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.'PERIODVBEHAVIOUR AND EVOLUTION IN GLOBULAR

CLUSTERS M3, M5 AND MIS5 by K. Baprlai .o o0 Saeh
ON THE EVOLUTION OF CEPHEIDS ALONG THE LINES OF :
CONSTANT PERIOD by L. Szabados Shal s o el 5
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The first symposium of the subcommission No. 6 (Star
Clusters and Associations) of multilateral cooperaticn of the
Academy of Sciences of socialist countries on "Physics and

Evolution of Stars" was held in Budapest between 12-14 September

-l

1977, simultaneously with the second meeting of the subcommittee.
It was a Joint arrangement of the Roland E&tvis Physical Society,
the Konkoly Cbservatory of the Hungarian Academy of Sciences and

the Department of Astronomy of the Roland EStvds University.

[en

Thirty-rour astronomers of seven countries participate
sy

s
m. The subject was "The role of star clusters in
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cosmogony and in the study of galactic structure . This sympcsi-
i

iciently contributed to the survey of jointly cbtained
r

results, so far, to the selection of most important desiderata
cr future work and the broadening of contacts with astronomers

¢ neignbouring countries not taking directly part in the or-
r

multilateral ccoperation.

Seventeen papers were read at the symposium. This voiume
ns tne complete text of all but two papers the manuscripts

1ich had not been received in time in order to publish them.

is the honour c¢f the editor to express his appreciation

ot
o]
W

11 those who contributed to the success of the symposium.

The Editor



Dluzhnevskaya, 0.B.

Friedemann, Ch.

Gotz, W.
Jankovics, I.
Kanyd, S.
Kun, M.

Marik, M.

1 o
Meurers, J.

‘Konkoly

-7 -
{

LIST OF PARTICIPANTS

o]
o

fote
I

Department of Physics, The Techniczal

(3]

C

SN ]
=

1

[ )

versity of Transport Engineering,
Czechoslovakia

Department of Astronomy, Roland EGtv3s
University, Budapest, Hungary

Konkoly
demy of Sciences, Budapest, Hungary
Konkoly
demy of

Konkoly

Observatory of the Hungariasn A
Sciences, Budapest, Hungary

QObservatory of the Hungarian A
demy of Sciences, Budapest, Hunzary
Konkoly Observatory of the Hungarian A
demy of Sciences, Budapest, Hu

Department of Astronomy, Belgra

;
& E
;
<

versity, Beograd, Yugoslavia

Astronomical Council, USSR Academy of
Sciences, Moscow, U.S.S5.R.
University Observatory, Jenra, G.D.R.

n
n

m
-

Ovservatory of the Hungarian Aca-

ca-

ca-

Central Institute of Astrophysics, Sonne-

berg Observatory, Sonneberg, G.D.R.

Konkoly Observatory of the Hungarian A

demy of Sciences, Budapest, Hungary

Konkoly Observatory of the Hungarian A

demy of Sciences, Budapest 1

@

ot
o
g
]
i
<G

Observatory of the Hungarian A
H.

demy of Sciences, Budapest,
Department of Aztronomy, Roland E¢
University, Budapest, T
University Observatory,
Vienna, Austria
Astronomical Instit

slovak Academy of Sciences,
Czechoslovakia

Konkoly Observatory of the Hungarian A

demy of Sciences, Budapest, Hungary

ca=

ca-

ca-

ca-



Parsamian, E.S. Byurakan Astrophysical Observatory, Byu-
rakan, Armenia, U.S.S.R.

Pfleiderer, J. Institute for Astronomy, Innsbruck Univer-
sity, Innsbruck, Austria

Popova, ¥.D. Department of Astronomy, Bulgarian Aca-
demy of Sciences, Sofia, Bulgaria

Radoslavova, S.S. Department of Astronomy, Bulgarian Aca-
demy of Sciences, Sofia, Bulgaria

Rossiger, S. . Central Institute of Astrophysics, Sonne-
berg Observatory, Soanneberg, G.D.R.

Ruprecht, J. © Astronomical Institute of the Czecho-
slovak Academy of Sciences, Prague,
‘Czechoslovakia ‘

Schns11l, A. University Observatory, Vienna'Univers;ty,

Vienna, Austria
Spasova, N.i. Department of Astronomy, Bulgarian Acade-
my of Sciences, Sofia, Bulgaria

Szabados, L. Konkoly Observatory of the Hungarian Aca-
demy of Sciences, Budapest, Hungary
Szeidl, B. Konkely Observatory of the Hungarisn Aca-

demy of Sciences, Budapest, Hungary

[#2]

zécsényi-Nagy, G. Department of Astronomy, Roland Estvds
A University, Budapest, Hungary

Téth, Gy. Gothard Observatory, Szombathely, Hungary
Tasvetkov, M.K. Department of Astronomy, Bulgarian Aca-

» demy of Sciences, Sofia, Bulgaria
Tavetkova, K.P. Department of Astronomy, Bulgarian Aca-

demy of Sciences, Sofia, Bulgaria
Vizi, Zs. Department of Astronomy, Roland E&tvés
University, Budapest, Hungary A
Wenzel, W. Central Institute of Astrophysics, Sonne-
berg Observatory, Sonneberg, G.D.R.
Zelwanowa, E. Central Institute of Astrophysics,
' Potsdam, G.D.R.



Co-guthors (those

Chernin, A..D.
Graham, J.4.
Mross, R.

Piskunov, AJE.

Weinberger, R.

not pressnt)

Ioffe Physical-Technical Institute, USSR
Academy of Sciences, Leningrad, U.S.S.R.
Cerro Tololo Inter-American Observatory,
La Serena, Chile

Institute for Astronomy, Innsbruck Unjiver-
sity, Innsbfuck, Austria i
Astronomical Councily, USSR Academy of
Sciences, Moscow, U.S.S.R. ’ 5
Institute for Astronomy, Innsbruck Univer-.
sity, Innsbruck, Austria )

Local Organizing Committee

Raldzs, B.A.
Baldzs, L.G.
Papard, M.
Széceényi-Nagy, G.
Vizi, Zs.



REPORT ON THE PRES
SUPPLEMENT TO THE CATALOGUE OF STAR CLUSTERS AN
ASSCCIATIONS

J. Ruprecht

The 2nd edition of the Catalcgue of Star Clusters
and Associations was published in Budapest in 1970. It
contains entries excerpted from the literature roughly up
to the year 1967. At that time /i.e. in 1970/ it had already
been agreed with Dr. Béla Baldzs that the publication of
Supplements to the Catalogue of these interesting objects
would be useful.

In the period after the first editicn of the
Catalogue we had already prepared, together with Dr. G. Alter
and with other collaborators, nemely Prof. V. Vanysek and
Dr. Helene Sawyer Hogg, annual suppleﬁents which were
published as an appendix to the Bulletin of the Astronocmical
Institutes of Czechoslovakia /BAC/. A total of 9 supplements
were published between the first and the second editicn of
the Catalogue. However, at that time we oﬁly published the
entries excerpted from the literature in a general form
assuming that users themselves would insert the separate
entries into the corresponding cards. Since this manner of
supplementing the literature is certainly rather laborious,
the conplusion was reached that it is necessary to specify
details in the Supplements to the 2nd edition in the same
way as they have been entered in the Catalogue. This is
certainly convenient for users but the arrangement of data
requires much more cf the suther’s time.

In preparing the supplements to the 1st edition
we tried for maximum generalizetion of a common text for the
individual objects to minimize the space required in the
BAC. Hgwever, in supplements to the 2nd edition I think it
is necessary to give the most complete information on each
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individual cbject on the one line reseryéd for each entry.
in the suﬁplements to the 1st edition 3-colour

Y Ior great numbers of star clusters was: commonly
d to by the same entry "3-col. photometry", but the
ilements to the 2nd edition give the number of photometri-
¥ investigated stars, individual colour excesses and
rrtion for éach individual star cluster, or in another

cf the former com mmon entry "Age" we now bpeCLfy the

Iin principle each mention of an 1nd1v1dual cbject
an entry provided it has occcurred in an orlglnal
c paper, or in an abstract from a scientific
ccnierence. One could object that some mentions are not
tant enough to publish in the Supplement. The argument .
2gainst this objection, of course, is that it would then be
fficult to decide if the information about an object is

0 Hy
b
Q

tant enough to be entered, or if it is too trivial to

be reviewed. Decidedly, the Catalogue cannot be limited only
to referencing such papers in which some object has been
wentioned directly in the title and to disregard information
on other objects. After all, if we were only. to record such
papers, we would limit information. on objects in the Catalogue
the same stardard, if not lowef, as-in various review

«t

to
" journals.

Understandably, this manner of preparlng the
supplements is more time consumlng. The amount of scientific
information has- 1ncreased to an unprecedented degree in the
2nd half of our century. This is also confirmed by the 7
statistical data pertinent to our Catalogue. The development‘
of the total sum of the entrles in the Catalogue for different
years is shown in Fig.1l: 1949, 1955 /ie.e. the time of the 1st
‘edition of- the Catalogue/, 1961, 67 /i.e. the time of the
deadline for the 2nd edition of the Catalogue/, and 1973
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e e
lusters and all objects altogéther. The 1st edition,
P 1 contained about 10 700 entries,
ering the period 1956-67, included 17 100
es, but during the period covered by the Supplement /i.e.
1968-73/ the increase is represented by about 11 300 entries,
e. approximately 40 % of the whole Catalogue up to the year

ber of setbacks are mentioned,
preparing the supplements to the
wish to record the absence of
Alter, whose memory we should

Alter worked sedulously cn the
Catalogue, its supplements and in preparing
nd edition, and he devoted to them a great part of his
nensioner. Unfortunately, we do not have the
same smount of time to prepare the supplements at our disposzal.
her problem is excerpting the steadily in-
creasing amount of published literature. The basic scurce of
information concerning relevant objects can still only be

gained by diligent study of literature and only in subsequent
treatment it is possible to make use of a computer. It would be
cf irmmense help to us if somebody were to excerpt some

i e
scientific journals and to formulate the appropriate entries,
cr at very least prepare a list of pages where data on the
individual objects could be found.
' Scme publications are not available to us and it is
hard to obtain the information in them. I would like to repeat
the appeal elready made many times in the former editions of
the Catalogue and in its supplements, as well to all authors
papers in which star clusters or stellar associaticns are
-entioned to send us their reprints. Our work would become
much easier by authors themselves preparing entries from
tal ble publications. I would assume that the referencing
cI the autho*’s paper in a comprehensive form in the supplement
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to the Catalogue and the fact that the paper would come to
the notice of the world’s specialists working in the investi-
gation of these objects, would be sufficient compensation for

a reprint or copy of a paper sent.

Supplement No.l to the Catalogue will be organized
similarly to the supplements to the 1st edition. The
introduction will be followed by a list of errors and short-
comings found in the 2nd edition, by a list of new general
abbreviations introduced, as well as by a list of journals
and other publications newly introduced, apart from a list
of newly introduced‘objects. In the reviews published to the
2nd edition of the Catalogue a Jjustified criticism appeared,
i.e. if in the 2nd edition thé'sequence of open star clusters
followed the sequence of the galactic longitude, then in
addition to this sequence. other lists with the sequence of
open star clusters and of stellar associations following’the
sequence of the right ascensions should have been included.

We will correct this imperfection and in the Supplement the
list following the squence of right ascensions, inclusive of
new objects, will be published. Further, the list of new
entries according to individual objects will follow.

In this respect the concept of the Catalogue is
not quite clear yet: should we assume that the majority of
the users of the Catalcgue will want to cut out and stick the
texts, corresponding to the individual objects, on to Catalogue
cards?-In this case the text would have to be printed only on
one side of the paper. But if the majority of the users will
not want to do this and will content themselves with the fact
that the literature on the individual objects, beginning with
1968, will not be on individual cards but they will only turn
over the leaves directly in the unbound book of the lst
Supplement, or later in the subsequent supplements, then I
suppose 1t would be more reasonable to print the text, as
usual, on both sides of the éaper in sequence of the individual
objects. This second possibility, in my opinion, is adequate
and I recommend putting it into effect.
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Waat informetion can be given on the entries prepared

)]

sc far? At present about 11 350 entries have been prepasred

end it may be 2xpected that the number of entries will further
incregse by mcre than 1000 entries before the manuscript is
finished. On comparing the second edition of the Catalogue
with almost 28 000 entries and the lst Supplement, we see that
the latter contains mecre then 40 % of the whole Catelogue and

that it is more extensive than the first edition of the

, specifically: by 66 open clusters, 4 stellar groups,
lar assccilations, 12 glcbular clusters, and by 9
extragalactic objects in which clusters or asscciations have
been investigated gquite recently. A number of Lodén’s objects
has beern included in the open clusters, though this should be
understood as a working hypothesis., This is after all in
agreement with the general concept of the Catalogue which
should be considered a working tocl, without critical comments
to the authors /except for apparent numerical errors or misun- °
derstanding in identification of the oktjects/.

As an example of an interesting collection of entries
included in the Supplement, I should like to mention The
Revised General Catalogue of Nonstellar Astronomical Objects,
which was published by J.W. Sulentic and W.G. Tifft of the
University'of Arizona in 1973. All the clusters occuring in
the NGC will now have entries from the Revised NGC with the
description quoted according to Dreyer’s cld NGC. This also
‘includes all the objects of the NGC star clusters from the
llagellanic Clouds with their description. Users of our
Supplement No.l will in fact have at their disposal a transcript
of the lew General Catalogue for open and globular clusters.

Without doubt the regrettable matter concerms the
ate of ccmpletion of the lst Supplement. According to plans,
it was due to have been completed in 1976. Unfortunately, the
lans were not fulfilled for the reasons outlined earlier. It
s hoped that the handwritten copy will be ready by the end
of November 1977, the typescript by the end of January 1978.
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I am fully aware of the consequences of this unfortunate
situation to all the persons intersted in our Catalogue but
nevertheless, hope that even with this delay the 1lst
Supplement will facilitate the work of all specialists inter-
ested in star clusters and associations.



INTERSTELLAR ABSORPTION IN THE REGION OF ASS SCORPIUS OB 4

A, Antalovéd

J.A., Graham

Abstract

Using the VBLU photoelectric photometry of 206
(=3 F -

s
n the neighbourhood of Ass OB #, the follewing guantities were

1
[SUE)

(]

omputed: the interstellar absorption Av’ the phctometric distan-

cf

ce d, and the spectral type (Tabs. 4, 5 and 7). The observed
stars are marked in maps 1 and 2. The association Sco OB 4L nas
a low absorption (0% kpc_l), nowever, towards the galactic
equator a foreground dark cloud (CC) is projected with A = 4,
The function AV(d) for the individual zones of galactic lati-
tude is illustrated in Figs. 9 and 12-18. The association Sco
OB 4, 1like the angularly close H II regions NGC 6334 and NGC
6357, is located at the distance of the lst inner spiral arm.

Pesome

) Hcnoassya VBLU | doToanekTprdeckyn foTomerpmm <06 3BE3X
B Ass Sco (OB 4,creIyolne BeJW9AHH CHJM BHUACJEHH: MEX3BE3LHOE
morsomerze A, QOTOMETPAYECKOe PACCTOAMME d, U CIEKT DAIBHHL
reo. /Tadx. 4, 5 2 7./ HaGmorneHHnHe 3Be3IH OTMEYEHH Ha Kaprax
I. m 2. Accommamus ScoOB 4 oGnamaer Hu3koil adcopdimed /o5
koc L1/, HO B HANpABIEHMZ TAJAKTHYECKOTO 3KBATODA TEMHOE OGJAaKO
/CC/ ¢ A = 4™ mpoexrupoBaro. PyHKmEA A /d/ INA OTHEABHHX 30H
TaJaKTHUeCKoll IMPOTH WLIOCTPUpOBaHA B Tadmuax 9 m I2-I8.
Accommamua Sco OB 4 momoGHO yrieBo-cocemHuM obsacTaM # II
NOC 6334 mNGC 6357, HAXONITCA B DACCTOAHWH IePBOJ BHYTDESHHOR
TaJIaKTHIeCKO# BeTBE.



Sco 0B 4 in the Catalogue of Star Clusters and
Associations has the following coordinates:

_ 77h ..m _ _2-0
AR1950 = 17" 117.4 Decll950 = =33707?

