of the
cycle length was believed to be a relatively constant
characteristic of the dwarf novae. Search for possible
correlations between the outburst characteristics was
done by Szkody and Matter (1984), Gicger (1987) and
some other authors. The most famous of such correla-
tions i1s the "amplitude—cycle” relation (Kukarkin and
Parenago 1934), which was recently revised by Richter

and Brauer (1989).

Decades of photographic and visual monitoring of
dwart novae allows to study long—term changes. Ku-

rochkin (1981), Mattei et al. (1986), Cook (1987), Sha-
kun (1987ab, 1988, 1989), Shakun and Timko (1994)
reported on cycle length variability of V 1504 Cyg,
55 Aur, U Gem, AR And, UU Aql, RU Peg and VZ
Aqr. Vogt (1982) described quasi—periodic behaviour
of the supermaximain SU UMa — type stars. Bianchimi
(1987, 1990) explained the few year scale variations of
CV’s by a solar—type activity of the secondary. Similar

slow variations of the X-ray sources were reviewed by
Priedhorsky and Holt (1987). Andronov and Shakun

(1990) have shown that the mean cycle length changes
abruptly at least 1n 4 stars, thus one may say about the
”switchings” between two separate values, rather than

about quasi—sinusoidal variations. Chinarova (1995)
reported on relatively smooth cycle length variations
in X Leo, AB Dra, IR Gem, AY Lyr and LL Lyr with
characteristic times ranging from 1500¢ to 80009. This
phenomenon may be important for understanding the
existing theoretical models of the outbursts as the limit
cycles of the accretion disk structure variations.

Periodogram Analysis of EM Cygnai.

The most intensely studied object of our sample 1s
EM Cyg. For the analysis we have used 4506 observati-
ons from the AFOEV database (Schweitzer, 1996). To
make the data obtained by different observers compati-
ble, we have studied the "mag-mag” diagrams and de-

rived coetlicients for reduction of the magnitudes to the

"standard” AFOEV visual system (a). The numbers
of "sure” observations are n=3109(a), 697(h), 205(e),
16(p)-

The following method was used. At first, the light
curve was approximated by the method of "running
parabolae” (Andronov 1990) with a filter half-width
At = 79 by using the "main set” of observations, and
a “smoothed” values m were computed at times ¢ of
the minor set of observations m obtained by a fixed

author.

There values were used to constramn a "m — m¢”
diagram, as well as those obtained by smoothing the
minor set at times of the major. After rejection of few
uncertain observations we have found that the rest ny
points are highly correlated. We used a linear combi-
nation

(1)

where m and o? are the sample mean and variance of
the mitial data m and the index 7"C” corresponds to
the smoothed values of the signat at same times. Such
reduction (1) saves the sample mean and variance of

M= e 4+ -2 (m — m),

o

S

m equal to that of smoothed values m¢ at the same
times. After such a reduction, we added the minor
observations to the majority, and applied consequently
the same procedure to the observations marked as "h”,
7e,”p”. For”e” and ”p the coefficients "o~ /c” deviate
from unity more than for "h”.



10 Odessa Astronomical Publications, vol. 9 (1996)
i | | | | | | | | | ': Table 1. Characteristics of the high peaks at the
0.15 L | periodogram for all observations of EM Cyg (in the
I ) descending order of height).
- EM Cygnl - ﬁ ﬁf P _ ﬁSﬁif) ﬁ?“ S/S Lf?
- - 0.0293  34.17440.009 0.0259 0.12 D2 20
,_\0-1‘3' ~ 1 0.0401  24.913+0.004 0.0259 0.12 52  2C
b I 1 0.0454 22.041+£0.003 0.0201 0.12 51  2C
s i 1 0.0429 23.30840.004 0.0222 0.11 45 17
I 1 0.0447  22.363%£0.003 0.0214 0.11 43 16
I 1 0.0409  24.821+£0.000 0.0207 0.11 42 15
0-09 7 0.0426 23.47840.006 0.0194 0.10 39 14
| 0.0241 41.43740.012 0.0194 0.10 39 14
| 0.0218 46.780+£0.015 0.0191 0.10 38 14
| 0.0317 31.5014+0.008 0.0181 0.10 36 13
000 | . O] ool6s sosmonr ooms 010 36 1
>0 f?ﬂequeg’;y cyc les}”{;@y 0.0420  23.806+0.006 0.0178 0.10 36 13
’ 0.0322 31.092+0.008 0.0176 0.10 35 13

Figure 1: Periodograms S(f) for the whole set of ob-
servations of EM Cyg (bottom) and a weighted mean
periodogram for seasonal periodograms (up). Vertical
axis 1s marked every 0.05. Vertical lines indicate fre-
quences corresponding to maxima. one may note the
periodogram values for the whole set.

The whole set of observations reduced to one scale
(n = 4027, (m) = 13715, 0o = 0"532) was studied by

using the periodogram analysis with a least squares fit

(2)

o /o7, where 7O” and

m(t) = a+ bsin 27 ft 4 ccos 27 fi

and a test function S(f) =

7 (" correspond to r.m.s. deviations of the original and
smoothed with a fit (1) values from their sample means.
The expectation for the white noise is S = 2/(n—1) =
0.0005. The computer code FOUR-0 (Andronov, 1994)
was used.

Although the presence of any coherent periodicities
in the luminosity changes of a dwart nova 1s doubtful,
we made an analysis of the whole data set (n = 4027,
JD 2440739-9166) in a frequency range 0 < f < 0.1
cycles/day (P > 109). The periodogram is shown at
F'1g.2. The characteristics of few highest peaks are li-
sted 1n Table 1.

We have also subdivided the observations into 24
“seasons” and computed the stmiliar periodograms for
them. The ”weighted mean” periodogram with the we-
1ghts p; = n; O'%j for j1"* season

(3)

1s shown at Fig.2, and the most prominent peaks are
listed 1n Table 2. One may note that, despite obvious

Table 2. Characteristics of the mean weighted
periodograms of EM Cyg.

R.m.s. value of r for pure white noise 1s

riwn = 000169,

/ P S() r 0o-c
0.0230 43.6x£0.4 0.093 0.226 0.50C
0.0297  33.7£0.2 0.115 0.252 0.494
0.0394 25.4+£0.2 0.154 0.291 0.483
0.0467 21.44+0.1 0.122 0.259  0.492

L - -1
- N S — — &
- T S
—___—#—— ?

N s S - N
____—_—L—— 9
| _ 11
___—_____-——___—._.-L_ . 14
—_— i I 15
_—__4__-____-_——15
I — N 18
——_——-_—*-___—___ - E_

0.04 0.08

frequency, cycles/day

0.00

Figure 2: Periodograms S(f) for the individual sea-
sons. Shift step is equal to 1 (dimensionless units).
Vertical lines indicate frequences corresponding to ma-
xima at a given seasonal periodogram.
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difference of the shape of the periodogram, two peaks
of similiar height appear at P = 259 and 349. Details
of application of the weighted mean periodogram to
another cataclysmic variable T'T Ari are published by
Tremko et al. (1996).

One may note significant variations of the "mean”

cycle length {from season to season. As in other dwart

novae, they may be explained by variations of the acc-
retion rate (Andronov and Shakun 1990) due to solar—

type activity of the secondary (Bianchini 1988) fil
ling 1ts Roche lobe. Detalled study of the correlati-

ons between outburst characteristics will be published

elsewhere.

Dependence on time of the best fit period P, semi-
amplitude r and mean brightness a 1s shown at Fig 3.
One may see variations of all these parameters. Varia-
tions of @ seem to be more regular, than of other para-
meters, and have a time scale 1T & 30009. This value
1s close to that observed 1n other cataclysmic varia-

bles (e.g. Bianchini 1988, 1990, Andronov and Shakun

1990). However, this object shows more sharp variati-

ons of r and P.

Correlations between the outburst characte-
ristics.

To study possible correlations between the charac-
teristics, we have analysed the seasonal best fit para-
meters. Contrary to previous studies (e.g. Szkody and
Matter 1984, Gicger 1987), we use the "effective” sea-
sonal characteristics instead of the shapes of the indi-
vidual outbursts. For the analysis, we have chosen the
following parameters: (¢) — mean time of the obser-
vations within one season (thus possible correlations
may reflect apparent trends); P — "best fit” period;
f = 1/P — corresponding frequency; S(f) — height of
the maximal peak (i.e. ratio "signal” /”signal+noise” );
r and a — semi—amplitude and mean level in the fit (1);
oo, Co_¢c — r.m.s. deviations of the observations from
the mean and sine curve, respectively. Also we used
the brightness at "mean maximum” (a —r) and " mean
minimum” (a + 7).

The table of the seasonal characteristics was publi-
shed by Chinarova and Andronov (1995). In the pre-
sent work we have recomputed the periodograms avoi-
ding one misprint found 1n the AFOEV database. De-
pite the qualitative the results have not been chan-
ged, the quantitative characteristics are slightly diffe-

rent. The corrected values of the parameters for the
season JD 2447302-7540 are: the sample mean time
(t) = 2447411, the number of data n = 248, the test—
function S(f) = 0.405, the "false alarm probability”
Pr = 1072%2 the semi—amplitude » = 0M58 4+ ™05,
the cycle length P = 24952 4+ 0914, the mean a =
13137 & 0703, the r.m.s. 061,
OO—¢C — 047 .
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Table 3. Correlation coefficients p for different characteristics of the seasonal sine-like fits of EM Cyg (above
the diagonal) and v = p/o, (below the diagonal). The 30, level corresponds to a value p = 0.538. The values
exceeding this value are marked by a bold font.

(1) P f S(f) a oo TO_C a -+ r a—r

(1) 1 0.166 —-0.108  0.204  0.501 0.428 0.620 0.468  0.495  —0.245
P 0.8 1 -0.913 -0.019 0.084 0.069 0.218 0.273 0.081  —0.045
f -0.5 -10.5 1 -0.113 -0.223 -0.213 -0.338 -0.320 —0.231 0.078
S(f) 10 -0.1 -0 1 0.869 0.564 0458 -0.128 0.773 —0.662
r 2.7 0.4 —1.1 8.2 1 0.790 0.820 ).309  0.956 —0.574

a 2.2 .3 —1.0 3.2 6.0 1 0.845 0.493 0.934 ).049
TO 3.7 1.0 —1.7 2.4 6.7 7.4 1 0.762 0.878 —0.207
CO_C 2.5 1.3 —1.6 —(0.0 1.5 2.7 5.9 1 0.415 ).15hH
a-—+r 2.7 0.4 —1.1 5.7 15.4 12.3 8.6 2.1 1 —(.310
a—r —1.2 —0.2 0.4 —4.1 —-3.3 0.2 —1.0 0.7 —1.5 1

As is well known (e.g. Korn and Korn, 1961), the ra-
tiov = p/o,, where p is the sample correlation coeffici-
ent and 0, = ((1—p*)/(n—2))'/2, obeys the ”Student”
t{— distribution, if the general correlation coefficient 1s
equal to zero. As the t— distribution 1s close to the
normal one for n > 20, one may use the 730”7 crite-
rion, corresponding to the probability of random devi-
ations of the value larger than 30 of 0.3 per cent. Thus
the statistically significant correlations correspond to
v > 3.

Results are presented 1n Table 3. Obviously, some of
the parameters are achived to be correlating, e.g. P—f,
r—oo. However, we made an analysis to search for po-
Some are "funny”
an 1ncrease of the "noise” characterized by oco_ ¢ with
time. However, this may be attributed not to worth
typical accuracy of the observations, but to increased
instability of the light curve. Unfortunately, no corre-
lation was found between the mean brightness and the
outburst frequency, which could be achieved for the
constant accreted mass between subsequent outbursts
seen in some dwarf novae (e.g. Gicger 1987).

ssible new correlations. — such as

An 1interesting correlation was found between the
seml—amplitude r and the mean level a. Correspon-
ding diagram 1s shown in Fig. 4. Mean of the seasonal

values are a = 1318 £ 00"02 and » = 0741 £ 0702,

with a ”gradient” o,./0, = 1.06 4 0.16. Thus no corre-

lation between a — r and @ and an exellent correlation
between a + r and a. It 1s strange that ¢ — r and r
are noticeable correlated. Another unexpected result
1s that the mean cycle length P 1s not correlated neit-
her with r, nor with a. This 1s 1n a contradiction with a
theoretical expectation and must be checked for other
stars.

Characteristics of the individual outbursts.

For the determination of the characteristics of the
individual cycles we have used the "running parabola”

fit with the filter half-width At = 10¢ which is opti-

mal for variations with a cycle length > 209. Allto-
gether 174 minima and 180 maxima have been de-

termined. The corresponding error estimates of the

brightness are 07082 and 00079, respectively. 'The
range of the maxima 1s 11782 — 13712, of the mi-
nima 1s 13707 — 147'46. The corresponding mean va-
lues 12760 & 002 and 1373 £ 0702, thus the mean
amplitude 1s 1'"13 &+ 0'"03. One may note an apparent
trend of the brightness at mmmimum at a mean value
dm/dt = (27 £ 7)-107° mag/day with no significant
trend of the brightness at maximum.

The variations of the brightness at the extrema are
shown 1n Fig.5. They were fitted with polynomials of
different order. The minima show more pronounced
variations with time, and the statistically significant
degree of the fit 1s 8. Thus we have used the same or-
der for the fits of the minima and of the extrema (both
minima and maxima, what corresponds to a mean brig-
htness level). The fits show the waves with a cycle
length ~ 30009 what justifies the result seen in the pa-
rameters of the seasonal sine fits.

Brief Notes on Other Stars.

The stars V792 Cyg, FS Aur, PU, PV, PY, QY,
V336, V368, V372 Per were studied on archive pla-
tes of the Moscow and Odessa Sky Patrol Collections.
For some stars the Sonneberg observations of H.Busch
were added. The tables of individual observations were
published by Andronov et al. (1993ab). Moments of
maxima were determined and the corresponding cycle
lengths were estimated. Characteristics of the outbur-
sts are compared with that predicted by statistical re-
lationships published 1n the hiterature. HN Cyg was
erreneously classified as an UG variable 1n some pa-

pers, 1t 1s a long—period variable with two main oscilla-
tions. For other stars the following preliminary results

were obtained (Chinarova 1995) by determination of
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Figure 5. Dependence on time of the brightness 1n ma-
xima (crosses), minima (inclined crosses) and their fits
by a 8-th order polynomial separately and joinly (li-

nes). The vertical bar shows an error estimate corre-
sponding to a mean weight of the individual data point.

the best fit period corresponding to the moments of
maxima in separate seasons (algorithm published by
Andronov (1991)). However, we plan to revise these
results by using more complete data from the AFOEV,

VSOLJ and AAVSO data files:

X Leo: Variations of P from 11906 + 0903 to
17972 4+ 0907 with possible cycle T &~ 8000¢.

AB Dra: From 9974 4+ 0903 to 14947 4+ 0904 with
IT ~ 2500¢.

IR Gem: From 10919 &+ 0906 to 26949 + 0966 with
IT ~ 1500¢°.

AY Lyr: From 19967 + 0919 to 29999 4+ 0927 with
T = 5000,

LL Lyr: From 499 4+ 19 to 1209 4+ 5.

Discussion.

The detailled study of the temporal behaviour of
the individual time 1intervals showed apparent cyclicity
with a characteristic time of some years, which may
be relatively smooth and similar to the solar—like acti-
vity (Bianchini, 1990) or may be ”alternating” between
two distinctly different values (Andronov and Shakun
1990). This may indicate the presence of two subclas-
ses of stars, possibly corresponding to different mecha-

nisms (cf. Smak 1984).

Changes 1n the cycle occurence rate may be expla-
ined by a modulation of the accretion rate due to a
long—term activity of the secondary. Another type of
variability in the secondary was found by Shakhovskoy
et al. (1993) who detected an UV Cet-like flare in the
polar AM Her. These results argue for necessity of
further study of consequences of the red star activity
onto accretion flow 1n binary systems.

Acknowledgements. Authors are thankful to Emuile
Schweitzer for allowing to use the AFOEV database.
Research was supported by the ESO Grant A—-04-018.

References

Andronov I.L.: 1990, Ciwnematics and Physics of
Celestial Bodies, 6, N 6, 87.

Andronov I1.L.: 1991, Ciwnematics and Physics of
Celestial Bodies, 7, N 2, 78.

Andronov I.L.: 1994, Odessa Astron. Publ., 7, 49.

Andronov 1.L., Busch H., Sidorova I.A., Chinarova
L.L.: 1993b, Preprint Ukr. Inst. Sci. Tech.
Feon. Inform., N 409-Uk93, 32pp.

Andronov I.L., Sidorova I.A., Chinarova L.L.: 1993a,

Preprint Ukr. Inst. Sci. Tech. FEcon. Inform.
(Kiev), N 379-Uk93, 12pp.
Andronov I.L., Shakun L.I.: 1990, Astrophys.

Space Sci., 169, 237.

Bianchini A.: 1988, Inf. Bull. Var.Stars, 3136, 4pp.

Bianchini A.: 1990, A.J., 99, 1941.

Chinarova L.L.: 1995, in: Bull. Ukr. As. Ass., 7, 58.

Chinarova L.L., Andronov I.L.: 1995, in: Cataclysmic
Variables, ed. A.Bilancini, M. Della Valle, M.Or10
/ Ap. Sp. Sei. Lib., 205, 150.

Cook L.M. : 1987, JAAVSO, 16, 2, 83.

Gicger A.: 1987, Acta Astron., 37, 1, 29.

Korn G.A., Korn T.M.: 1961, Mathematical Handbook
for Scientists and Ingeneers, McGraw-Hill, N.Y.
Kukarkin B.V., Parenago P.P.: 1934, Peremennye

Jvezdy (Var. Stars), 4, 8, 251.
Kurochkin N.E.: 1981, Astron. Tsirk., 1169, 3.

Lin D.N.C., Papaloizou J., Faulkner J.: 1985,
M.N.R.A.S., 212, 105.

Matter J.A., Cook L.M., Piening A.T., Foster
R.M.: 1986, JJAAVSO, 15, 3.

Meyer F.  Meyver-Hofmeister E.. 1984, As. Ap.,
132, 143.

Priedhorsky W., Holt S.5.: 1987, Space Sci. Rews.,
45, 291.

Richter (.A., Brauer H.J.: 1989, Astr. Nachr.,

309, 6, 413.

Schweitzer E.:
Jafoev/cyq/em

Shakhovskoy N.M., Alexeev 1.Yu., Andronov I.L.,
Kolesnikov S.V.: 1993, Ann. Israel Phys. Soc.,
10, 237.

Shakun L. I. : 1987a, Astron. Tsirk., 1513, 3.

Shakun L. I. : 1987b, Cinem. Phys. Celest. Bodies,
3, 0, 2.

Shakun L. 1. : 1988, Astron. Tsirk., 1525, 9.

Shakun L. I. : 1989, Astron. Tsirk., 1540, 17.

Shakun L. I., Timko V.V.. 1994, Peremennye
Zvezdy, 23, 4, 220.

Smak J. : 1984, P.A.S.P., 96, 575, 5.

Szkody P., Matte1 J.: 1984, P.A.S5.P., 96, 998.

J.,  Andronov I.L., Chinarova L.L.,
Kumsiashvili M.I., Luthardt R., Pajdosz G.,
Patkos L., Rofliger S., Zola S.: 1996, As.Ap.
312, 121.

Vogt N.: 1982, Mitt. Astron. Ges., 57, 79.

1996, fip://cdsarc.u-strasbg.fr/pub

Tremko




14

Odessa Astronomical Publications, vol. 9 (1996)

EXTREMA OF THE POLAR AM HER:
RESULTS OF MULTITTELESCOPE MONITORING
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ABSTRACT. The characteristics of 250 extrema of [ = 12'"17. The instrumental magnitudes were conver-

AM Her from the photographic, photoelectric and TV
observations are tabulated.

Key words: Stars: Cataclysmic: Polars: AM Her

AM Her 1s a prototype of polars which shows signi-
ficant cycle—to —cycle variations of the light curve with
few year—scale variations of mean brightness and phase
(e.g. Andronov 1987). To study them, the monitoring
of this object was started 1n 1988 in Odessa. The com-
plete table of early observations and the atlas of pho-
tovisual light curves was published by Andronov et al.
(1984).

Photographic monitoring was carried out in Kishi-
nev, some results of which were published by Smykov
and Shakun (1985) and are reanalyzed in the present
work. The photographic observations (n = 1216) were
obtained at the 50-cm telescope AZT-3 by using the
ORWO ZU-21 plates.

The monitoring was continued 1n 1986—88 1n the
Abastumani Astrophysical Observatory at the Sch-
midt camera. The photovisual negatives (n = 341)
were obtained on the A600 film by I.L.Andronov,
(.N.Kimeridze, 5.V.Kolesnikov and N.V.Poplavskaya.
The brightness of the comparison stars was published

by Andronov and Korotin (1982).

TV observations were obtained by E.P.Pavlenko,
5.V.Kolesnikov and I.G.Borodina at the MTM-500
complex of the Crimean Astrophysical Observatory
(CrAQ) described by Abramenko et al. (1988). At the
first regime, only one filter was used all the night. At
the second, two filters switched every exposure. The
observations are used as the mstrumental magnitude
differences ”var-d” (n = 21, 134, 216 for b, v, r).

The star was observed by N.M.Shakhovskoy at the
1.2bm telescope AZT-11 of the CrAQO by using the UB-
VRI photometer—polarimeter of the Helsinki Univer-
sity (Korhonen et al., 1984). The brightness of the
comparison star “d” was determined by linking to the
standard star BD+26°2930 (Neckel and Chini, 1980):
U = 14702, B = 1372, V = 13710, R = 1258,

ted to the standard system. One run was obtained 1n
V only (n = 27). Some results of further monitoring of

AM Her were presented by Shakhovskoy et al. (1994).

For the analysis we have used the smoothing by the

method of "running parabolae” introduced by Andro-
nov (1990, 1997). The filter half-width At = 0904 was
used which 1s sutlicient enough to fit the two—wave light
curves often observed in AM Her.

The extrema are listed 1n Table 1 where are mar-
ked as the "primary” and "secondary” maxima and

minima. In the case of absense of the secondary mi-

nimum we have marked the single maximum as the
"primary”. The weighted mean phase shifts between
the primary minima in a given color 1n respect to the
minimum in V' are —0P082402016 ('), —0061£02020
(B), 0P008 & 0P018 (R), 0v028 &£ 0P019 (I). The shift

increases with wavelength exceeding 30 1n U, B.

In this work we present the tables of characteristics
of individual extrema. These results joined with other
published data will be discussed elsewhere.
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Figure 1: Dependence of the phase of the primary minimum on time for different observational sets. The

labels used 1n the figure are listed 1n Table 1 1n brackets. The phases are computed according to the ephemeris

Min.HJD = 2443014.713 + 0.128927 - /' (Szkody and Brownlee, 1977).

Table 1. The characteristics of extrema of AM Her: main (1) and secondary (2) minima and (3,4) maxima, 1.e.
the sequence 1s 1425...

T, G O[O] m., o[m.] type T ¢ olp.]  me olme] type
Kishinev, pg (*) 4524.349  0.228 0.181 14.70 0.13 4

4017.455 -0.400 0.114 12.64 0.07 D 4542.360 -0.067 0.002 135.23 0.0 1
4017.016  0.060 0.047 13.34 0.08 1 4583.214  -0.196 0.212 13.22 0.14 1
4018.408 -0.0153 0.024 13.47 0.07 1 5097.338  -0.319 0.041 135.46 0.11 )
4019.386 -0.427 0.173 12.93 0.10 2 5097.383  0.037 0.049 14.40 0.12 1
4019.417 -0.188 0.034 12.67 0.12 D 5099.363  0.394 0.053 14.38 .16 2
4019.456  0.117 0.027 13.44 0.13 1 5099.397  -0.349  0.088 13.82 0.14 D
4019.490  0.380 0.024 12.68 0.10 4 5099.436 -0.044 0.023 14.48 0. 19 1
4019.515  -0.428 0.052 12.86 0.15 2 5600.353  0.067 0.069 14.31 0.20 1
4050.393  0.075 0.149 13.38 0.15 1 50600.378  0.2060 0.031 13.81 0.17 4
4074.451 -0.327 0.072 12.55 0.16 D 5600.406  0.482 0.089 14.2C .28 2
4074.506  0.093 0.230 13.42 0.13 1 5601.338 -0.291 0.025 14.0C 0. 15 D
4074.533  0.311 0.050 13.19 0.04 4 5601.399  0.187 0.000 14.69 0.07 1
4075.370 -0.194 0.101 12.60 0.09 D 5002.296  0.141 0.056 14.51 .00 1
4075.419  0.179 0.026 13.41 0.10 1 5002.326  0.372 0.034 14.14 0.09 4
4075.467 -0.445 0.023 12.64 0.06 4 5602.344 -0.489 0.029 14.25 0.10 2
1076.398 -0.223 0.044 12.56 0.07 D 5602.368 -0.298 0.064 14.11 0.11 D
4076.013 -0.333 0.066 12.46 0.03 D 5000.269  0.203 0.124 14.43 0. 15 1
4078.032  0.326 0.018 12.51 0. 1C 4 5600.319 -0.415 0.046 13.96 0.13 4
4467.380  0.3508 0.022 15.42 0.04 2 5607.412 -0.180 0.025 14.10 0.03 D
4467.403 -0.458 0.000 15.39 0.04 D 0010.304 -0.308 0.064 4.04 ).08 D
4467.475  0.096 0.200 15.24 ).04 4 50613.326 -0.304 0.024 14.66 .12 D
1472.376  0.110 0.116 15.26 0.07 4 0013.383  0.130  0.289 14.88 .05 1
4472.400  0.333 0.0l 15.45 0.07 2 5618.336 -0.451 0.054 15.64 ).08 2
1524.283 -0.278 0.142 14.64 0.03 D 5618.340 -0.417 0.638 15.63 0.08 2
1524.322  0.024 0.167 14.92 0.09 1 0018.388 -0.042 0.055 15.40 0.13 D




16 Odessa Astronomical Publications, vol. 9 (1996)

Table 1 (continued).