1 = 352.80° b + 3.20°

The early stars in Ass Sco OB 4 are distributed uniformly
without marked concentration, there is no open cluster of
type O, nor an H II region in the neighbourhood. In the
region a dark cloud /CC/, drawn with a dashed line in Fig.l,
is clearly in evidence at optical wavelengths. The purpose
of this paper is to determine the interstellar absorption,
the spectra and the photometric distance of the stars in
the region of Ass Sco OB 4, in the neighbourhood of the H II
regions NGC 6334 and 6357, RCW 130 and in the region of the
cold cloud using VBLU photoelectric photometry.

The photoelectric observations of 206 stars were
made by J. A. Graham with a five-colour photometer attached
to the 36-inch refrector at the Leiden Southern Station in
South Africa. The photometric system has been described by
Walraven et al. /1960,1964/.

In the four-colour VBLU Walraven photometric
system the gquantities /B - L/’ and /B - U/’, computed
according to the equations

/B - U/? /B - U/w - 0.66 /V - B/w /2/

correspond to the quantity Q in Johnson’s system.

The VBLU photo-electric measurements of 198 stars
and photometric quantities computed from them, the specturm,
interstellar absorption, photometric distance, are given
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6405

Sco 0B4

Figure 1




in the paper by Antalovd and Greham /1876/ in Tab.4.

The interstellar absorption AV was computed in
this paper with a standard value of the ratio of the total
to selective extinction R = Ay / Eg_y = 3.0. The colour
excess of the Walraven system is associated with the excess
in Johnson’s system, according to the relation derived by
Walraven et al. /1964/ : Eg_y /Johnson/ = 2.7 x E5_y
/Walraven/. The interstellar absorption for the individual

galactic latitude zones was investigated. The computed
interstellar absorption for cold cloud /CC/ is shown in
Figs 2 and 3. The interstellar absorption in this region is
strongly variable. The cold cloud is close to the Sun. As a
result of the flake-like structure of /CC/, we observe a
large difference in absorption also with angulary close stars
/Nos. 167 and 168 - difference 4" in Ay/.

The group of 55 0B stars, belonging to the Ass
Sco OB 4, displays low absorption in comparison with /CC/.
The function Ay /d/ for the Ass Sco OB 4 region is shown in
Figs. 4 and 5. The mean distance of the OB stars of Ass
Sco OB 4 is 1.6 kpc. Even for these stars the interstellar
absorption is generated in close cold cloud /CC/.
) In the strongly absorbing region /CC/ as well as
in the obscured but more transparent regions at the galactic
equator there are 65 OB stars at a mean distance of 1.7 kpc.
The OB stars are from this VBLU photometry as well as the
OB stars from LSS /Stephenson and Sanduleak, 1971/. The
southern edge of Ass Sco OB 4 is severly affected by the
variable interstellar absorption of the /CC/. It is therefore
pcssible that Ass Sco OB 4 is only a part of a larger
complex of early stars ranging from the H II region
WGC 6334 to the H II region NGC 6357 with a continuation
to B II region NGC 6383. All these H II regions are, like
Lss Sco OB 4, at a distance of the first inner galactic arm.
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COCTAB B OBJIACTAX O-ACCOLJALMA IEBELB OB4,
LEGEL-ALEPULA OB1 4 KACCAONzA GBS

UBerTgus C.Pazucagscsa

3BL3LHHA

Pezpme

" Ha 0CHOBE CHOEKTDPalbHGI'U HEOJKESTENBEGIC M3TEDKH8IE8, 328CHA-
Tgra Ha 70-CM MEHWCKGBGM TeJeCKGIg AC3CTYMBHCHKGHA &CTPG. M3udeC-
KGi 00CepBaTOPLM, C HDUMEHEHWEM 8¥- npexnGOTEeKTUBHGA NMpUSUH
(zucnepcun 16 A/uM npu Hy), BHIGAHEHS CHSKIPEJBH3A HI8CCUL MR-
idA oxeuo 11 OUG 3Besi 3 0CascTax U-accouualuid Je08lb Cb4, Le-
cefi-Auepuue 081 ® Kaccuomes USS. CTSTUCTUYECKUU 8HENN3 ASEHNX
KN3CCHLUKALUYN A8N BG3MGEHGCTH NONYUYUTH DBCHOPELGASHUE SBE3L MU
CEXTDAAEHHEM KJABCCAM W KIBCCEM CBSTUMGCTH, K8K 4 BULUMGE NGBSD-
XHQCTHQE DBCHDENeNeHLe TGPRYLX 8BE3A W SHUCCUGHHEHX GOBEKTU3 B
TpEX WCCISHCB8HHAX yY8CTKEX. A8DEKTED 3TUX PBCHNDPEAEASHUL NOKE—
SHBB6T, 4T0 CBYHM MUAGAHNM ABAAETCA HECENeHMe 3B¢3L B Q0aecTd
sccouusiuy ue ei-diepuua 0B1l, CaMuM CT&DHW = B ¢GnacT# accelu-
s0un LeGenp Up4d. DHCKA3gHH HEKGTODHE NPEANCGIGEEHMA GTHGCHIEAD—
HO DEAJBHGCTU U MECTUNQJIGXKeHUA 8CCulualui.

Abstract

On the basis of a spectral observing material, obtained
on the T70-cm meniscus telescopeoof the Abastumani astrophysi-
cal observatory by means of a 8 - objective prism (dispersion
166 A/mm at Hf)’ is made a spectral classification of about
11000 stars in regions around the O-associations Cygnus 034,
Cepheus-Lacerta 0B1 and Cassiopeia 0B9. The statistical
analysis of the classification data has given the possibility
to derive the star distribution according to spectral types
and classes luminosity, and the apparent surface distribution
of hot stars and emission objects in the three investigated
regions toco. The character of these distributions has shown
that the star population in the region of Cepheus-Lacerta 031
association is the youngest, and that in Cygnus 0B4 is the
oldest. Some suggestions are discussed about the reality and
the locality of the associations.

HgCTGRLES pa00Te BHIGIHEHa HE OCHGBE CIEETIPEIBHITC B8O~
7I8TeAbHGIO M8Tepuana, NGIY4YEHHCI'Q H3 70-CM MEHWCKGBOY TEAECKG-
ne AGSCTYMBHCKGU aCTDPGQM3X4ECKOL QUCED3ETGpUM, ° OpuueHEHUEHY
80—npeﬁod£emesa0n npu3ms., OCpeTHEs ZUCNEDPCUA ¥ DECLLPEHUE
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CHUATPGs COUTeTCTBEHAG 100 A/ ui IPU Hy ¥ U.4 iy uClHULBSLBSHE
#UTOIISCT4HKM Kodar I1a-U. Dhak NGAYYSHH CHEKTPENLHHE CHUMEE
GOLGs4 NICWaZbK HAE He6e GKoAu 200 KB.IP3AYyCOB, 3 UUMES8CTAX 8CCU-
Uusunh aeCens Ob%, Leger-niepuns OB1 u Kaccuonea 0BS, urypu-
PyLEMX B K3T3AGre AaTepa M Ap. (1S70) COGTBETCTBEHHO [GZ HOLS-
peMk 22, 26 u S2. B Talasue 1 NpUBSASHH SKBETOPUANbHHE KGGPLL=—
Ha8TH 4X UEHTPOB Zis snoxu 1950 rozs, GOnacTs, KOTGPYyK OHHA 38HM-
MEKT H8 HEO6, B HOBHX I&J8KTKYECKHX KGCDILUHETSX W DSCCTGAHLE

AQI M.

IG Hu#X B napcexsx (AxTep u zp.,1970; Pynpexr,1936; uuuzr,1958).

2 | U6Gauad. 4(1550) 5;1950) " 8" P
22 | Cyg 0B4 | 211171 | +87%40° | 81s 84 | -8.3#+-6.3 | 1000
26 |Cep-bacoBl | 2271178 | +53%46' | 994103 | -4 ¢ 0 1700
52 | Cas 0BS | 23%3479 | +58Y44' | 108+118 | -5 + O 800

PyX0BGACTBYACH METGLUKQW HISCCULMKBLKGHHGR palaTH, nNpume-
HReuGun B AGS8CTYMBHCKOW GOcepBaropum (Xapszse, papras, 1960),
Ouis BHIGIHEHS uwi—CHEKTDP8JNBHEA KISCCU_AKALUUA AAA OKuiG il GO0
3B¢3Z B yOGuAHyTHX GOABCTAX, Hpudeyd AAA Ociee 60% 33637 Kiac-
CU.UigLKd ABAASTCH LBYuSDHGH — MO CHEKTPEIBHGMY KIacCCy M KiIac~
Cy CBETAMGCTH. KaxZnk CIEKTP KASCCURHMUUDGBBJCA AB&KLH, C KHISp—
B&JGY B GAMH IGA; DPe3ydbTaTH LBYyX CIDEAENEHLL OuWin 38TeM yCDEL—
HeHu. CUpeZHAS KBEZAPETUUSCRAEA BHYTPCHHAA CLKWOKS, BHYUCIEHHAR HE
gcHuBe ©00 32¢3LK, CGCTEBAAET 6.6 CIEeKTPAaNEHOIG NIGLKI8CC3 B Q-
peliclieHUy CIEXTPEABHOIG HKI8CCa U 10.6 knscca cseTMMGCTH B Qmpe-
LeleHiM KI3CCa CBEThuMGCTH. CpaBHEHME KISCCHULHKBLUME 8BTGPa ¢
Z8HEHMY ZLpDyI4X @BTGPUB, BHIONHEHHGE MNGCPELCTBGH HEKGTUPArG quc-
718 GCLs#X oBE3L, YHE3HBEST HA BNOCJAHE YIGBIETBODUTENEHGE COIIE-
Cye.

CreTUCTKYECRIL 8HEAK3 LEHHHX KI8CCULMKSLXY ZaJ BO3MOKHGCTH
NUAy4YuTE pBCOPELCiIcHLE

¥

GpGIG Tulla 5 GULEY HE OTAKYGKTCH EPyI GT ZPyTa, HA AMETPaMMEX
DECHDEeASIeHus 3BE3/ 06 CHEKTDSABHEY KIBCCEM NDPGABIRETCA DA3NU-
e THGLEHUAX 85834 DEHAUX ¥ NUSZHYX CHEKTPANBHHX KJISCCOB

1

8

(¢
[ =]
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ur.1). B 5TGW CMHCIe B GONECTH SCCOLMELLL Le.ek—-ruepuus (0125

& CUZepRsHue DEHHHX 385837 H&WOGIBEEE, B G0I3CTU 3CCO-
Nuaiay ae0enp UB4 - HEUMEHBLEE. TTOT pS3yABTET KCPPENupyseT ©
Ap,-Paie ¥ D-3Mi-

it a
ISHHHYYM G HAAU4Kd DGDAYUX 3BE3L, 33¢34 Tuns Boaby
CCLOHHHX, 4TG BLZHG ¥3 Ta0Julx 2. B ZSHEMNE 3704 TaCIuLy, Aas

[GAHGTH LUCRyCCL#A, HEuW OHIM BKIKYEHH W APXAe TUDAIUE 3BE3AH,
Np458LEHHNS B RET8I0TEX «h-CHSKTPBABHGH KIBCCHU UKB8LUY ApeKs ¥
2p. (1564) @ Keneaw @ zp. (i974), X8X U 3MLCCUCHHANE 3BI3AH,
yKG38HHHE B K8TBI0Ieé JOREDRIHTS (1870
TApliauh 2
Jug- e YUCHG 3Be3h
CTOK acc. gonee B U-53 U~-bz £ | WR
I \ 22 3653 498 36 20 13 | -
II 20 3820 1230 121 77 58 | o
III \ 32 3470 560 78 82 42 | 38

BuzuMOe NOBEDPXHGCTHAE DSCHpefeNeHie IGDARUUX 3BE3ZL B uCCLs=
IyeuHX QOHECTAX NMPEACIEBISHG HE cur. 2 - 4. 3Be3im B3 o003Hz4e-
HH KpyEKaMu, 3B€3AH 0 - Bz = KPYyZKaMU C KDGCTURUM, 33€3LH TwhE
Bonxng~Paite - KDECTUK3MU.
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J4scTOR I ¢ LEHTpOM B accouuanuk 22, Jedsap UB4.
iccouneuua (yg 0B4 (CygIl) sxozuT nex & 13 B CHMCOK 27 KDYMNHHEX
CDyLcHUL 3537 BHCGHKGM CBETHMUCTM KJI3CCUB O-A .GpreHa © ID.
(1853). Bo3uGUHHMM YNEHBMM 8CCOUKSHNYA MU WOPLEHY ABIAAWICH iD
201755 (uk Bli), HD 20161S (wK Blip), HD 202349 (uk B0.5x),
6(%3(AK B9Iab). OHa xe wurypupyeTr mei . 10 B cmucke 62 0 u B
3B@aZHNX Ipynn lumzprs (1958).

A.i.KonunoB (1S58a), paccusTpuBasd BOGNPAC O DBLUUCGHBIBHOM
BuGUpe I'paHuU BrAKUMX CTyWLEHWA IOPAYMX 3BE3N U u3ydss pachpe-
JeicHue 3Be3Z NG MOLYARM DACCTCRHUA B MpeZeldsaX 54 BUAMMEX CTy-
18Hui, MDELCTEBAAKLUX HEYTQ CPeAHEeEe MEXJy arperaTaun u 0-acce-
LUsLUANM, yCT8HUBLA, 4TG CUABULHCTBO M3 HIX D3CNELEETICA H3 2-5
[pGCTDSHCTBeHANE TPYNIAPGEKY, HAXGZAWLMECA H8 P33HHX PICCTUAHN-
§x 6T CONHU3. 1[CHO, YTO HaJAWYNWE BLAUMOIG CIyLeHuA IUPRUMX 3B3€374
B A2HEGE G0AsCTH HeOa eius He 03HAY86T, YTA BTG CTyLSHUE DEalib-
HG. £ 44CJI0 D&CCMGTDEHHHX KGIHAGBHM CIyLEHUA BXGAUT M accolua-
uus J.e6ezp 034. [l ero MHeH MK, GHS COCTOMT U3 & NPUCTPBHCTBEH-
HHX DpyNOupG3GK, CUGGTBETCTBEHHO HE P3CCTUAHUAX 200, 460, 1050
4 1600 nmc, NpGeKTHPYLkkXCHA GAHA8 Ha Apyryw. YuCIO TGpAYUX 3BE3A
B K8LiGi u3 HWX, [0 KGMHAGBY, COOTBETCTBEHHG 3, 4, 4, 3, a une-
Houd i1epB0i, TPETBEW M 4ET3E8PTCL TPYyNINDGBAK ABIAKTICHA CGUTBET-

CI3SHAG 35334u HD 198846 (WK BOIL), HD 204172 (WX BOIb) u HD
202804 (LK B2ie), (Komuznes, 1358).

HyxHo yOOLsHyT 4 O padeTax i«.B.donnzse (1860,1¢82), pe-
3yABTETH KOTOPGK, NGJAyYGHHHE HE GCHOBE KDPSCHHX I HHOPBHRPECHHX
CrexTPeaBHNX G003DeHUL GON8CTH 8CCUUMBLMY U SUKCCUCHHANX TYUSH—

,aocweﬁSS;So i S 2S¢, N0sBLALAL @M CUCTEBUTD KEPTUHY BUALMOIC

paClpeZieaeHiusi CUBOKYMAGCTY U8 yHB38HHHX TYMBHHOCTSA, COUL dYle-
HGB 8CCGLNGLUNA, DULCCUGHINX 38837 U 3B83J CNEKIPBJDBHLX KISCCOB
., C,S u mpuBeau ee K BHBULY, 4Ta o= 20M53™, S= +38Y(1900)
LOEHO CYATSTH LEHTPGM GOLEKIS, CGCTEBAGHAUIG 43 38634 S, C ¢
H, B BuuCCHi U YA€HUB accuuuauuy Jiedeas Ubs.

L3¢ w3 HII oGnacTek, MPUBELEHHMX B K8TSJGI'E Lapniuecs (1959)
5XGLAT B pPBCCHaT uBSEMyR HBMK GONBCTE.

Hsie #CCHELGEZ8HKE BULHMUTG DACHpPELEJeHNA TODARYLX 3BE3ZL B

1CT

GOnsCTY 3TO0H aCCGUUGLUM, MPEICT8BASHHGS HA (ul.2, K8K ¥ ZOHHHE
Tagnuls 2, PGBGPSET 0 OSLHGCTN YXE3EHHIIG yUYBCTKG B GTHOLGHUH
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T8EEX OOBEKTGB. He HACIKA8ETCH ¥ HUKGKOH UX KOHUSHTPALMM K
UeHTpy. HNQBUAVMOY, €CNN 8CCOLUWBLAA W CyLeCTsyeT B 2T0i# oCGaa-
cTu, TG HYEHO AyMaTh, 4YT0 GH8 AGBGABHG CT3PArG BA3paCIa.

VuscrTox I ¢ LEHTDGM B acceuusuus 26, Leced-fuepuns UBl.
o ZsHHHY T80ALLN 2, STGT yY3CTOK HBAAETCH HBMOCIEE OGraTHy 13
TpeX PBCCMBTPYBEGUHX yYGCTKUB, K8K B CTHOLEHHD SBEGSA BGGOLE
CHEKTPaABHGIG Khacca B (oxeac 3C% Bcex KI8CCHIWLIUPUBIHHNEX B 00-
718CTy 38634), TEK ¥ B GTHOWSHUM TGPAYNX 3BE3L ¥ B-3MHCCLOHHEX
3Be3X. B GONGCTH GOHBDyKEEHG O 38884 TUN8 BOAbg-Paue.

icconzauui (ep-locOBl BRAKYeHs B "li¢PECKITDEHHHI CIICOX
3se3LHNX accounauuk Tame 0" D.n.l8pKEDRES (1S52), CGCT&BAGHHHK
UM HS OCHOBSHWM WCCHSLCBAHLRA DaCHPEicleHisA 3BE3J CBETUMOCTY HS
HhXe, 4eM CUGTBETCTByKlLed 3BE3zg« Tulla p2Y. [ic .spKaprry,
PEaNBHGCTD yKE38HHOL 8CCOUNBHNMM HYXABETCH B LGHGAHWIENBHGL IPO-
BEpKe; KOAWYEeCTBG BEPURTHHX WiEHGB 43 ducis H8uOGNEE DBHAMX
3537, MONaZsuLX B GOI8CTH accaumauue — 65; OH He yx83HBaeT
HS MPUHBAJNE®WHUCTE K HEK OTRPHIHX 3BEs dnX CHOILICHIi4 VGe Telo,
7235, 7245 ¥ OLHOV Wil HECKOIBKAX I'230BHX TyMEHECCTEH.

'B cnucke Pynpexrs (1868), K8K U B K8Te.AGTE allSps U ZD.,
accouusuus deyeki-duepuua 0Bl LurypzpyeT KeX COMHUTCIBHSSH.
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TyT %8 HYSHG CKa33Th, 4TG B HENCCPEACTBSHEOA OZM30CTH QT
'0fi 8CCOLX20NM PACHUAGEEeHs accoygnauus & 28, uegeir 0BL (o=
7, $= +54958' (1950); ¢ er $8 zo 108; 6" ar -0.7 Zo -3.0),
HOXGARLGACA H8 DaCCTOAHmM 3600 nc. B chnucke Pympexra HpuUBOLAT-
458H8 3TGH 8CCOLUMALHYM ¥ YKE33HO H3 €€ CBA3B CG CHOIJIEHUOu
20. [i¢ lspmmecy (195¢) Geanwaa H II 0OnacTe, CBA38HHAHA
wi HD 211564 (Oc), HD 211853 (Ob) u +54°2726, ssasercs

5. HO yAWBKTEADHG, €CAM GTHGCUTEINBRHGE OQT'8TCIBG IG-
B8e37]8Mi B 3TGL 06Ja2CT¥, BUZHOE U3 QUr.3, CBA3BHQ HMEH-
4G C accoluainues 28, H3 4T0 YK83HBEET U WX CILyWLEeHUE K3K p83 K
OEHTpy NGCJAeZHEel. BG BCAKGM CAy4Yae, HE UMEA XCGPGLMX (OTOMETDH-—
YECKUX ¥ KOACDAMETDUYSCKUX ASHHHX, MH HE B COCTGHAHUM QLEHUTH
NpYHBANeZs0CTD 35634 K OAHQHY ua# ZPyrcil W3 yK83gHHHX accauua-
Ok, Teu OCJee = DEeuuTd BOIPGC O DE3NBHOCTY IEPBGH 43 HUX.

W

Yuacrox III ¢ LedTpou B scceuusuuy 32, Kaccuones OBS.

acconuauns Cas 0BY (CasIX) npusezess mez i@ 18 B cnucke 82 O u B
sse3zHuX rpynn JuuzTa (1958). llo uumpr-Kenepy (1861), ee cyue-
ZSCT3GB3HME BSCHLA CUMHMTEADBHG; HECMGTDPA H3 €€ OCIBUYyH [IPUraA=
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¥eHHQCTH, GHA QONEZ8€T TGABKG O UNEH8MM CNEKTPENBHGIG KI&CCE
0 -~ B3.

PynpexTom (1S68) OH8 TOXe BRJAXYCHE B CMMCOK COMHLTEIBHHX
acconnauuit. HexoTOpHE €€ UNEHH = HD 220116, 223924, 224151;
3D +60%2581.

B yuscTie III psCHOmOXEHa ¥ 3CCOUKALZSA Kaccuones OBS,
2 B3 B KaTaaGre AnTepa u Ip.(= 235672, S = +60905' (1950);
' o7 114.S z6 118;8"0T -2.4 71G -1.3); e paccTofHue NJ Pa3NLY-
HHM ONpeZedeHusM — 0T 2200 ze 3400 mc. PynpexT B CBGEM CHUCHE
Np#BGAKT 15 YZEeHOB 3TGE accQUuanuy. AMNEl (1884), usuepus Lo-
TGrpa(MYeCKXEe BENUYUEH ¥ KOIGD-NHAEKCH U QNPEZSIUB CIEETPIE=
HHE KJISCCH W KISCCH CBeTMwoCTH 173 38e3z B Kaccucnee 0BS, npu-
gen ¥ BHBOZLY, YIG OHB PACN8ZaeTCcd H3 ABE 8CCOLUBLUM DA3EGTQ
BaapacTa - Cas Ys u Cas ib, pacnonczenHHe COUTBETCIBOHIC Ha
paccrosanzax 2200 u 3400 mnc.

B 38CHATOM HaMA ydacTke nomsezaxT 8 H II oOzacred 3 KaTa-
ncra Iapmnieca (1858).

B g6nacTy, NPeACTEBISEKGE H8 (ur.4, ABHC HEONKIBETCA KCOH-

cuones OB9. Ya8CT® BTGM KEDPTUHH 4348T ONID GCBAC
Juukey B 35CHATGH QONSCTY 3CCGUUBLMY Haccuane
Qi 5

TODAYLX 38834 B CeBEPU-BGCICIE
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c accociuauuen Kaccuconea UBS, ecau NPUHATD
52 UgATD PSCHUJUEEH B 9TGu 4Y3CTH, & HE B YK33oH:

il

ACHG, 4TQ nuag qoHHHE HOMU [GHHNE O HeJJyum ¥ pacipelene-—
YuX I 3UNCCUGHHHX 385837 B UCCAEIyeMHX GON8CTAX He B CG-
Coua NG CE06 PEuw.lb BUIYUC G PEesIbHGCTH 3CCOLUMBLUL WIN
GO 4X NpPUCIDEHCT3EHHGH NpUTAxeHuM. Teu He uEeHEE, GHU MGTYT OHTSH
GGlSsEN B 570M GTHOuEHHW, OyAy4Yd UCHLIB3GBSHH B COBOKYIEGCTY C
Zeaus GO 8OCGALTHWX BERUYMHAX, NGHS38TelAX [BET8 TOPAYLX
=)

CTEBIASHHEGR nayfﬁﬁﬂ c 503p8“TGM 38€37 B PacCuUaTPuBSEMHX Q0na-
£ U3 NpSANGAGEEHUA G CYLeCT3GBaHLYM KOPPENARLUN SR
Zy BG3paCTOd aaaao; 3BS3LHGH DPyUILPUBKY W YLCIGM IGRAYLX
3583L ¥ SuNCCHGHHNX GODEKTGB B HeM, MOHEEeM CK838Th, YTJ 3BE3L-
508 HGCeneHke BG BTGOUM M3 MCCAEAGBAHAHNX HoMM yI8CTHGB HEGd

0GlIGS HSIZ8BHEIC lIPGUCXCZACEMA, YSY¥ 3BI3A4HGE HeCsJJeHUe B TPETHEU
Y43CTHE, B TG BpEUn KEK 3BS34H06 HECS2NEHNS B MEPBGM Y48CTHS IIG—

BULLMGMY BuSHUHKIG B HEUOUNSS YI2MEHEHN MOMEHT BOSMeHHU oG CpeB—-

HEHAN C ZAPyjlustii.
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SOME NEW POSSIBLE VERY RED AND FAINT STAR CLUSTERS

J. Pfleiderer, R. Weinberger, and R. Mross

Abstract

Coordinates are given for four possible faint star clusters.
detected on the Palomar Observatory Sky Survey.'An infrared
plate of one of them indicates an open cluster of Trimpler

type II 3 r with an apparent diameter of 3', We discuss the
star-density distribution and the brightness distribution A(m)
both in the field and in the cluster. An estimate of average
colour indices B-R and R-I and other considerations suggest

d=4 kpc and Av=6m. These values are quite uncertain because the
brightness scales are uncertain.

Pesome

HECHO/IbHO HOBLIX CW/bHO MOKPACHEHHBIX 3BE3AHLIX CHOMJIEHWA
Coo6waeTCA 0 KOOpAWHATax 4eTepex BO3MOMHHX CnabbX 3BE3QHEX
CHOMNEHWI, OTHPuTHEe Ha Palomar Observatory Sky Survey. WHppa-
HpacHas GOTOMA3CTHHKA QOHOCO M3 3THX CHOMAEHWA yHasuBaeT
oTKpuToe cHonneHde Tuna II 3 r (Hnaccueukauus TpumMnaspa) c
suguMoM guametpom 3'. OBcywgaem pasnpejesneHde 38e34HOM MAOTHOCTH
W paanpegjencHue No 38e3fHuM BeauduHam A(m) B None W 8 CKOMneWue.
QueHHa cpefHux nokasatene# useta B-R w R-I u apyrve coolpaweHus
moacHasusawT, 4to d=4 kpe H'AV=6m. 3TH 4YMCNOBHE 3IHAYEHURA
N0BOALHO COMHWTENEHHE, TaW KaKk caM macwTal 3se3jgHux RPHOCTEH

TBHHE COMHHUTENRH.
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While searching about 3400 square degrees of the Palomar
Observatory Sky Survey (POSS) in the galactic plane for reddened
galaxies we noted several possible star clusters on the red
prints which are not or barely’ visible on the blue prints. For
details concerning the searching procedure see Weinberger (1977).
Some of the detected cluster candidates had already been found
during earlier surveys for new star clusters on the POSS (see
Setteducati and Weaver 1960). A few dubious cases have
been omitted by us. The 1950.0 coordinates (with an estimated
accuracy of *3') of the remaining four objects are: a =01hOMW5,
s =+65%211 (2 = 12496, b= +298); 17'55%9, -05%05' (2293, +993);
23P06%0, +60°36' (110°7, +095); and 23748%6, +62°03' (116%,
+0%3). For the third object, an infrared plate allows a more
detailed discussion.

The possible open cluster at 23h06@0, +60°36': This object

is visible on the red-sensitive POSS print E 874 as a small-diam-
eter (2-3') region of distinctly enhanced star density. Most
stars have red magnitudes of 18 to 20, the latter value being
the plate limit. The cluster cannot be recognized on the blue-
sensitive print alone, i. e., a large fraction of the stars is
fainter than the blue limiting magnitude of 21. The two open
clusters NGC 7510 and Kigg 19 lie less than half a degree to the
southeast and to the south. Their apparent diameters are about
twice as large, and their stars are on the average much brighter
and seem to be less reddened. Becker and Fenkért (1970) quote
for NGC 7510 a diameter of 6', an absorption Ay = 373 and a dis-
tance of about d=2.9 kpc. The values for King 19 are 7', 275,

and 1.3 kpe. Thus, from the appearance on the POSS prints we

ccneclud

[

that our object is probably a heavily reddened, rather
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distant cluster (A2 Nm, d > U kpc), provided it has about aver-
age cluster properties. More information can bpe derived from>an
‘infrared (Aeffz 0.9 um =Johnson=-I) plate qf the candidate taken
with an image tube camera at the 1.2 m telescope of the Max-
Planck-Institut fir Astronomie on Calar Alto (Spain). The limit-
ing magnitude is expected to be .I= 1675 + fn, the large uncer-
tainty stemming from the lack of infrared sequences which are
deep enough. The star distribution on the plate is shown in
Fig. 1 which has been drawn manually because a direct reproduc-
tion of the plate would have resulted in too much loss of detail.The
cluster.seems to have a fairly irregular form -and lacks a promi-
nent concentration towards the cluster centre. Together with the
low galactic latitude, we take this as an argument for seeing an

open cluster rather than a globular one. The Trimpler classifi-

.
» . . . .. 1'
. N . e
. . . Lo}
. . . . a
[ 5 ~ °
. " [ . .
£ % 5 @ .
o B . .
. . .
8. . 5. ¥
. - e

= 23N gsMo2s
60° 36’

o Q
' !



- 4P =

cation as estimated from the I-plate is II3r.

The stars (except those near the plate limit which are
somewhat uncertain) were counted in 0.5x 0.5 squares, covering
five quadratic areas of 3.5x 3.5 each, one containing the clus-
ter, the others adjacent at the northern, western, southern, and
eastern sides. The average numbers éer square in parallel strips
(0!5x 3.5) are given in the left portion of Fig. 2 as function
of the distance of the strip from the central strip, both for
east-west and for north—soﬁth strips. Obviously, the cluster
diameter is between 3' and 4', and the star density inside the

luster is up to about 3 times the field value. The distribution

e}

f star numbers per square is shown in the right part of Fig. 2

@]

(closed symbols). Whereas the stars of the field (circles) seem
to be statistically distributed, fairly following a Poissonian
distribution (open symbols), this does not hold for the stars of
the innermost area (rhombus-shaped symbols). In particular, the
maximum 1s shifted, relative to the Poissonian distribution with
équal average counts, to higher numbers. This can be expected
for the superposition of a general field and a cluster with a
density that varies over the area of the counts. When the field
is statistically subtracted from the innermost area, it turns
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out that about one-third still belongs to thevfield, i.e., the
contribution of the cluster to the counts is statistically grea-
ter than zero for only two-thirds of the sguares in that area.
The actual cluster area therefore has a size of about 3.5x 315x
2/3=7 to 8a', indicating a cluster diameter (average) of
about 3'. The average linear diameter of fairly concentrated
rich open clusters is about 3.2 pc (Haffner 1965). Assuming that
value for our cluster, the distance would be about 4 kpc.
rightness estimates down to the plate limit were performed
for the stars in an area of about 95 o'. The large area was cho-
sen to check the possibility of obvious vignetting or variable-
sensitivity effects which however were not fcund. Differential
counts (numbers of stars per hazlf-magnitude interval and per.
estimated cluster area of 8 o') are given in Fig. 3. The right
portion is the field, the left portion is the cluster after
subtraction of the field. In both cases, the logarithmic slope
is about 0.3 . For ccmparison, a uniform space distribution of
equally bright stars would give a slope of 0.6, and the solar-
neighbourhood luminosity function of stars in the range MV= 0 to
My = 4 (Gliese 1969) gives a slope of about O.4. The cluster values

are about twice as large as those for the field. The total
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number of visible stars is about 180 (with about 270 stars
counted in the area cof which about 90 belong to the field).

Statistically, cluster members with I=13.5 or fainter do exist

©

while it is possible that all brighter stars belong to. the field.
he bulk of the population of open clusters generally con-
sists of main-sequence stars, with a distinct drop of numbers
for stars brighter than about the earliest main-sequence type.
The number of these brighter stars (giants) tends to increase

with the cluster age. Let us tentatively identify the upper end

tically certain population (I =13.5) with the ear-
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liest main-sequence stars. The small number of brighter stars
indicates a relatively small age of the ciuster. On the other
hand, the cluster is probably not extremely young because in
that case we would expect to see some nebulosities. We therefore

may expect an earliest type around mid-B, with absoclute magni-

14
- it

tudes zround -1 and negligible intrinsic colours. This points,
within rather large uncertainties, to about m-M= 14.5.

Since all visible stars are within 3™ from the earliest-
type stars (1385 to 16@5), they seem to be rather early main-
sequence stars, with intrinsic colour indices that are negligi-

ble compared with the uncertainties of the brightness estimates.

-
ct

follows that the luminosity function (= differential counts
of Fig. 3) has nearly the same slope for other colours as well.
It alsoc follows that average colour indices would suffice to

estimate the absorption and the distance of the cluster.