1. De [gbe] me J[me] type 1 De [Qbe] Me J[me] type
Klshmevj pg (%) Kishinev, pg (*)

H623.351  0.449 0.151 15.71 0.07 2 6598.520  0.181 :.u49 14.01 0.04 1
5624.349  0.190 0.057 15.65 0.08 1 6600.486  0.425 0.037 14.42 0.06 4
H785.500  0.127 0.038 14.76 0.07 1 6601.434 -0.218 0.029 14.38 0.1C H
5789.440 -0.313 0.031 14.55 0.01 H 6601.455 -0.055 0.066 14.54 0.1C 1
H789.482  0.020 0.163 14.73 0.06 1 6602.486 -0.060 0.120 14.81 0.05 1
5792.529 -0.347 0.112 15.27 0.05 2 6605.460 0.011 0.121 14.57 0.10 1
H792.554 -0.155 0.070 15.17 0.04 H 6986.433 -0.040 0.099 14.23 0.09 1
H796.470  0.218 0.030 15.26 0.05 4 6986.464 0.202 0.008 13.99 0.03 4
H804.464  0.221 0.072 15.43 0.25 1 6988.417  0.349 0.084 13.97 0.12 4
H804.515 -0.381 0.024 15.15 0.08 H 6989.383 -0.159 0.007 14.00 0.02 5
5804.557 -0.057 0.092 15.68 0.07 1 6989.417  0.105 0.086 14.37 0.08 1
H824.502 -0.360 0.063 15.65 0.03 2 6989.442  0.296 0.040 14.09 0.15 4
Hh827.376 -0.062 0.325 15.50 0.14 5 6989.470 -0.482 0.114 14.28 0.20 2
H827.389  0.032 0.128 15.48 0.11 5 7025.421  0.362 0.006 13.97 0.01 2
5893.394 -0.007 0.034 14.18 0.14 1 7031.389 -0.348 0.050 13.61 0.02 5
5914.490 -0.380 0.071 14.10 0.06 H 7031.433 -0.004 0.039 14.00 0.04 1
Hh943.375 -0.342 0.175 13.76 0.07 H 7040.419 -0.306 0.045 13.58 0.05 5
5943.411 -0.057 0.052 13.92 0.07 1 7382.426  0.410 0.025 13.50 0.05 4
5947.300  0.108 0.029 14.32 0.14 1 7382.455 -0.364 0.150 13.77 0.10 2
H947.352 -0.495 0.029 13.87 0.07 H 7386.417 0.365 0.145 13.53 0.05 4
6005.373 -0.464 0.035 13.97 0.14 H 7387.358 -0.331 0.098 13.38 0.10 H
6039.229  0.139 0.258 14.13 0.14 1 7389.412 -0.406 0.014 13.71 0.03 2
6039.254  0.329 0.078 13.90 0.12 4 7389.455 -0.067 0.055 13.51 0.04 5
6039.284 -0.436 0.116 14.25 0.15 2 7438.323 -0.037 0.092 13.69 0.02 1
6137.520 -0.489 0.103 14.11 0.12 H 7448.332 -0.401 0.062 13.63 0.04 5
6165.433  0.017 0.010 15.34 0.02 4 7448.371 -0.100 0.029 13.92 0.08 1
6165.474 0.331 0.060 15.71 0.04 2 Abastumani, pv = (A)
6176.441  0.397 0.111 15.79 0.14 2 6633.274 0.741 0.073 14.35 0.07 D
6176.476 -0.333 0.045 15.41 0.06 H 6633.317  0.074 0.023 14.70 0.05 1
6176.552  0.258 0.038 15.24 0.12 4 6633.356  0.380 0.043 14.27 0.14 4
6194.472  0.254 0.140 15.45 0.06 4 6633.485  0.376 0.088 14.61 0.06 2
6194.507 -0.475 0.233 15.70 0.11 2 6634.498 0.240 0.135 14.40 0.11 4
6259.424  0.043 0.031 14.69 0.05 1 7048.338  0.114 0.053 13.97 0.06 1
6260.392 -0.452 0.040 14.21 0.08 2 7049.250  0.191 0.097 13.50 0.15 4
6260.426 -0.187 0.130 14.07 0.06 H 7059.333  0.399 0.455 13.71 0.10 4
6260.464  0.111 0.055 14.43 0.05 1 7063.334  0.430 0.092 13.59 0.11 4
6262.432 0.373 0.039 14.37 0.10 4 7063.360 0.633 0.033 13.79 0.10 2
6262.453 -0.465 0.006 14.46 0.03 2 7064.243  0.481 0.025 12.96 0.24 4
6269.459 -0.124 0.033 14.63 0.10 1 7064.346  0.275 0.038 13.43 0.14 4
6288.394 -0.263 0.102 15.72 0.07 2 7078.308  0.571 0.082 13.73 0.05 H
6288.425 -0.021 0.109 15.45 0.05 H 7080.230 0477 0.029 13.91 0.09 2
6301.475 0.202 0.079 15.49 0.06 4 7080.260 0.716 0.047 13.51 0.15 H
6305.399 -0.364 0.042 15.76 0.08 2 7348.382  0.354 0.087 12.94 0.09 4
6327.421  0.448 0.031 15.48 0.05 H 7348.402  0.514 0.038 13.00 0.07 2
6327.456 -0.283 0.193 15.67 0.07 2 7370.379 -0.031 0.111 13.63 0.11 1
6334.395 -0.459 0.054 15.78 0.06 2 7370438 0.431 0.069 12.87 0.06 4
6528.427 -0.484 0.020 15.64 0.22 2 7370503 -0.068 0.094 13.73 0.15 1
6528.457 -0.251 0.082 15.20 0.19 H 7373.332 -0.128 0.011 13.83 0.15 1
6528.480 -0.075 0.018 15.77 0.13 1 7373.430 0.638 0.035 12.71 0.10 H
6528.513  0.179 0.030 15.08 0.12 4 7373.501  0.185 0.009 14.33 0.20 1
6581.450 -0.221 0.100 14.45 0.04 H 7378.329 0.636 0.037 12.83 0.08 D
6598.488 -0.067 0.037 13.69 0.05 H 7378.378  0.016 0.099 13.59 0.11 1
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Table 1 (continued).

1. D J[Qbe] me J[me] type 1 De [Qbe] Me J[me] type
Abastumani, pv (/) CrAO, AZT-11, R (O)
7378.461 0.657 0.100 13.09 .12 D 7272462  0.498 0.024 :2 74 .03 2
7379.301  0.171 0.176 13.99 0. 11 1 7272488 -0.302 0.018 12.58 .04 D
7379.349  0.549 0.061 12.97 0.12 5 7272528  0.005 0.014 13.45 0.03 1
(379.421  0.102 0.024 13.85 0.06 1 7299.346  0.014 0.039 12.77 0.04 1
7427.45C 0.633 0.007 13.78 0.07 2 7299437 -0.277 0.023 11.98 .02 D
7433.47C 0.325 0.171 13.72 0.16 2 7300.308  0.476 0.038 12.29 .03 2
7436.428  0.272 0.103 13.79 0.11 1 7300.330 -0.349 0.018 12.12 0.03 5
7437.425  0.998 0.030 12.79 0.14 5 7300.376  0.008 0.016 12.98 0.02 1
CrAO, AZT-11, U (x) 7300422 0.361 0.013 12.26  0.01 4
7272.438  0.305 0.030 12.91 0.02 2 7389.378  0.337 0.038 12.43 0.02 4
7272.467 -0.470 0.017 12.80 ).02 D 7389.398  0.486 0.039 12.47 .03 2
7272.520 -0.059 0.050 13.31 0.12 1 7389.425 -0.306 0.019 12.33 0.03 5
7272.546  0.149 0.007 12.65 0.06 4 CrAO, AZT-11,1 (+)
7299.342  -0.018 0.014 11.96 0.04 1 (272.456  0.449 0.065 :_2.:: .02 4
7299.364  0.155 0.054 11.86 0.04 4 7272.462  0.493 0.030 12.0C 0.02 2
7299.398  0.417 0.039 12.06 0.03 2 7272489 -0.296 0.020 11.85 0.03 5
7300.314 -0.479 0.156 12.18 0.03 2 7272.529  0.012 0.011 12.66 .02 1
7300.523 -0.407 0.085 12.17 .03 D 7299347  0.023 0.002 12.08 .05 1
7300.359 -0.131 0.039 12.29 0.02 1 7299.384  0.312 0.032 11.70 0.03 4
7300.402  0.203 0.035 12.05 ).02 4 7299391  0.362 0.072 11.71 .03 2
7389.348  0.099 0.014 12.00 0.02 4 7299.438 -0.274 0.021 11.36 0.02 5
7389.395  0.467 0.027 12.43 0.02 2 7300.331 -0.346 0.020 11.50 0.02 5
CrAO, AZT-11, B () 7300.379  0.027 0.021 12.33 0.03 1
7272.432  0.261 0.028 13.93 0.02 2 7300.420  0.347 0.015 11.61 0.02 4
7272.466 -0.471 0.058 13.83 0.02 H 7389.375  0.309 0.016 11.73 0.02 4
7272.519 -0.064 0.039 14.01 0.03 1 7389.400 -0.500 0.023 11.83 0.02 2
7299.343 -0.011 0.023 13.23 0.04 1 7389.426 -0.297 0.022 11.70 0.03 D
7299.376  0.250 0.145 13.14 0.03 4 CrAO, MTM-500,b (m)
7299.392  0.374 0.043 13.18 0.02 2 7710.351 -0.095 0.070 -0.56 0.04 5
7299.448 -0.196 0.124 12.95 0.02 5 7710.381 0.134 0.078 -0.44 0.04 1
7300.312  -0.496 0.082 13.27 0.03 2 7710.394  0.238 0.003 -0.46 0.04 4
7300.327 -0.376 0.066 13.24 0.03 4 7710.429 -0.492 0.060 -0.21 0.05 2
7300.368 -0.054 0.034 13.48 0.02 1 CrAO, MTM-500, v (<)
7300.414  0.300 0.026 13.22 0.02 4 7710.379  0.126 0.004  0.35 0.06 1
7389.349  0.107 0.030 13.27 0.02 4 7710.432 -0.469 0.094 -0.37 0.07 4
7389.403 —O 476  0.052 13.52 0.02 2 7710.463 -0.225 0.087 -0.13 0.08 2
7389.448 -0.126 0.078 13.33 0.02 5 7753.407 -0.136 0.135  0.51 0.07 1
CrAO, AZT-11,V  (A) 7753444 0.146  0.154 029 0.06 4
7272.456  0.451 0.050 13.48 0.04 4 7753.471  0.357 0.095  0.36 0.05 2
7272.464 -0.491 0.084 13.48 0.04 2 (774.306 -0.037 0.032 .36 0.04 1
7272.487 -0.314 0.036 13.41 0.05 D (774.342 0.243  0.023  -0.08 ).04 4
7272.522 -0.044 0.027 14.03 0.04 1 7774.383 -0.438 0.051  0.27 0.03 2
7299.352  0.061 0.011 13.52 0.05 1 CrAO, MTM-500,r ()
7299.433 -0.308 0.034 12.78 0.03 5 7753.420 -0.035 0.043  0.50 0.05 1
7300.328 -0.371 0.031 12.91 0.03 5 7753.478  0.410 0.07C 0.07 0.04 4
7300.376  0.007 0.020 13.67 0.02 1 7767.357  0.063 0.064  0.33 0.03 1
7300.426  0.389 0.018 13.01 0.02 4 7768.447 -0.483 0.028  0.27 0.06 2
7389.424  -0.313 0.019 13.01 0.03 D 7768474  -0.275 0.066 0.08 0.03 D
7418.301 -0.331 0.032 13.03 0.04 D 7768.0006 -0.028 0.103 .22 .03 1
7418.353  0.076 0.245 13.48 0.04 1 7773.420  0.085 0.103  0.39 0.03 1
CrAO, AZT-11, R (O) 7773.463  0.424 0.032  0.05 0.04 4
7272.454  0.436 0.033 12.73 0.03 4 (773492 -0.350 0.014 .28 0.04 2
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THE ECLIPSING BINARY SYSTEM BM ORI

N.I. Bondar™, E.A. Vitrichenko?

I Crimean Astrophysical Observatory, Crimea
* Space Research Institute, Moscow, Russia

ABSTRACT. Photometric and spectroscopic featu-
res of eclipsing binary system BM Ori can be described
well by a model 1n which the components are the pri-
mary star B3 ZAMS, the secondary F2 pre-main sequ-
ence star and a dusty envelope of large grains around
the secondary. The eclipse on ingress and egress phases
has been produced by a dust envelope only, but during
the total phase the F2 star makes yet the partial ecli-
pse.

Eclipsing binaries in which the major puzzle 1s a na-
ture of an eclipsing body are considered. Some para-
meters 1ndicate that candidates to relative objects to

BM Ori can be ¢ Aur, TY CrA, #' Ori A and variable

stars 1n multiple systems.

Key words: Stars: eclipsing binaries, young stars

BM Ori1s a wellknown eclipsing binary in Trapezium
Or1. It 1s among extremaly young objects. Its age 1s

estimated from 2x10* yr (Wilson 1972) to 3x10° yr
(Vitrichenko 1996¢, 1997b). Photometric and spectral

features of this system allow to call 1t as unique object

(Zakirov, Shevchenko 1982).

The major puzzle of star 1s a nature of eclipsing body.
There are some models to explaine the secondary ori-
gin: 1t may be a star (Parenago 1947; Antokhina et
al. 1989); a disk (or a ring) around an invisible star,
which may be a black hole (Wilson 1972); semitrans-
parent envelope around invisible star (Shevchenko, Za-
kirov 1977), a disk, in which a luminosity of central
part corresponds to F or G star (Zakirov, Shevchenko

1982).

These models describe well enough the light curve 1n
V band, but further observations in different spectral
ranges are required to confirm or except them.

The new photometric and spectroscopic study of BM
Or1 were made 1n 1994-96. The photometric results
are based on the original and earlier published UB-
VRI and infrared observations and present the photo-
metric behaviour of BM Ori up to 10.7 mkm (Bon-
dar, Vitrichenko 1995, 1996a,b,c; Vitrichenko, Lario-
nov 1996).

In general the following features have been taken.
The secondary minima did not discovered in any UB-

VRI band. Analysis of O-C for all data and on ingress,

egress and total phases show no changing in period on

observing interval covered about 70 years. This fact
excepts the mass loss 1n the system. The depth of
minimum depends on wavelenghts. Analysis of this
dependence reveals a presence of non-selective absor-
ption produced by the envelope grains. Change of the
minimum form has been suspected.
dimension of eclipse body 1s changing on 0.03% per
year.

If 1t 1s real the

The light curve 1s unstable. There are detected flares
on outside and on eclipce with duration ~ 2 hours and

ikl

amplidute up to 0™ .5 1n U. The energy distribution ol

flare corresponds to Rayleigh-Jeans law. The probabi-

lity of the flare activity 1s estimated ~ 15 %. The calcu-
lations shown that continuum in region 0.36-10.7 mkm
can be presented as the sum of the flux from the pri-
mary star B3 ZAMS, the secondary pre-main sequence
F'0O star and a dust matter around 1t with temperature

about 1100° K.

The spectroscopic data allow to derive physical pa-
rameters of system (Vitrichenko et al. 1996).

Amplitude of radial velocity determined from hydro-
gen lines 1s less than amplitude determined from helium

Ll

lines. The cause of such difference 1s the doublicity of
star. Hydrogen lines are the superposition of lines of
mailn and secondary stars and helium lines are formed
only on the main star. The syntethic spectrum corre-
sponds well to observing one 1n assuming that lines are

produced by the main star B3 and the secondary F?2
(Vitrichenko, Tzymbal 1996).

Basing on photometric and spectposcopic results a

following model of BM Or1 were considered 1n detail

(Bondar’, Vitrichenko 1997; Vitrichenko 1997b). The

primary B3 ZAMS star 1s eclipsing by the dust envelope
surrounding the secondary pre-main sequence IF'2 star.
The ingress and egress phase are produced by the dust
envelope and near to the central part of total eclipce
the F2 star makes the partial eclipce vet.

The nature of dust 1s discussed by Vitrichenko
(1997a). The best agreement with observations are gi-
ven the envelope from 510, drops and grains which
sizes are ~ 2 mkm. The suggestion that extensive dust
envelope around the secondary may be responsible for
the eclipce 1n BM Or1 system were proposed earlier by

Shevchenko, Zakirov (1977).

It 1s 1nteresting to search for relative objects to BM
Ori. Such question were discussed by Wilson (1972).
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He considered some observational arguments indicating
a similar origin of eclipsing body in € Aur and BM On1
and 1ntroduced a common model for these systems in
which the secondary 1s a black hole. Earlier such mo-
del were propesed for 5 Lyr, but soon he declined 1t.
New observations of ¢ Aur 1in 1982-84 did not confirm
this model too. A hot early B star was found 1n system

from TUE observations (Ferluga, Hack 1985). But the

1dea that BM Or1 and ¢ Aur would have a common
mechanism of eclipce remains interesting to considera-
tion.

Search for an analogy between these stars 1s based
on the quantitative characteristics. Basic features of
these stars are given 1n Table 1.

Some parameters described light curves and spec-
trum 1n eclipse are stmilar. It 1s not rule out that ¢ Aur
1s a young system too and the difference 1n evolutio-
nary stage of these systems can be explained by the
difference in masses of their components. Hack (1984)
proposed too that ¢ Aur would be on a short scale ot
evolution.

TY CrA may be suspected as relative object to BM
Ori (Vitrichenko et al. 1995). Some arguments indi-
cate a precense of dust 1in the system. Radius of se-
condary F2 star 1s greater one of normal star. Infrared
excess has been detected 1n the system radiation. As
1in the case of BM Or1 the eclipce can be explained by a
dust matter. Spectral features confirm an analogy bet-
ween these stars too. There are detected 1n spectrum
of secondary only NaD line.

According Zakirov (1979) photometric behaviour
of @' Ori A may be explained similar to BM Ori.
New facts taken from spectrographic and photome-
tric investigations confirm this suggestion (Bondar’,

Vitrichenko 1997).

The considered samples allow to assume that stars
related to BM Or1 are exhibited the excess of radi1 and
infrared flux and would be detected with a high proba-
bility 1n the star formation regions, particular among
the stars 1n multiple systems.
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THE CATALOGUE OF PHOTOMETRIC, GEOMETRICAL
AND ABSOLUTE ELEMENTS OF CONTACT BINARY STARS
OF THE EARLY SPECTRAL TYPE

I.I. Bondarenko, E.L. Perevozkina
Ural State Pedagogical University, Russia

ABSTRACT. The Catalogue of the early type con-

tact systems 18 described and 1t‘s analysis 1s presented.

Key words: Stars: contact early binary systems (CE-
systems); photometric, geometrical and absolute ele-
ments; diagrams of physical characteristics.

Catalogue

For the first time the early type contact systems were
1dentified as an mndividual class in the Catalogue by
Svechnikov (1969), which contains 8 systems of this
type. The Catalogue by Coch et al. (1970) contains 37

systems of the early spectral type.

According to Svechnikov's classification a primary
component (more massive and hotter) of a CE-system
has a spectral class earlier than FO-F2 and an orbi-
tal period of more than 0,5 day. Usually the spectral
class of a primary 1s earlier than the spectral class of
a secondary. Both components fill their Roche lobes
on 90-100 per cent and more. The following Catalogue
by Svechnikov and Bessonova (1984) contains 38 CE-
systems. Bondarenko (1986) published the Catalogue

of the CE-s tars, which contained 83 systems.

Physical characteristics of the CE-stars presented 1n
the list of catalogs abovementioned, were obtained by
different authors by using different methods of calcu-
lation.

We propose the Catalogue of the CE-systems with
homogeneous absolute physical characteristics, that al-
lows to define accurately general features of this class of
binary stars. The comparing of physical characteristics
of the CE-systems with other classes‘characteristics of

binary stars can show the possible evolutionary stages
of the CE-systems.

The foundation of absolute elements of the CE-
systems are the spectral observations (radial velocity
curves of the both components or radial velocity curve

of the primary) and photometric observations (on the

whole, the latest multicolour photoelectric, 1n a few ca-
ses photographic and visual observations). The accu-
racy ol modern photometric observations 1s high, and
generally they are processed with the help of reliable
computer methods both classical and synthetical met-
hods. But reliable spectral obser vations (the ray speed

curves) are very scarce, especially for both components.
We have prefered the spectral class of a primary (usu-
ally 1t 1s more bright), supposing, that it‘s spectral class
was defined accurately, and photometric and geometri-
cal elements from light curves.

Our Catalogue contains 100 CE-stars; 31 systems
have the ray speed curves of the both components, 12
systems have the ray speed curve of the primary.

All stars from our Catalogue were classificated pre-
l[iminarily as CE-stars by Svechnikov et al (1980). The

absolute elements of other stars of the Catalogue were
obtained by using a spectral type of the primary and
the diagram mass ratio — observed radius of the com-
ponent.

Our Catalogue consist of three parts: photome-
tric, geometrical and absolute elements of CE-systems.
All stars were divided approximately into two groups:
massive (M; > 3My for primary) and less-massive
stars (M < 3M for primary).

Hertzsprung - Russell ( H-R ) diagram

On this diagram primaries and secondaries of the
massive stars are locate near ZAMS, the width of
ZAMS make up 3 spectral subclasses on the average.
The spectral classes of primaries (O7-B3) are determi-

ned unreliablly, becose take place the lines® superposi-
tion of gas streams and shells, and 1t leads to deviation
within the 0.5 spectral class.

The primaries of the less-massiv stars locate near
ZAMS too, but secondaries have an excess of lumino-
sity as compared with the normal stars corresponded to
theese spectral classes, becquse they have more large
sizes after filling Roche lobes. Several secondaries of
less-massive stars deviate to the left from ZAMS, there-

fore, they have hagher temperature as compared with

normal stars of main sequence, becquse they are the
members of CE-systems, which exchanged their roles.

The mass-absolute bolometric magnitude
diagram

The majority of primaries and secondaries are loca-
ted more to the left from the same relation for detached
binary stars of main sequence. The CE-systems have
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excess of luminosity nearly the 1™ — 2™ because of fil-
ling of their Roche lobes. The following relations take
place for primary

Mlb{}g - 8.81261gM1 + 3.808

0.154 + 0.220

and for secondaries 1s

Mgb{;.g = — 7.609 lg M2 —+ 2.337
+  0.137 + 0.238

Secondaries of the less-massive CE-stars have signi-
ficant excess of luminocity 2™ — 4™,

The mass-radius diagram

This diagram shows the location of Ck-systems as
compared with detached binary stars. There are com-
ponents of massive CE-systems not far from the same
relation for detached systems. Dispersion of CE-stars
shows differehent evolutionary status because of diffe-
rent degree of Roche lobes filling.

The stars with the M; > 10M have significant ex-
cess from the same relation. It 1s explained by very

reliable spectral observations because of spectral line‘s
superposition of both components. The primaries with

1.4Mo < My < 3.2M¢, correspond to M — R relation

for detached stars, but at the same time secondaries
have significant excess of radn as compared with de-
tached stars. It 1s one of the most important diffe-
rences of CE-stars, especially from W UMa-type. The
mass-radius relation for the primaries 1s

lg %4 6201g My + 0.161

009 + 0.084

r
A
Ty
Ly

for secondaries 1s

581 1g Mo + 0.234
040 +0.070

lgRg —

Y
A
Ty
A

We think, these stars experienced an exchange of
roles. The excess of radi for the secondaries explains
the excess of luminosity as compared with the normal
stars ol main sequence.

The mass - spectral class diagram

Primaries correspond to M-Sp relation for normal
stars of main sequence, because we have supposed that
primaries are normal stars. Bl - G0 secondaries are
below, 1.e. these components had a transfer of matter.
The majority of GO - K9 secondaries locates above. It
1s possible, these pairs of stars do not have any role
exchange. Thus, such location of CE-stars on the M-
Sp diagram points to different evolutionary stages of
binary stars. The mass-effective temperature relations
for primaries and secondaries are

547 1g My + 3.784
040 1+ 0.060

lngeff =

Yy
WS
Yy
L]

4631g M + 3.881
038 + 0.066

lngeff =

e

The primary mass - semimajor axis

This 1s one of the most 1nteresting diagram regar-
ding evolution of binary stars. For the first time such
diagram appeared in Svechnikov (1969). The region of

co-ordinates

lg My =0.0; IlgA=0.9,
lg My =0.0; lgA=0.,
lgM; =07, lgA=1.0

was called a region of absence for unevolved close bi-
naries stars. Later CE-stars from (Bondarenko, 1986)
filled that region. And our new investigations confirm
this. This region 1s filled as the unevolved stars as evol-
ved components ( 1.e. they experienced role exchange ).
Rich information about CE-systems ( majority of them
are dull objects ) allows to make the following conclu-
sion: the Ck-stars fill the "prohibited” region. The
solid lines shows minimal value of orbital semimajor

ax1s with fixed mass ratio for normal stars, which cor-
respond M-R relation, if they fill their Roche lobes.