T

Inspection of the POSS prints shows that the faintest

stars of the I-plate are not seen on the red print while bright-

er ones are generally visible. This points to an average R-I of

7% to 47, This result is supported by individual brightness es-
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timates in R giving an average of 3.5 to 4™, Stars visible on
the blue print are generally well above the plate 1limit in R,
giving an average B-R of about 30, Again, individual brightness
estimates give a similar result of 3™ to 305, Outside the cluster,
the average colour indices seem to be slightly smaller, by about
0™5 in R-I, and by about 1™ in B-R, pointing to an increased ab~-
sorption in the cluster. This rules cut the possibility that the
object is actually not a cluster but an absorption hole.
Assuming that for a unit absorption in V the absorptions in B,

R, and I are 1.33, 0.8, and 0.46, respectively we find that B-R should
be larger than R-I, even if intrinsic colour indices are not
neglected. We have no other explanation for our opposite results
than that our estimated brightness scales are wrong. If the
I-scale is shifted by +1® (this is, with a limiting magnitude of
17.5, still within the expected uncertainty), then the following
set of values 1is, approximately, internally consistent: Av.=6m,
Egp=0.53%6= 372, Bg_y=3.5-1= 2™5 (expected value 0.34x 6=

), Ap=0.46x6= 2"7, (m-M); = 14.5+1=15.5, distance modulus
(m-M)I— AI= 13, distance d= 4 kpc. However, these values should

be, considered as very uncertain.
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SPATIAL STRUCTURE OF NGC 2420

Abstract

A preliminery examination of the spatial structure of
NGC 2420 according to Kholopov’s method is given. The stars
were measured in a circle of 12° radius centered on the
cluster., The photometry is complete till l§%8 o The space
distribution of stars reveals two different parts of the
cluster. The inner dense part has a radius of 323 and the

outer, less dense part Ti4.

Pe3nMe

IrenBapuTeaBHOE UCCJHEIOBAHUE IPOCTPAHCTBSHHOE CTDYKTY-
D cromwremms NGC 2420 mposeIeHO mo Merony Xomomosa. 3Be3md
Guy W3MEPEHH B KPyT'Yy C pammycom I<?, KOHuernpcBaHHoM Ha
cromnernnn. POTOMETDEA KOMILUIeTHas O 15:8. IIpOCTpaHCTBEHEOS
Tacchpeleserue 3Be3n OCHADYHUBAET IBE PasJZUHEE UYACTE CKOI-
JeHusa, BEYTDPEHDD, IVIOCTHY® YacTh C PaIlycoM 3!3 7 BHeIHND,
MeHee IUIOTHY® ¢ pamrycoM 7.4.

When looking at a star cluster on photo plates, in mos?t

cases we can outline a well-defined area in which the members
of the star cluster can be found, However, with the aid of
detailed numerical examination we can recognize that the
determinetion of the 1limit of star clusters by naked eye is
inaccurate. As early as at the beginning of this century, in
1916 to be precise, Shapley pointed out in his book "Star
clusters" [ 1 ] that outside an inner dense part in M 67, the
density is ten times higher than the density of the back-
ground tipicel in this galactic latitude. According to
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Shapley, the well-defined part with the 625 radius in M67 is
_ only the core of a more extensive cluster. In 1918 Trumpler
obtained similar results for Pleiades, Praesepe, h Persei,

M 11 and M 37. This phenomenon, that an extensive less dense
part can be found round the inner dense part of the clusters,
~was named shoulder effect by Shapley. This phenomenon has
been investigated fairly accurately by Kholopov and Artuhina
since 1954. They have investigated about twelve clusters,
both open and globular ones. They found that each cluster
consists of two main parts: core and halo. The core, which is
the most dense central part of the systems is seen as a star
cluster; the halo is the outer, less dense part of the
clusters, .

I should like to introduce their method of investi-
gation [2] according to my work on NGC 2420, First, a few
words about the characteristic data of NGC 2420. Galactic
coordinates: 1 = 1989 and b = +20°. The high galactic latitude
is very useful because of the small reddening and -the separa-
tion of background stars. R.D. Cannon and C. Lloyd [3]
carried out photometry in B,V round the centre of the cluster
in a circle of 12*' radius. This photometry is complete till
K 15?8. They measured 282 stars in this area. They also
determined the proper motion of stars, this being very useful
for selecting the members of the star cluster. I used this
photometry and proper motion of stars. According to the

- proper motion only 171 stars belong to the cluster. I
separated two different subsystems according to the colour-
-magnitude diegram in Fig.l. ‘

The group designated D is the subsystem of faint
stars and other stars belonging to the subsystem of bright
stars., Since I knew the Descartes coordinates of the stars,

I was able to make a map of the cluster and the subsystems.
4t the centre, given in Cannon’s article [3] , I drew

s concentric rings. The width of each annulus was 40". I then
divided the aresa into-6 different sections, obtained the main
surface density in each sector and each annulus, and was thus
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Figure 1, Colour-magnitude diagram for NGC 2420

able to determine.the surface density distribution in 6
different directions. From these distributions it can be seen
that the fluctuation is large. Fluctuation depends on the
width of the annuli: the larger the width, the smaller the
fluctuation, The shape of the distribution and the point of
break depend on the width of the annulus, too. To avoid this
dependence I used several different widths and represented
them in one curve, Having increased the number of points,

I used overlapping annuli and in this way managed to have a
sufficient number of points and to avoid the shape of the
distribution depending on the width of annuli. I made the
equal surface density curves for the whole cluster and the
two subsystems from all the. 6 surface density distributions,
representing different directions. Figure 2a& and b shows the
equal surface density curves for the whole cluster and for
croup D. From these figures it can be observed that the centre
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Figure 2a,Equal surface density curves for the
whole cluster

Figﬁre 2b. Equal surface density curves for group D



Figure 3a.Equal surface density curves for the whole
cluster with the new centre.

Figure 3b.Equel surface density curves for group D
with the new centre
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given in Cannon’s article was incorrect. The correct centre
.is marked with a cross., Having rectified the centre, I then
derived the new equal surface density curves /Fig.3a and 3b/.
.The system is approximately spherical. By combining the radial
surfacé density distribution of each sector. I got a main

" radial surface density distributibn for the whole cluster and
the subsystems. In these distributions I plotted T on the
\[axb s, Where a and b are re-

horizontal axis., T equals
spectively the inner and outer radii of the corresponding
~anmuli. By integrating these distributions, it should be
possible to obtain the number of used stars. The difference
between the number of used siars and the result of the integ-
ration was found to be 7.3 per cent, This shows that I added
the surface density value to an inadequate r value. Those
surface density distributions where I have plotted T on the
horizontal axis can be seen as a first approximation. For our
purpose, it is better to define the average r value by the
following equation: °
b
-— 2 -
Flre) = b—z-—a—i J..F(r)rdr
a

where a and b are given earlier and F(r) is the first approxi-
mation of the surface density distribution. If r, is known
we can draw the more exact approximation of the real surface
density distribution. Comparing the first and second
approximation of the surface density distribution enables us
to draw the following conclusions:
. 1. The point of the break is more conspicuocus in the second

approximation.
2., The integration of the distributions leads to a more exact

mumber of stars, The difference is only 0.23 per cent.
In & gimilar way, I made the third approximation and this
wesz suitable for the real surface density of the whole
~

and the two subsystems./Fig.4 and 5./
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Figure 5. Surface density distribution for the whole. cluster
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The points are not so dispersed in these figures as
first approximation.

I counted the spatial density distribuiion supp
spherical distribution. Later, as did Kholopov, I used r
unitse. In this way, I was able to utilize his system of
equations with 25 unknown quantities. This ga
the spatial density distribution at 25 points. I made the
first and second approximations of spatial density distribution.
Finally, I got the resl distribution for the whole cluster
/Fig.6/ and for group D /Fig.7/. Two different parts can be
seen according to the change in the density gradient. The
inner dense part has a radius of 313, the outer, less dense
part 724, The inner dense part dominates the subsystem of

B & 5 .

0f ¥ 2030 40 . —

B 20 30 L0 50 60 70 & rmm

Figure 6. Spatial density distribution for the
whole cluster
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Tigure 7. Spatial density distribution for group D

bright stars, while the outer one is more conspicuous in the
subsystem of faint stars. At present, I am working on photo-
metry in an area with a radius of 30’ , in B, V, and U. ‘
This pkotometry will be complete up to 1770 and on the basis
of this I hope to be zble to separate the fine structure of
NGC 2420. ' :
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NEW METHODS FOR MEASURING APPARENT STAR-CLUSTER
DIAMETERS '

Univ, =Prof.Dr.Joseph Meurers

A-1180 Wien, Tiirkenschanzstr,17, Universitits-Sternwarte

Abstract

New definitions for apparent diameters of star-clusters are tried. Three
kinds of borders for clusters on photographic plates are given, considering
the different connections between clusters and their environs in two=dimen-
sional starsfields (background), These connections are tested by accidental
artifical point-clusters in accidental point-fields on the basis of random
number generators. NGC 6494 is given as example for using the tried

methods,

Introduction

A cluster is a threeedimensional aggregation of stars in space, not possese
sing a sharp or definite border, This is represented of course also on
photographic plates with clusters in star-fields, Therefore it is not possible
‘to give an exact general definition for a cluster border, also not for an
apparent diameter, It is only possible to define borders in aspect of a sta=

tigtical interaction between clusters and their surrounding star-fields,

It is a similar situation as formulated by S,K, Wsechswatski (1), that the
diameter of the sun-system is determined by the influence-sphere of sun,
that is, where the gravitational forces of sun are below the gravitational
forces of neighbouring stars and galactic centre, Transfered to stare-clusters
this means, that borders of cluster are there, where the clusters are less

present than the surrounding star=fields in projection to sphere,
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Apparent cluster-diameters are important as well for cosmology as for

distance-determinations of these objects.

Definition of borders

If there is a cluster in a surrounding star-field in projection, the star-
distribution within cluster and in the environs, i.e.two density-function

must be distinguished.
ic(d) = density-function of the cluster itself in projection to sphere

fb(d) = density~-function of background and environs of the cluster in pro-

jection to sphere.

Here is d a radial distance from cluster-centres. Immediately observed

is always the function
£,(d) +£,(d) (1)

d is the radial distance from cluster-centre in projection to sphere. The
definite border of a cluster were fc(d) = 0, but this is not observable on

account of (1).
1t is possible to define following borders on the basis of (1): For a certain
d may be

fc(a) + fb(a) = 0 = "Zero-border" T(2)
(2) means, that at the border fc(a) = fb(a) = 0, because alsways fc(d)'
fb(d) = 0. (2) is always observable and means, that within the statistical

alterions of star-distribution in cluster and field both are no more present.

The same is valid for an artificial cluster and field.
A second type of border may be defined, that for a certain dis
fc(a) - fb(a)( 0 = "Environs-border" (3)

(3) means that the cluster is less present than background and environs.
{3) is not observable, but it is possible, under certain assumptions to get

an insight into (3), demonstrated later,

The third type of border is valid, if there is a certain d with the condition,
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fc(c-i) - fb(a) = 0 = "Structure-border" @)

what means, that the cluster-density is equal to that of background or en-
virons. (4) is not observable immediately. But it is possible to get an in-

sight here as for (3).

Measuring methods

There are two methods for measuring apparent cluster -diameters, the ring-
and stripe method. Concentric circles are placed over the cluster area till
into the environs, and the counting out of the single rings gives an average
density-function § = fc(d) + fb(d), where d is the distance from cluster-centre.
The stripes cross the cluster-area (Fig.1), have a certain width and are
divided into squares following one to another and are counted out in an ana-
logous way as the rings, giving a function ¢ for each stripe. The stripermethod
allows to test the course of borders around the ciuster, where as the ring-

methods gives an average diameter for the cluster as a whole.

The assumption of accidental fields around clusters

Observable is always only (1). But it is possible, to analyse (1) by a certain
assumption. This is illustrated in Fig.1l. Here the upper part concerns the

ring-method, the lower the stripe-method.

There are three systems of rings. The middle system covers the cluster in
such a way, that the centre of rings and cluster are coinciding. It is possible
to construct two further ring-systems, situated (Fig. 1) above and below the
cluster, but symmetrically to it in the cluster-environgs. The upper and
lower system must not tuch or cover the cluster-system. In this way it is

possible, to get two further density-functions.

g = L1 and ¢ = 5[ ©)

where d is the distance from the symmetrical line of the three systems

(Fig.1).

If now the assumption is allowed, that the immediate environs around the

cluster is accidental, it would be possible to apply

d) & f (d) (6)



- 60 -

The functions (B) are practically equal and only distinguished by the stati-

stical alterations in the field around and below the cluster.

This means now a sharper definition of Zero-border and Environs-border.
The functions (1) and (5) are immediately observable. Therefore it is possi-

ble to get the differences.

f (d)+f (d) - ( ) and f (d) + fb(d) - b( ) (7)

and to define

f (d)+f @ - (&)< 0

Environs -border (3a)

Structure-border (4a)

£.(d) + fb(d) -£(@ =0

In (3a) and (4a) the differences fb(d) - fb(d) means with the assumption (b)

nothing else than the statistical alterations of the environs-field.

(3a) means therefore with fc(&) < fb(&) - fb(&), that d is a point, where the
cluster-density is lower than the statistical alterations of the field (Envi-

rons -border) and (4a) with‘fc(c_i) = fb(a) - fb(a), that at d the density-cluster

is equal to the statistical alterations of the field (structure-border).

All this is valid for stripes. In the lower part of Fig. 1 is illustrated the
method. Each stripe, giving the function fc(d) + fb(d) has in the immediate
neighbourhoad of the cluster a stripe, giving fb(d), orientated fo the stripe

through the cluster, as Fig.1 demonstrates, not crossing the cluster.

In this way it is possible, to get the functions (3a) and (4a) and the value d,
where for the first time from cluster-centre (3a) or (4a) are fulfilled. This

will demonstrated later.

Test of accidentalness in star- and point-fields

Accidentalness in star- and point-fields means, that there is realised an

accidental equal-distribution of stars or points.

For testing this the so called star-chains respectively point-chains are
used. Such chains are defined here in following way (Fig.2): To a point P
exists a next point Pl’ At P1 is constructed an angle o with PP1 as bisec-
ting line, Within ® is a next point P to P Ple is the second part of a

point-chain PPle, This procedure may be continued with PZ" where results
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a point P3 a.s.o0., always with the same angleX . In this way it is possible
to construct star-respectively point-chains without any personé.l influence

of the observer.
In such chains it is possible to get the proportions:

dfdiy e & q

Here is di the distance of two points in a chain, following one to another,
and di / di +1 the distance-proportion between three points following one to
another. Ei di is the sum of all distances between two points following one

to another, i.e. the whole length 1 of the chain.

If there is now an accidenta’ :qual-distributed field of stars or points, than
should be the distances between two points following one to another of a

chain equal as a consequenc: of the equal-distribution. That means for (8)

4/

~ 1and dill ~ 1/n-1 {(8a)
if nis the number of points, composing the chain. The first relation is clear,
1 as sum of all distances & di must be in average 1/n-1, where n-1 is the

i

number of distances in a chain with n points.

(8) respectively (8a) may be tested in real and artificial fields. The results
are given in Fig.3. It concerns an artificial equal distributed field on basis
of a random number generator 1) and the environs of NGC 6496. The basis
is the treatment of ~ 60 chains in artificial and real field with four pointsz).
The upper part of Fig.3 concerns the statistical distribution of di/di+l‘ It
is always taken this proportion in the sense di/di+1 > 1 for two distances in

a chain following one to another.

As already mentioned above, di/di should be in average »~ 1, if there is

+1
an equal-accidental-distribution of stars and points. The two curves, giving

the frequency-distribution of d"/di-i-l in an artificial field and for the environs
. i

b The here used artificial fields and clusters programmed and ploted down
Dr. M, Stoll from the Vienna Observatory.

.’>\
2) This investigated cand.phil. C.Wagner within the scope of a2 Vienna
dissertation.
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of NGC 6494 demonstrate, that (8a) is fulfilled as well in the artificial as
in the real field about NGC 6494. The stars in the latter are therefore in

the same way accidentally equal-distributed as the points in the field, ba-
sing on the used random number generator. This means, that also (6)

is fulfilled.

The lower part of Fig.3 demonstrated the same concerning di/l. Foz; chains
of four point, therefore with three intervall between these, di/l should be
1/3 in average in case of an equal distribution being accidental, The ma-
ximum of distribution is at 0.3 for the artificial field and for the environs

of NGC 6494.