Conclusions

As a result of CE-systems study we can propose the
following conclusions:

1) the components of CE-stars influence each other
greatly and increase their evolutionary processes;

2) primaries components (more massive and hotter)
satisty general relations of physical characteristics for
normal stars of main sequence;

3) majority of secondaries satisfy the same relations
too. But many of secondaries have differences, which
make up the CE-systems as an individual class of close
binaries stars. Secondaries have an excess of luminosity

and excess of radii;

4) due to the fact that mass transfer take place
in close binary stars, many of them exchanged their
roles and became CE-systems (the evolved CE
systems). But many of them became CE-stars wthout

role exchange, being the stars of main sequence;
5) both components fill their Roche lobes within 90-
100% and more.
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A SPOT STRUCTURE OF ACCRETION DISK OF
U GEMINORUM

N.V. Borisov, V.V. Neustroev
Special Astrophysical Observatory, Nizhnij Arkhyz, 357147, Russia

ABSTRACT. On the basis of modelling of emission

lines of dwarf novae U (Gem, conclusion 1s made, that
the observed orbital phase change of model parameters
of a accretion disk can not be explained 1n frameworks
of Keplerian velocity field 1n a disk. The reason of such
change can be spiral shock 1n a accretion disk.

Key words: accretion, accretion disks - methods: 1n-
dividual (U Gem) - spectroscopy: data analysis

Introduction

U Gem 1s one of the best-studied cataclysmic va-
riables of all time. It 1s the prototype of the dwart
nova class of cataclysmic variables. The photometric
study of U Gem by Krzeminski (1965) showed that
U Gem 1s an eclipsing binary system with an orbital
period of 4715™. In an optical spectrum U Gem do-
minate broad double-peaked emission lines of HI, Hel
and Call, arise from the accretion disk. Spectra of U
(vem show also narrow emission line components which
vary sinusoidally in wavelength (called ”S-wave” com-
ponent), and which have previously been ascribed to
emission from the gas stream or the bright spot. On
basis of the most full spectral researches U Gem Smak
(1976) has made a conclusion, that the S-wave com-
ponent 18 formed 1n stream close to the accretion disk.
However Marsh et al (1990), applying Doppler tomo-
graphy method, have determined, that the S-wave com-
ponent comes from mixture of disk and stream matter,
each of which has passed through a shock 1in the bright
spot region. The velocity of the emission 1s then an
average of the disk and stream velocities.

The aim of our work 1s to research a spot structure
of the accretion disk of U (Gem on basis of phase mo-
delling of emission lines profiles. In paper Borisov and
Neustroev (1996) we have presented a technique of cal-
lines profiles, formed 1n the non-
uniform accretion disk. Results of these calculations
have shown, that modelling of spectra, obtained 1n dii-
ferent phases of an orbital period, allows to estimate
basic parameters of a spot (such as geometric sizes and

[uminosity) and to investigate a structure of the accre-
tion disk.

culation of emission

Observations and modelling

The spectral data of U Gem were obtained during
January 21, 1994 and December 5-6, 1994 with the

1000-channel television scanner and the spectrograph

SP-124 of the 6-m telescope of the SAO. In Janu-
ary, 21 25 spectra were obtained 1n wavelength range
AA3600-5600 A with dispersion 1.9 A/channel. In De-
cember, 5-6 23 spectra were obtained 1 wavelength
range AA4400-5300 A with dispersion 1.1 A/channel.
The spectra were taken with typical integration times
of 300 seconds. Both series of spectra cover approxi-
mately 1dentical phase range from 0.7 to 0.3. After
modelling we obtained all basic parameters of the acc-
retion disk and bright spot.

Discussion

In Fig. 1 we show the orbital phase dependence of
the disk parameters. In case of driving substance in
the disk on keplerian circular orbits a peak separation
1n emission lines mostly affects on the definition of pa-
rameter V should remain constant during an orbital
period. However, 1t can be seen, that parameters, 1nc-
luding V, 1s sinusoidally vary with a double wave for
an orbital period (hypothesis about a constancy of pa-
rameters can be rejected with a confidence probability
more than 99%). Moreover, explicit correlation bet-
ween change of V, R and « 1s observed. Multiple cor-

relation coeflicient between V and parameters R and «

for all lines 1s more than 0.72 with a confidence proba-

bility more than 96%. Such variability of parameters
present 1n both data series and the phases of their mo-
dification are almost i1dentical. The most interesting
1s the behaviour of a parameter V, as 1ts change from
a phase as a double wave for a period reveal about a
deviation of a velocities field 1n the disk from circular
keplerian. The similar effect was marked also by Marsh
et al (1990). The possible reason of such parameters
modification 1s the noncircular form of an exterior edge
of the accretion disk.

A research of dynamics and stabilities of keplerian el-
liptic accretion disks have shown (Lyubarskij, Postnov

and Prokhorov, 1994), that such disks should be stable
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formations. However modelling has shown, that the
peak separation in emission lines, formed 1n the keple-

rian elliptic accretion disk will remain constant during

an orbital period. Therefore, at preservation of a hy-
pothesis about keplerian velocities in the disk the phase
variability of the peak separation can be explained only
by a deviation area of emission lines generation from
a circle 1n the circular disk. For the elliptic disk the

area of generation should have at least an eccentricity
different from the disk.

Paczynski (1977) investigated the tidal effect of the
secondary star upon the disk by integrating the orbits
of test particles in the restricted three-body problem
to determine the departures from a Keplerian velocity

field in a pressureless disk. Paczynski (1977) found
an elliptical distortion of the outer disk. The peak

separation 1n emission lines, formed 1n such disk, will
vary as
(1)

where ¢ 1s a phase of an orbital period. The depen-
dence of parameters obtained (Fig.1), however, will not
agree with (1) because of a shift of phases which is
about 90°, and therefore cannot be explained by the
model Paczynski. Such a modification of an peak se-

V=V — AV x cos2¢

paration 1n lines can be caused by spiral shock 1n the
accretion disk, obtained i many numerical hydrody-

namic calculations (for example, Sawada and Matsuda,
1992). A research of influence of spiral chock on emis-
sion lines (Chakrabarti and Wiita, 1993) has shown,

that the peak separation i such lines under certain

conditions should really vary with an orbital phase.
Unfortunately, work Chakrabarti and Wiita (1993) is
one of a few, devoted to study of observed display of a
accretion disk spiral structure . The unequivocal conc-
lusion about the real reason of a phase assotiation of

an peak separation 1n emission lines can be made only
after detailed researches.

Acknowledgements. We thank .M. Beskin for dis-

cussion and E.V. Neustroeva for help to solve several
problem.
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ABSTRACT. Expanding shell of Nova V 1974 Cy-

ognl consists of two major components: an outer fast
low-mass envelope and an mner slow high-mass enve-
lope. The outer envelope, detected 1n diffuse enhanced
spectra and on radio 1images, 1s shaped and accelerated
by the fast wind consisting of spherical and polar com-
ponents. The inner envelope, detected 1n nebular spec-
tra and on the HST 1mages, consists of equatorial ring
and polar blobs. Common envelope phase and strong
magnetic field of the O-Ne-Mg white dwart play an
important role in shaping of the inner envelope. Both
envelopes are prolate.

Key words: Stars: novae, circumstellar matter, Nova

V 1974 Cygm

Introduction

Exact mechanism which shapes the nova shells 1s unc-
lear. Spectroscopy during the early phases of the out-
burst and high resolution radio and HST 1maging,
which 1s able to resolve the structures 1n the ejecta
as rings, clumps, blobs and bipolar outflows allow to
study the mechanism of ejection and shaping. Com-
ponents of the expanding shell appear to reflect pro-
cesses which take place on the scale of binary system
during the outburst. Livio (1994) discussed the im-
portance of the common envelope phase for shaping ot
nova shells. The mass loss which results from orbital

energy deposition occurs preferentially in the orbital
plane. The coupling of the nova wind and the mag-
netic field could also shape the nova shell (Orio et al.

1992). According to Chevalier and Luo (1994) the mag-

netic field 1n the wind from a magnetized rotating star
become 1ncreasingly toroidal with the distance from
the star. Toroidal magnetic tension can constrain the
flow 1n the equatorial region, while not intertering with
the flow in polar region. Slavin et al. (1996) showed
the connection between the speed class of novae and
shaping. The faster novae with {3 < 17 days produce
inhomogenous approximately circular shells with disc-
rete randomly distributed knots of brighter emission.
The slower novae tend to produce remnants having po-
lar blobs/equatorial ring morphologies. Slower novae
spend a longer time 1n a common envelope, so their

remnants are aflected more by the orbital motion of
the binary than in faster novae.

Shaping of the envelope of Nova V 1974 Cyg

a) wind

Wind was detected spectroscopically i early UV
spectra as double absorptions imn P Cygni profiles of
Mg II lines (Shore et al., 1993). Very broad absor-
ption centered at about 2400 km/s was caused by the
spherical wind, the absorption at about 4000 km/s was
caused by the polar wind. Radial velocities of the com-
ponents of the wind seen 1 UV region correspond to
the radial velocities of the broad double absorptions in
the HI profiles of the Orion spectrum detected 1n the

optical region (Chochol et al., 1993) about 50 days af-
ter the outburst.

b) outer low mass envelope

The optical diffuse enhanced spectra taken a few
days after the maximum light showed double absor-
ptions in P Cygni line profiles of HI, Hel, Ca 11, Fe 11
and Mg 11 lines. Each absorption can be considered to
be produced 1n a different region of the outer envelope
approaching the observer. An increase of blue-shift of
double absorptions with time suggests that the outer
envelope was accelerated by the wind. Radial velo-
cities of double absorptions caused by the wind and
parts of the outer envelope approaching the observer
are depicted 1n Fig. 1. The ratio of radial velocities of
absorptions caused by the spherical and polar compo-
nents of the wind 1s the same as for the components of
the outer envelope (0.596£0.007), so the spherical and
polar components of the outer envelope were shaped by
the spherical and polar winds, respectively. The first
two radio 1mages of the outer envelope were taken by
Eyres et al. (1996) at 6cm by MERLIN on days 154
and 172. The envelope was elliptical, with major to
minor axis ratio 1.37+0.05.

c) Inner massive envelope

Chochol et al. (1993) found in the high resolution
tracings of the Hys line 1n the nebular stage of the nova
(which started 79 days after outburst) a splitting of
the emission line profile into a few components cor-
responding to approaching and receding parts of an
expanding equatorial ring and polar blobs. The same
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Figure 1: Radial velocities of the spherical (A) and
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ponent of the low-mass outer envelope.
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features can be seen also in [O III] lines as well as C I11]
and N III] lines in UV region (Chochol et al.;, 1996).

Mean radial velocities of the ring and blobs of the inner
envelope are plotted 1n Fig. 2. A decrease of expan-
sion velocities of the ring and blobs after day 318 could
be caused by the deceleration of the envelope due to
the interaction with the preoutburst ejecta. The HST
1mage ol the expanding envelope taken 818 days after
outburst clearly shows presence of the ring and two
polar blobs (Fig. 3). An elliptical shape of the ring is
caused by the projection of the circular ring onto a cel-
lestial sphere. The equatorial ring formed during the
common envelope phase expands 1 the orbital plane.
Ne V] and [O 1I1]
lines lead to the discovery of magnetic fountain, which
originates 1 the polar region. Interaction of the par-
ticles flowing from the blobs in meridional arcs (flux
tubes) with expanding spherical inner envelope is re-
sponsible for the origin of observed bright spots. We
can conclude that the shaping of the inner envelope
1s largely aflected by the magnetic field of the white
dwart.

Superposition of the HST 1mages in

d) true expansion velocities and 3D model
Radial velocities of the components of the 1inner
outer envelopes and their expansion rates 1in the plane
of the sky (found from radio and the HST images) were
used to determine the inclhination of the polar ejecta
with respect to the observer. The resulting value of 1
= 38.°7£2.°1 enabled us to determine the true expan-
sion velocities of the components of the expanding en-
velope. Polar component of the outer envelope expands
two times faster (about 3600 km/s) than the spherical
component. The true velocity of the blobs of the inner
envelope (about 1100 km/s) 1s 1.2 times larger than
the velocity of the ring. Both envelopes are prolate.
Acknowledgements. This research has been suppor-
ted through the Slovak Academy of Sciences grant No.

1282/1996.
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ABSTRACT. Optical, UV and X-ray observations of

the well known symbiotic star AG Draconis during qu-
iescence and the active phase 1994/1995 are presented.
The 1ntensity 1n the UV region 1s well correlated with
the optical activity. The observed X /ray flux dropped
down by a factor of about 100 during the outburst ma-
X1mum.

Key words: Symbiotic stars, X-ray sources, AG Dra

Introduction

AG Draconis 1s one of the most observed symbiotic
stars. These stars are binary systems consisting of a
cool late (M-) type primary component and a hot com-
pact object (white dwarf, subdwarf). Because of mass
loss of the primary both components are embedded 1n
a common nebulous envelope.

AG Dra plays an outstanding role mside the group
of the symbiotic stars because of 1ts high galactic la-
titude (b = +41°), its large radial velocity (v,qq =
—148 km/s) and its early spectral type (K). This star
1s probably a metal poor symbiotic binary in the galac-
tic halo. The historical light curve 1s characterized by
active and quiescent phases. The active phases show
outbursts of 1-2 mag imn B and V followed by one or
more secondary maxima. Between the active phases
AG Dra is spending long periods (years to decades) at
minimum light with small (0.1 mag) semiregular vari-
ations in B and V with periods of 300-400 days.

In U however regular variations with amplitudes of
Il mag and a period of 554 days are visible. This period
1s assoclated with the orbital motion of the system.

The optical spectrum of AG Dra 1s typical of a sym-
biotic star, with a probably stable cool component
which dominates in the yellow region, and a largely va-
riable nebular component with a strong blue/UV con-

tinuum and a rich emission line spectrum.

The UV continuum and line flux varies strongly with
the star’s activity (factor 10 in the continuum and fac-
tor 2-5 in the line flux during the 1980-83 active phase).

First X-ray observations of AG Dra during the qu-
1escent phase with the EINSTEIN satellite revealed a
solt X-ray spectrum. EXOBAT observations during the
small active phase 1985 /86 showed a large X-ray fading

with respect to quiescence.

Recent observations

In June/July 1994 AG Dra went into a major out-
burst, after which 1t gradually declined to the quiescent
level in November 1994. Like 1981/82 and 1985/86 the
star underwent a secondary outburst in July 1995. In
addition to the optical observations a coordinated RO-
SAT/IUE campaign was carried out to study the star
as 1n the optical as 1n the short wavelength ranges.

IUE Observations

AG Dra was observed by IUE as a Target of Op-
portunity starting on June 29, 1994. The observations

have continued until February 1996, covering the 1994
and 1995 outburst and the quiescent phase between
them and the return to quiescence.

ROSAT Observations

AG Dra was scanned during the All-Sky-Survey over
a time span of 10 days. The total observation time adds
up to 2.0 ksec.

Several pointed observations with spectral resolution

on AG Dra have been performed 1n 1992 and 1993 with
the ROSAT PSPC.

When AG Dra was reported to go into outburst 1t
has been proposed for a Target of Opportunity Ob-
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servation. Because of technical problems AG Dra has
been observed only since Aug. 28, 1994, about 4 weeks
after the optical maximum with HRI.

The X-ray light curve of AG Dra

The X-ray intensity has been more or less constant
between 1990 and May 1993 before the optical out-
burst. During the optical outbursts the observed X-ray
flux dropped down substantially. The observed maxi-
mum amplitude of the intensity decrease 1s nearly a
factor of 100. Between the outburst maxima the X-ray
intensity nearly reached the pre—outburst level.

Results

From the optical, UV and X-ray observations the
following properties of the AG Dra system were deter-
mined:

The X-ray spectrum 1n quiescence 18 very soft, with
a blackbody temperature of about 175 000 K.

The quiescent bolometric luminosity suggests stable
hydrogen burning in quiescence.

The monitoring at X-ray and UV wavelengths did
not yield any hints for a predicted eclipse during the
U-light minima. During the optical outburst in 1994
th UV continuum increased by a factor of 10, the UV
line intensity by a factor of 2 and the X-ray intensity
dropped by at least a factor of 100. There 1s no sub-

stantial time lag between the variations in the different
energy bands.

There 1s no hint for an increase of the absorbing co-
lumn during one X-ray observation with spectral re-
solution performed during the decline of the optical
outburst 1 1994. Instead, a temperature decrease 1s
consistent with the X-ray data and also supported by
the IUE spectral results.

Modeling the X-ray intensity drop by a slowly expan-
ding white dwart with concordant cooling, we find that
the necessary excess accretion rate 1s only 27% of the
quiescent one. Accordingly, the white dwart expands
to approximately 1ts double size within the about three
months rise of the optical outburst. The cooling 1s mo-
derate: the temperature decreases by only 35%.

AG Dra could either be a symbiotic nova with a turn
on before 1855, or the first example of the wide binary
supersoft source class.
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IN THE ECLIPSING BINARY SYSTEMS OF DIFFERENT TYPES
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ABSTRACT. The properties of subgiants from ecli-

psing binary systems are considered . The necessity of
their dividing into different groups on masses and orbi-
tal periods 1s suggested. It allows to find the significant
correlations between the main characteristics of super-
giants and the corresponding systems’ characteristics.
It 1s shown that low-mass subgiants from short-period
systems quickly lose the mass. They possess the largest
temperature and radi excesses, but with mass and pe-
riod mcreasing the temperature excesses are replaced
by the temperature deficiency, which are maximal for
massive subgiants of AR-systems.

Key words: stars, eclipsing binary stars, subgiants.

I. Subgiants can be found in three different classes
of eclipsing binary systems (Svechnikov, 1986): semi-
detached (SD-systems), with detached subgiant (DS-
systems) and AR-systems. In SD and DS - systems
more massive star belongs to main-sequence and sub-
giant is an evolved companion. Shain (1928) described
the main properties of the subgiants:

a) they have less masses than second star of the pair,

b) they do not fit "mass-luminosity ” relation, sho-
wing greater luminosity excesses,

c) they have earlier spectral types than main-
sequence stars with the same masses:

d) their luminosity excesses increase with decreasing
of the mass ratio ¢ for stars of the system.

Further 1t was shown that subgiants in SD-systems
fill in and DS and AR-systems do not fill in their Roche

lobes.

Let us consider the general properties of the subgi-
ants 1n SD, DS and AR-systems. In Table 1 we give
averaged characteristics of the subgiants from SD, DS
and AR-systems that were derived on the base of the
catalogue (Karetnikov and Andronov, 1989). Designa-
tions are the following: n-number of the stars, lg A-
distance between the stars, lg R-radius of the star,
lg M and ¢ = M-/M; - mass and mass ratio respec-
tively, Alg R and Alg 1" - averaged radius and tem-
perature excesses for subgiants. Here we also give the
mean values of averaging procedure A. R; A - degree
of the Roche lobe filling. This value 1s calculated using

formula (Iben and Tutukov, 1984):

RR; =0.52- A (M;/M)**,

where M = My + M> and R;A = R;/RR;.

The differences 1n degrees of the Roche lobe filling
are caused by the differences 1n the evolution of these
stars under the different mitial characteristics of stellar

pairs: their masses and sizes of the orbits. Using the
data from Table 1 we 1mmediately reveal that mean

sizes of orbits A are close to 13.2 R, for SD-systems,
32.4 R for D5 and 15.5 R, for AR-systems. Detached
subgiants belong to the more wide systems. Neverthe-
less, 1t should be noted that observed sizes of orbits

for numerous class of DS and AR-systems embrace all

possible values and therefore such a comparison 1s not
completely correct.

IT. Using models from (Mengel et.al., 1979), we
can construct the evolutionary tracks for stars of the
different masses up to subgiants phase. Resulting
”luminosity-temperature” diagram i1s shown in Fig.l.
It 1s seen that depending upon the mass all the tracks
can be divided into two groups:

1) those of low-mass stars, 1.e. M; < 1.5M and

s

2) of intermediate-mass stars: 1.5Mo<M;<3.5M.

J
Note that more massive subgiant are not numerous

(Mengel et.al., 1979) are
not calculated. Stars from the first group show a smo-
oth mcreasing of the luminosity; they quickly pass to
giant stage practically without any delay. Stars from
the second group demonstrate sinuous evolutionary
tracks having the parts of strong increasing and dec-
reasing of the temperature. Accordingly to (Masevich
and Tutukov, 1988), differences in evolutionary tracks
of stars with different masses are defined by different
processes of the energy production. Let us 1solate on
Fig.1 the following parts of the tracks: aa) formation
of burnt stellar core, bb) core contraction, cc) helium
core burning, while the star evolves to giant branch.
The part 7aa” 1s transitional stage between dwarts and

subgiants. Therefore, properly subgiant phase 1s refer-
red to "bb” and "cc¢” regions of the diagram, where

and therefore their tracks 1n

the luminosity and temperature sufler very complica-
ted changes.
It 1s clear that 1f not taking into account the division
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of subgiants on their masses, we can 1ntermix comple-
tely different relation for their masses and luminosities.
Probably, only stars located within "bb” region can be
considered as subgiants, while stars of "aa” region have
the properties of main sequence stars and those of "cc”
region resemble giants. Therefore, 1t 1s necessary to se-
parate this stars and to search for some relation within
separated groups. It seems, that such a separation has
never been done and different kinds of objects were
ranked as subgilants.

An mmportant feature of the stars constituting SD
and DS-systems 1s confidently observed gas streams
that lead to a great mass loss from subgilant. Accor-
dingly to observations, some part of the lost material
1s accreted by neighbor star of the V luminosity class.
Processes of gas loss and subsequent accretion lead to
the changes 1n the mass ratio g of the system. Results
of investigation show that mass ratio ¢ correlates with

Ll

subgiant mass: for SD systems coeflicient 1s 0.69, for
DS - 1t 1s neghigible and for AR systems £=0.82. This
fact obviously testifies about mass ratio change for the
systems.

Another important factor which also requires a sepa-
ration of the stars on their masses is the mechanism (or
mechanisms) operation that leads to changes of the or-
bital momentum and semi-major axis of the system. It
1s know that stars with mass less than 1.5 M possess a
rather strong magnetic wind which favors to the angu-
lar momentum loss and therefore leads to semi-major
axls decreasing. All the stars can have an usual stellar
wind which 1s stronger for more massive stars. Such
a wind presence can increase the distance between the

stars. An interaction of these winds must influence on
the main parameters of the stellar system.

I111. Let us 1solate among the different kinds of ecli-
psing binaries (SD, DS and AR systems) the following

clusters:

— cluster ”a” contains the stars with masses less than
L.oMe;

— cluster 7b” consists of the stars with masses

l.OMo < My < 10Me and Ms < 1.5Mq;

— cluster 7¢”: stars with masses 1.5Mq < (M7 +
M2) < 10M @ ;

— cluster ”d” consists of the stars with M; > 10M
and Mo > 1.0My;

Here M, and M-, are the masses of the components
and M, + M- 1s a total mass of the system.

We can also specity subclusters using the distribu-
tion on orbital periods:

— subcluster ”1a” contains the systems of "a” cluster
with P < 1.5%;

— subcluster ”2a” - with 1.5% < P < 2.5%;

— subcluster 73a” - 2.5 < P < 3.5%;

— subcluster "4a” - 3.59 < P < 6%

— subcluster ”5a” - P more than 6¢.

Detailled classification for "b”,”¢” and 7d” clusters

can be made 1n the similar way. Note that each cluster
of DS-a, DS-¢, AR-b and AR-c types contains only one
star, therefore they are excluded from this considera-
tion.

As it shown in (Karetnikov, 1990), such a separation
of the stars into different groups (clusters) with simul-
taneous accounting of any possible mechanisms of mass
and angular momentum transfer gives as a possibility
to prognosticate the possible evolutionary scenario for
stars of system. For example, M.A. Svechnikov pro-
posed that subgiants of AR systems are formed from
low-mass binary systems with great orbital period 1niti-
ally containing main-sequence stars that never filled 1n
their Roche lobes. Having rather slow evolution they
became subgilants without suffering the stage of the
"role-change” (Crawford, 1955), which 1s usual phase
for SD and DS systems.

IV. Let us analyze the subgiant group properties
using their separation on the classes, clusters and subc-
lusters. One can use the characteristic of the stars from
catalogue (Karetnikov and Andronov, 1989). Firstly,
we 1nvestigate the relations between mass ratio ¢ and
subgiant masses. Then we 1nvestigate the relation bet-
ween radius and temperature excesses ol subgiants and
their masses, mass ratio ¢ and system sizes A. For this
alm we will use a formula y = a + b - x, where argu-
ment will be a subgiant mass M; or the total mass M
of the system, or mass ratio q or orbital size lg A. As
a Tunction we will use mass ratio ¢ and excesses of the
radius Alg R and temperature Alg 1.

Results of comparison are gathered in Table 2, where
we give the coefficients A and B, and sigma values o( A)
and o(B) (significance level more then 0.95). Here we
also give the correlation coefficients k& and o(k). One
can see that correlations between the mass ratio ¢ and
mass of the less massive star M- 1n SD and DS are
most significant. Nevertheless, 1n some cases, the cor-
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relations have a small significance (less than 0.95) as
for SD-c¢ and SD-d clusters. They are not included
in Table 2. On the corresponding places we give the
blanks.

Obtained results indicate the clear decreasing of the
subgiant mass 1n SD and DS systems. Most rapid
mass decreasing (and correspondingly ¢-value decrea-
sing) takes place for SD-a and especially for subcluster
SD-1a. For cluster DS-b subgiant mass decreasing 1s
more rapld than for cluster SD-b. For AR-a cluster
the mass decreasing 1s going more rapidly. This poses
a question about mechanism of mass loss iIn AR sy-
stems which consist of two ”"detached” subgiants. It
1s seen that with subgiant mass growth and increasing
of the orbital period, the rate of ¢ change generally
slows down. The ¢ value clearly correlates with subgi-
ant masses. The level of significance for such a corre-
lation often achieves 1. There also exists rather high
significance for two correlation between ¢ and M; 1n
SD system and subcluster SD-2b and for four correla-
tion of "g-M” type. In this case B coeflicients have the
same sign which means that with decreasing of ¢ value
the mass of the system has a tendency to be decreased.
The changes of ¢ value are of evolutionary character.
Last two facts are of great interest, because an inter-
pretation of the mass transfer for detached subgiants

1s now complicated.

Let us consider subgiant luminosity characteristics
separating them on their contribution of the radn and
temperatures 1n resulting luminosity. We will use
for calculations the mean relation "mass-radius” and
"mass-temperature” (Karetnikov, 1991). As before we
employ the linear formula, where a function will be
either radius excess Alg R or Alg 7" and argument
1s subgiant mass Ms. Results are gathered 1in Tables 3
and 4. These data allow to make a conclusion that pro-
posed separation of the subgiants on the groups gives a
possibility to investigate reliably the group properties
of the subgiants from different kinds of stellar systems
and to separate the systems having different characte-
ristics.

It should be noted that subgiant luminosity excesses
demonstrate a complex behavior. The fact of lumino-
sity excess Increasing with subgiant mass increasing 1s
well established. One can also note an increasing of
luminosity excess with an increasing of system size. It
1s obviously seen that DS systems having the least sub-
glant masses, at the same time possesses the greatest
luminosity excesses mainly due to radil excesses. In
5D systems, 1n average, the radi excesses are less, but
temperature excesses are slightly greater. Neverthe-
less, for low-mass subgiants of 5D systems with great
orbital period the radin excesses as well as temperature
excesses are dominating among all subgiants from the
binary systems. An exceptional position of DS systems
1S excogltated.

The coefficients k(RA), k(RM) and k(Rq) define the

reliability of mutual connections of the subgiant radii
excesses A lg R with distance between the stars (lg A),
subgiant masses (g M) and mass ratio q. Coeflicients
k(TA), k(TM) and k(Tq) give the reliability of connec-
tion between the temperature excesses Alg R of sub-
giants and those of systems. A dependence between
radil and temperature excesses and system parameters
has been searched 1n the form y =a + 6 - x. All calcu-
lated values are accompanied with standard deviation
values. The designation are the same as above.

V. Data from Table 3 clearly testity that correctness
of the made supposition concerning the presence of the
great radil excesses 1n detached subgiants takes place
only for DS systems. For detached subgiants and AR
systems the radil excesses are Most of SD
systems confirm the conclusion about radii excesses 1n-
creasing with subgilant mass decreasing and with inc-
reasing of the system size. It 1s seen very well from the
comparison of the radn excesses for SD systems when
dividing them on the mass groups. Note that among
5D systems there are subgiants having very great radii
excesses (subcluster SD-4b) and subgiants with small
radil excesses (subcluster SD-1b).

For subgiants of SD systems the reliable relations
between radil and system sizes are obtained. An ex-
ception can be made only for SD system of the great
One can also assess as reliable the formula
for relation between radil and mass excesses 1n subgi-
ants of SD-b group and their separation on the base of
orbital period value. In the last case, the most short-
period SD-1b pairs give the less reliable results than
low-mass systems with long period. The same picture
takes place when we compare the radil excesses with
mass ratio ¢ values for this type of stars.

minimal.

IT1asses.

After averaging procedure for all subgiants of AR
class, the temperature deficiency 1s seen. Such a defici-
ency 18 more pronounced for more massive companion.
Similar situation takes place for SD systems with sub-
glant mass greater than 1.5M,. Moreover, for more
massive 5D systems such a deficiency 1s two times less,
than for AR systems. Subgilants from DS systems po-
ssess the small temperature excesses, while 1n subgi-
ants from SD systems excesses are seen for low-mass
systems. Omne can see from the Table 1 that, 1f divi-
ding the SD-b mnto groups according to orbital period,
the temperature excesses increase with the increasing
of system sizes lg A. This increase 1s caused by the dec-
rease of the subgiant mass (the correlations with lg M
and ¢ are statistically significant). The dependencies
of Alg 1" on lg A are not significant.

Comparison of the group average values of Alg R
and Alg 7" shows, that they contribute to the lumino-
sity excess differently. The contribution 1n this excess
of the radius exceeds the contribution of the tempera-
ture excess of a subgiant star by hundreds times. The-
refore the temperature deficiency, which 1s sometimes
detected for subgiants, does not significantly aflect the
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common |luminosity excess.

At the same time

(as 1t
was noted by Karetnikov and Andronov (1989)), t
temperature excess for a SD-class correlates wit.

the

n the

luminosity excess better, than the radius excess. This
fact 1s confirmed by the values of the correlation co-

efficients listed 1in Tables 3 and 4. Unfortunately, the
correlation between the temperature excess and the si-

€5 O]

(1990), was not found here.
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masses and luminosities close

Table 1. Mean characteristics of the subgiant stars in close binary

systems and r.m.s. deviation of the data from the mean.

Typeot n IgA 1gR R;A lgM g AlgR AlgT
systerms
SD 82 1.12 0.54 1.00 -0.06 0.351 0.48 0.06
.26 .20 1C 42 15 22 15
DS 11 1.1 0.74 0.67 -0.15 0.29 0.73 0.09
14 16 16 19 .09 19 13
AR1 12 1.19 047 0.53 0.15 0.89 0.27 -0.10
10 21 19 .09 16 .20 08
AR?2 12 1.19 045 0.1 0.08 0.89 0.26 -0.06
10 A8 .20 13 16 21 07
SD-a. 6 0.74 0.1 1.03 -0.46 0.26 0.33 0.17
14 12 .06 18 11 16 11
SD-b b8 1.08 0.0 1.01 -0.20 0.28 0.52 0.08
.20 A8 .09 .29 12 22 14
SD-c 12 1.2 0.60 1.00 0.31 0.36 0.38 -0.03
12 1C 07 .09 10 .09 14
SD-d 6 1.69 1.1 0.93 095 0.9 0.41 -0.09
A8 .20 21 .24 28 27 16
SD-1b 1o 0.84 0.29 0.98 -0.13 0.38 0.26 0.04
08 10 1C 16 11 10 11
SD-2b 14 1.08 045 1.00 -0.19 0.29 0.46 0.07
.06 .08 .06 .24 12 11 12
SD-3b 14 1.15 0.50 1.04 -0.21 0.23 0.58 0.09
08 .11 .05 .20 .08 07 15
SD-4b 15 1.32 0.70 1.03 -0.29 0.22 0.78 0.12
10 .09 12 28 .09 16 15
DS-b 9 1.6 079 0.64 -0.17 0.29 0.77 0.09
.66 .32 15 .04 .08 A7 15
AR-a 10 1.10 0.45 0.52 0.00 0.89 0.26 -0.07
30 16 .20 11 A7 15 08

Clusters DS-a, DS-c contain one star: RU Cnc and Z Or1, respec-
tively; clusters AR-b, AR-b contain also one star: SZ Psc and SZ7
Cen, respectively.
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Table 2. Values of the coefficients A and B, correlation coeflicient K, standard errors o.
Here M = M, + M- 1s the mass of the binary, M, and M, are masses of the primary and
secondary stars, respectively. The dash means the absence of significant correlation.

Type of Number g=A+B - M g=A+ B M, g=A+ B M,
systems A B k A B k A B k
SD 82 40.24 40.01 0.60 40.24 40.02 051 40206 +0.03 0.69
02 .00 .09 .02 .00 10 01 .0C .08
SD-a. 6 -0.00 40.42 0.85 - - - 40.02 40.64 0.99
24 13 .26 02 .04 .06
SD-1a 4 -0.63 40.49 0.90 - - - 40.02  40.60 0.99
32 A7 Sl 02 .05 07
SD-b D& : - - - - - 40.12 +0.23 0.71
02 03 .09
SD-1b 12 - - - - - - 40.09 40.38 0.84
07 08 A7
SD-2b 10 +0.03 +0.09 0.87 0.00 4+0.14 0.78 +0.13 40.24 0.95
06 02 A8 1C .04 22 03 03 11
SD-3b 17 - - - - - - 40.11 40.18 0.64
.04 .06 20
SD-4b 12 - - - - - - 40.14 40.14 0.81
03 03 A8
SD-5b 6 RY Per excluded - - -0.01 +0.45 0.96
.03 .06 13
DS 11 - - - - - - - - -
DS-b 9 - - - - - - 40.01  40.42 0.39
.06 .08 A7
AR 12 - - - - - - 40.97 40.25  0.58
14 11 .26
AR-a 10 - - - - - - 0.25 0.50 0.82
16 14 20

Table 3. Coetficients of correlation between radius excesses Alg R and Ig A, lg M, lgg

in the case when k 1s statistically significant. Standard deviations are also given. Dash

means that significance level 1s negligible.

Type of n aq by k(RA) as bo  k(RM) as bs k(Rq)
systermns
S5 82  0.00 0.42 0.1 0.46 -0.22 -0.42  0.07 -0.73  -0.70
.09 .08 10 .02 .05 10 05 .08 08
DS 11 - - -
ARI 12 - - -
AR?Z 12 - : -
SD-a 6 -0.46 1.08 0.93 - -
15 .20 18
SD-b 08 -0.00 0.94 0.83 0.41 -0.54 -0.68 0.02 -0.84  -0.78
09 .08 08 .03 .09 11 .06 .09 .08
SD-c 12 -0.46 0.68 0.88 - -
15 12 15
SD-d 6 - - -
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Table 3 (continued).

Type of n aq by  k(RA) s bo  k(RM) as bs  k(Rq)
systems
SD 82 0.00 0.42 0.51 0.46 -0.22 -0.42  0.07 -0.73  -0.70
09 .08 10 .02 05 10 05 .08 .08
DS 11 - - -
ARI1 12 : - -
AR?2 12 : - -
SD-a 6 -0.46  1.08 0.93 - -
15 20 18
SD-b 58 -0.50  0.94 0.83 0.41 -0.54 -0.68 0.02 -0.84  -0.78
.09 .08 08 .03 .09 11 06 .09 .08
SD-c 12 -0.46  0.68 0.88 - -
15 12 15
SD-d 6 - - -
SD-1b 15 - 0.22 -0.33 -0.96 -
03 14 23
SD-2b 14 - 0.38 -0.39 -0.88  0.18 -0.48 -0.79
02 06 14 .05 .09 18
SD-3b 14 1.20 -0.54  -0.60 0.53 -0.23 -0.89 0.35 -0.34 -0.74
.24 20 23 .01 03 13 .06 .08 20
SD-4b 15 - 0.63 -0.51 -0.88 0.28 -0.70  -0.85
03 .08 13 .06 .08 14

Table 4. Coeflicient of correlation between temperature excesses Alg7 and Alg R and
lg A, lg M, lg g 1in the case when k 1s statistically significant. Standard deviations are
also given. Dash means that significance level 1s negligible.

Typeof n ¢ di  k(TA) Co do  k(TM) Ca ds k(Tq)
systems
SD 82 - 0.04 -0.25 -0.70 -0.25 -0.56  -0.80
01 .03 08 .03 .05 07
DS 11 - -0.03 -0.54 -0.8C -
03 14 2C
AR1 12 - - -
AR2 12 - -0.03  -0.33 -0.56 -
02 16 .26
SD-a 6 - -0.11 -0.62 -0.99 -0.20 -0.61 -0.95
.02 .04 07 .06 .09 16
SD-b 5% - -0.01 -0.47 -0.86 -0.25 -0.56 -0.74
01 .04 07 .03 .05 .09
SD-c 12 - - -
SD-d 6 - - -
SD-1b 15 - -0.03  -0.54 -0.81 -0.25 -0.67 -0.80
02 11 16 .05 12 16
SD-2b 14 - -0.01 -0.42 -0.89 -0.23 -0.52  -0.76
02 .06 13 .06 10 19
SD-3b 14 - -0.01 -0.48 -0.86 -0.42 -0.77 -0.75
03 .08 15 11 16 19
SD-4b 15 - -0.01 -0.46 -0.84 -0.34 -0.66 -0.87
03 .08 15 .06 .08 14
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LONG-TERM VARIABILI'TY
OF THE NOVA-LIKE VARIABLE V S5GE

V.I. Marsakova!, I.L.. Andronov', E. Schweitzer?
Astronomical Observatory, Odessa State University,
1'.G.Shevchenko Park, 270014 Odessa, Ukraine
¢ Association Francaise des Observateurs d’Etoiles Variables (AFOEV)

ABSTRACT. V Sge was studied on photonegatives

of the Moscow and Odessa plate collections. In conse-
quence of us analysis of these observations and of the
AFOEYV data, the two types of long-time variability
were distinguished: (1) outbursts with characteristic
time ~ 212¢; (2) transitions between the high and low
luminosity states with a cycle length ~ 250¢; (3) va-
riations with amplitude about 2™ and smaller and at
different time scales.

Key words: Stars: Cataclysmic; Individual: V Sge

Introduction

V Sge 1s one of the most attracting cataclysmic vari-
ables. Being very bright (876 — 139 Kholopov et al.,
1987), 1t was discovered at the beginning of the century.
The estimate of the orbital period P =09514195 (Her-
big et al., 1965) was slightly corrected (P =09514198)
by Koch et al. (1986) The period variations were fo-
und by Smak (1995). In the Catalogue by Aslanov et
al. (1989) also mentioned the slow photometric cycle
of 550 and fast coherent (47.7 s) oscillations.

Recent interest to the object 1s partially connected
with observational and theoretical study of the winds
from the accretion disks in cataclysmic variables (Vi-

tello and Shlosman 1993, Mauche 1994, Nafar et al.

1992). In 1995 the international campaign for photo-
metric observations of this star was 1nitiated by Hric

et al. (1996).

Simon (1996) distinguishes the following types of the
brightness variations:

1) large outburst with an amplitude about 2™;

2) transitions from the high to the low state and

vVice Versa;

3) small outbursts (about 0M7);

4) year—to—year brightness variations.

We shall use his terminology for uniformity to describe

the variability of V Sge.

In this paper we discuss results of photographic pho-
tometry and of the visual estimates from the AFOEV
database (Schweitzer, 1993). The analysis of the UBV

11, rue de I"'Université, 67000 Strasbourg, France

Table 1. UBV-magnitudes of comparison stars.

stars V B U
X 8.0&80 8.870 9.040
7 9.192 10.641 11.698
a 10.696 11.001 11.301
b 10.439 11.531 -
C 10.937 11.824 -
d 11.021 12.238 -
o 11.699 12.797 13.498
f 12.597 13.156 13.185
g 12.752 13.465 -

photoelectric observations one may find in Marsakova

et al. (1997).

Photographic Observations and their
Analysis

V Sge was studied on 277 photonegatives of the Mos-
cow and Odessa plate collections covering the interval
JD 2414309-48884. In both cases the emulsion ORWO
ZU-21 was used, thus only minor differences between
the 1nstrumental systems were achieved. The UBV-
magnitudes of the comparison stars were obtained by
S.Yu. Shugarov (Marsakova et al. 1997), they are lis-
ted 1n the Table 1 and are shown 1n the finding charts
(Fig. 1).

The shape of the phase light curve varies depending
on the luminosity state. In Fig. 2 (up) the crosses cor-
respond to the "low” state with more deep minima; the
circles — to the "high” state where the orbital variabi-
l1ty 1s not pronounced 1n photographic observations.

We have suggested the mathematical model of orbi-
tal variability to reduce 1ts influence on the long—period
variability (c¢f. Marsakova 1998) where the amplitude
of the phase light curve changes lineally from that of
the trigonometric polynomial fit of the low state light
curve (solid line) to zero at the magnitude 10™.

The results of the periodogram analysis (using the
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Figure 1. Finding charts for V Sge
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Figure 2. Phase light curve corresponding to the elements by Smak (1995) at the interval JD 2445700-47600
for the photographic observations (up) in "high” (circles) and "low” (crosses) states with a trigonometric
polynomial fit of 4-th order (solid line) and for the AFOEV observations (bottom).
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Figure 3. Part of the light curve from the AFOEV database at the intervals of large outbursts.
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Figure 4. Part of the light curve from the AFOEV database at the intervals with the "high—to—low state”

transitions.
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Figure 4. Part of the light curve for the photographic observations fitted by running parabolae (up) and for
the AFOEV observations (bottom) in the interval JD 2445700-47600 (the type (3) of changes with smallest
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Table 2. Results of periodogram analysis of photogra-
phic observations. See the text for explanations.

JD 24..... P S(f) L, Po_c
nitial

44300-4809C 914  0.19 9.3 36.7
39600-48890 73.0 0.21 9.9 2117
45850-4889C 923 0.25 104 36.7
45850-47100 60.6 0.4b 14.2 2087
reduced

44300-48090 215 0.20 10.4 40.8
39600-4889C 896  0.23 10.9 91.2
45850-4889( 929  0.28 12.2 87.7
45850-47100 60.6 0.46 14.5 2107

program FOUR-0 by Andronov (1994)) in some ob-

servational intervals for both cases (initial observati-
ons and the ones with reduced orbital variability) are
shown 1n Table 2. There P 1s the best fit period:
S(f) = oz /of is the maximum value of the perio-
dogram, 10~ %7 is the "false alarm probability”, i.e the
probability to obtain a peak of a given height at one
of the "1ndependent frequencies”, 1f the data are pure
white noise (cf. Terebizh 1992, Andronov 1994,1996);
Po_c 18 the best fit period computed for the residual
of the observations 7(” from the best sine fit "C"” to
the original data; the values of period corresponding to
a cycle length close 2129 are marked by 7*”.

Results of the Analysis of the AFOEV Data

The AFOEYV visual estimates also were used for the
period search. The variance of observations (related to
differences of individual system of many observers) was
so large that the orbital variability can’t be extracted
(see Fig 2.). The three types of variability were distin-
guished from the long—time light curve:

1) large outbursts with a characteristic time ~ 212
days and a range ~ 10 — 13™,

2) transitions between the "high” (~ 10™5) and
"low” (~ 12M5) state with a cycle length ~ 250,

3) variations in a range about 10™5 — 125, the am-
plitude and their characteristic times are different 1n
different time 1ntervals.

All types of variations are shown in Fig. 3,4. In
the mterval JD 244570-47600 the characteristic time
is equal to about 74¢ (corresponding to 61 days in the
same 1nterval derived from the photographic observati-
ons). These variations were approximated by a running

parabola fit (Andronov, 1997) with a filter half-width
509 (JD 2446200-46420) and 25° (the rest) (see Fig 4).

Table 3. Results of the periodogram analysis of the
AFOEYV observations.

interval JD 24..... P S(f)y -—lgPr
25700-2900C 212 0.46 40.06
49000-5000C 243 0.71 93.27
29000-3150C 1394  0.11 2.23
39300-4250C 356  0.18 21.01
42800-4430C 605  0.09 5.89
44600-4570C 463  0.13 14.47
45700-4760C 74.0 0.11 21.29
47600-4900C 464  0.11 15.13

In the intervals JD 2444600-45700 and 2447600-49000
it is equal 464°%(~ 9309/2 in photographic data). The
results of the periodogram analysis are listed 1n detail

in Table 3.
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MV LYRAE IN THE LAST LOW 5TATE IN 1995-1996

E.P.Pavlenko
Crimean Astrophysical Observatory, Crimea 334413, Ukraine

ABSTRACT. The detailled TV photometry of nova-

like variable MV Lyr 1n the low brightness state covered
25 nights of observations i 1995-1996 years 1s made.
Its brightness was B = 18™2 - 16"2. The flash with
amplitude of about 05, lasted half an hour was detec-
ted twice 1n two separated nights and the sequence of
similar flashes but with amplitude reached 2™ was de-
tected once. The quasi-periodic variations with typical

time 013 - 0™14 and amplitude 01 were found.
Key words: Stars: cataclysmic, novalike, MV Lyr

Introduction

MYV Lyr 1s the unusual novalike variable. It spends
most of 1ts time 1n a high brightness state. Once every
decade or so 1ts brightness abruptly decreases by a fac-
tor of 100. The decrease of luminosity could be caused
by a decrease or even a cessation of mass accretion onto
the white dwarf 1n the system. The previous low state
lasted approximately ten years. The brightness of MV
lyr reached 18™, varied from 18™ to 17™ and sometimes
the short-term outbursts (several days) up to 15™ have
been detected. Marsakova and Shugarov (1995) detec-
ted the beginning of the last low state that occurred 1n
April 1995. In the last decade of August, 1996 (Andro-
nov, 1996) MV Lyr already was in the high state, so

we could claim that the last low state lasted 1.5 years.

Observations

The observations of MV Lyr were undertaken in 1995-
1996 years at 'T'V-complex of 0.5m telescope of Crimean
astrophysical observatory from August 1, 1995 till July
7, 1996 during 25 nights. The shortest row of observa-
tions was 0.5 hours and the longest — close to 5 hours.
The exposure time varied from 0.75 minutes to 3 mi-
nutes depending from the conditions of observations.
We obtained the observations in integral light. Taking
into account that TV tube has maximum sensitivity
at 4000 A, we used the B-magnitudes of comparison
stars (Andronov and Shugarov, 1982) in the vicinity of
MYV Lyr for brightness estimates. The typical error of
a single estimate was 7%.

Results

One could note some peculiarity of MV Lyr beha-
viour 1n the last low brightness state: the absence
of a several-days outbursts in compare with previous

low state. At the same time the short-lived outbursts
were detected (Pavlenko and Shugarov, 1996), but that
events happened rarely. Its looked like single flash per

B
16.5 |- -

1/.0 = -
i _
® . '
Al ' e
1.0 ' '

49900 250000 250100 250200 250500

JD 240 0000+, ..

Figure 3. The last low state of MV Lyrae mn 1995-
1996.

1/.0 -

1.0 =

night lasted 20-40 minutes with amplitude 05, or like
the quasi- periodic sequence of flashes with the same
typical time but the huge amplitude up to 2™. Fig.1
shows the behavior of MV Lyr for the selected nights.
Some of light curves showed the slow brightness va-
riations with time scale 0.13-0.14 days, but with low
amplhitude of 01. The periodogram for all data in
1995 1s given 1 Fig.2. Several strongest peaks in the
vicinity of the spectroscopic period (02133) as well as
the position of period 1tself are marked. The side-band

peaks are separated by day, another peak 1s close to
the photometric period 02138, discovered by Borisov
(1991) in the bright state and no coincided peaks with
spectroscopic period. So we could say about the exi-
stence of small-amplitude (0™1) light variations with
rather typical time of 0913 - 0914, close to spectrosco-
pic period, then exact periodic variations.

The light curve 1n the scale of tens months 1s perfor-
med 1n the F1g.3. It 1s seen that the mean brightness of

MYV Lyr (if we ignore the flashes) decreased with time
from 17™M8 to 18 1.
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THE ROLE OF MAGNETIC STELLAR WIND
AND MASS TRANSFER IN CLOE BINARIES
OF THE EARLY SPECTRAL TYPE

E.L. Perevozkina
Ural State Pedagogical University, Russia

ABSTRACT. We suggest the results of calculations

of mass transfer rate using orbital period changing and
changing of orbital semi-major axis due to magnetic
stellar wind and mass transfer in close binaries of early
spectral type.

Key words: stars: contact early binary systems, mag-
netic stellar wind, mass transter.

38 systems have changing orbital periods among 100
researched contact binaries of the early spectral type.
Mass transter from one component to other and mass

loss by system total are the reasons of orbital period
changing.

To know what parts magnetic stellar wind and mass

transier 1n tvjlution of close binaries systems with con-
servative mass transfer were studied. By the orbital
period changing the rate of mass transfer was counted:

- for systems with loss orbital period ( 20 systems,
a primary com-ponent loses mass ) the mass changing
rate is M7 = 10~° — 107 %M, /year;

for systems with increasing orbital period ( 18 sy-
stems, a secondary loses mass ) the mass changing rate

is My = 107% — 10~°M_, /year.

According Fedorova and Tutukov (1994) magnetic
stellar wind take place and leads to the orbital period
loss 1n several contact early binaries with less-massive
secondaries with convective envelope.

Calculations shown, that the part of magnetic stellar
wind into orbital semimajor axis loss makes up 1-10%
from orbital semimajor axis loss due to mass transter
that is 107° — 10~ "R /year.