The concluding result is therefore, that the environs around NGC 6494 repre-
sents an accidental equal-distributed star-field. This means, that the de -
finitions (3a) and (4a) are valid and reasonable together with assumption (6).
This is illustrated in Fig.4, The two diagrams at the top give density-func-
tions for rings around NGC 6494 concerning Fig.1, a) demonstrates the
practical aequivalence of the two functions of the upper and lower ring-sy-
stem. b) gives differences between the two fﬁnctions and represents the sta-
tistical alterations of the field. The two diagrams in the midst of Fig.4 give
the same for an artificial equal-distiributed field. The alterations in the real

field seem to be smaller than in the artificial.

In the lower part of Fig.4 differences between stripes are given for an arti-
ficial field and the environs of NGC 6494 (concerning Fig.1 below). There

is no qualitative difference between real and artificial field.

The borders in artificial and real fields

Fig.5 represents Zero-borders in an artificial equal-distributed field with
an artificial cluster containing a Gauss-distribution, originated by a random
number generator. In the field are given also density-functions (1) of the

cluster in exact orientation to its centre,

The upper curve is a stripe. The Zero-line gives the points, where (1)
becomes zero. This should be Zero-borders according to (2). Now it is to

see, that (2) is already fulfilled within the cluster-area, a consequence of
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density-alterations in cluster and background together. The density is in
cluster and field relative low, and it is of course not reasonable to = zl-
ready borders, where the cluster is obviously not at the end. It is » .3~
sary to compare the run of the density-curves with the immediate shape of
the cluster and to set the border-points in such a way, that they are mar-
king the point, where within the immediate obvious border-zone of the
cluster for the first time, measured from cluster-centre, the above give
numerous conditions for the borders are fulfilled. This should be in the

upper curve of Fig.5 the points, marked by an arrow.

The lower curve in Fig.5 is the result of the ring-method. In this case it
is not always possible, Athat fc(d) + fb(d) = 0 is reached. Instead of this is
only to see the points, where for the first time, measured from cluster-
centre, the curve becomes parallel with the zero-line. This bshould be in

the lower curve of Fig.5 at the points marked by arrows.

For the real field with NGC 6494, Fig,6 gives the above mentioned curves.
It is not to await, that the borders for rings and stripes are always in exact
accordance one with another. Because a stripe gives the diameter of the

cluster, where the stripe crosses it, whereas rings give an average.

Concerning Environs (E)-borders and Structure {S) -borders Fig.7 and 8

give examples. The lower part of Fig.7 represents a density-function (7)
fc€d) + fb(d) - EJEIT for cluster and field of Fig.8, originated by a random
number generator, where the curve of Fig.7 is repeated in exact position

to the cluster., The assumed borders are marked by E.and S. Fig.8 de-
monstrates, in what a way the borders are situated in the immediate obvious
border-area of the cluster. Also is to see in Fig.7 and 8, in what a way
outside the artificial cluster right and left (7) represents only the statistical

alterations of field about the zero-line,

The upper part of Fig.7 gives (7) for NGC 6494. The area of cluster is
marked by the dotted lines. (7) is given for stripes and rings, and demon-
strated, in what a way definite borders in the sense of (3a) and (4a) deviate

from the immediate obvious shape of luster as well real as artificial.



Results for NGC 6494

In Fig.9 are given as concluding results the borders for NGC 6494 as a
whole concerning the above given definitions. The circle is the border on

basis of the ring-method.

The points in Fig.9 concern always points of stripes, crossing the cluster
in the given directions. It is fo see the elliptic character of the cluster, and
how the ring-method gives a middle border in comparison with the other
types of borders. The table in Fig.9 gives (only for a comparison) middle
values for the different border-types (in cm of the used plate-copy,

1° = 54.81 mm).

The above example of NGC 6494 may demonstrate, how the different
connections between a cluster and its background influence the border, which
in an exact geometrical way generally to define is not possible. In this aspect
there is also given an insight into the inner structure of the border-area of

a real cluster.
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HEKOTOPHE PE3YIBTATH CTATHCTUYECKUX ACCIEZOBAHAZA
3BE3] U3 OKPECTHOCTE! COIHIA

0.B. LrymeeBcrad, A.3. IxCKyHOB

Abstract

SOME RESULTS OF INVESTIGATION OF BIRTHRATE FUNCTION IN
THE SOLAR VICINITY. The observational data for about 7000
stars - members of 68 open clusters, Humphreys spectral cata-
logue for 700 09 ~ M4 supergiants and about 400 nearest
(r <25p¢c) A - G Main Sequence stars from the Wooley et al.
{1970) catalogue have been investigated. For determination of
mass and age for sach star, method of individual characéeris-
tics, workéd out in the Astronomical Council, have been used.

The results are following:

I. Mass function for supergiants is not Salpeter’s mass
function. There is deficit of 10 = 14 My stars and there are
more stars wiﬁh masses 16 = 30 M@ in comparison with
Salpeter’s law. So obtained mass function for supergiants is
almost the same for double stars and has the same details as
mass function of close binaries investigated by Svechnicov
(1969).

2. The present mass distribution of field stars was used
for determination of time dependence of stellar birthrate in
the galactic disk. The theoretical mass functions based on



- 72 -

the Schmidt models (réte of star formation varies with some
power n of the gas density) with n=0,I,2 were constructed.
It was found that the best criterion for the suitable model
selection is the slope of mass function for stars with masses
ISMAM e < 2. The theoretical slopes are ol=5.4 [ n=0),
o(=6.6 (n=I) , 0(=8.8 n=2), the empirical ome is K=5.9 %
+ 0.3. Hence, empirical nass function indicates that the
rate of star formation varies with time slower then in the
model with n=2 (as it was found by Schmidt /1959/) end may
be even more slow]_.y then it was found by Tinsley (1974) o

3. The mass distribution of the opén clusters members
in the range I - 25 M 3 was found to be a Salpeter’s functi-
on with slope o(=2.3 4+ O0.1l4, Simultaneously it was discovered
that the mass function has some nommonotonic features. Seve-
ral minima (for M = I.5, 3 - 4 Mg coinciding with those
existing in 'mass distribution of cloée binaries were detec~
ted. The analysis of age distributions of members of very
young clusters had shown that the time of star formation
covers an appreciable period of cluster history of the order
2.107 - 4.107 years. The above told results are based on

the "Catalogue of masses and ages of stars in 68 open

clusters” data ( Piskumov, 1977).

B noczezHHe rOZH 3aMeTHO BOSPDOC HETEPEC K NPOBEACHHD
CTaTHACTHYSCHMX HCCIEZLOBAHMH COMBEAX EOMIZERCOB 3B63Z4 — aHA-
A¥3y JAHHHNX EAT8JOTOB ¢ HEABY MOJYUYEHUA DPASIUYHHX XaDGKTE-
DUCTHUK TOI'O HAX MHOTO RIACCE 3BE3J,

Oz#o# ¥3 BaxHeWWMX XapaKTEDHUCTHR TAROI'0 DOZa SABIAETCH
FyHKIUA 3BE3Z006PA30BAHAA € (mt)= 92 %t&m, " 06uuno



OpeANONaraeTcs, 4r0 e& MOXKHO NDeACTaBdTh B BANE NPOE3BEASHAH
£im) ¥(t) , rae f(m) - BavamBas yEmuA wacc, a Y.[t) -
CEODOCTH 3BE3Z00Cpa3opanus. OFEE M3 NEPBHX X Hau(olee u3-
BECTHHX ZOQ HACTOANEr0 BPEMEEE HCCIEZAOBAHAA QYHROHH 3BE3A0~-
0o6pasOBaHMs fBIAETCA padora (Coxmmrepa (I955), B ROTOpOH OH,
UpeZNONORAB YTO CKOPOCTH 3Be3Zoo0pazopamus V(i) = const
DOAyYAA HaTaABEYD (YHKIHD Macc f (m) B smge f(m) = am
rae K = 2,35, 3ra paGora CTEMyIHPOBANa MHOTOUMCHEHHHE HCCIe-
ZoBaEWA (yHKOUE 3BE3Z000DA30BaEMA. B yacrEocTH, zms VY (t) .
Duwze (I959) momywan sasucudocrs s muae W (t) ~ §'
(rze n =21,

Iag Toro, YTOCH KCCISZOBaTh (YHEOED 3Be37000Dpas30BaHud
HeO0OXOZ¥MO EMETH JOCTATOYHO OOZBEyPR, WTO0H MOXHO OHIO NpPE-
MEHHTH CTATHCTHYECHHEe MEeTOIM BHOODY 3BE3X, HpHUEH OHZ ZOLK-
Ha yAOBIETBODATE £peCOBaHWD, 4TO B HEE BXOZAT BCE 3BE3JH,
HaxoZsAm@ecHd B ONpeZeleHHOM 00BEM8 HNDOCTDPaHCTBA. UNpeZelEs
7ns Raxzof 3Be37H BUOODKM €€ MACcCy ¥ BO3pact, MH NOIYIHM
LBYMSPHOS pacnpeZelieHMEe NO ABYM HapaMerpaM m H t , aHANH~
3HpyA KOTOpOE, MOXHO NOXyYMTH HAUalbHEOE DaCHDPSACASHHEe 3BO3J
0O uaccaM - JyHRIMD 4ace f {m) E CEOpPOCT® 3pe37000pasoBa-
BUS V (t) , a Tagx=e ¥ Apyrue XapaKTepECTHEW, ONHCHBA-
LIEe TY HIE MHYD BHOODKY 3B€3ZX.

HccrezoBanKe napaMeTpeB (YHKOWE 3Be3J000Da30BAHHA E&=-
IyTca B AcrpomoumyeckoM coBsTe AH CCCP B TE€YEHHS HOCKONDBKEX
Ief, NpEYeM OuIa paspalfoTaHa clenualbEas Mero;ma IIf Onpe-
ZeNEHAR MaCC M BO3PAcTOB 3BE3X C HOMOWBD CETHH TDEKOB A
ﬁsoxpég. BHUMCAEHAS NPOBOZUINCE ¢ nmouomb® JBM M-222 W B Ra-

4eCTBE HAUANBHOR CUCTEMH TDPSKOB UCHONB30BANUCEH DPE3YIBTATH



= Th- =
pacueros UGema (I-I5 u a ¢ ¢ Coxuma) u DadfMHCKOro, pesyurs-
TaTH KOTOPOro AAs 3Be3Z ¢ Maccam¥ of 0.8 zo 16 macc Coxnrua
OHTM ZOMONEEHH AAHHNMHM 3WAKOBCKOTO ( IS5, 30, 60 wace Comama)
Bunonﬁenaéun [0 aHANOTU'HYHOH IpOrpaMMe ¥ NpeACTABIADT COOOH
OZHOPOZAHYD CETKYy TPEKOB. Ha OCHOBE 3TMX ZQHHHX COHAH pPacCYATAEH
CEeTKH H30XDOH.

Ina mepesoZa OOHYHO KGHOIB3YEMHX B PEOPETHUECKMX pacue-
Tax napaMerpoB 3QQeRTHBHONX TeMNneparypH ¥ CBETHMOCTH B HASID~
AQGMHE BEAWYHHN, HauW ONIM HCHONB30BAHH TACIMOH NEPEBOZA ZXA
I, I ¥ ¥ K7acCOB CBETHMOCTE, DACCYATAHHHE SHHACTO ¢ MCHNOAB3O0-
BaHMEM JamHNX [JIEOHCOHA, MOpTOHa ¥ AZjaMca, a TaEKe pe3yABTATOB
BHEATMOCPEDHHX HCCASZOBAHU.

Ozeuy ¥3 HamGOZee CYMECTBOHHMX OTIWYMi METOXMEM, Da3paso-
TaHEOH B ACTPOHOMMUECKOM COBET€ OF MCHONB3yEMHX B padorax
ZDyPHX 8BTOPOB ABIAETCA BBOAOHUE BEINWTMEN BEDOSTHOCTE DE3yLb-
Tara OUEEKH. Hak CeMecIBO TPEROB, TaK ¥ CeMeHCTBO W30XDOH HE
npeACTaBIfeT ¢O0G0¥ COBOKYNHOCTH OZHOSHAUHNX (YHKUAA B D05~
TOMy B HEKOTODHX O0ZaCTfX ZUArpaMub MOEET OHTH MONYyUeHO ZO
4-X pa3IMUHNX 3HauCHMA MacCH 3BE3ZH ¥ COOTBETCIBYNHEr0 e
_ BO3pacra. HoaroMy 2Zus 3B€37, HAXOAAMMXCHA B STHAX 00JIACTHAX
AvarpaMMi OHNM NOIYYSHH BCE 3HAUEHMA MAacC B BO3DAacTOB, YTO
A2J0 BO3MOZHOCT® NP¥ 3BalV3€ 3HQYUTEABHHX N0 KONWYECTBY BH-
GOPOR 3BE€3Z HONyuarh 0oIee YBEDEHHNE CTATUCTHUECKHE DEsyanrTa-
TH, yu#THBaA B OOMEM DacHpelclleEMM EKaEZy® OLGHKY C BECOM,
COOTBSTCTBYNIMY 3HAYEHUD NOLYyYEHHOH Bepoarﬁocrn. 1 OmeEkw
omu00oX, BHOCHMHX B ONpeZeleHNME MaCCH ¥ BO3pacTa 3Be3H
HEZOYy4eI0M pAa3iMTHNX $aKTOpOB CHIO BHIOAHEHC CHEOUANLHOE

HCCHEIOB3HNE, B KOTODOM ONEHMBAIHCH BEIUYMHH DOrpemHOCTEed,



BHOCHMHX BApHAU#fMA X¥M. COCTaBa, BPaNEHHSM MAUBMTHHME
noNfME HEPa3pEemeHHOR ABOACTBEEHOCTED B HEAOYHUETOM Zudpe-
PEeHEIMaIBEOTO [OrAOMEHHA, a TAKXS omHOEE (foroMeTpuH. Har
NOKa3al0 3T0 KCCIELOBAEKE, HauGoNbmyD OmMOEY WMOEET BHECTH
HEONpeZeIeEEOCTS XMMEYECKOTO COCTaBa, OCOCEHHO COAEPEAHRA
BOZODPOZA.

Lis WCCHEEeZOBAEMA C NOMOEBD ONMCAHHOA METOXEKE OHA
0T06paE ZOCTATOYAO pasHO00pasHHi marepran: 1) Goumee 60
paccesHHHA CEONIEHM# pa3AMUHOrO BO3pacTa IMPaKIMYECEH BCS
.xopOmo KCCNEeZOBaHEHS cRonIeHug ®3 1050 3apErHCT pEPOBAEHHX
B HACTOANEE BpeMA, KOTOPHE MMENH JOCTATOYEC yBEDPEHHO BHIOI-
geEEYD  UBV - QoroMeTpED E 0T0OD WIEHOB KOTOPHX BHIONHEH
¢ IpEBIEUEHHEM EE3aBHCUMOTO KDETEpHA; — UBV, coOCTBEHEEX
IBMEeHMN MIR DpaZMANBHHX CKOpocTeit. 2) Karaxor Xen@pﬁa,
cozepsamu#t MK~ cmextp sp, B,V , KOODAMHATH # Iy4EBHE
CEOpOCTHE ZuA 700 CBEPXTHIaHTOR HA DACCTOHEHEH Z0 3 KNG. .

3} Karazmor Byaam (Mv moZoXeHHR K ZBAXGHHS 3BE3Z) cozep-
zamuit Bce 3Be3ZH ¢ My =0-7" @ 72<25 nc.

Ha OCHOBE ZAEHHX O DACCEAHEHX CKONAEEMAX OWI COCT3aBIEH Ea-
$amoOr, COZEDPEAmM BOSDacTH ¥ MACCH AJNA BCEX 38634, 2 TaKXe
DyEKUME Macc, CBETHMOCTell ¥ pacmpejesiesus UN6HOB CEONUE-
EE 0O BO3pacTaM. | lcxymos, I1977).