For systems with increasing orbital period magne-
tic stellar wind opposes for increasing of orbital semi-
major axis and period due to mass loss of a secon-
dary.component

The results of calculations may be used by study
of evolution and connection of different types of close
binaries, for example semi-detached systems R CMa-
type, W UMa-type, contact early binaries, especially
less-massive.
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LONG TERM PHOTOMETRIC MONITORING OF
CATACLYSMIC VARIABLES: PRELIMINARY RESULTS FOR
T CRB. CQ DRA AND GK PER

K. Petrik!*, L. Hric’
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' Trnava University, Dpt. of Math., Inf. and Physics, 918 43 Trnava, Slovakia
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ABSTRACT. The preliminary results of the long-
term photometric monitoring (LTPM) of cataclysmic
(CVs) T CrB, CQ Dra and GK Per are pre-
sented. All the observational data were obtained 1n the
frame of the international campaigns of the observati-
ons of cataclysmic and symbiotic stars.

variables

Key words: Stars: Cataclysmic Variables — T CrB —
CQ Dra — GK Per

Although 1t 1s 1mpossible to perform detailed stu-
dies of the structure of the observed objects while using
small telescopes which cannot cope with the HST, NT'T
and Keck telescopes, for example, the primary compa-
rative advantage of small telescopes 1s obvious. There
1s much less problem 1n obtaining the observational
time at some of these smaller instruments at any pe-
riod of time, so that much more complete coverage of
the light behaviour of selected object 1n various activity
stages can be achieved. This 1s the main goal of our ob-
servational campaign (Hric, Urban and Petrik 1996) —
a good coverage of the light variations on various time
scales as 1mportant clues to the nature of the physi-
cal processes taking place within as broad sample of
CVs as possible. As the first set of main observational
targets (out of about 100 objects considered to be sui-
table for our LTPM), we have selected 3 classical novae

(CN), 5 dwarf novae (DN), 2 recurrent novae (RN) and

5 novalike stars (NL). A network of participating teles-
copes has been created in the frame of our campaign
consisting of, at the present, the following ones: three
0.6 m Cassegrain telescopes equipped by single channel
pulse-counting photoelectric photometers at the Skal-
nate Pleso, Stara Lesna and Hlohovec Observatories in
Slovakia, a 0.6 m one equipped by three channel pho-
toelectric photometer at Mt. Suhora Observatory in

Poland, a 1.2 m one equipped by single channel photo-
electric photometer at the Kryonerion Observatory in
Greece, a 0.8 m one equipped by single channel photo-
electric photometer at Tartu Observatory 1n Estonia,
a 0.5 m one equipped by the CCD camera at Baja Ob-
servatory 1in Hungary, a 0.4 m Nasmyth equipped by
single channel photoelectric photometer and the CCD
camera at Brno Observatory i the Czech Republic,
0.25 m Cassegrain equipped by the CCD camera at an
amateur observatory in Belusa, Slovakia. Moreover,
there are several groups of amateur visual observers
cooperating with our efforts. During the first period

of our LTPM activity, we have obtained data for the
following stars: V603 Aqgl, TT Ari, V705 cas (Petrik

et al. 1996), Nova Cas 1995, T CrB, CQ Dra, GK Per
and V Sge.

The recurrent nova T CrB was the first CV which
has been studied spectroscopically during its first re-
corded outburst in May 1866. In contrast with a ty-
pical structure of a CV, 1t consists of a M3 11l giant
and a hot companion of as vet unclear nature, presu-
mably the white dwart, 1n a wide orbit with P,,; about
227.5 days. Our photometry covers the time span of
over 6 years. Recent brightening of the system, best
pronounced i the U colour, amounts to a maximum
extreme of all our LTPM of this star (U, 4, around 10.3
mag). While no flickering has been detected in 1993 by
Dobryzcka et al. (1996), we have detected an intense
1996, suggesting
that the activity of the hot component has increased
again (see Figure 1). It seems that the amplitude of
the large variations in the LTPM light curve of T CrB
are 1ncreasing slowly. Does 1t mean that we are appro-
aching another recurrent nova outburst 1n this object?
On the basis of phase diagrams, i1t 1s apparent 1 all
three colours that the minioutbursts are independent

flickering 1n several nights in April
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Figure 1. An example of the long run in the B band.

on the phase of the 227.5 days orbital cycle.

Another CV with strange behaviour 1s the triple sy-
stem CQ Dra (= 4 Dra). The bright (m, about 5
mag) M3 III star and a hot UV source component in
a wide orbit of about 1703 days resemble a symbiotic
binary (red giant + hot companion). It seems on the
basis of the UV data that the hot companion 1tself 1s
a close binary system with probable orbital period of
about 4 hours (Reimers et al. 1988). Our data for
CQ Dra now cover the time 1nterval of over 7.3 years
(more than a full orbital cycle of the wide system). We
have detected neither the rapid light variations (flicke-
ring) nor any periodicity similar to the 4 hr UV period
in our observational runs (with an accuracy to about
0.03 mag in the U colour). Thus we can conclude that,
unfortunately, there 1s no definite evidence 1n the opti-
cal supporting the CV nature of the hot companion as
yet (see also Urban et al. 1996).

The last CV of our programme we would like to men-
tion 1s the classical nova GK Per. Its nova outburst
has occurred 1n 1901 and the system has exhibited a
series of a dwarf nova-like outbursts of lesser extent

since then. These smaller outbursts have occured with
an approximate period of about 3 years during the last
decades. We have observed the most recent DN-like
outburst of this star (Feb-Apr 1996) photoelectrically
and also with the use of the CCD cameras in V, R

and I colours. The brightness level increased towards
the longer wavelengths from V to 1. This phenomenon
1s probably caused by the extended dust envelope exi-
sting 1n this system.
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PERIOD CHANGE IN THE CONTACT SYSTEM AW UMA

T. Pribulla, D. Chochol
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ABSTRACT. Nine new minima were determined
from the UBV photelectric observations obtained 1n
1992 and 1995-6. They were used to derive the new
ephemeris of AW UMa. The mid-eclipse brightening
best visible in U colour was detected. Possible reasons
of the observed orbital period decrease are discussed.

Key words: Stars: eclipsing binaries, AW UMa

Introduction

AW UMa 1s a bright (V,,.:=6.84"") FO0-F2 A-type
W UMa system (orbital period P = 0.43873 days) dis-
covered and classified by Paczynski (1964). It has the
lowest known mass ratio (= 0.075) among W UMa
binaries. Changes of the form of the light curve were

found by Kalish (1965), Dworak and Kurpinska (1975),
Woodward et al. (1980), Istomin et al. (1981), Hrivnak
(1982), Derman et al. (1990) and Bakos et al. (1991).

During 1989-90 observing seasons unusually strong
light and colour wvariations as large as 0.15™ were ob-
served by Derman et al. (1990) in a few days time inter-
val. The orbital period change was found by Woodward
et al. (1980) and Istomin et al. (1981). Hrivnak (1982)
considered either sudden or continuous decrease of the
period. Demircan et al. (1992) discussed following me-
chanisms for the period decrease: (1) a mass transfer
from the more massive to the less massive component,
(1) an interaction with a disk or a shell around the sy-
stem. Very slow mass transfer from the less massive to
the more massive component slows the period decrease.

The last spectroscopic study of AW UMa was made
by Rucinski (1992). He assumed the inclination an-
gle 1+ = 80° and the mass ratio ¢ = 0.075 from the
light curve solutions. Two sets of spectroscopic data
obtained in 1988 (1) and 1989 (II) lead to the masses
of the components as follows: M} = 1.28 4+ 0.14 M,
M: = 0.096 + 0.012 My and M = 1.79 + 0.28 M,
M3 = 0.134 4+ 0.023 M.

Light curves, times of minimum and period

study of AW UMa

Our UBYV photoelectric observations of AW UMa were
obtained at the Skalnaté Pleso and Stara Lesna obser-
vatories 1n 1992 and 1995-6, respectively. In both cases
a single-channel pulse-counting photoelectric photome-

ter installed 1n the Cassegrain focus of the 0.6m reflec-
tor was used. Integration time of one measurement was

6-10 seconds. BD 43192270 served as the comparison

star.
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Figure 1: The (O-C) diagram for the times of the pri-
mary and secondary minima calculated using the ephe-
meris (1).

Our U,B,V light curves of AW UMa are plotted in
Fig. 2. The light curves seems to be without compli-
cations described by Derman et al. (1990) and Bakos
et al. (1991), suggesting the decrease of activity in the
system. In the secondary minimum (when the smaller
component was totally eclipsed) a mid-eclipse brighte-
ning, best visible in U colour, was registered.

Nine heliocentric times of minima determined from
our UBV observations are listed 1n Table 1. They were
used together with published photoelectric times of mi-

nima (see Bakos et al.; 1991 and Demircan et al., 1992)
to study period change.

The (O-C) residuals (Fig. 1) were calculated using
the HJD ephemeris:

Min I = 2438044.8004 + 0.43872974 x E. (1)
The period change given 1in Fig. 1 may represent either
1) a sudden period change from one constant period to
another constant period or 2) a continuously changing
period (real or apparent). The first explanation implies

that the period changed in 1976. The ephemerides be-
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Figure 2: U,B,V light curves of AW UMa. Phases were calculated using the ephemeris (4).

Table 1: New times of minima for AW UMa

Apparent change of the period 1s caused by a light
time effect due to the presence of the third body in the
system. The third body fit and corresponding spec-
troscopic elements found by the simplex method are
given 1n Fig. 1. The derived elements are very uncer-
tain, because only the part of possible 51.8 years light
time curve i1s covered. Using the mass function f(m) =

0.0188 M, and the total mass of the binary (Rucinski,
1992), one can easily find the mass of the third body
(in the case of coplanar orbits) as 0.40 Mgy (M40 =

Epoch JD Hel. Error Observatory
24249 48683.5554  0.0005 5. Pleso
267445  49778.39774 0.0002 5. Lesna
26936 19862.4120  0.0008 5. Lesna
27469.5 50096.478 0.001 S. Lesna
27472 50097.5706 0.00004 5. Lesna
27474 50098.44886  0.000C 5. Lesna
27507 00139.4693 0.0002 5. Lesna
27572 50141.4447 0.0004 5. Lesna
27617 50161.4076 0.0004 5. Lesna

1.376 M) or 0.49 M5 (M142 =1.924 M). The sum of

squares of residuals for the third body fit (2.61
is better than that for the quadratic fit (3.22

1O—4 727
10™=d*]

0~ *d*

or two linear fits (3.86 1

0=*d*). Therefore the sudden

fore (E< 11286) and after this change are as follows:
(2)
(3)

The ephemerides indicate a period jump AP/P =
—8.5107°, caused by the sudden mass transfer burst
from the more to less massive component.

Man I = 2438044.7813 4 0.43873231 x F.

Man I = 2438044.8234 4 0.43872808 X I .

The ephemeris for the real continuously changing pe-
riod was found by fitting the residuals with a quadratic
fit as follows:

Man I = 2438044.7824 + 0.438733046 x £

—1.132107 " « E?.

(4)

The times of future minima can be estimated using
this ephemeris. Real continuous decrease of the period
(A P/P = —2.2610""'Y) is caused by the continuous
mass transfer between the components and/or interac-
tion with the circumstellar disk or shell.

period change 1s the least probable.
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PRECATACLYSMIC VARIABLES: OBSERVATIONAL DATA
AND MODELS

[.B. Pustylmk, V.F. Pustynski
Tartu Observatory, Tyravere E2444 Estonia

ABSTRACT. We summarize the first results of mo-

delling hight curves of precataclysmic binaries with
strong reflection effect. Our approach 1s based upon
modified Napier’s technique and explicit computation
of emergent radiation mtensity using the source func-
tions given by Strittmatter and Sobieska.

Key words: Planetary nebulae, precataclismic bina-
r1es

Introduction

Precataclysmic binaries (PCB) is a small group of
detached close binary systems, which are observed at
the centre of planetary nebula, consisting of a hot white
dwartf or a subdwarf accompanied by an essentially une-
volved low mass cool companion M, < 1My. PCB or-
bital periods are so short (typically less than two days)
that they can only have been formed via a common

envelope evolution (see, for instance, Bond et al 1992,

Ritter 1986).

Recently we have started a systematic reevaluation
of the existing observational methods of analysis hit-
herto applied to PCB-s. Our current activity in this
field has been motivated by the following considerati-
ONS:

[) Although PCB-s are detached binaries, reflection
effect may not be the only first order proximity eftect
caused by 1rradiation from the hot component. Soft
X-ray and UV radiation should considerably alter the
structure of chromosphere and corona of the cool com-
panions. Thus, significant departures from the stan-
dard mass radius relation valid for main sequence stars
(and often used in the estimates of the relevant evolu-
tionary time-scales) may be expected.

IT) Detailed data on X-ray and EUV fluxes from hot

primaries impinging upon atmospheres of the low mass
cool companions are still lacking. Modelling the pro-
perties of evaporative wind for this class of objects and
1ts observable manifestations can shed some light upon
the energy distribution of the hot irradiating prima-
ries (or at least set upper limits for the fluxes in these
spectral ranges).

11T

A

There are still uncertainties in our knowledge of
the physical parameters for the component stars invol-

ved in PCB (among others, the velocity of axial rota-
tion and radii of cool companions). Available statistics
studied PCB-s 1s still far from being adequ-
ate (with the exception of BE UMa, see Ferguson and
James, 1994). Yet in the existing catalogues (Ritter,
1986, Bond et al, 1992) precataclysmic binaries present
themselves as rather heterogeneous group of objects.
Specifically 1t remains to be clarified what 1s the re-

lation between PCB, Abel-35 type nucler and recently
discovered with the aid of ROSAT EUV all-sky survey

wide binary systems like 2REJ 044+093 consisting of a

hot white dwarf and an ultra-rapidly rotating K-dwart
(Jeffries and Stevens, 1995).

Here we report the first results of our 1investigations.

of well

We have elaborated a method that would permit us
to construct light curves of these systems caused by the
reflection eflect. In absence of eclipses, this effect 1s
the main factor causing periodic luminosity variations
of a binary. Conservative estimates indicate that such
systems should constitute 10-15 % of all precataclysmic

binaries.

In the present work the improved Napier’s algorithm
(Napier, 1968) i1s used. Intensity of the emerging ra-
diation 1s calculated using the standard approach of
the radiation transfer theory. For determination of the
temperature distribution in the photosphere two met-
hods are alternatively applied: those of Sobieskil 1965
and Strittmatter, 1974. Absorption coeflicients are ta-
ken 1mmto account separately for 3 cases: absorption by
neutral hydrogen, by H~ 1ons and the grey case. Cal-
culations of the absorption coefficients are performed
according to the formulae given by Grey, 1976; the
Planck mean absorption coefficient 1s used. The entire
luminosity received from the cool companion 1s calcu-
lated by integration of the emerging radiation over its
disk; 1t 18 the sum of contributions from the 1lluminated
and unilluminated portions of the disk. The light curve
1s normalized with the total brightness of the system
in the mimimum phase.

According to the foregoing considerations we have
composed a set of computer programs in Turbo Pascal
7.0. 1t enables one to construct light curves of de-
tached binary systems. As initial parameters 1t rece-
1ves fractional radi1 of the components, their eflective
temperatures and the orbit inclination angle. An ab-
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sorption coefficient and a method for determination of
temperature distribution must be specified also. If the
Strittmatter’s method 1s used, 1t 1s necessary to specify
values of the coeflicients « and ¢, a being absorption
albedo and ¢ being the ratio of optical depths 1in the
X-ray and visible range.

Our model 1s based upon the following main assum-
ptions: a) the validity of the local thermodynamic equ-
ilibrium in the photosphere of cool component; b) ab-
sorption by only one agent; ¢) constancy of the monoc-
hromatic to mean absorption coefficient ratio within
the photosphere; d) the hot star irradiates as the ab-
solutely black body; e) the components are spherical
and there are no other eflects affecting the light curve
except for the reflection eflect.

With the use of the improved method we have model-

led the hight curves of the detached bimary EC11575-
1845. In the paper of Chen et al (1995), the orbital
period of 7.86 days has been established for this sy-
stem and 5 light curves for different photometric bands
are given. There are no eclipses 1n the system and 1ts
variability 1s caused by the reflection effect. To sim-
plify the calculations, we have approximated the ob-
served light curves by the Fourier series. Thereaiter
a number of sets of parameters modelling the obser-
vational data were found. Some of them were refined
later. The agreement between the observed and the
calculated data was quite satistactory. In the Fig.l
two theoretical light curves are given for the I-band
obtained with the aid of the two methods and with
different absorption coefficients. Points represent the
observational data.

The analysis of the temperature distributions in the
heated photosphere indicates that 1n some cases a tem-
perature 1nversion may be present. Its existence 1s pre-
dicted both by the Sobieski’s and by the Strittmatter’s
method. Due to this effect in the regions where the
inversion occurs, the limb-darkening coefficient beha-
ves peculiarly: the emerging radiation tangent to the
surface may be more intensive then the radiation along
the normal (limb-brightening).

Acknowledgements. The authors are thankful to Esto-
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Figure 1. The theoretical light curves of the system

EC11575-1845 1n the I-band calculated with use of dif-

ferent methods (solid lines). The points present the ob-
servational data. The curve marked with St has been
modelled using the Strittmatter’s method with A~ 1on
as the absorption agent. The set of parameters 1s as
follows: a; = 0.021,a, = 0.110,77 = 125000K,15 =
3500K,qg = 9.5, = 0.50. The curve marked with Sob
corresponds to the Sobieski’s method 1n the grey case.
a; = 0.038,as = 0.225,77 = 108000k ,75 = 3500K.
Here a 1s a stellar radius in units of semi-major axis of
relative orbit, 7' 1ts eflective temperature. The index 1
refers to the 1lluminating, 2 to the i1lluminated star.
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GEOMETRY OF GEMINGA ROTATION ACCORDING TO
LIGHT CURVES IN GAMMA-REGION
S5.V. Repin
Space Research Institute, 84/32, Profsoyuznaya st..

Moscow, 117810, Russia

ABSTRACT. Light curves and spectrum of Geminga power 1n this spectral hump 1s
1in a hard gamma region are investigated in this paper :
and their properties are discussed. The geometric pa- B 31 R
rameters of pulsar rotation, such as the inclination an- w=19-107 (50 ps) erg /s, (1)

gle of rotational axis, the angle between rotational and
magnetic axes and the cone spread angle of gamma ra-
diation are evaluated. All the results are based on the

data of EGRET 1nstrument.

Key words: Pulsar, Geminga, rotation, gamma-
radiation

Energy radiation and light curves

EGRET mission has been launched i April, 1988.

Now we have at least 9 periods of observations where
(Geminga was at a distance less than & = 30° from the
center of a view field.

Spectral density of GCeminga radiation
ECRET results

4
i

Spectral densit
Liiinil

10 *
Liitil

10
4

Figure 1: Geminga spectrum with a background after
a rough corection over the instrumental eflects

The spectrum of Geminga after rough correction
over the mstrumental effects 1s presented in Fig. 1.

Every narrow stair includes tull energy, radiated by
the pulsar in appropriate energy band divided by the
width of the stair. The energy refers to the sensitive
area S = 800 cm? during the total observation time.
The hump 1n spectrum for £ > 850 MeV means that
we observe a pulsar above the background. The pulsar

where R 1s a distance, expressed 1n parsecs. It 1s the
lowest estimation of pulsar power.

The pulsar light curve has two-peak shape (Fig. 2).
But, the higher 1s the energy band, the lower 1s the
left hand peak with respect the the right one and both
peaks become more narrow. At E &~ 3500 MeV the
right hand peak has the width of 0.11 of a period, the
lett hand peak 1s totally disappeared. Poor statistics
does not spoil this conclusion, because right hand peak
still contains more than 20 quanta of 38.

o, deg. «, deg. 12, deg.
19.8 30.1 9.9
19.9 79.1 9.0
20 8.5 8.5
21 5.9 6.9
22 4.1 6.1
23 (2.5 D.D
24 71.1 5.1
29 69.7 4.7
20 68.4 4.4
27 67.1 4.1
28 65.9 3.9
29 64.7 3.7
30 63.5 3.0
31 62.3 3.3
32 61.2 3.2
34 58.9 2.9
30 56.6 2.6
383 54.4 2.4

Table 1: Possible solutions for ¢, a and ¢ when I =

3000 MeV

Pulsar rotation

The structure of the light curves can be explained by
the geomery of pulsar rotation. The main geometric

parameters are presented 1n Fig. 3.
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Figure 2: Light curve of Geminga, in different spectral bands

ine- ¥

light cylinder

Figure 3: (Geometry of pulsar rotation

The situation looks like the primary high energetic
v-quanta are generated 1n magnetic pole caps close to
the surface, then they fly out the pulsar in narrow cone,
but, scattering in pulsar magnetosphere, some of them
loose the energy and, deviating after Compton scatte-
ring, they encrease the cone spread angle 2¢. The cone
widening mechanism can have another nature (it may

be connected with v-quanta generation), but the main
conclusion 1s the same: the cone spread angle depends
on the quanta energy.

If the observer 1s not 1n the equtorial plane, and the
cone spread angle does decrease when the energy en-
creases, then we are to come to position when a view
line slips along the forming line of one of the cones. At
that marginal position one cone becomes 1nvisible and
the observer can see for the first time only one peak 1n
light curve.

Simplifying the geometry, we come to the following
corespondence between the angles

tan?® 8,
tan? &- (2)

" . . .
sin”(7 + o) tan? ¢ — cos?(i + a

2

R e

L e

sin”(7 — ) tan” ¢ — cos”(1 — a
where 01 and 65 are the half-part of a period 1n the

interval [0,27] when the observer is inside the ap-
propriate cone. For £ = 3500 MeV 6, = 0, 6 =
27 - (0.11/2) ~ 0.35 and tan® é; = 0.1296.

We have two equations for three variables and the
system cannot be solved directly. But, for every fixed

value of ¢ angle we can obtain a solution for a and

¢. A number of possible solutions for the system (2) is
summarized 1n Table 77.

The tull article 1s submitted to As. Ap..
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LIGHT CURVE OF NOVAE IN THE "OUTBURST AMPLITUDE.
ENVELOPE RADIUS” COORDINATES AS THE BASIS FOR
THE CLASSIFICATION OF NOVAE ON TYPES

A.E. Rosenbush
Main Astronomical Observatory ot National Academy of Sciences of Ukraine,

Kyiv-22, GSP-650, Golosuiv, Ukraine.

ABSTRACT. The representation of light curves of

novae 1n the “outburst amplitude, envelope radius” co-

ordinates reveals the existence of five types of novae.
In addition to the outburst amphtude and shape of the

whole light curve, every type 1s possibly characterized
by the shape of ejected envelope and some other com-
mon physical characteristics. The outburst amplitude
in the range from 12 to 15™ 1n the DQ Her type 1s
likely to depend on the inclination of the binary orbit
and therefore on the inclination of the dust belt that
reaches 1ts maximum optical thickness on a distance ot

about 5.9x10'* em. The dust condensation at a defi-
nite belt inclination can lead to a temporal increase ot

a nova visual light up to 2™ (V 1668 Cyg, DN Gem) at

the transition 1nstead of 1ts decline.

Key words: Novae: light curves.

From the review of photometric and spectral deve-
lopment of novae we come to the conclusion that this
development occurs on the scale of the ejected envelope

radius more simple than on the time scale (Rosenbush
1996a) and this can be used for classification of novae
(Rosenbush 1996b). The transition stage of a outburst
on the scale of nova envelope radius always corresponds
to the radius range (2.8-40)x 10'* cm. If the dust con-
densation occurs at the transition, which takes place in
a number of novae, this dust shell reaches 1ts maximum
optical thickness at a radius of about (5.9£3)x10'* cm.
As a velocity of ejected envelope 1s often not known,
the logarithmic time scale can be used: lgr=Igt+lgv.s,.
Hereafter we will use the lgt scale. We suggest to use
the outburst amplitude as the basis of the second scale.
Below we will attempt to summarize and to exploit
these results, adding new data recently obtained.

The representation of light curves on these scales for
about 50 of about 200 novae known to the present sho-

wed almost single distribution of them on 5 groups: CP
Pup, GQ Mus, DQ Her with the subgroup of novae wit-
hout dust, RR Pic, and PU Vul or symbiotic novae. It

seems that symbiotic novae represent a transition from

classic novae to symbiotic stars, 1.e., to novae with a
very small outburst amplitude: 5-6™ and less (V 1016

Cyg, HM Sge, etc.). It is possible that the neon novae
of the V1974 Cyg type form a separate group, but the
visual light curve 1s similar to the D(Q Her group, and
additional IR light curve or spectral data are necessary

for a certain classification. The necessity of separating
the CP Lac subgroup from the D(Q Her group 1s con-
nected with certain pecularities: a more smooth light
curve, the absence of dust, and a higher outburst am-
plitude than i the DQ Her group. It 1s quite possible
that some recurrent novae with a smooth light curve
are the prolongation of this subgroup toward low out-
burst amplitude.

In the first instance, the distinction of novae groups
is the outburst amplitude (Table 1), and the shapes of
light curves distinguish at the same amplitude. The

proposed separation 1n types reflects also the distin-
ction of other characteristics. Apparently an ejected
envelope has unique observed shape typical for every
group. Novae with very i1dentical light curves are fo-
und within a group: RR Pic and V4077 Sgr, PU Vul
without temporal light decline and RR Tel. Therefore
we may expect a likeness of other characteristics also,
including the characteristics before the outburst.

One can also to determine the type of old novae only
by their visual light curves. The type of modern novae
1s possible to define from the outburst amplitude alre-
ady after first days of the outburst. Additional data

(spectroscopy, IR photometry) help us to make certain
selection 1n a doubtful case. This classification allows

us to expect further behaviour of a nova with some
range of confidence and therefore to plan our observa-
tions.