OyEKDUA Macc ANA CEONNEHMA B METepBale macc 1 - 25 uace
ConBEga HOCHT B OCHOBHOM BUZ COXnMETepOBCKOf QyEROHE C NOKa3a-
reney o= 2.3 + O.I4. Oznaxo,.pacnpejelcHEe HEMOHOTOHHO: OT-
MEUESH DAZ MHUHAMYMOB, COBIAZADOMX ¢ MHEHMMyMaMy QYHKONE ZBO#-
HHX MacC. PachpeZelerie 3BE3Z IO BO3DPACTaM NO3BONAKT CASIATH
BHBOA O TOM, YTO J[IAMTEIBEOCTH Hpomecca 3BE3Z000DA30BAEHA B
CKONNEHUAX COCTaBIAGT 2 - 4. 107 zet,
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Ins cBePXTMIraHTOB QyHEKOMA MaGC CHIBBEO OTaMuaerTcs Of Coi-
DATEepOBCKOH: HababZaeTcA ZudumuT 3Be3h ¢ Maccam®E 10-I4 macc
Comana ¥ M3CNTOK 3BE3A B MHTepBane 16-30 M . MurepecEo orme-
THTB, 4TO nonyqénaaa dyErRmMg Macec o4YeHb cXoxa ¢ QyErmuedl macc
AAS JIBORHHX 3BE€3%, NOIXyueHHO# CBeuHMxOBHM ( 1969 ).

HccnenopaBre QYHKOMM MaCC 3Be3Z CHEKTpanbHHX KI&ACCOB A-
LaET BO3MOXHOCTH M3yUUTH SBOJIDIUOHHHE U3MEHEHHA (QYHKIMM Mace
¥ CKOpOCTH 3BE37000pa30BaEMA B OKPECTHOCTAX CoiRpma. $yHKOHEA
3BE3Z000pa30BaHKA npnanuéﬂacb B BEZEe NpeznomcHEOM [uMuUITOM
{1959) : Y (t)~ ?n, rae nenoe n= 0,1,2 onpezelser BHOOD
MOZenH,

C HCHOAB30OBRHMEM YHA3AHEHX MOZelell CHIW NOCTPOSHH JAAA
n = 0,I,2 TeOpeTHYSCEME pACHpEeNeleHds 3BE3X N0 Maccam, COOT-
BETCTByDIAE HACTOAMEMy MOMEHTY BPEMEHH, KOTODHE CDABHHBAIMCE
¢ aunKpUueckKo# QyEkmuell macc AAA 3BE37 ¥3 OgpecTHOCTed CoaHpa.
BechMa UYBCTRATENBHHM MHIAMKATODOM, XapaxTepusybmuy AaHEYD MO-
Aenb, fABIAETCA HAKNOH QYHKIMEM MAcC AJA 3BE3Z ¢ Maccaud I - 2
x¥accH Comgpa. TeopeTHueckue QVHEOHM HMENE 3ZECH HARIOH

A=5.4 (n=0), ol=6.6(nm=1),c(=8.8 (m=2).

Junupuyecras @yﬂxaﬁﬂ M8GC Ha TOM Xe OTDEe3Ke HMeer cpel-
HUil HAENOH A =5.9 + 0.3. s cpapEEHHA 2MIHDAYECKOTO 3HaYe-
HHA CDELHET( 3HAUEeHWs HAKIOHS QyHROUA MECC ¢ TEODETHYSCREME
BUAHO, uT0 HalILZaemMOe pacHpeZlelieHue COINBME GOOTBETCIBYET
cayuap n = 0,1, ¥eM cayuab n=2, eclIM npejcTaBieHde QyHRIHH

3B€37000pa308aHASA B NPHHATOM BHZE BOOOWE BEDHO.
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Tag¥M 006pa30M, pacnpefeleHne 3B637 O MacCe NOKa3uBaer,
470 WHPEHCHBROCTH 3BE34000Da30BAHAA B AMCKE [alaxTURH CO
BpeMeHeM naZiaeT 3EAUMTEIBHO MELIEHEee, YEM IDeJCEa3HBAEI MO-
Zend QuwzTa ¢ 0=2 7 Iaxe MelJIeHHee, uYeMm HOJydeHo TuHCIH (1974§

Ha OCHOBE 2Ha/M34 pacHpeleteHZA 3Be3I IO BO3DACTY.
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I¥ EXTREMELY YQUNG

Abstract

Because of their homogeneous composition clusters of low
age can well be used for the comparison of normal and peculiar
youg members and groups of stars. Investigation of the
clusters NGC 6611, NGC 6530, NGC 2264 and i 45 /Pleiades/
shows that the structure of these clusters znd their develop-
ment are closely connected with the continucus formation and
evolution of their members.

PesoMe

M3-3a UX OIHOPOIHOT'O COCT&Ba, CKOILIEHAS MOJOIOTO BO3—
pacTa MOTyT OHT®H HCHOJB30BAHH IS CDABHEHWS HODMAJLHHX H Ie-
KYJMADHHX MOJIOLHX WIEHOB W SBEBNHNX Ipyml. {cCleNoBaRme CKOMN-
nemmit NGC 6611, NGC 6530, NGC 2264 u M 45 /Iiesis/ DORA3HBAeT,
9TO CTPYKTYDa ¥ pa3BUTHe STEX CKOIUIEHE TECHO CBAZAHH C HEIpe-
PHBHHM 00Gp230BaHMEM H JBOJOIEEZ HX WIEHOB.

Owing to their hcmogenéous composition clusters cf
low age can well be used for the comparison of normal and
pecullar young members and groups of stars.

’ They are therefore especially suited for the study
of the nature and cosmogonic behaviour of T Tauri stars,

which in many cases are members of the young open clusters

as well as of the embedded T associations. For the same reason
the study of T associations allows conclusions to be drawn

on the cosmogony of extremely young clusters.

In a number of papers I reported on investigations
of the structure of young cluszters and the phases of evoluticn
of their members. I pointed ocut in these papers that statements
on the cosmogonic behavicur of T Tauri stars are possible
only if all members of the clusters are included because the
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structure of the clusiters and their development are c.Losew

S

e
cnrected with the continuous formation and evolution of

Ths young clusters of different age from which
1+ts were obtained are listed in Table 1.

Table 1
Cluster Distance . Galactic Mean Number of
Coordinates Age Members
T
11T I 1%y

6611 2 200 16995 098 0.48 126

€530 1 50¢ 6.1 Ll.4 3.0 133

2264 8C0 202.9 2.2 4,5 313
¥ 45 120 166.6 23.5 100 444

The table gives the names and the distances of the objects,
their galactic coordinates and the mean ages and in each
se the known numbers of members.

The numbers of Pleiad stars do not contain the
scovered since 1972.
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: paper summarizing and comparing the results of
those investigetions has been published /Gotz, 1973/.

For all clusters a connection was shown to exist
between the physical parameters of the stars /for instance,
the photometrical data/ and the "parameter of structure",
which ig 2 purely astrometrical quantity. The parameter of

~ieture iz the distance from the centre of cluster in

&

circular objects or, for elliptical systems, from the centre
~f the circulary projected image.

From the relationship between the position of the

stars in the colour-magnitude diagram and their distance

from the centre, time-scales were derived permi itting one to
b

state the mean ages of the corresponding regions in the

clusters. In this way it was also possible to determine
o} 1 clusters.

2
The investigationz have shown that the wide band

young clusters
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ead out over several magnitudes and situated above
Age Main Sequence /ZAlS/ is to be explained by the

phases of evolution caused by
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3ifferent ages and different
a continuous star formation which in some aggregates increases
%

owards the centre, in other aggregates towards the edges.
An example is given in Fig.l, where the colour magnitude
diagram of the cluster NGC 2264 is shown.
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Figure 1

Stars of nearly equal ages or, whet is almost the same, of
nearly equal parameter of structure are combined in one group.
The oldest are gathered in group 1. The youngest and more
massive ones from the edge of the cluster are contained in
region IV, V. The mean values of the parameter of e

tnd the ages of those regions are listed in Table
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Table 2
Region r Tf/106a/
I 3313 10
IT T.8 4.5
IIT 12.2 3.0
v,V 19.2 1.8

It can be seen that the youngest region is situated at the
edge of the cluster and the oldest at the centre. The reverse
order can be found in cluster NGC 6530. The position of the
yourgest and cldest regicns in a cluster probably depend on
the physical conditions in the parent‘gas cloud.

A commeon feature of all invéstigated clusters is
the continuous formation of stars, increasing towards the
centre or the edges in conformity with the development of
the cluster’s structure. This property is represented in
?ig.2 where the mean relations of the clusters are plotted
in a combined colour-magnitude diagram /NGC 6611 /+/,

NGC 6530 /o/, NGC 2264 /e/ Pleiades /O/.

0.0 0.5 1.0 15 (B-V)g
Figure 2
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This representation shows the following:

Only the low mass stars from the youngest regions
of the Pleiades are still situated above the ZANS, while
the older and more massive ones are already drifting away.
We recognize the connection between thé mean relations and
the mean ages of the cdlusters and their single regions.

It is possible to estimate the formation time of
the clusters. A measure of that time is in each case the
extent to which the mean relations in the colour-magnitude
diagram are spread out. The following values were obtaired:

it 1n0 if k0
Cluster T(107a) Cluster T(10"a)
NGC 6611 0.66 NGC 2264 13.6
NGC 6530 8.4 M 45 213

There is another relationship that has to be menticned. AsS

the formation of stars proceeds continuously towards or away
from the cenire, the connection between the parameter of
structure and the mean ages of single regions makes it
possible to estimate a mean velocity of formation of the
clusters. It can be cbtained by dividing the differences of
true distances from the centre by the corresponding values

(o) 5
[
@

age (v, = Al /AT (pc.a—l)) , In the end those rates
are a meagure of the velocity of star formation in the
corresponding regions and aggregates.

The graph in Fig.3 shows the mean velocity of
formation in the clusters. Here the formation velocities
are plotted versus the parameter of structure. The oldest
and youngest regions of a cluster are marked in -each case
/a,3/. The directions of continuous star formation are
indicated by arrows.

: Trom the above we can conclude the following:

The course of the mean formeticn velocity is not
correlated with the structure of the clusters.

Evidently the maximum velocilties occur in the
ons which may be situated at the centrs /=2/ or

e

ute valuss, inciderntally,
of maximum
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velocities of formation in the youngest regions of a cluster
is fundamentally due to the processes of star formation and
the conditions in clouds of interstellar matter.

Vm | . | . 1
[106pc3") 2"
w NGC 6611
’
v
0 // —_— ]
F———— f |
1 J e a —
\\NG‘CM
o - \\\\\ |
! ! ]
2 ' T
a J
1
NGC 2264
¢ ™
T
|
R

Figure 3

The youngest regions of a cluster are distinguished from the
older ones by the presence of massive stars. The fast
development of the structure of a cluster cwing to rapid
ation only in the young regions can be explained by

form
more widely extended masses of interstellar matter
icipating in the star formstion. This result is confirmed
'y the dependence of the forxmation velocity found in .the

gregatesz on the mean mass of stars.
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This relationship is represented in Fig.4, In the
final analysis it indicates that the mean extension of a
region or of an aggregate is proportional to the mean mass
of the stars. However, since these masses differ from region

iog Vm | | i
.50 o, - —
-6‘0— s‘ - . —
-7.0 °
so b " %
1 | l

50 60 7.0 log RE

Figure 4

to region, ocne would expect the extensions and formation
velocities to differ as well, '

The statements and results presented in this paper
represent only a part of my investigations. Details on ster
formation, on structure and develo?ment of the clusters are
summarized in the publication already referred to.

.
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PLACES OF FORMATION OF 24 OPEN CLUSTER

0

J. Palou¥, J.Ruprecht, 0.B.Dluzhnevskaya
and i A.Piskunov

Abstract

The. places of formation of 24 open clusters are computed
in a model of our Galaxy which has axisymmetric and spiral-like
components. The positions and velocities of open clusters
under examination are evaluated on the basis of the data given
in the literature. The age estimates are taken from the
original method used by two of the present authors /0.B.D.,
T.P./. Use is made of the axisymmeﬁrical model of our Galaxy
proposed by Schmidt /1965/ and the spiral like perturbation
approximated by logarithmic spirals. The angular rotation
speed of spiral arms flp was varied to get the best corre-
lation of places of formation with a spiral structure. It is

concluded that there are two values Ilp = 13.5 knm s-]‘kpc-l
and Il‘o = 20.0 km s—lkpc-l which fit the results equally
well. ) ‘ )

Pespme

Mecra o6pasopaHds 24 OTKDHTHX CKOILIEHAZ IEMOHCTpEPOBAKH
Ha mollere samel IamaxTwrm, olranapmell aKCHCAMMETDHYECKAMA H
CIMPaNbHOOCDA3HEMA KOMIOHEHTaMd. LIOJOXEHWA W CKODOCTE HCCJaE—
Ixy'emm; OTKDHTHX CKOIUIEHZZ ONEHEHH IO IAHHHM HAXONAIMMCH B JH-
Teparype. OUEHRE BO3pacTa B3ATH M3 ODATHHAIHOTO METONZ, NpPE-
MeHEHHOTO IByMA X3 aBTOPOB. Mcnosb3ynTcsa mpemaomerHas IvaToM
/1965/ akcmcumMeTprUecKaa MOIEIb [alaxTmxi X CImpaIbHOOCpas—
HOe BO3MylleHHe, npndménaoe‘Jzorapn@rvmr[ecmrm cmapastamz. s
TOr0, 9TOCH HNOJIYIATH JYIIyD KODPENAIMO MeCT 00pa30BaHnA CIH-
PasbHO# CTPYKTYpO#, MH HOCJIENOBATENBHO H3MEHANX YIJIEBYD
BpallaTeJbHYD CKODOCTH CIMPAJNEBHHX BeTBell ~Q1° . M cresamz

3aRnYeHre O CYWLEeCTBOBAHWM IBYX 3HadveHm¥,(2, = I3,5 kms—lkpc-l

Z QP = 20,0 kms-lkpc—l, OIMHAKOTO XODOmO NONXOIAUAX K De-
3VJILTATaM.
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The simple model of the young star migration process

after its Tormation within the spiral arm has been the subject

o Hy

o}
cepheids, open clusters/ were examined in order to describe

many studies. Many objects /0, B stars, classical

star migration simply by computing the orbits in a given
model of the Galaxy. We follow the path of a star in the
Galaxy until the moment of its formation. The guestion is
whether the stars migrate from the spiral arms. Ideds exist
about the formation of stars from the clouds of interstellar
gas based on the one-dimensional steady gas flow computation
/Roberts, 1969/. The gravitational collapse of the cloud is
triggered in the shock wave which is in a steady position
relative to the density wave. We conclude that - based on
the density-wave theory - predictions can be made concerning

on)

the locality where the stars should be generated.
This idea of star formation is examined in our study of
places of formation of 24 open clusters /Palous et al., 1977/.
In order to check the rotational speed of the spiral structure
o p we adopted five different speeds: 11.0, 13.5, 15.0,
17.5, 20.0 km s_lkpc_l. We assumed that the open clusters were
generated either in the spiral arms. or in those parts of the
galactic plane where an excess density exists due to the
density wave. We prefer rotational speeds which produce the
largest number of open clusters migrating from the spiral-
arms.

It can be seen that the places of formation of
moderately old open clusters can be found within the spiral
arus thus reflecting the spiral structure as attained by other
spiral tracers, with all the problems and complications /local
arm/vpresented by the distribution of neutral hydrogen or cf
the young stars. We conclude that the investigation of forma-
tion places is a suitable tool for examining the density-wave
theory. The results are strongly dependent not only on the
position, space velocities and the age of stars under

examination, but also on the chosen model of the Galaxy. The

2]

ame situation can be seen when interpreting radio observations

U

of neutrsl hydrogen. In this case we also have to choose the
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Figure 1. The present distribution of open

clusters under examination in the cocrdinate
system g . "’Z/ centred atv the Sun /marked by
the cross/. The open clusters are indicated

by name.
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model of spiral pattern /Simonson, 1976/.
rived the places of formation of 24 cpen

cilusters. With the help of the given kinematical data and
estimates of the ages ¢f the open clusters the best fit

tation speeds for the spiral structure: flp = 13.5
and 2C.0 km s—lkpc - were derived. If these values are

the places of formation closely correlate with the
spiral arms as described above according to the predictions
density-wave theory.

The rotation speed 13.5 km s—lkpcj1 has been derived
in previous studies /Yuan, 1969; Wielen, 1973/. The new value
1 -1
"0t

ion speed £l = 20 km s “kpc

o
|93

at gives us the
'uility of interpreting very simply how the solar vicinity
d by the objects under examination. The space

® o M
w3
€
H
t+
[0}

to the Sun where the open clusters under examination are
located is populated by groups of objects with certain pre-
ferred periods. Hach of these periods is sepa%ated from the
next by & time interval of some 300-400x10° years. The length
of periods seems to be about 200x10° years. This results from
ion of two different effects:
2. By the kinematical selection effect due to the
fact that the very young cbjects with limited dispersion

eds could not arrive in the Sun’s vicinity from the whole
galactic plane, but from a limited region only. The length
these periods is undoubtedly influenced by the size of the
region where we find the open clusters under examination at

b. By the fact that the stars are formed within the

1]

a v:«

commeln areas deil

5

ned by the kinematical selection

e
v the spiral arm

)

are parts of the galactic plane
i

8
young stars in the solar neighbourhood probably
orizinate. The shape and the size of those regions define the
length and time interval separating the periods mentioned

3
=y
o]
H
@
W)
H

e many nbi
e many ob]
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D .