The dust condensation at the same radius of ejected
envelope points to the equality of temperatures and lu-
minosities of nova remnants. The existence of a com-
mon light curve on which a nova comes earlier or later,
except for the GQ Mus group (the X-ray novae?), me-
ans the existence of a parameter that determines the
whole outburst development. The outburst energy can
be this parameter.

The comparison of nova visual light curves with the
group typical curve gives us a possibility to estimate
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| | | Table 1. Novae groups
" RT Sor _ Novae Amplitude Novae
o 2 _,.--"J 1  type outburst
2 L et 0T sovarem =5 DQ Her 12 — 15™  with RCB minimum and/
- SN 1987A or IR excess, DN Gem
o CP Lac 15-18 V1500 Cyg, V446 Her
é CP Pup 12-14.5 GK Per, V603 Aql,
~ Bf } V476 Cyg, Q Cyg
{% 1 GQ Mus 15-16 V351 Pup, EL Aql
: (the X-ray 9.5-10.5 CT Ser,V1301Aql,V5H18
":'i novae? ) Per,V8410ph,V616 Mon
: V1974 Cyg 14 V368 Aql,QU Vul
% ' ] ! 2 ' 3 V528 Aql, V693 CrA,
g t + Conet RR Pic 10-11 V1819 Cyg, HR Del,
Figure 1. Light curve of RT Ser and SN 1987A. The V4077 Sgr, N Cas 1995,
ordinate 1s the outburst amplhtude of SN 1987A. DO Aql,PW Vul,V356 Aql
Symbiotic 7-8 RR Tel, RT Ser

the ejection velocity of the envelope.

The division of novae 1n groups by the outburst am-
plitude means also the absence of the ”absolute magni-
tude, light decline rate” relation. It 1s associated rather
with the outburst amplitude, the presence of heteroge-
neities 1n the envelope, and their orientation with re-
spect to the line of sight. The DQ Her type novae with
the smooth light curve at the transition stage have the
outburst amplitude 1n the main higher than novae with
the RCB type minimum. These minima are observed
when the dust belt 1s oriented along the line of sight.

The brightness of a nova remnant 1s very likely to
decline proportionally to lgt as well.

For a further discussion on the use of this approach
to the study of light curves of eruptive variables, we
give a comparison of two objects unique 1n their way:
RT Ser and SN 1987A (Fig.1). Some differences may
be explained by pecularities of the energy distribution
1n the spectra of these objects because of the different
energy categories.
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THE SIGNIFICANCE OF USING HIGHER ORDER
POLYNOMIALS TO DESCRIBE THE (O-C) DIAGRAMS OF
ECLIPSING BINARIES

H. Rovithis-Livaniou!, P. Rovithis®, A. Kalimeris!~
I Section of Astrophysics, Astronomy & Mechanics, Physics Dept.,
University of Athens, GR-15784 Zogratos, Greece.
¢ Astronomical Institute, The National Observatory of Athens,

P.O. Box 20048, GR-11810 Athens, Greece.

ABSTRACT. The principal aim of the present study

1s to underline the significance of using higher order po-
[ynomials to describe the (O-C) diagrams of eclipsing
binary systems.

Key words: Stars: Binaries: Eclipsing: RT And, GO
Cyg, AH Vir.

Introduction

In a recent paper (Kalimeris et al., 1994a;) we pro-
posed a new method for the (O-C) diagram analysis
of eclipsing binary systems: that is to describe an (O-
C) diagram using a higher order polynomial and not
to be limited to a second order one (the well-known
and widely used parabola). Do ing so, we were also
able to compute 1n a very simple and accurate way
the orbital period changes of the system and 1ts rate
of variation. The choice of the appropriate polynomial
depends mainly on 1ts RMS error, which reflects to the
accuracy with which the description of an (O-C) dia-
gram 1s made. The latter will in consequence affect the
accuracy of determination of the orbital period varia-
tions. So 1t 1s of great 1mportance to make the right
choice. In the present paper we shall show how sig-
nificant imformation ot the orbital period changes of a
system 1s coming out applying our method, or might

be lost using the old way.

The data and their analysis

The eclipsing binaries RT And (HD 218915, of RS
CVn’s type) and AH Vir (a contact star) are the sy-
stems, which we select as examples 1n the present
study. One can find the data for their construction
in Rovithis-Livaniou et al. (1994) and Demircan et
al. (1991), respectively. Applying our new method to
RT And, we described its (O-C) diagram by a second,

a third and a fourth order polyno mial presented in

Fig.1. Table I lists their corresponding coeflicients and
RMS errors of approximation. For AH Vir (Fig.2), the
description 1s rather complicated, since one has to ap-
ply three different least-squares polynomials connected
by two spline interpolants to achieve a good fit (Kali-
meris et al., 1994a). The orbital period variations and
their rates of change for both systems were computed
(applying Eqgs. 5 and 6 of Kalimeris et al., 1994a) and
are presented m Figs. 3, 4 and 5. In both cases we
have adopted the same weights: 0.1 for visual , 0.3 for
photographic and 1.0 for photoelectric observations.

Discussion

From Fig. 1, where a second, a third and a fourth
order polynomial have been employed to fit the (O-C)
diagram of RT And, one could say that all of them are
describing 1t quite well. This 1s directly coming from
the values of their coefhi cients and RMS errors, which
are very close to each other. However, 1f one pays at-
tention to RMS errors of approximation, will choice
the fourth-order polynomial as the most appropriate
It does not only describe better the (O-C) dia-
gram, but 1t must be recruited to compute the orbital
period changes of RT And (continuous line in Fig. 3).
As regards the contact binary AH Vir, three different
polynomials (connected by spline) have been adopted
to describe its (O-C) diagram. Therefore, we do not
give separate coefli cients as we did before. In Fig.5,
where 1ts orbital period variations are presented by a
continuous line with what we should have 1f the old

method was used (long dashed line), one can see how
much valuable information can be lost.

Olle.

The same 1s true for the period changes of other sy-

stems as well (Kalimeris et al 1994a; 1994b; 1995). And
although the (O-C) diagram of RT And for instance co-
uld be described well enough by a parabola, from the
point of view of RMS errors obviously a fourth-order
polynomial must be employed for 1t, respectively.
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THE SEARCH FOR 55433 OBJECTS: Hoe PHOTOMETRY OF
BLUE STARS IN M33.

O.N. Sholukhova
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| Arkhyz,

Karachai - Cherkess Rep., 357147, Russia

ABSTRACT 549 blue stars with Ha excess 1n the
galaxy M 33 selected as candidates into unique objects
of SS433 and LBV (luminous blue variables) types are
studied. These objects were divided by morphological
types on Ha 1images 1n the following way: 81 stars, 154
diffuse nebulae, 180 bubble-type nebulae and 117 com-
mon 1ntermediate objects. The diffuse objects are HII
regions with an exciting star. The bubbles are proba-
bly the envelopes around WR stars or the remnants
of supernovae. Among the stars a group of 20 brigh-
test ones 1s selected which by their average properties
agree satisfactory with the parameters of blue super-
superglants or the objects of LBV type. The interstel-
lar absorption determined by bright stars i1s equal to

Ay = 0.93 £ 0.05.

Key words: galaxies: M33: stars — LBV: nebulae —
diffuse — bubble

The blue objects with Ha excess 1n the galaxy M 33
selected in (Fabrika et al., 1996a) as candidates into
unique objects of S5S433 and LBV type are studied.
The basic criterion of selection was the presence of
a hot star with a strong emission line Ha. To select

objects an 1dentification and photometry of blue stars
was fulfilled from the catalog by Ivanov et al. (1993)
in Ha images of M 33 by Courtes et al. (1987). 549
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candidates with emission were selected from 2332 OB
stars with (U — B) <0, (B—=V)<0)up to V =19.5
by the criterion of exceeding flux in Ha line 1n compa-
rison to stars of the same stellar magnitude i V' filter
(see Fig. 1).

Upon analyzing objects in Ha the objects were di-
vided 1nto 5 groups by morphological types. In Table
1 we adduce the average values of basic characteristics

of these objects: 81 stars (s), 154 diffuse nebulae (d’

.

180 bubble-type nebulae (b), 117 common intermedi-
ate nebulae (¢) and 17 objects with nominally zero size
(zs). The table columns give the object types, num-
ber of objects, stellar magnitude V', the colors U — B,
B —V and V — Ha, surface brightness SB (the flux in
Ha in relative units over a square arcsecond) and also
the S parameter by which the emission objects were se-
lected. This parameter 1s the excess of flux in Ha line
in (F(Ha), V') diagram over the basic sequence of stars
without emission (see Fig.1) expressed in standard de-
viations of the stars of the basic sequence.

The objects of these groups are distinguished by a
number of characteristics (Fabrika et al., 1996b): lu-
minousity, color, flux and surface brightness in Haline,
size, and their distribution over the galaxy. The ma-
ximum of nebula size distribution falls onto the size
FWHI = 10 — 14 pc. The disposition and properties

of nebulae are determined by parameters of interstellar
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gas and are related to spiral branches.

Figure 2 shows the distributions of selected objects
over galacto-centric distance Rg.. The solid lines show
the star distribution histogram, the long-dashed line
1s for nebulae of b type, the short-dashed line 1s for
diffuse ones. From this figure 1t follows that all the
three types of objects belong to different populations.

An analysis shown (Fabrika et al.;1996b), that dif-
fuse objects are HII regions with an exciting star. The
bubbles are probably the envelopes around WR stars or
the remnants of supernovae. It 1s well seen, for exam-
ple, from the dependence of surface brightness in Ho
SB = F(Ha)/d* on the galacto-centric distance of the
objects (Fig.3). Beside an evident division of nebulae
into two types (the bubbles are denoted by squares,
and the diffuse are diamonds), the surface brightness
reveals also the effect of 1ts decrease tor bubbles with

the ditance from the galaxy center and when the ne-
bula 1s 1n a spiral. The size of bubbles depends on gra-
vitational potential and on the pressure of interstellar
gas.
Figure 4 shows the color-luminosity diagram {for
stars. Among them a group of 20 the brightest ones
1s selected which by their average characteristics agree
satisfactory with parameters of blue super-supergiants
or LBVs. The stars of intermediate luminosity cor-
respond perfectly to the brightest supergiants with a
mean spectral class of Blla.

The 1nterstellar absor-
ption determined by these two types of stars 1s equal
to Ay = 0.93 £ 0.05. At such an absorption 1t 1s 1m-
possible to classify the weakest stars (the lower filled
circle). They correcpond to blue Ib supergiants and
their average absorption 1s Ay = 0.6. They are not
seen through the whole thickness of the galaxy, but
only in the part nearer to an observer.

Table 1. Parameters ol emissions objects
(r. m. s. are in the bottom)

Type n my U-B BV V-Ho SB S
S 81 18.23 — 0.78 0.08 2.20 277 19.7
0.10 0.04 0.03 0.11 9 2.0
d 154 18.35 — 0.85 0.08 2.02 180 28.0
0.07 0.03 0.02 0.11 5 2.9
b 180 18.83 — 0.68 0.04 1.65 75 6.9
0.03 0.02 0.02 0.05 2 0.6
c 117 18.85 — 0.82 0.05 1.60 625 4.2
0.04 0.03 0.02 0.05 218 0.2
7S 17 18.55 — 0.98 0.01 3.14 92.9
0.20 0.07 0.09 0.36 34.5
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ABSTRACT. Results of X-ray Novae (XN) optical

spectra computation are presented. The continuum
and Balmer line are calculated. The model of XN as a
self-irradiated accretion disk i1s used. Local (for given
radius) disk atmospheres as model stellar atmosphe-
res, heated due to external X-ray radiation are treated.
Changes of spectra shape and equivalent widths of the
Balmer lines depending from the luminosity and some
others accretion disk parameters are investigated. The

comparison ol GRO J0422+32 observed spectra with

model spectra are curried out.

Key words: accretion: accretion disk - novae: catac-
lysmic variables, line formation, atmospheres of - stars,

individual: GRO J0422+432, X-ray irradiation - stars

I.Introduction

The X-ray Novae (XN) are low-mass X-ray binary
systems 1 which a compact object accretes material
from low-mass secondary (Bradt and McClintoc, 1983;
Karitskaya, 1996). Sometimes the accretion rate dra-
matic increases and this system can be seen as XN. X-
ray Novae to generate a greater interest because among
them there are the most reliable candidates in black ho-

les: V616 Mon (McClintoc and Remillard, 1986), XN
Muscae 1991 (Remillard et al, 1992), V404 Cyg (Ca-
sares et al, 1992) etc. The optical radiation of these
systems 1s caused by the reprocessed emission from the
X-ray 1rradiated disk. Emission spectra of such disks
were computed 1n approach of photolonization model
and photon escape probability method by Ko and Kal-
Iman (1994). In given work the optical spectra of such
disks have been calculated with use of X-ray irradiated

LTE model stellar atmospheres (Sakhibullin and Shi-
mansky 1996).

II. Method of computation

As model XN on given luminosity level a geometri-
cally thin optically thick steady state accretion « - disk
(Shakura and Sunyaev 1973) has been considered. The
method of computation of such disks and amount of fal-
ling X-ray flux on their surface due to self-irradiation

has been described by Suleimanov (1996). The spec-

trum of a disk 1s summarized from spectra of 1ts rings.
The spectrum of each ring has been calculated by nu-
merical solution of an radiation transfer equation as a
spectrum of model stellar atmosphere with same Teog
and log g on surface, and irradiated the same X-ray
flux. A method of calculation of such model atmosphe-
res and programs, offered by Sakhibullin and Shiman-
sky (1996) have been used. X-ray flux has been set as
power spectrum F, ~ r~° 1n 1nterval from 0.1 up to
200 kev. The eflect of differential rotation of a disk to

profile of spectral lines has been taken into account.

III. Results

With use of a described above method optical con-
tinuous spectra, profiles of 10 Balmer lines and their
equivalent width for 45 models of accretion disks have
been obtained. As base a sequence of models with para-
meters My, = 0 Mo, a=1,5 = 1.0, Ryt = mm(;o“
cm, R (T.g=7000K)) and luminosities0.5, 0.1, 0.05,
0.01 and 0.005 Eddington luminosity was chosen. In
other sequences of models one of parameters was ch-
anged, whereas other were constant. Sequences of mo-

dels with My, = 3 and 10 M,, a = 0.1 and 0.01, s
— 1 and 2, Rous = min(6 10 cm, R (Teg = 7000K))
and min(8 10'Y cm, R (T.x = 7000K)) were computed.
The spectra of each model were calculated for four an-
gles of an disk inclination to line of sight 4 = cost =

1. 0.8, 0.5 and 0.1.

It 1s shown, that than black hole mass and parameter
« 1s less, and than 1t 1s more angle of an inclination of
a disk to line of sight, 1t luminosity and radius, that 1t
1S more 1ntensity of an emission component of Balmer
lines. The most emission 1s shown by H,, and with
increasing of line number 1ts emission components are
decrease. Absorption components are well apprecia-
ble only from disks with small inclination. The mo-
del spectrum of XN GRO J0422+32 also was calcula-
ted and a comparison with observed spectrum 1n 1992
November by Callanan et al (1995) was curried out
(Fig.1). Parameters of this system were taken from Ka-
ritskaya (1996). Width of absorption components (~
100 A) and separation of double-peaked emission com-
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Figure 1. The model spectrum of GRO J0422+432.
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Figure 2. The temperature vs Rosseland optical

depth for model atmospheres of three rings of the
model of GRO J0422+432 accretion disk.

ponents (~ 1000 km/c) of Balmer lines are close to ob-
served ones, but the observed continuum slope 1s more
flat than the theoretical one, may be due to influence

of a hot corona. On Fig.2 the temperature structure
of three ring model atmospheres are shown.

IV. Conclusion

The obtained model spectra are similar to observed
spectra of GRO J0422+32. Because of the modeling
of XN spectra has much potential for yielding informa-
tion about these systems.
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ABSTRACT. Simultaneous WBVR photometric ob- |
servations of T'T' Ari during 94/95 years are presented. o 12 _ ' : ' ' TT An, 1995
The periodogram analysis of the obtained light curves < -1.4 — 55.:::.__ ST s T August, 27
and colours are curried out. The photometric period 16 |- 7 S Papo = 47.5 min
equal 3.2 h and 1ts one day aliases are found from light 957 40 957.45 95750 95755 957.60 95765 957.70
(:111’_Vesj but the perio_d e'qual Spectrochpic (3.3 h) are o 1.2 | August, 28 Co
found from B-V colours in the observations, performed 1.4 | g
in 1994. The quasi-periodic oscillations (QPO) with 1.6 - PQPO‘% min T e
per:'_od from 47 to 16 minutesj changing from ]flight to 058 40 958 45 958 50 958 55 958 60 958 65 958 70
night are found too. A new model of the tilted pre- o -12[ Py l A A August 59
cessing accretion disk together with reflection from se- © 14 T s AW K R s L e
condary or hot spot 1s suggested to explanation of the A6 TS : ’i"'ﬁ“'-:f-:"-‘f ; PQPO—2O min
photometric variability of TT' Ar1. It 1s proposed that 059 40 950 45 950 50 950 55 959 60 959 65 959 70
QPO 1s possibly connected with orbiting blobs 1n the ID - 2449000
accretion disk. Figure 1. The light curves of T'T Ar1 in August 27,
Key words: Stars: cataclysmic variables - individual: 28,29, 1995.
T'T Ar1, photometry - accretion, accretion disk
L.Introduction cial Astrophysical Observatory (Russia). The teles-

The bright (V ~ 10™.5) cataclysmic variable TT
Ari (BD+14°341) has photometric period equal 3.2 h
(Smak and Stepien, 1975) with the amplitude about
0.m2 - 0.m3. The orbiting period (3.3 h, Cowley et
al, 1975) 1s non equal photometric one and this fact
1s usually connected with the precessing accretion disk

(Whiterhurst, 1988).

Moreover, 1T Ar1 shows a quasi-periodic oscillati-
ons (QPO) on time scales decreasing from 27 minutes

in 1962 to 15 minutes in 1988 (Semeniuk et al, 1987;
Hollander and van Paradijs, 1992; Tremko et al., 1996 ).

A reason of this oscillations 1s not found and further
observations and theoretical investigations of this bi-
nary are necessary.

I1. Observations

Simultaneous multicolour photometric observations
of T'l' Ar1 were obtamned during 6 nights 1 October
6,7,8 1994 and August 27,28,29 1995. The observati-

ons were carried out with the 60-cm reflector of Spe-

cope was equipped with 4-channel photometer of Ka-
zan State University.

Duration of individual runs was from more than 6
hours to 2.5 hour. Integration time was 10 s. Object
observations were interrupting by observations of back-
ground and comparison star (d star from Gotz (1985)
every 15—20 minutes. The observations were reduced

1n the standard way and were obtained the mnstrumen-
tal magnitudes 1in four bands, which are close to bands

of WBVR system. The error of individual observation
not exceeded 0.°01 mm B and V bands and 0.7°03 1n

W band. Red observations did not analyzed because
signal at R channel was low.

I11. Results.

The periodogram analysis was performed using
program (based on Fourier analysis) writen by

Yu.Kolpakov (SAI, Moscow).

The photometric period equal 3.2 h was
from light curves in w, b and v filters as 1n
in 1995 years.

obtained
1994 as

Most grate amplitudes are in w filter.
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Figure 2. The theoretical and averaged over 200
points observed light curves of 11" Ari.

However, in 1994 vear w-b colour demonstrate rather
half photometric period (1.6 h), and in 1995 it is ob-
vious (1.68 h). The variation of b-v colour have period
(3.28 h) in 1994 close rather to spectral period than to
photometric.

The most significant QPO period in 1994 1s 16.7 min
(October, 7 and 8). In October 6 there are not sig-
nificant oscillations. The most interesting change of
QPO periods was during 3 consecutive nights on Au-
gust 1995. The QPO period decreases from 47.5 min
at August 27 to 36 min at August 28 and to 20 min at
August 29 (see Fig.1). Sometimes the QPO periods in
colour light curves are the beat periods between half
orbital period and QPO periods 1n filters, as w-b QPO
period (16.7 min) in August 29, 1995.

IV. Interpretations and discussions.

For interpretation of the photometric behaviors of
TT Ar1 we suggest the improved model of the preces-
sing tilted accretion disk (Barrett et al,1988) completed

by reflection effect from a secondary or a hot spot and

we calculate the theoretical light curves of TT Ari (re-
flection from secondary, see Fig.2). Details of the ra-
diation flux calculations from disk and secondary was
described by Suleimanov (1996) and Suleimanov and
Shakura (1994). The colour variability with spectral
period confirmed our model.

Consecutive decreasing of QPO period during 3 suc-
cessive nights at August, 1995 suggests that QPO are
connected with Kepler periods of any immhomogeneities
(blobs) of the disk, and that the change of QPO period
1s connected with the diffusion of these blobs along the
radius of the disk. Simple evaluations give the Kepler
period on outer disk radius of T'I' Ar1 about 50 min,
and diffusion time about 0.1 - 1 day.
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ABSTRACT. The new approach to estimation of

components mass ratios for close binary systems 1s sug-
gested. 225 unknown from spectroscopic observations
magnitudes of mass ratios for W UMa-type contact
binaries are restored by statistical method ZET. 204
magnitudes of the spectral classes of the main com-
ponent for this type systems are delined by analogous
way. lhe evolutionary types of some stars are speci-
fied as a matter of record. ZET-method efficiency for
predict these characteristics of W UMa-type contact
systems 18 shown.

Key words: Stars: Binaries, Contact, Component
mass ratios, ZET method.

In this paper the mass-ratios of the less massive to
more massive component ¢ = Ms/M; and the spectra
of the more massive component Sp; for W UMa-type
close binary systems are computed by statistical met-
hod, namely, ZET algorithm ( Zagoruiko et all. 1985).
The statistical approach necessity 1s stimulated by 1m-
posibility to obtain the sufficiently reliable values of q
for W UMa-type systems by the used at present the
method of synthesis of the theoretical light curves be-
cause ol observed light curves assimmetry and their
variance from night to night and from season to sea-
SOn.

ZE'T algorithm 1s intended to predict uncertain ele-
ments 1n empiric tables “object-property” and to ve-
rify the table or part of 1t. In tables "object-property”
with dimension M * N lines (objects) have numbers
1,2,..,¢,..M and columns (properties) - 1,2,..,5,..N.
Uncertain element a; ; in ZE'T" algoritm 1s predicted on
the basis of local inearity principle, 1.e. under assu-
ming linear dependence between lines and/or columns,

most similar with line ¢ and/or column j.
The approximate values from these columns a;; (
lines a;; ) are computed on the basis of the linear re-

gI‘eSSiOIl equatiOﬂ:
{Ik = b:ra; —+ ¢;
27 gktek 7k

where b;, and c;; - the linear regression coeflicients,

calculated on the basis of the certain elements of 53 and
k columns.
The obtained values are averaged with the weights

() , proportional to linearity degree and mutual filling
of the columns:

where r;; - the coeflicient of the linear correlation, Ly;
- the number of unempty pairs of elements for & and
7 columns, p - the number of columns, which have no
gaps 1n ¢ line. The minimum of the average prediction
error for all certain elements of column with the filled
gap 1s the criterion for choice of parameter . The pre-
diction by lines 1s carried out by the analogous way.
The final value 1s that one for which the prediction
error of certain elements j column (7 line) is least.

Four characteristics of stars from Svechnikov, Kuz-
(1990), most informative for predicting the
mass-ratios and spectra were used to restore uncertain
magnitudes q and Spi: the absolute bolometric magni-
tude M;; of the more massive component, the mass of
this component M;, the value of orbital majior semi-
axis A and the value of orbital inclination . The ta-
ble with 6 parameters such as ¢, Spy, M1, M1, A, 1 for
290 KW-type stars according to Svechnikov’s classifi-
cation (Svechnikov et all. (1980) ) were compiled. The
certain values of ¢ and the corresponding informative
characteristics (altogether 70 values) were taken from
Svechnikov (1986), Webbink (1991) and a number of
original articles. The spectroscopic observation data
from Svechnicov and Kuznetsova (1990) and the data
from mentioned literature sources were taken as a cer-
tain value of Sp; (altogether 91 values). Gaps were
plased 1nstead of the rest of q and Sp; values.

netsova

All the certain elements of the first and second co-
lumns were verified. The average errors of verification
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were 11.8 % and 3 % respectively. This result shows
application expediency of ZET method for restoration
of uncertain mass ratios and spectra for W UMa-type
systems.

Actually, when predicting 225 uncertain values ¢ on
the basis of this table 218 magnitudes were restored

with the error about 5 % and 7 magnitudes - with the
error about 10 %.

The spectra of the main component were predicted
by analogous way. When predicting 204 uncertain va-
lues Sp; 198 magnitudes were defined with the error
about 5 7% and three each magnitudes - with the error
about 10 % and 15 % accordingly.

The obtained values of Sp; are similar to spectra ap-
proximately estimated by Svechnicov and Kuznetsova
(1990) for majority systems. But the obtained values
of Sp; differ from spectra estimated by Svechnikov and
Kuznetsova more than at one spectral class for appro-
ximately 1/5 systems. The spectra of some of these
stars are earlier than F5. So such systems as V 520

Cas, OP Cen, AY CrA, V 940 Cyg, DG Lup, V 878

Oph, V 938 Oph, V 940 Oph, AY Pup, V 842 Sco,
AH Vir, perhaps, belong to contact systems of early

spectra of primaries (according to Svechnikov’s classi-
fication).