The irregular gravitational field in ocur Galaxy, caused by the
K o b 3 P 1 Al ~ Ay
presence of heavy /500 M_/ gas and dust clcuds near the
; ba

It would then not be possible to calculate the birt
objects older than 108 years. We would like to pol
particularly in the case of open clusters we need nct adopt
so pessimistic a point of view. Besides the inf e
theoretical orbit of the open cluster, the irregular
gravitational field - defined by close encounters with heavy
dust and gas clouds - influences the dynamical evoclution of
the open cluster. This irregular gravitational field disrupts
the cluster. By means of the N-body models or Monte Carlo
models of open clusters we can limit the disruption time of
the open cluster to 108 years /Wielen, 1975/. This interval
is comparable to the mean relaxation time after Chandrasekhar
/1943/ which represents the deviation of the actual orbit of
the cluster from the theoretical one. We conclude that the
effect of the irregular gravitational field on the disruption
of the open cluster is at least as important as the effect on
the orbit of the open cluster in the Galaxy; or the existence
of the open cluster per se at present indicates that we can
use the simple approximation of the actual orbit by the
theoretical one going backwards to the moment of birth.
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Using the new zero age main seguence of 0.J. Eggen,
which is mainly based on intermediate band and Heg photometry
of cluster stars, evidence is presented, that the distances
of yong open clusters are syétematically smaller, tkhan
previously accepted. The average factor of correction is 0.71l.

' The corrsctions presented here have significant
consequences for the galactic spiral siructure and for the
kinematic properties of the system, Taking into consideraticn
that the period-lumincsity relation of cepheids is calibrated

bles in young clusters, a medification of a considershle
he astronomical distance scale is expected.

1T

[prMeHssA TJEBHY® IOCIENOBaTEJBHOCTE HYJEBOI'D BO3pacTa 0.
/. 9TreHs, OCHOEBQHHYK IVI2BHHM 06pasoM Ha CPeIHEOJOCHOE KOJODH-
VeTpEUeCKO cuCTeMe uvby ¥ HA Hg QoToMerTpmm CROLIEHEE, Tper-
JaraeTesa IOKa3aTeJBCTBO, UYTO DACCTOAHEA MOJOIHX OTKDHTHX CKOIIE-
upH ABAANTCSA CHCTEMATHUECKE MeHBIMMZ, d4eM OHso mprHATo.Cpersmi
daxrop mompasxy - 0.71. [pmBer€HrHe HOOIDABKM IMENT SHATATETD—
Hfle TMOCJEICTSWA LA DANakTHYeCKO CIMpastbHO# CTDPYKTYDPH X IJA
KIHeMATAYECKAX CBOICTR cucTeMu. ECJX NpPHHEMMATE BO BEWMAHAS, HTC
38BUCHMOCTE IEDPMOL-CBETEMOCTE Nedeunl XammOpoBaHa NEeDEMEHEHMZ R
MOJIONHX CKOIIEEAAX, TO HyRHA MOIM(UKAIMA 3HATNTSJABHOA dYaCTH
MacwuTada acTPOEOMIUECKHX DacCTOSHMH.
The spiral structure of gslaxies is showm in a

striking way solely by the interstellar medium and young
cts; older stars do participate in the spiral pattern but

W ok for reliable optical

spiral trecers in order to map the structure of our own
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Gelexy, we have to take it into account that they rust be
a/ young /T <some 10' a/,

b/ bright /MVS—L}m/,

¢/ numerous.
‘ Furthermore the relative accuracy of their distance deter-
mination must lie within + 10% /or +0%2/ and the observatioral
procedure must infer only simple istrumentation and reduction
methods suitable for mass evaluations.

It is well known that young open clusters /including
members of spectral type earlier than B3/ represent one of the
best types of spirel tracer. As far as their distance
determination is concerned, the three-colour photometric
method nowadays yields for the distance modulus an accuracy
ranging between 0710 and O?BO,,i.e. much better distances than
the method of cluster diameters which Trumpler and Collinder
were forced to work with, It might be useful to recall briefly
the procedure pioneered by Wilhelm Becker and based on three-
-colour photometry: -

The distance is determined by the application of

the following three conditions

a/ The stars of the cluster should lie on or close
to the ZAMS in both colour-magrnitude diagrams.

b/ The distance modulus must be the same in both
disgrams.

¢/ The colour excesses E/B-V/ and E/U-B/ resulting
from the fulfillment of the previous conditions
should be related to each other according to the
well known waveiength law of interstellar .
reddening and absorption.

It is obvious that the resulting distances essentially
der
the value and the random error of the distance also depend on
the portion of the ZAMS occupied by the stars of a cluster.

o

s a highly interesting new development therefore in

of

aQ

regerd to the distance determinations and to the mappin
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the spiral structure that evidence has recently been presented
by Eggen {1], mainly based on intermediate band and'H@.
rhotometry of cluster stars -and cn models using the rew Carson
opacities, implicating that the presently adopted zero age
main sequences are of incecrrect slope and, probably, zero
point. /Actually, this is hardly surprising for the apparent
scarcity of zero age main sequence stars of luminosity from
about U =+0%5 to.-1" in the solar neighbourhood makes the
construction of such sequences extremely difficult./

The most frequently used forms of the ZAMS /those
derived by Johnson [2] and later by Blaauw/ lie close to each
other. Johnson’s result is indicated by & broken line, the
new one of Eggen i3 marked by asterisks /see Fig.l/.
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‘Zzure 1b.Comparison between Eggen’s ZANS
and that of Johnson /broken line/.

of the two sequences is consider-
re than 1 magnitude/. The result

main sequence of the Hyades and

S arz of these clusters to fit the
early mein sequences cf s%ill younger clusters. According to

i ¥y with the previous results may

+

ut the evolved nature of the
brightest X Persei and Pleiades cluster stars is probably
the main difficuly. /Unfortunately, intermediaste band photo-
metry is not yet available for the cluster IC 2581; this



perhaps best illusirates the Incorrect
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derived by Blaauw./ _

Using the proposed new ZAMS of Eggen and the above
mentioned method of Becker, based on both colour-magnitude
diagrams, we have re-analysed the distances for almest all
known young open clusters, They were taken from the catalcgue
of Becker and Ferkart [3], from the suppleémentary list of
loffat and Vogt [4,5] and, in a few cases, from other recent

blications. On the basis of the values we obtained for the
tances of 122 young open clusters, in the relationship
between the new and old results

dn =f. do /1/
where T ranges between 0.61 and 0.80 we got an average valus
of T = 0.71 and a standard deviation of G = 0.04.

Consequently, =25 it seems at first glace at the two zero age
nein sequences, our distances are considersbly smaller than
the values previously accepted. We are aware that the spread
in f is not only due to a random error irn the distarce modulil
but is partiszlly coused by the different slope of the new
diagram, the influence of which depends on the portion of the
ZANS populated by the stars of a cluster,

Fig. 2 shows the distribution of 153 young open

[0]

tar clusters according to Vogt and Moffat. /The earliest
spectral type is earlier than B2/3./ The difference between
squ

res and circles is of no astrophysical importance.

ct
5B
0]

[(V]

main features are the inner ~I arm from Sagittarius to

+3

Carina at a distance of 1.7 kpc, the Cygnus or local arm with
the Orion Spur and the Perseus /+I/ arm at a distance of ‘
2.4 kpc. Further important-features are the follewing:

1/ The previously supposed outer arm +II from 1~-105°
d = 5-6 kpc appears to extend furtnér, to 1as215°

1y to 1 ~245°, However, we still cennot exclude
i o}

-
he four clusters at 1 ~245° form an
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Figure 2.The distribution of 153 young open
star clusters according to Moffat
and Vogt.

2/ A well defined group of clusters is located
between 1 = 235° and 255° at & distance of about 4 kpc. This
feature is probably connected with the local arm.

3/ A small filament seems to connect the local arm
with the Carina arm at 1 ~s270° and d~1,5 kpc.

4/ The Carina arm is well defined out to =& distance
T 8 kpc and is a continuation of the Segittarius arm.

(e}

5/ There is a conspicuous extension of the
Segittarius erm out to ¥rger distances / ~~ 3 kpe/ at 1~ 3405
The cpiral arms -I and -II may be comnnected at this longitude,

Let us now look at our new picture /Fig.3/. The
local spirsl.structure is scaled down with the above mentioned
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factor of 0.71., The spiral arms are somewhat beiter defined an
the basic features remain the same up to the filament at the

4

. o] . L. .
1gitude 270 which 1s inconspicuous sc¢ there may be no
nection between the local and the Cerina arm at all.

lon
Loz
41 clusters are marked with triengles /see Fig.3/.

ra

or these clusters we did not calibrate the distances

(=N

ndividually but the average f value was used to put them on
the new scale. And finally, crosses refer to clusters with

an earliest spectral type of B3. These are the oldest ones on
our map and have a clear tendency to lie on the outer edges

o7 the spiral arms, quite in accordance with the corresponding
prediction of the gravitational density wave theory.

It is not surprising at all that the new scaled-down
picture of the local spiral structure has some signilficant
global consequences as well., The need to establish a new
dis*ance scale shows up perhaps nmost clearly for the case of
the period-lumincesity relation of Cepheid veriables, whickh is
calibreted by varisbles in young clusters [6]. The modulus
derived by us for h and X Persei, which conteins four
calibrating cepheids is about a magnitude less than that used

o}

by Tamman and Sandage [7]. The most vulnerable clusters with
celibrating cepheids are NGC 7790 and NGC 6664, the moduli of
which depend almost entirely on Iitting a main sequence 1o
cluster stars with /B—V/o < 0%
Having regard to the additional fact that on the

basis of a general model describing first-order variations
in the velocity field with respect tTo distance in the wide
olar neighbourhood and applied to the analysis of absolute
proper motions of feint stars, Clube [8] derived a distance
+o the centre of 7 kpc, supporting his earlier estimate based
ort a revised absolute magnitude for halo RR Lyraes:; the odds
are that we have to scale down our whole Galaxy accepting
galactocentric distance of the sun. But
cen, we have to change the basic kinematical
&

tem, the Oort’s constants /A and B/, as

rreater than we thought because the
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actual velocity field appears 7c be induced by a few ccnspic-
‘uous stellar groups located in particular broad areas of the

sky, and produces an epparent rotation component which is
ontrary to galactic rotation. We have to bear it in our

ninds that the old Oort-Lirdblad mcdel is meinly based on the
kinematics and distances of the OB stars, cerheids snd youn
clusters - all of which are ir turrn based on the distarce t

® O Iy

the Hyades /Clube [9] / ard on the fitting procedure of *h
zero age main secuences described above.
It is known that there are cbservational limitetions

to the possible values of AR arn

4
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o}
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p,
C
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3
ot

ies the limitetions -

accerted +15 km s “kpe T, but satis

5

suggested oy Clube [11l] on the basis of an investigation of
e gtellar veleocity field in the solzr neighbourhood, namely

20K A <40 ko s T kpe ™ T /2/

tars and alsc

t s
e escape veloclty suggest iar velocities in
e

from ti pecul

the sclar neighbourhood. Using the standard value of the
- =1l i = e Y

circuler velocity, VO = 250 km s 7, A-B = 35,21 results,

1 o - =3 L& e -1, -}

therefore” B = -14.03 Km 8" kpe™ and the retic of Cori’s

conztants is: -B/A = 0.72. I would like tco menticon at this
o} r

ives the follewing simple fundamental
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relation between A, B and the dispersicns of random velccities
observed &t the sun in radisl and ftangential directions:

lee—u =v—1% /3/

iccording to the observations the range of values for the
dispersion ratio is [12]:

0.5 <G /6, < 0.7 /4/

and our result is in accordance with the consequence that the
"rz2tios for -B/A must lie in the range:

0.33 < -B/A < 0.96 /5/

Lohmann, with the aid of Bottlinger’s force-law
ve the following estimate for the mass of our

My = 0.75 * V3 / A:G , /6/
where G is the gravitational constant in suitable units:

5 = 4.3037-107° s Pipela? 17/

Tsing velues for A and VO as above, we get the following

the mass of our Galaxy:

P 5
uxG = Le 33 10 M.O ,

{11 Zzzen, 0.J. 1976, Q.J.R.A.S. 17, 472 end 1977, P.A.S.P.
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[2] =2iasuw, 4. 1963, Basic Astronomical Data, p. 407, Univ.
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T mT oA AT THE CATATY
THE DI3C LAXY

..G. Beldzs, Y, Fapard end A.D. Chermin

The disc of the Galaxy is rich in gas and dust and
“ormation of new stars is going on here. Collapse and fragmen-

tation of hugs gaseous clouds may lead to ﬂrathaulonaliy

@0
H
0
o

rd diffuse material., These processes
1terstellar matter in th
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O6pasopaHme HOBHX 3Be3I I'aJaKTEKH OPOHCXOIZT B TOHHOM
CJoe ee IHCEa, I'Ie EMEDTCA MACCHBHHe I'a30BO-IHJIEBHE OCJaKa,
IpeTepleBaplEe I'DABATAIZOHHYD KOHIeHcammp ¥ ¢parmenraimo. Hoxy-
TOJIIAHA ITOTO cnof ~ I00nc B paiioRe Courna. OnEaro HaCJWIEHEA
VKS3HBANT Ha HAJAdMe 3HSUATSJIBHOTO WHCJa MOJIOTHX 33€3L = C
BO3DpacToOM NIQ8 JeT ¥ MeHBNEe - Ha I0opaszo CoJbleM yIasleHH: OT
TaNakTEYecKof IWIoCcKocTZ. CHE BDAL JII MOIJI 00Da30BaTHCA HA
3TAX BHCOTAX K CKOpEEe IOCTAIJE X 4Jarolapd OIPeNeNeHHOTO POI:
THHAVIYSCKOMY DaCCesHnp, nellcTBOBaBIEMY, BEDOATHO, HOCJAE OCBO-



COXIeHHA 3Be3l K3 Pa3pymLaKINXCA KOMILIEKCOB 3BE3N X Imddy3HOTO
SelieCTBa B KOTOPHX OHM POIMJIMCH. PacHpeneseHme DACCeAHHHX CKOI-
JleHid DO BPEMEHW XW3HM, IPOCTPAHCTBEHHOE pACIpeleseHre X pac-
npeneseHue CKopocTeil 3Be3% A W HO3NHErO B RJIACCOB Takke yKash-
Bal0T Ha XapaKTepHOe BpeMA BCETO Ipomecca nJIOs JeT. Hadmona~
T€JbHHE IAHHHE, HHTEeDOPETADYEMHE B DAMKAX KaDTHHH DACCESHEA,
CBHIETEJBCTBYRT B HOJB3Y 3PPEKTHBHOIO IEHAMAYECKOTO BsanmoneﬁCT—
BAA 3BE3I C MEX3BE3IHHM KOMILIEKCAME, CHOCOGHOTO OGeCIeu:rTh
CHCTDHZ DOCT IMCHIEPCHE CKODOCTe# MOJONHX 3BEe3I.

Introduction

The basic problem of stellar cosmogony is the need
rovide answers to the gquestions when, where and how the
stars are formed. We have no direct observational evidence
wnich would permit us to give the correct answer. We see stars
naving different ages, distributions and chemical compositions.
V To answer the question where, we must investigate
ving the lowest ages, because such case$§ give us the

ra
best chance to observe objects just near to their place of

origin., The youngest stars known have ages <:1O7 years., They
nave nearly circular crbits around the galactic centre and
crall velocity dispersions; they sirongly concentrate to the

£ ctic plane and display very patchy spatial distribution.
Surposing 20-30 km/sec peculiar velocity relative to the

local standard of rest we obtain a dlstanﬂe of 20-30 pc in 10
husz, stars having lifetimes of 10 years are seen just
hbourhood of their birthplace. In this way one is

le to corclude As first done by Ambarcumjan in 1947/
izt the stzrs are born in large groups and this process is

+

>zlve up to now in the disc of the Galaxy., To answer the
rt of the introiuctory question, how the stars are

0
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formed, we must consider the question: what does prestellar
matter lcok like, and how does it become converted into stars?
It is reasonable to suppose that the candidate must be the
matter that exists in non-stellar form in our Galaxy, the most
common nen-stellar matter being diffuse material in the form
of dust and gas. This diffuse material reveals a close relation-
ship with the space distribution and the motion of young stars.
It is strongly concentrated in the plane of the Galaxy, has
nearly circular velocity field, and small velocity dispersion.
At this point ons could céme to the second conclusion, there

is probably a close relationship between the presence of
diffuse material and the formation of stars. From observations
we xnow that in some cases stars produce diffuse material
/supernovae, novae, cther types of mass ejection/ tut is the
reverse also possible: namely, can stars form from the ‘diffuse
material? The theoretical answer is yes. Let us adopt it as a
working hypothesis for the ccmmon disc stars and try to under-
stand. the present observational situation.