The obtained results allow us to conclude that pre-
diction of mass ratios ¢ and spectra Sp; for KW-type
systems by ZE'T method are possible.
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PRELIMINARY RESULTS OF MODELING OF LIGHT CURVES
OF WW AND

S. Zotal?
I Astronomical Observatory, Jagiellonian University, ul. Orla 171, 30-244 Cracow, Poland
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ABSTRACT. In this work we present the prelimi-
nary results of modeling of Olson’s Iybv light curves of
an Algol-type binary WW And. A model of a binary
star containing an accretion disk around the primary
star 1s deployed. We present a solution for the mass

ratio fixed at q=0.20.

Key words: Stars: binary, accretion disks

Introduction

WW And is a long period (P=23.3 days) eclipsing
binary star. The earliest spectroscopic study of the
system was done by Wyse(1934) and Struve(1946).
The latter study confirmed Wyse’s speculation of Ha
been 1n emission. Struve estimated spectral types of
components to Ab and F3 and derived mass function
f(m)=0.048 Ms). Until 1993, only fragmentary photo-
graphic photometry of WW And has been published.

Elias (1993) reported tentative discovery of rad
sion from this system.

Recently Olson and Etzel (1993) published five-
colour, uvbyl photometry of WW And. The authors
obtained also CCD spectra of Ha, HG, Mgll and OI li-
nes. The photometric data allowed Olson and Etzel to
improve value of the period of WW And (P=23.285213
days). The primary minimum is partial and of about
0.6mag depth 1n the yellow filter. The light curves show
clear ellipticity eflect indicating one component been
significantly distorted. The CCD spectra, covering
wavelengths from 6400 to 6700 angstroms, revealed
strong, double-peaked Ha emission at all phases and
times, suggesting existence of an accretion disk around
the hotter component. Olson and Etzel also obtained
the radial velocity curve of the cool component, de-
termining mass function f(m)=2.21 My, Ko=97km/s,
and y=-14km/s.

The authors solved the photoelectric lybv light cur-
ves using the latest version of the Wilson-Devinney
code. First, they attempted to find a semidetached
solution but failed. Finally they argue that a good fit
to observations can be achieved only 1f potentials of
both stars were allowed to be free parameters. They
conclude that a model with both components been well

O emis-

. Podchorazych 2, 30-084 Cracow, Poland

Table 1: Absolute parameters of WW And

hot star cool star
1= 80°%4
q=0.10
T7=9500* 15=4359
R1=2.04 Ho=9.45
M=2.84 M-=0.28

* - not adjusted

within their Roche lobe can describe observations. Si-
multaneously, spectroscopy shows that a permanent
accretion disk exists in the system. Taking the photo-
metric and spectroscopic solutions into account, Olson
and Etzel computed the absolute parameters of com-
ponents of WW And (Table 1).

In this paper we present a prelimimary solution of
modeling of Iybv light curves using a code that acco-
unts also for presence of an accretion disk 1n a binary
system. For comparison, also a search for a solution
within a standard Roche lobe model 1s made.

Modeling of the light curves

From all individual points, the normal ones were cal-
culated, 73 1n each light curve. These points were used
to obtain a solution both within the Roche model (ver.
1993 of the Wilson-Devinney code, Wilson 1993) and
accounting also for existence of an accretion disk aro-
und the primary, hotter component. Details of the lat-
ter computer model were given in Zola (1991) and Zola
(1992). However, in both approaches the Monte Carlo
search method was used 1nstead of the differential cor-
rection one, included 1in the DCMP code.

First we performed computations to search for the
best fit using the LC program along with the Monte
Carlo search method. Also, the third light was set as
a Iree parameter. Domains to be search for other pa-
rameters were set as wide as possible. Computations
were done until the difference between the best and
worst elements 1n the search array was less than 1 per-
cent. We achieved solution for similar parameters to
those derived by Olson and Etzel, apart from the
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0.25. The co-ordinates are marked 1n units of the orbital separation.
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Figure 2. Observational versus theoretical light curves

of WW And 1n the filters ybuz.

primary component temperature, which was obtained
T1=12000K (Olson and Etzel assumed it to be 9500K),

and the third light which 1in our solution amounts to
14, 10, 6 and less than 1 percent of the total light for
I, y, b and v light curves, respectively. The secondary
star was also found to be marginally smaller than 1ts

Roche lobe.

Next the computations were proceeded by using a
computer model that accounts also for effects from a
disk around the primary star. The prelimimary compu-
tations were done for a fixed mass ratio ¢=0.20. It was
assumed that there 1s no third light in the system and
the mass losing star exactly fills 1its Roche lobe. Again,
the 1terations were stopped when difference between

the best and worst elements of the search array was
less than 1 percent. The model of WW And as vie-

wed at phases 0.0 and 0.25 1s presented 1n Fig. 1. The
theoretical light curves, obtained in both approaches,
plotted against the observational data are shown 1n Fig.

2.

Conclusions

It 1s possible to obtain a reasonably good fit to ob-
servations both within the standard Roche model and
within a model which includes an accretion disk aro-
und the mass gainer. Although, the quality of the fit
(measured by the sum of residuals) is slightly better

for the former model, the theoretical light curves are

almost undistinguishable, except for the I light curve,
near the maxima. However, both these light curves fit

observations within the observational errors/intrinsic
scatter of the data (see Fig. 2).

A thorough search 1s being done also for other mass
ratio values, between 0.05-0.50. The preliminary re-
sults show that the radius of the disk, partly obscuring
the hotter star, is about 0.06 A (an orbital separation),
independently of the ¢ value. The disk contribution to
the total light 1s significant, from about 20 percent for

[ light curve to about 50 percent for v one.
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ABSTRACT. The comparison of spectral energy dis-
tributions and synthetic spectra for a few G-giants 1s
presented.

Key words: Stars: late-type giants: spectral energy
distribution, synthetics spectra

The preliminary results for (G-stars are presented
here. The compilative catalogue of stars energy dis-
tributions (Dragunova et al., 1994, Komarov et al.,
1996) prepared in the astrospectroscopy department of
Odessa astronomical observatory with authors’ partici-
pation 1s used as observational data. The calculations
of synthetic spectra were made by the complex of pro-
grams STARSP (Tsymbal, 1994). Parameters for cal-
culations (7.¢¢, lg ¢, |[Fe/H]|) were given accordingly to
concrete stars and were determined earlier on the base
of spectrophotometry and photometry data (Korotina
et al., 1988, 1989). The Kurucz’s (1979) grid of at-
mospheric models has been used. Theoretical spectra
were calculated 1in the spectral region 320 - 900nm per
0.1A and then the values of appearing flux were avera-
ged in 50A-segments. The results are presented in the
figures. All the data in Figures 2 - 5 (spectral energy
distribution and theoretical spectra) were reduced to
the spectral value in the pomnt A=715 nm of "a mean
(s-star”.

Some preliminary conclusions may be done:

1). Comparison shows that the 7T, of stars may be
obtained from theoretical spectra with better accuracy
than 150K given by photometry.

2). The theoretical spectra in ultra-violet region are
different from observed spectra very much. It 1s ne-
cessary to define the new sources of absorption at this
spectral region.
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NonLTE ANALYSIS OF THE Nal LINES IN THE SOLAR
SPECTRUM

D.V. Ivanova, V.V. Shimansky
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Kazan 420008 Russia

ABSTRACT. Solar spectrum of Nal lines by met-
hod of the nonLLTE analysis 1s investigated. It shown,

that 1n atmosphere of the Sun the Nal 1s 1n mode-
rate “overrecombination”. The analysis of influence of
atomic data, models of atmospheres and damping con-
stants for nonL'TE deviation and sodium abundances
1s made. Observational solar spectrum of strong li-
nes Nal has been synthesized 1n good approximation.

On summary data of 15 lines the sodium abundance 1s
determined:-5.78dex.

Key words: line: formation - line: profile - Sun: at-
mosphere

Use spectrographes of the superhigh resolution at ob-
servations of stellar spectra and powertul computers for
their theoretical processing has made possible to begin
mass determine nonL'TE abundances with errors, smal-
ler 0.1 dex. Such researches claim large accuracy for
used model atoms and model atmospheres and defini-
tion of the base solar abundance. To the purposes of
the decision these two problems this work 1s devoted.

In work the Solar Flux Atlas Kurucz et al, (1984)
(A = 2900 — 130004, 4nal — g0, A2 =

_ ' notse _ ‘ 522;b00) '
used. For selected 16 lines with application of a graphic
package Origin 3.0 equivalent width W), were defined,

the results of research are given in Table 1.

was

Table 1: The Nal lines measured 1n Solar Flux Atlas.

AA W (mA) AA W (mA)
HERI 830 H895 640
8194 328 8183 254
HHRE 144 HHR2 121
6160 61.0 6154 38.1
4982 89.3 4497 35.9
5148 13.5 12679 142
10834 51.4 9961 21.1
10746 22.2 3302 159

For account nonL'TE populations and lines a com-
plex of the programs NONLTES3 (Sakhibullin, 1983

which 1s based on the linearization method proposed

0,8 - Kurucz(1993)
0,4 -
- ]
o> 0,0- —
— -
0,4 -
0.8 -
08- HolMul(1974)
0,‘4 = 38
2 0,0- 3p_— =
2,10 é “'
-0,45s
14d
-0.8 —_ 4s 3d
-4 -3 2 -1 0 1

Figure 1. Departures from LTE for populations of
Nal levels in b = nponrrE/NITE.

by Auer and Heasley with allowance for of all conti-
nuous sources of opacity, lines and molecules 1s used.
In applied 21-levels model of atom Nal [Mashonkina
et al., 1993] (n < 7,1 < 3), containing 46 transiti-
ons 1n detal and 54 fixed transitions, the energy of
levels and 1onization cross-sections were redefined ac-
cording to data by Hofsaess (1979) and Yakovlev et
al. (1990). The accounts are carried out for models of
atmospheres: by Kurucz (1979, 1993), Holweger and
Muller (1974) and Bell (1975) - at various significances
of collisional cross-sections with hydrogen (with factor
k = 0.0, 0.1, 1.0). At investigation of theoretical line
profiles Doppler and Stark broadening, Van der Waals
damping with Cgs constants by Unsold (1955), Deridder
and Van Rensbergen (1976), radiative damping, mic-
roturbulence (Vs = 1.0,1.2,1.4km/s) and rotation
velosities (V sine = 1.0 — 2.5km/s) were taken into ac-
count. The sodium abundance 1s accepted according

Anders and Grevesse (1989): [A] = -5.75

At analysis of nonL'TE-populations of Nal levels mo-
derate ”overrecombination” for ground state 3s and le-
vel 3p i1s confirmed (Figure 1). ”Overrecombination” is
determined by small 1oni1zation cross-section and strong
scattering 1n lines of resonance transition 3s — 3p. The
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”overrecombination” effects are maximum for models
by Kurucz (1979) and by Bell and minimum for model
by Kurucz (1993), and tend to strengthening and shif-
ting 1n higher layers at increase of collisional processes.

The results of the LTE and nonLLTE abundances de-
finition on 15 lines (except A = 33021?{) are resulted 1n
Table 2. Deviations from LTE are large for A = 8194,
8183 A (AX = -0.17 dex), essential for A = 5688, 5682
A (AX = -0.07 dex) and insignificant for other lines
(AX < 0.05 dex). The minimum deviations for all li-
nes are reached in model by Kurucz (1993), maximum
ones - in models by Kurucz (1979) and by Bell and con-
siderably decrease with growth of collisional processes
at £ = 1.0 Microturbulence velosity does not practi-
cally influence deviations from LTE.

Table 2: Solar sodium abundances and dispersions in

dex.
Model K | Vigrs nonLL TE LTE
km /s AX +o AX +o
Kurucz n. | 0.1 1.0 -0.012 0.045 | 0.032 0.048
1.2 -0.020 0.046 | 0.024 0.045
1.4 -0.028 0.049 | 0.017 0.041
0.C 1.2 -0.017 0.047
1.C 1.2 -0.001 0.043
Profiles ) 1.2 -0.034 0.023
Deridder 1.C 1.2 -0.001 0.047
Kurucz o. | 0.1 1.0 -0.075 0.007 | 0.023 0.052
HolMul 0.1 1.0 0.047 0.046 | 0.105 0.059
Bell 0.1 1.0 -0.075 0.060 | 0.016 0.054

The heaviest abundances are received for model Hol-
Mul, the least ones - for models by Kurucz (1979). At
Viurp Increase of 0.2 km/s A X decreases on 0.008 dex.
Dispersions of the abundances, received on 15 lines are
minimum for models by Kurucz (1993) and HolMul,
and poorly depends from Vi, and k.

For lines with W, > 20mA synthesis of observable
profiles was performed, the results for some lines are

shown on Figure 2. The resonance spectral lines (A =

5889, 5895 A) and subordinate ones A = 81944 have
the good theoretical description. There 1s the difficulty
in description of observable wings of more weak lines
A = 8183,6160,6154,4982, 5682 A. Such wings, increa-
sed with reduction of equivalent width of a line, are not
described theoretically with change Vi,,1k, and dam-
ping constants. At research of lines profiles of md-nt
transitions a necessity of Cs constants by Unsold incre-

ase (with factor 5 for A = 12679 and with factor 30 for
A = 9961) and efficiency of Cs constants by Deridder

1s shown. Simultaneously the constants by Deridder
are not suit for lines of ms-np transitions. The line

1ol 2=5889 [A] =-5.79 Vsin()=20 5 = 8194 [A]=-5.82 Vsin(i)=2.0

1,0 -

08L '
08}
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Figure 2. Profiles of some lines Nal.

A = 33024 does not yield to adequate theoretical syn-
thesis.

At 1nvestigation of profiles and equivalent width
of all lines the following best significances are re-

ceived: [Al= —5.779 & 0.023dex, k = 1.0, Viurs =
1.0km/s, Vsini = 2.0km/s.

Acknowledgements. 'The authors are grateful to the
Russian Basic Research Foundation(grant 96 - 02 -

16306 - a) for the financial support of this work.

References

Anders E., Grevesse N. :
Cosmochimica Acta, 53, 197.

Deridder Gh., Van Rensbergen W. :
and Astrophys. Suppl. Ser, 23, 147.

Hofsaess D. : 1979, Atomic Data and Nuclear Data
Tables, 24, 285

Holweger H., Muller E. : 1974, Solar Phys, 39, 19.

Unsold A. : 1955, Physik der Sternatmospheren, 2nd
edition, Springer, Berlin Gottingen - Heidelberg.

(Feochimica et

1989,

1976, Astron.

Kurucz R.L. : 1979, Ap. J. Suppl. Ser, 40, 1.
Kurucz R.L. : 1994, CD-Roms N15§.
Kurucz R.L., Furenhd I., Brault J., Testerman L.

1984, Solar Flux Atlag from 296 to 1300nm. Nat.

Solar Obs., Sunspot, New Mezico.
Sakhibullin N.A. : 1983, Trudy Kazan. gor. astron.
0bs., 48, 9.

Mashonkina L., Sakhibullin N
1993, Astron Zhurn., 70, 372
Yakovlev D.G., Band I.M., 'Trzhaskovskaya M.B.,

Verner D.A. : 1990, Astron. Aph, 237, 267.

Shimansky V.



68

Odessa Astronomical Publications, vol. 9 (1996)

THE COOL GIANT STARS AND CHEMICAL EVOLUTION OF
GALAXY

N.S. Komarov, T.V. Shevchuk
Department of Astronomy, Odessa State University,

Odessa 270014 Ukraine

F-mail: root@astrosoc.odessa.ua

ABSTRACT. The fundamental characteristics and
abundances of cool giant stars 1s discussed. The possi-
ble evolution of nuclides 1n process evolution of GGalaxy

was very shortly described.

Key words: Cool giant stars, evolution of stars

Introduction.

The main goal of modern astrophysics 1s the deter-
mination of abundances 1n atmospheres of stars, 1n par-
ticularly, in atmospheres of cool giant and supergiant
stars. Spectra ol these stars contain great number of
atomic and molecular lines of absorption which are for-
med at various optical depths of their atmospheres.
This gives a possibility to study the structure and pa-
rameters of atmospheres of G, K,M - giant and super-
giant stars belonging to various Populations of Galaxy:.
This 1s necessary for testing theories of evolution of
stars and of nuchides. Really stars of GGalaxy Disk, and
possible Halo, are product of subsequent generation of
stars through interstellar medium. The interstellar me-
dium was formed of matter proceeded of stars’ nuclear
synthesis and so was enriched by products of various
nuclear processes. According to the modern concept
of theory the time of evolution of the stars’ being at
the certain locus essentially depends on 1ts mass, mitial
abundances and on nuclear processes. Cool giant and
superglant stars have been leaving from early epoch of
the origin of Galaxy up till now and contain the records
of abundances of elements and their 1sotopes 1n diffe-
rent epoch of evolution of (Galaxy. The determination
of abundances 1n their atmospheres can give informa-
tion about chemical evolution of Galaxy.

”Standard” abundances of elements
and 1sotopes.

The sources of imformation about evolution nucli-
des 1n process of evolution of GGalaxy are their abun-
dances and their distribution from number of pro-
ton - Z, or number of neutron - N, or of mass num-

ber - A=N+Z7. They have been received with using
the earths’ crust, meteorites, solar atmosphere (photo-
sphere, chromosphere, corona), solar wind, interstellar
medium, planetary nebulae, galaxies, quasars, cosmic
rays.

b A by

In Table 1 are tabulated ”cosmic”, "normal”, ”stan-
dard” & Grevesse
(1989) - loges; and values abundance of elements in
atmosphere of Sun - loge,. The 1zotopic abundances
(nuclides) for the solar system determined from mete-
orites are presented 1n Table 2. These ratios can be
determined 1n the atmospheres of cool giant stars.

abundance ot elements Anders

The curve of distribution of abundances have cha-
racteristics: their values exponentially decrease with
the growth of mass number up to A=100 and then a
considerably slowing down; large fluctuations in abun-
dance of light elements; presence of peaks 1n distribu-
tion of abundances with certain mass numbers. These
peculiarities must be explained by the theory of 1ni-
ti1al formation and evolution of all nuclides. The ana-
lvsis of abundances 1n stellar atmospheres show on
their descrepances (for example, stars of population
I and II of our Galaxy, stars of type R CrB, peculiar
& metallic-line stars, carbon stars etc). It should be
noted that chemical composition of interstellar gas in
H II-regions around nearly forming stars and planetary
nebulae (objects were formed at later stage of evolution
of stars) 1s close to that of the solar system. Moreover,
the abundances in other galaxies and quasars (the ol-
dest objects of the Universe) differs slightly from the
solar one. All this must be explained by one theory of
evolution of abundances of chemical elements and their
1sotopes. A great compilation arises due to a small
number of stable 1sotopes among multitude of unsta-
ble 1sotopes. Therefore, the distribution of abundance
of nuclides must be changed as a result of radioactive
decay which may differ under these or other conditions
(up to decay absence). This should be especially taken
into account in analysis of abundances of meteorites,
unevolved and evolved stars and etc. The atmospheres
of unevolved stars do not contain the products of stel-
lar nucleosynthesis. On the contrary the atmospheres
of evolved stars can be diluted with products of stellar
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nucleosynthesis and be different from the abundances
of progenitory matter.

Fundamental characteristics of cool
giant stars, model atmospheres and
thelr evolution status.

We shall mainly dwell upon the results of determina-
tion of abundances and of fundamental characteristics
of cool giant stars. It 1s evident that during evolution

of stars their abundances can be essentially change. So
the peculiarity of stars says about their the advanced
stage of evolution.

The 1nformation about atmospheres of giant stars 1s
a key to the solution of many problems on the evolu-
tion of stars and stellar systems, formation of nuclides

with mass more then mass of H, enrichment of star at-
mospheres by heavy and light elements and 1sotopes.
However, here we come across a paradox - the presence
of a tremendous number of atomic and molecular lines

of absorption permits to determine abundance of many

nuclides and, unfortunately, at the same time these
mainly hinder both the investigations of parameters of
atmospheres of cool giant stars and the construction of
mathematical model of atmospheres of stars.

New data about giant stars are obtained at the
Astronomical Observatory of Odessa State University,
and namely, the temperature, gravity, microturbulent
velocity, radius, mass and total luminosity.

According to the data of Komarov et al. (1996) pa-
rameters of cool giant stars in oxygen sequence of field
of Galaxy disk up till now being 1n the solar neighbo-
urhood (in the spectral interval from G to M) for tem-
perature range from 2500 to 5500K, for gravity from
0.00 to 3.00 dex, for metallicity from -0.7 to 0.4 dex.
The luminosity of stars are markedly varied from spec-
tral type (by the order of a value), radi vary from 5
to 30R , whereas masses - from 0.7 to 1.4M,. Mean
values metallicities within spectral types G0O-K0O, KO-
K5 and M0O-M4 are equal to -0.20, -0.07 and -0.20dex
respectively. Cool giant stars in solar neighbourhood
of Galaxy disk at the increase of metallicity are shifted

towards higher temperatures and larger luminosities.

Masses ol cool giant stars belonging to open clusters
and moving groups range from 2 to 3Mg! It 1s likely to
show that field stars have already passed the stage of
belonging to a certain group of stars and refer to the
Population of the old Galaxy disk.

One 1mpressive result discovered by us should be em-

phasized: the age of majority cool giant stars of Galaxy
field can be compared with that of the oldest objects
of Galaxy - globular clusters (15 x 107). We finded

also two flares 1in formation of stars that determine the

various number of giant stars in certain spectral tapes
accordingly their metallicity.

The model of atmosphere of cool giant star can be
calculated after determining of fundamental characte-
ristics of star and by usual simplified assumptions. We
must underline that are not model atmospheres ade-
quate to the structure of the real stars even when unk-
nown processes 1n their atmospheres are absent.

Table 1. The ”"standard” and ”solar” abundances
of elements.

/4 El lgesy lgee 7 Bl lgesy  lgeq
1 H 12.00 44  Ru 1.82

2 He 10.99 45 Rh 1.09

3 L1 3.31 1.16 46 Pd 1.70

4 Be 1.42 1.15 47 Ag 1.24 0.94:
H B 2.88 253 48 Cd 1.76

0 C 8.00 49 In 0.82 1.66:
It N 8.00 50 Sn  2.14 2.0
8 O 8.86 51 Sb 1.04

9 F 4.48 52 Te 2.24

10 Ne 8.09 53 I 1.51

11 Na 6.31 4  Xe 2.23

12 Mg 7.08 59 Cs 1.12

13 Al 6.48 b6 Ba 2.21 2.13
14 S1 .95 b7 La 1.20

15 P 5.7 bH4d4h -8 Ce 1.61

16 S 7.27 59 Pr 0.78

17 Cl b.27 b.D 60 Nd 1.47

I8  Ar 6.96 62 Sm  0.97

19 K H.13 63 FEu 0.54

20  Ca 6.34 64 Gd 1.07

21 SC 3.09 6b Thb 0.33

22 Th 4.93 66 Dy 1.15

23 V 4.02 67 Ho 0.50 0.26:
24 Cr 5.08 O& Er 0.95

25 Mn 503 539 69 Tm 0.13 0.29
20 Fe 7.01 70 Yb 0.95

27  Co 4.91 /1  Lu 0.12 0.76:
28 N1 6.25 72 Hf 0.73 0.88
29  Cu 4.27 73 Ta 0.13

30 Zn 4.65 74 W 068 1.11:
31  Ga 3.13 288 75 Re 0.27

32  Ge 3.63 6 Os 1.38

33  As 2.37 77 Ir 1.37

34 Se 3.35 78 Pt 1.68

35  Br 2.03 79 Au 083 1.01:
36 Kr 3.23 80 Hg 1.09

37 Rb 2.40 81 Tl 0.82

I8 ST 2.93 82 Pb  2.05

39 Y 2.22 83 Br 0.71 <1.9:
4() Zr 2.01 90 Th 0.08 0.23
41 Nb 1.40 92 U -049 <«<-0.47
42 Mo 1.96
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Table 2. The abundances of nuclides.

Z Nuc A loge;, Z Nuc A loge;,
| H I 12.00 20 Ca 43  3.53
2 1.22 44  4.69
2 He 3 7.08 46  1.89
4 10.99 48  3.64
3 L1 0 2.22 22 Thr 46  3.85
It 3.31 47  3.82
5 B 10 1.83 48  4.82
11 2.43 49  3.70
0 C 12 8.00 b0  3.68
13 6,67 26 Fe 54  6.29
7 N 14 8.00 b6  7.50
15 5.0l b7  H.87
8 O 16 8.84 b8  5H.05
17 5.41 28 N1 58  6.09
18 6.15 60  5H.67
12 Mg 24 7.90 61 4.33
29 6.60 62  4.82
20 6.05 64  4.29
14 S1 28 7.95 40 Zr 90  2.37
29 6.24 91 1.71
3C 6.07 92  1.89
20) Ca 4( 6.30 94  1.90
42 4.18 96  1.11

The abundances 1n atmospheres
of cool giant stars.

Cool dwarf stars - stars of main sequence (MS) - of
(valaxy disk have the abundances of elements of CNO-
group near to the solar ones, and namely, [C/H|=-
0.03+0.1,[N/H|=0.024+0.1 and [O/H|=0.00£0.1. At
the same time abundances of metals-group can vary
from 0.3 to -0.7dex. The mean level of metallicity can
change for various open clusters. No distinct depen-
dence upon the age 1s found. The atmospheres of stars
of MS 1 the spectral region from F to early K have
abundances elements from C to Sc 1n limits from 0.08
to -0.04.

Progenitors of cool giant stars of (G-M spectral types
are dwarf stars of F'-K spectral types. Is the progeni-
tory matter 1n atmospheres of giant stars diluted with
products of nuclear synthesis” Indeed, the average ra-
tio abundances 1s equal C/N=0.9 for open clusters of
the Hyades and Praesepes (Mishenina et al., 1991, Ko-
marov & Basak, 1992) while for the Sun C/N=4.8.
The average value C/N=2.3 1s obtained for cool gi-
ant stars of Galaxy field. That means the abundance
N grows while abundance C decrease. It should be
noted that theory of evolution of single star predicts
ratio C/N=2.0 after mixing. Light elements Li,Be and
B are easily destructed at low temperatures (nearly
from 2 x 10° to 5 x 10°) that must decrease abundance
of these elements 1n atmospheres of giant stars espe-

cially of L1. These nuclides cannot be formed during
the stellar evolution (during the processes of nuclear
synthesis), except may be ‘Li. However, abundance of
"Li in some giant stars exceeds the cosmological abun-
dance! Abundance “Li in meteorites and in the solar
atmosphere differs by nearly two orders. Now 1t 1s ne-
cessary to determine the abundances of these elements
in atmospheres of oldest (Galaxy stars with big defi-
ciency of metals. The ratio of izotopes #C/!°C for
atmospheres of cool giant stars are much less than the
solar (terrestrial) one. Ratios of abundances of nucli-
des due to circulations, He-flares, deeply penetrating
convection and mass loss can be changed 1n the stel-
lar atmospheres. The ratio “C/**C in atmospheres of

these stars can vary from 4 to 40. The values 1“C/1°C
from 20 to 30 range for the stars with M> 2M,. This
ratio swiftly decrease for stars with more little mass
according to observations and that contradicts to the
theory. To explain this effect 1t 1s necessary to sup-
pose unknown mechanism of mixing. During further
evolution of stars with M< 1.5M they proceed 1n se-
quence of spectral types M-MS-5-SC-C (R or N). This

sequence 1s caused by the variation in ratio C/O.

The nuclhides of s-process can be synthesized only
in the entrails of giant and supergiant stars with
M>1.5My. It 1s shown ,that atmospheres of giant
stars of field of the Galaxy disk in spectral range G-
K with solar metallicity have almost solar abundances
of elements of s-process. Gopka and Komarov (1990),
Gopka et al.(1990) have shown that the atmosphere of
« Tau have "solar” abundances of Fe and elements s-
process, whereas for & Boo these elements exhibit the
same deficiency relatively to their abundance 1n the at-
mosphere of Sun. The abundances of nuclides of the
s,r-processes 1n atmospheres of giant stars of the Ga-
laxy Halo must be deficient with respect to the solar
abundances because nuclides of Fe are primordial nuc-
le1 for s,r-processes. This 1s confirmed by observations
and treatments of spectra of giant stars belonging to
the globular clusters. The evolution of elemental abun-
dances 1n atmospheres of cool giant stars belonging to
the first or second branches of giants remains unknown.
This 1s associated with our msufficient knowledge of
processes 1n outer layers of these stars. It 1s enough to
say that in region of spectral type K are stars of va-
rious types - “solar” and "nonsolar” types. Conditional
character of such a division 1s clear enough.

The abundances of the atmospheres of cool giant
stars belonging to the galactic disk 1n neighbourhood of
Sun are 1n a fair agreement with ones for dwartf stars in
the interval of metallicity from -2.4 to 0.35 dex. Whe-
reas the elements of a-process are overabundant for
metal deficient stars and odd-elements Na, Al are de-
ficient relatively to elements of a-process (Edvardson
et al., 1993). It is noted that the overabundance Na in
atmospheres of giant stars from 0.3 to 0.8 dex has been
found by Komarov et al. (1985). It is correlating with
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[uminosities of stars (and namely with gravities) - the
larger stellar luminosity conform to greater Na-excess.
This correlation 1s due to dependence of luminosity of
stars upon 1ts mass or 1ts age.

We can be sure that abundances of elements and
their 1zotopes of stars of oxygen sequence 1n the galactic
disk are different for groups of stars accordingly their
formation and their being 1n various ascending bran-
ches, or their being 1in the horizontal branch, or their
being 1n the asymptotic branch. Now the age of single
star cannot be determined only upon their location on
the HR-diagram. Some supplementary criterion for the
age or mass 1s needed. Such criterion may be parameter
of the activity of chromosphere (in particular level of
emission in H,K Call and H,K MgII lines). The posi-
tion of stars belonging to open clusters and moving gro-
ups would seem to be better because there 1s a possibi-
lity to estimate their age. But here we come across pa-
radox! As is stated by Komarov et al. (1996) a relative
number of stars with “standard” abundances for spec-
tral types (G5 III-KO III must be small whereas the rela-
tive number of stars in the spectral region K2 I1I-K5 111
prevalls. However, 1n the closest open cluster of Hyades
the giant stars (spectral type KO III) have ”standard”
abundance for almost all elements (excepting some ele-
ments, for example, carbon, oxygen, sodium) while in
the best studied moving group Boo of star a Boo have
The stars of galactic disk

deficient of all elements.

have been formed since on 10” years. However, we and

Edvardson et al. (1993) have found of the stars with
ages comparable with that of globular clusters. It 1s

necessary to take mto account that even oldest stars
with metallicity from -1.5 to -3.5 dex have the ratios
of abundances of heavy elements approximately in the

same proportion as for the Sun. Now the under- and/or
over-abundances 1n these or those elements or their 1zo-

topes must be found.
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THE ABUNDANCE OF HELIUM AND STELLAR PULSATION
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ABSTRACT. Radial gradient of relative amplitude

of the light variation Iy for galactic classical Cephe-
1ds 1s found. The gradient has different signs for two
cases: P > 8% and P < 8. For P > 8% the gradient
1s negative. This gradient 1s caused by gradient of he-
[tTum content 1n the primordial clouds, where Cepheids
were born. In agreement with theoretical calculations,
the amplitude increase with an increasing of the helium
content. For this dependence the following calibration
was obtained:

He/H| = (Fy — 0.54) dex
Y = 0.55Fy — 0.03

In case P < 8% the amplitude (and also asymmetry
parameter M-m) is mainly affected by metallicity.

Key words: 5Stars - abundances, Stars - classical
Cepheids
Introduction

Determination of helium abundance 1n the classical
Cepheids 1s an essential problem, because [He/H]| value
becomes a crucial parameter 1n the theoretical model-
ling of the pulsating stars. Here we propose a new
method of determination of the He content for Cephe-
ids with P > 8. A dependence between amplitude
and He abundance follows also from the numerical cal-

culations by Stobie (1969), Cogan et al.(1980).

It 1s known, that light amplitudes for Cepheids stron-
ely depend on period P, therefore we can use a relative
amplitude Fy (amplitude parameter, Kraft 1960). The
amplitudes were taken from the compilative cataloques

by Berdnikov (1987) and Fernie (1995).

It appeared that there exists the radial gradient of
Fy for our Galaxy and for two cases —P < 8¢ and
P > 89 this gradient has different signs. It means that
1n this two cases the amplitude 1s affected by two diffe-
rent factors. Let us consider these two cases separately.

Cepheids with P > 8¢

The following gradient of amplitude upon galacto-

centric distance Rg were obtained:

dFy /dRg = —0.009 kpc™! (1)

Little 1s left to be supposed that for the case P >
R4 the amplitude gradient is mainly affected by the
gradient of the helium content, which generally exists
in the Galaxy. HII region were used for determinations

of the He abundance gradient:

d[He/H)/dRg = —0.009 kpc™* (2)

Knowing that the Cepheids (the descendants of B-
stars) are formed from the molecular clouds with diffe-
rent chemical composition, one can suppose that gra-
dient of He (and other elements) content found using
the Cepheids, reflect the galactic gradient.

During the evolution from the main-sequence B-star
to the red giant, a Cepheid rapidly (&~ 10° yr) crosses
the instability strip. In the red giant region Cephe-
1ds sufler the dredge-up and their envelopes become
(Iben 1965). Therefore, crossing the
instability strip for the second time, the Cepheids must
pulsate with an increased amplitude.

It is clear that primordial helium abundance (which
is inherent to B-stars and HII regions) can take place
only i the Cepheids that first crossing the instability
strip. Up to now we have found only two such Cephe-

ids: V1162 Aql (Andrievsky et al. 1996) and V636 Cas
(Kovtyukh et al. 1996). Both Cepheids have a small
amplitude and solar - like CNO abundances.

The helium abundance in Hll-regions 1s similar to
that in B-stars from the solar neighbourhood (average
abundance log He/H = —1.08, Adelman 1986). One
can suppose that Cepheids first crossing the mstability
strip have the same mean abundance as for the B-stars

(—1.08 dex). The average Fy amplitude for Cepheids

helium enhanced

first crossing the mstability strip 1s equal to 0.54. The-

refore, comparing (1) and (2) we obtain the following
calibration (for Cepheids with P > 8¢):

He/H| = Fy —0.54 (dex) (3)

(4)

The relations (3 - 4) allow to obtain the helium con-
tent 1n upper layers of the Cepheids’ atmosphere. It 1s
useful for calculation of the Cepheids pulsational mo-

Y =0.00Fy —0.03

dels. It can be also used as a diagnostic tool 1n a study
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of helhum abundances 1n different stellar systems and
for investigation of the He gradient in other galaxies.

Cepheids with P < 8¢

The metallicity, as well as helium content, stron-
oly affects the pulsational activity of Cepheids with

P < 8% A presence of positive amplitude gradient for
Galaxy (232 stars):

dFy /dRg = 0.018 kpc™* (5)
testifies about dominant role of metallicity 1in the in-
fluence on the amplitude comparing with influence ot

helium content. Therefore, 1n this case we have to ca-

librate the dependence [Fe/H]|~ A.
For the [Fe/H| ~ A) calibration we used, first of

all, well known determinations of Cepheids metallicity
based on the high-resolution spectral analysis and data
obtained 1n Washington photometrical system.

The following relation between the various parame-
ters of classical Cepheids are taken:

[Fe/H] = 0.739 (M — m) + 0.064 P —
—0.284 Fy — 0.425

(6)

(asymmetry parameter M — m is the interval between
the phases of maximum (M) and minimum (m) of the
light curves).

This solutions is valid for Cepheids with P < 8% and

has a standart deviation o (one star) =0.15 dex, which
1s only slightly poorer than the best spectroscopic de-
termination.
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ABSTRACT. In view of rich structure of the energy

levels and the variety of transition types which are ob-
servable, molecules are the useful tool for investigation
of physical parameters of stellar atmospheres, interstel-
lar and circumstellar matter, such as gas density, 1its
temperature, chemical and 1sotopic composition, 1oni-
zation degree, radiation field density, kinematics, etc.
The success of 1nvestigations 1s defined to a conside-
rable extent by the amount and reliability of spectral
information used. The molecular radiative coefficients
must be calculated for a huge number of spectral h-
nes, 1nvolving rather weak lines.
are performed using spectral line lists containing such
parameters as positions of line centres, lower level ener-
gles, transition probabilities, and, 1n a number of cases,
broadening parameters.

These calculations

Key words: Molecular spectra: Molecular bands: Os-
cillator strengths.

At present several scientific teams are engaged 1n the
creation of such lists. The most complete lists for dia-
tomic molecules are prepared by Kurucz (1993). These
lists contain more than fifteen million lines belonging
to various electronic spectra H2, CH, OH, NH, MgH,
S1H, C2, CO, CN, Ti10. Only a small part of lower level
energies and transition irequences are from laboratory
data, all values gf are calculated. The functions of elec-
tronic transition moments nedeed for such calculations
were taken from quantum-chemical researches or pro-
per experiimental measures.

The most of Kurucz’ calculations were made more
than fifteen years ago. Since then a large amount of
results, both experimental and theoretical, have been
obtained extending and refining our knowledge about
the structure of energy levels for molecules indicated
and their radiative properties. Therefore, refining and
extension of Kurucz’s data base are supposed, and the
first step must be the analysis of all information availa-
ble on spectral and radiative properties of astrophysi-

cally important diatomic molecules for selection of the
most reliable values.

We do such a work for some molecular systems,
commonly used for determining the abundances of the

light elements (C,N,O) and isotopic ratio 12C/13C in
the late-type star atmospheres, on the base of infor-
mation and program units containing in the RADEN
data bank (Moscow) and program complex "MOLEC”
(Kiev).

The
transition moments for relatively light molecules can be
obtained from quantum-chemical calculations control-
led by lifetime measurements. Note that for the light
molecules, taking into account of vibrational-rotational
interaction 1s rather essential. The influence of rotation

most rehable i1ntformation about electronic

on vibronic wave function can be taken into account
in the solution of Schredinger’s nuclear equation with
eflective 1nteratomic potential, involving the rotation
energy. We have calculated the gi-values for some ro-
tational lines according to the normalization rule from

(Whiting et al. 1980) and have compared them with
the Kurucz’s data.

In Table 1. we compare the Kurucz’s values of gf
with our ones calculated in a) R-centroids approxi-
mation, using the data from Kuznetsova (1987); b)
with ab-1nitio calculation oft,:,», controlled by lifetime
measurements and c) those as b) but with rotational

correction of f,/,». The asterisk in a) means the con-

stant S, for the system (see Kuznetsova (1987)). The
data used for ab-initio calculations are taken from pa-

pers (Hettema and Yarkony (1994) for CH, Kirby and
Goldfield (1991) for NH, Arnold and Landhoff (1978
for Cs, Kirby et al. (1979) for MgH, Larsson (1987) for
SiH). We noted that Kurucz’s list for Swan C, system
(D°II — A°II) included only one lambda component of
125 but two lambda components of '°C*2C lines with
the same values of gf. In the case of homonuclear mo-
lecule 12C*2C the statistical weight of level must be
twice as much as for heteronuclear '*C'“C' (even-odd
alternation). For Swan system '?C lines of Kurucz’s
list we can double the gif-values. Note that our value

fo0=2.91E-02 for Cg(DSH — ASH) system almost the
same as fpo=2.8E-02 in Grevesse et al. (1991).

The isotopic ratio 12C*3(C' is often determined from
the spectra of the CN red system near 8000 A. We
have noted that positions of '*CN lines in Kurucz’s
list are displaced on 0.7-0.8 Ain the violet relative the




Odessa Astronomical Publications, vol. 9 (1996)

9D

Table 1. 1g g f-value

wavelength  Kurucz’s  our values
(A) value, 1993 a) b) c)

CH(A“A — X~-1I)
(0-0) R1.(10.5° 4248.941 -1.30 -1.407 -1.43 -1.44
(1-1) R24(10.5 4247.562 -1.36 -1.387 -1.49  -1.50
(2-2) Rogq(11.5] 4262.594 -1.39 -1.357 -1.51 -1.53
(0-1) Q1.(16.5, 48395.268 -2.49 -3.177 -2.00  -2.60
(3-4) Q1.(11.5; 4835.224 -2.32 -3.877 -2.51  -2.58
NH(A®II — X°X7)
(0-0) Qs(24) 3360.196 -0.41 -0.717 -0.69  -0.80
Co(D I — A°TI)
(0-0) P1(45 21395.07 0.03 0.37 0.42  0.40
(0-0) Po(44 2135.08 0.02 ).36 0.41  0.39
(0-0) P3(43 0135.68 0.01 0.35 0.40  0.38
MgH(AIl — X*XT)
(1-0) P5(15.5] 4835.216 -1.42 -1.017 -1.26  -1.26
(2-1) P5(23.5] 4835.314 -0.95 -0.537 -0.52  -0.58
SiH(AZA — X*1I)
(1-3) R21(28.5) 48395.285 -4.90 -4.72 -0.15  -4.71

observed wavelenghts (Wyller 1966). The gf-values for
CN (A°Il — X*X1) lines of Kurucz are approximately

the same as our ones.

Acknowledgement. We consider as a pleasant duty to
thank Dr. R. Kurucz for receiving of the Database on

CD ROM.
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OBSERVATIONAL MANIFESTATIONS OF EARLY MIXING
IN B-AND O-TYPE STARS

[..5. Lyubimkov
Crimean Astrophysical Observatory, p.Nauchny
Crimea, 334413, Ukraine

ABSTRACT. The helium and nitrogen enrichment
of the atmospheres of early B-type stars during the

main sequence (MS) evolutionary phase is re-analysed.
It 1s confirmed that the effect depends on both the age
t and the stellar mass M. For example, the helium

abundance He/H increases by 0.04 (60-70% of initial
value) for stars with M = 8 — 13M, and by 0.025
(about 30%) for stars with M = 6M. The nitrogen
abundance rises by three times for M = 14M. and
by two times for M = 10M;. According to the latest
theoretical computations, the observed appearance of
CNO-cycled material in surface layers of the stars can
be a result of the rotationally induced mixing,
ticular, of

1N par-
the turbulent diffusion. Carbon 1s 1n defici-
ency 1n B stars, but unexpectedly does not show any
correlation with the stellar age. However 1t 1s shown
that the total C+N abundance derived for early B stars
conflicts with the theory.

Basing on modern data the helium enrichment 1s first
examined 1 O-type M5 stars, as well as in components
of binaries. As compared with early B stars, the He
abundance for more massive O stars and for compo-

nents of binaries show a different relation with the re-
lative age t/taprs. Namely during the first half of the
MS stage the normal value He/H = 0.08 —0.10 1s con-
served, whereas 1n the short time between ¢/t3rs = 0.5
and 0.7 a sharp jump is observed up to He/H = 0.2
and more. In particular, such a jump 1s typical for fast
rotating O stars (v sin ¢ > 200 km s=!). Therefore
the effect of mixing depends on mass M, relative age
t/tyrs, rotational velocity v and duplicity.

The mass problem (the discrepancy between M.,
and M;,) 1s also analysed, because some authors con-
sider 1t as a possible evidence of early mixing, too. It
1s shown that the accurate data for components of bi-
naries lead to the conclusion that the discrepancy 1s
less than 30%. Such a difference can be removed at
the expense of the M., lowering, if the displacement of
evolutionary tracks owing to the rotationally mduced
mixing 1s taken into consideration.

Full version of this paper will be published 1n
Astrophysics and Space Science.

Key words: Stars: Structure: Mixing
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INVESTIGATION OF COMPONENTS OF THE
BINARY 5YS5TEM 38 PER

L..5. Lyubimkov, T .M. Rachkovskaya, 5.1. Rostopchin, A.E. Tarasov
Crimean Astrophysical Observatory,

334413, Ukraine, Crimea, p/o Nauchny,

ABSTRACT. Radial velocities V, of components of

the binary system 38 Per are measured using high reso-
lution and high signal /noise ratio spectra. The orbital

elements were updated on the basis of these data and
early published measurements of V,.. The following va-
lues of effective temperature and surface gravity for the
secondary component (star B) are found from its spec-
tral type B2V and the statistical relation of de Jager
and Nieuwenhuijzen (1987): T.;r =21000 £ 1500 K
lgg =4.0 £0.2. Using these values we __ound the fun-
damental parameters for the primary component (star
A)Z Tgff — 22700 + 1500 K and lgg = 3.4 4+ 0.2.
The rotational velocities of the components are mea-
sured from Hel lines: vsin? = 80 4+ 7 kms™! for A
and vsin ¢ = 95 +£10 kms™*! for B.

The atmospheric helium abundance 1s determined;
it is relatively high for A (He/H = 0.19 4 0.06) and
nearly normal for B (He/H = 0.11 +0.03). From evo-
lutionary tracks the relative ages of the components
t/tars(A) = 0.96 +£0.05 and t/tys(B) = 0.54 £0.03
are determined, 1.e. the primary 1s near the end of the
main sequence (MS) phase and the secondary is near
the middle of this phase. This investigation

F-mail: sir@Qcrao.crimea.ua

together with our previously results for o Vir (Lyubim-
kov et al., 1995), V380 Cyg (Lyubimkov et al., 1996)
and 45 ¢ Per (Tarasov et al., 1995) confirms the cor-
relation between the helium abundance and the stellar
age. An explanation may be connected with mixing
already on the MS phase.

Full version of this paper will be submitted 1n Astro-
nomaicheskly) Zhurnal.

Key words: Stars: binary: 38 Per
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Figure 2. NonL'TE abundance corrections AX versus
T.; at varlous log g for some Mgl spectral lines.

A X as logarithmic displacements of nonL'TE and LTE
curves of growth at W, calculated by LTE method

with normal for given model atmosphere abundance.
The part of results in kind of dependences AX - T

1s presented on fig. 1, 2.
At analysis of sodium abundances the preference 1s

usually given back the Nal doublets AA615.4,616.0nm
and AAH6K.2,568.8nm. The calculations show, that
only for the first of them deviations from L'TE are small
in whole range of parameters: (-AX) < 0.08dex for
main sequence (MS) stars and <0.15dex for supergi-
ants. For AAb68.2,568.8nm (-AX) are small for MS
stars (<0.11dex), but can reach to 0.32dex for super-
glants.

The Nal resonance

lines AAD88.9,589.5nm are used

in abundance determinations basically for stars with
metals deficiency. Despite significant weakening of li-
nes 1n this case, the deviations from LTE appear rat-
her large, as for stars with normal metallisity. (fig. 1).
Even for M5 stars nonL'TE abundance corrections can
reach to 0.bdex at I'.; = 6000 - 6500K.

Due to progress in infrared detectors there was the
possibility to use at abundance analysis the Nal do-
ublet AA818.3,819.5nm, which can be measured up to
T.; = 10000K. But 1t 1s necessary to mean, that for

stars with [M/H| > -1 the deviations from LTE

for these lines are the same, as for resonance lines.
For stars with more essential heavy elements defici-
ency they are less, but in whole range of parameters
(—AX) > 0.1dex.

For all the Mgl spectral lines the absolute magni-
tudes of nonL'TE abundance corrections do not exceed
0.25dex 1n whole range of investigated stellar parame-

ters. For the A457.1nm, AD71.Inm AX are positive and
do not exceed 0.17dex. For the A470.3nm, A552.8nm
AX < 0.04dex for MS stars. For stellar atmosphe-
res with logg <3.0 there 1s the strong dependence of
nonL'TE abundance corrections from T.; (fig. 2b) and
they can have a different sign for stars with T.,, di-
stinguishing 1 hinits 1000K.

For metal deficiency stars the AA517.2,518.3nm and
AA382.9, 383.2, 383.8nm are used at magnesium abun-
dance determinations. If deviations from LTE are not
taken 1nto consideration the dispersion of abundances
for them can reach to 0.3dex.

5o, both for the Nal and for the Mgl the non-
LTE abundance corrections are very individual for each
spectral line and for specific parameters of stellar at-
mosphere, and without realization of nonL'TE calcu-
lations even the sign of these corrections cannot be
predicted beforehand.

Astrophysicists 1nterested in the results of non-
LTE calculations for the Nal and Mgl for the speci-
fic stars may address by e-mail to Mashonkina L.I.

(Lyudmila.Mashonkina@ksu.ru) or Shimansky V.V.
(Slava.Shimansky@ksu.ru).
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Table 1.The elemental abundances of different groups of GG,K stars

[Fe/H] Li  12C/13C [C/Fe] [N/Fe] [O/Fe] [C/O] [s-elem]
1.Normal (1) -0.09  +40.1 18 -0.24 4038 +0.01  0.28 solar
Giants (3) (4)
2.01d Disk(5) -0.45  -0.12
Giants (6 -0.52 15 -0.09 +0.02 +40.11
3.Young Disk +0.04 22 -0.22  40.24  -0.04
Giants (6)
4.Ba-stars(7) -0.5  4+0.56 H-20 +0.06 +0.47 40.17  0.19-

0.59
(8) -0.20  -0.01 0.4(Y),0.8(Ba)
5.CH-subgians 0-0.4 0.40- 0.2-
(9) 2.00 2.0
6.L1-strong
(10 0.0 2.14 9-24 -0.26  +0.12  -0.03
7.CN-week
(11 -0.20  -0.55 H-28 -0.27  40.21  +40.05  0.30 solar
8.CN-strong
(12,13,14) +0.02  +0.09 -0.17  +0.25  -0.08 0.46 solar
9.R stars
(15) near 7 +0.6  4+0.38  40.02 1.6 0.2
solar
10.SMR-stars
pleo (16) +0.34 18 -0.15  40.60  +0.02 0.3
+0.15
(1) +0.11 18 -0.09  +0.55  +0.17
31 Aql (17) 0.32 1.20 -0.12 0.22  -0.02 0.3
11.Bulge (18) +0.3 near near
Giants(19) -0.25 solar solar
12.Disk dwart  +0.20-
(20) -0.90

Notes:1- Lambert & Ries, 1981 (32); 2- Kjaergaard et al., 1982 (34);

3- Braun et al., 1989 (644); 4- Gopka et al., 1991;

5- Cottrell & Sneden, 1986 (34); 6- Shetrone et al., 1993 (31);

7- Barbuy et al., 1992 (11); 8- Zacs, 1994 (17);

9- Smith et al., 1993 (9); 10 -Berdyugina & Savanov, 1994 (8);
11-Luck,1991 (30); 12-Mishenina et al., 1995 (5);

13-Mishenina & Kutsenko,1996 (3); 14-Mishenina & Tsymbal,in press(9);
15- Dominy, 1984 (11); 16- Gratton & Sneden, 1990 (1);

17- Mishenina, 1996 (1); 18- Rich, 1988 (88);

19- McWilliam & Rich, (12); 20- Edvardsson et al., 1993 (189).
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