Origin and dynamical evolution of stellar complexes

As a first step to produce stars from diffuse
material one needs some kind of instability against density
perturbations. This means thet a density fluctuation in s
continuous medium will be not destroyed by intrinsic motions
but leads to the separation of a certain fraction of the
medium from its surrounding. The most important instability in
tkis context is among others, the gravitatioral or Jeans in-
stébility /see the review paper of Kaplan and Pikel’ner 1974/.
For the mass and size of a fragment produced in this way, the
‘Tollowing relationships hold:

T1/2
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Rf\/
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yielding under ccmmon circumstances in the interstellar

material(?zlo_d' sr/er, T ~100°%K ly mzlo4m. and R=~70pc.



sses. The contraction is sensitilv
£ the fragment, i.e. to its chemical
ozition and dust content, Since the fragments are not
ated but influenced by the revolution arcund the galactic
centre, tidal disruption can take place if the density of the
cloud does not exceed some critical value. The critical
equa's~w6tlo_24gr/cﬁ at the distance of the sun from
sntre /Hoerner 1957/. This meens that under
ions a cloud having the parameters given ebove

inte stars. The study of the behaviour of the
shock waves in the
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the interstellar medium governed by the
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by supernova explos s /Ugelman and Maran

From the observational point of view we may esk
«hat kind of objects could correspord to these theoretically
escribed fragments. Yourng stars, as a‘rule, occur ir open

~lusters having total masses of some 100 Wrg- Some 1000 Lo
ssociations. These objects are related to each
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e the lerge associations which usually contain
one or more clusters in their centre, are disrupted in some
10! years by the galactic tidal field /Ambarcumjan 1949/ but
; i i clusters is much less
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From 30 to 60 percent of all stars of the clusters are found

G

a
in this coronae, According to the investigations the more

rassive stars are closer, on average, to the centre of open
clusters than less massive stars, The mentioned features of
open clusters may be regarded as evidence that in these star
couplexes stellar dynamical relaxation is going on at a quite
rapid rate. The existence of the nucleus and corona seems %o
be caused by the development of the so-called nucleus - corona
instability /Lynden-Bell and Wood 1968, Gurevich 1969/. The
time scale of these processes must be very short because the
youngest star clusters also have this property. The time scale
cleus - corona instability can be estimated from the
general expression oI the relaxation time via star-star coll
collisions /iMichalas 1968/. The statisitcal approach of the
standard stellar dynamical theory does not work well when
applied to systems having members N= 1000. However, computer

I

simulations of such systems with N= 100-1000 have confirmed
their evolutionary character given by statistical theory. We
can therefore use a qualitative picture based on this theory
but a guantitative picture based on this thecry has an

of a factor of 2 or 3., The relaxation time via star-,
-star collisions is given by the formula

B.QKIOE(EQRnS/m) L/2

t = - years

= log{Nn/2)

where N 1s the number of stars in the nucleus of the cluster,

m the mean stellar mass, Rr the size of the nucleus. The
space density of the stars is‘ﬁuch less in the corona than in
the nucleus so the corona is practically collisionless.
Therefore to obtain the relaxation time the substitution of
the corresponding data of the nucleus is sufficient. Substi-
tuting in the equation, for example, the‘data'of the Pleiades,
we obtain 4xlO7 years.

’ The formation of the corona is an intermediate
stage of the star cluster evolution. The tidal force of the

2 T

'alaxy disrupts the corona where stars are weskly bound. The
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process of evaporation of stars from the nucleus is continued
leading finally complete decay of the cluster., The estimated
decay time on the pasis of the statistical approach is about
100 t . However, the computer simulations of clusters show

that the process takes place much more rapidly. According to
these results the decay time is of some 10 years for a typical
cluster/Aarseth 1973/. The statistics of ages of stellar clus-
ters support this result. 50 per cent of all clusters have

ages less than 2X108 years and only a few more than 109 years
/Wielen 1971/. :

Origin and dvnamical evolution of the field stars

The cosmogonic processes discussed so far occur in

a thin layer of interste. » matter in the galactic disc. The
ralf thickness of the layesr is about 100 pc near the sun.
/The half thickness of the open clusters space distribution
iz sbout 60 pc perpendicular to the galactic plane./ However,
cbservations indicate that a considerable number of relatively
young stars /A and late type B stars having ages of some lO8
vears/ may be found at fairly large distances from the galactic
plane. liost of these do not belong to stellar complexes 11ke
sssociations or open clusters and may be considered as field

rs. &4 large percentage of the field stars, however, are
«embers of double or multiple systems /30-50 per cent or
rore, Batten 1973/. If we try to explain their origin by
cimilar processes as we have done in the case of the young
stars we have to find some kind of stellax dynamical process
providing a scattering of stars from the thin layer of the
interstellar matter where they were formed. In the following
we discuss this problem in more detail.
The space density curve of A and late B stars
ar to the gelactic plane shows a shape which can be
y supposing a superposition of two kinematically

ubsystems, each having Gaussian velocity distri-
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/van Rhijn 1960/ .
V (z):v1(0) exp (.q)(z)/<v1zz>)*»\)2 (0) exp (-¢(z/< Vo2 >)

The logarithmic ratioA./log[V(O)/Vz (01]/ of the density of the
less compact component /the component with larger velocity
dispersion/ to the total density at z=0 depends on spectral
type and shows a Jjump from a value of lO to 10~ i at AO
/Baldzs 1975/, The subsystem with greater velocity dispersion
is more prominent among stars having later spectral types eand
consequently longer lifetimes, and practically disappears

in the case of stars younger than AQ. If stars are born
continuously the existence of two kinematically different
subsystems would be difficult to explain, This supports the
idea of birh in large quanta. Taking into account that the
young stars are more concentrated to the galactic plane than
the older stars and that the subsystem of large dispersion
increases in its prominence towards stars having longer life-
times it is reasonable to suppose that the two kinematically
different subsystems differ in age too. The time difference T
between two "birth events" may be estiméted'by the lifetime
of the AO stars /about 3x108 years, Iben 1967/ at which the
jump appears in the log [VZ(OVV(O)] values. The uncertainties
of spectral classification on small scale spectra determine a
confidence interval around AO. The edges of this interval are
given by B8 and A2 and, correspondingly, by the inequality

1.5 x 108 yre< T <5.5 X 108 yrs

We may ask which process is responsible for this quantization

in stellar birth rate. According to the density wave theory

of spiral structure /Lin and Shu 1964, Lin et al. 1969/ =a

stream of stars and interstellar matter passes the density

wave twice in a revolution arcund the centre of the galaxy

and a shock wave will be triggered in the interstellar matter
leading to & high stellar birth rate. The theoretically regquired
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time between two passages equals 2.5Xlo8 years at the distance
of the sun from the galactic centre and the time of 3x108

years estimated above is close to this value within the un-
certainties of the estimation. The newly born stars have
similar space distribution and kinematical behaviour to the
diffuse material, i.e., they are strongly concentrated to the
galactic plane and have nearly circular velocities and small
velocity dispersions., The greater velocity diépersion of the
-older subsystem could be explained by different stellar
dynamical processes: encounters with large clouds of stars and
gas /Spitzer and Schwarzschild 1953, Julian 1967, Barbanis and
Woltjer 1967/; cooperative phenomena /Lynden-Bell 1967/;

effect of non-periodic orbits /Wielen 1975/ etc. They must have
s characteristic time of 108 years which is a prescription for

any theoretical picture trying to explain it,

Relationshin of field stars to stellar clugters

The last problem we would like to discuss briefly
s the_relationship between field stars and cluster stars. We
have shown that probably they were also born in the galactic

(=N

plane but it remains open to discussion whether they were ever
members of any clusters, The rate of stars which are or have
been cluster members to the total stellar population may be

estimated by the following equality /Schmidt, 1963/
we Ncl

O

Q
]

=

there T8Llq , Hcl’ T, R are the mean initial mass of a cluster,

e number of clusters in a cylinder perpendicular to the

gelsctic plane per area unit, the mean lifetime of a cluster
and the rate of star formation, respectively. For ﬁ?io we can
take sbout 10° 0T ,/5chrmidt, 1963/ as a typical value. N07
cer i dat i ar cluster catalogues.




<500 pc. The most complete cataleogue /A
contains about 50 clusters nhaving

Thus we are able to obtain a value of
mean lifetime, as we have already mentioned,
The present star formation rate in our Galaxy is given by
Mezger and Smith /1975/. They have obtained a value of 4.2°W(,
/year which corresponds to about 6XlG—9'ENQ/p02/yr.
Substituting these data in the above equation we get 9=0.023
which means that only = small percentage of the stars have
ever belonged to stellar clusters, The data used to obtain
this result obviously suffer from uncertainties, I we
consider the phenomenon of the corcna around the nucleus of
+the cluster we can increase the value of %?z@tw'a factor of
TWoe Ncl may be higher due to the incompleteness of the data
considered. The value of T is confirmed by cumputer simu-
lations so we cannot change it drastically. The most doubtful
quantity in the determination of g seems to be R, the rate

of star formation. According to the Schmidt model of our
Galaxy /1965/ the total surface mass density at the Sun’s
distance from the galactic centre is 114lvt@/p02. Assuming an

2 years for the Galaxy and a constant star

formation rate during this period we could get R~10

n

age cf ~~10
2 R . - T
zn%/po /yr if the interstellar matter of the initially totally

gaseous Galaxy. has been completely converted into stars and

i

no replenishment of the diffuse material has taken place dus
to mass loss of the stars. This very crude estimation shows
that the value of R = 6X10_927E3/p02/yr should be realistic,
Summerizing all these considerations we could obtain g=0.37

if we increase T and IT_, and decrease T and R by

4]

.
CL
factor of two. We may conclude therefore that the birth of

the mejority of the stars as

luster sters is improbable.
-~
L

s
ed by the space distribution

This result see 2§ i
of certzin types of very young stars, the OB and T Taurl
T 1 arg n ciations, but



Summarizing our discussions we should say that
stars, at least the OB and T Tauri stars, are born in large
complexes which are identical rather with stellar associatiomns
than open clusters. However, they may be genetically related
o each other because many of the associations contain one
or more open clusters probably born together with the
associations containing them.

The associatlons are unstable against tidal disruption

(

isrupted in sqme 10  years. The dynamical evolution

d
of open clusters, however, is basically determined by

¢ processes. The formation of corona and nucleus is
an important stage during the dynamical evolution of clusters.

If we assume that stellar complexes have grown out
from huge clouds of diffuse material the instability against
tidal disruption should pose a serious problem. Different
shock processes in the interstellar matter could provide
suitable conditions for star formation. The most important
shock feature in the interstellar medium is the pattern
accompanying the gravitational density wave in the disc of
the Galaxy causing a high stellar birth rate and leading to
the phenomenon of spiral arms.

The origin of field stars appears to be a difficult
zroblem to solve. Their space distribution perpendicular to
the galactic plane reveals, however, that their birth relates
zomehow to the shock pattern connected with the density wave.

The high percentage of double and multiple systems
zmong field stars constitutes another difficult problem. So
we are far from the correct answer to the question: how are
stars really formed? Further observations and theoretical

investigations on stellar ccsmogony are therefore necessary.
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DETERMINATION CF THE AGE OF CLUSTERS
BY OBSERVATIONS OF FLARE STARS

E.S. Parsamian

Abstract

With the aid of a further developed version of Haro’s and
Chavira’s method the'age and distance of NGC 7000 is determined.
The age of individual flare stars in aggregates is possible %o
evaluate as well if a good number of flares is known in them.
Using the author’s method age estimations for a number of flare

stars in the sclar vicinity are presented.

Pe3sioMme

C moMOLBD NAJbIE DA3BATOTO MeTola Apo Z Hammpa yCTaHOB-
JIeHH BO3pacT # paccToAmMe NGC 7000. Bo3pacT OTHEeJbHHX BCIHXH-
BaomZX 3BE3I B arperarax MOEHO TOXe JET'KO OUEHATH, SCJH 23—
BeCTHO B HMX LOCTATOYHOE KOJMYECTBO BCIHUEK. [lpEMeHAA METOXR
aBTOpa [AnTCA ONEHKE BO3pacTa LA DANL BCINXBARIEX 3BE3L B
oxpecTHOCTAX COJHIA.

The method of determination of the age of a cluster
. by absolute magnitude’Mv of the main seguence termination
point encounters difficulties in the case 'of very young
clusters since the dispersions in Mv for a given spectral
type and age are large. I+ is therefore natural to look for

other criteria and parameters for determining age. At the same
time it is desirable that these parameters be sufficiently

sensitive to the age of young clusters. Since each young
& t

e
cluster contains an aggregate of flare stars the statistical
tu

ures of which depend very strongly on age it is natural
the

:
s R, I (R
> parameters wnlcl

e
to look for criterias for age among
e
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1., Determination of the age of stellar aggregates

Atter Haro’s and Chavira’s works ﬁ,z] it ecame
avident that the earliest spectral class of flare stars cr
the normal luminosity of the brightest of flare stars, i.e.
the coordinate of the point on main sequence separating the
flare stars from nonflare stars, could be used as such a
parameter, Unfortunately, the determination of this point is
s rather difficult problem, especially if one takes into
asccount that the solution of the question whether a given
star is a flare star or not depends on: 1/ the minimal
amplitude of the flare which can still be observed with a given
method of observation and 2/ the duration of observation of
stars which are suspected of being in this limiting region.
I+ is therefore desirable to use as a criterion parameters
for the determination of which a large amount of data on flare
stars is used., It seems poésible to do this by different ways
end in a1l cases the longer this duration of flare patrol in
clusters the greater the sensitivity of the method. After
having chosen the parameter or parameters sensitive to the
age there remains the important and difficult problem of
absolute calibration of parameters. Briefly, these parameters
are determined as described below. For details the reader is
refered to our earlier papers [3,4] . For the Orion, Pleiadss
and Praesepe aggregates two-dimensional diagrams A m, VS m,,

A nm /the flare amplitudes on which each flare is presented

u
point of Figs 1-4 in Ref. 3 / are constructed. On each

o
<
ct O

hem are drawn the lines describing the limiting values of
A, i.e. the lines giving an idea about the maximum
amplitudes. These limiting lines could not be always drawn

t

-
)
®

rtainty especially in the case of aggregates containing
cmall number of observed flares., The greater the number of
es, the greater the certainty of drawing. /The
, which is approximated by a straight line could be
Grawn with more certainty if the number of flares were larger./
ierram A m. vas m_ for the Pleiades shows that the

epted as a good approximation. It
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turns out that the parameters K and Ty, OF the equation of
these straight lines, A m, = K(mu - mou), depend on the age
of the given aggregate. For example, from the lates?
observations the value of K for Crion, Pleiades and Preasepe
is 0.96, 0.81, and 0.77, respectively. These values are
proportional to the logarithm of the ages of these clusters
so that '

K = 1.31 - 0.06 lcg T ava

where ages determined by earlier methods 151, were used
for the purpose of calibration. The existing theoretical
schemes do not give any explanation for the flare activity of
stars and its consequences. Therefore, taking this to be a
future problem, for calibration purposes we are obliged to
use ages which are accurate to within one order of magnitude
[5]. |

For the ages of Orion, Pleiades and Preasepe we
have adopted values of 5x105, 5X107 ]
respectively [ 5,6 | . At present only for the aggregate
NGC 7000 are there enocugh data to determine the value
K = 0.91 which, according to equation /1/, gives an age of
2xlO6 years Tor this aggregate. ‘

and 5x108 years,

2, Determination of distances of aggregates by
observations of flare stars '

Frcm the values of K and T s thus cbtained it is
possible to find the relationship between K and Mou /Fig.1l/
if the distance to the aggregate is known. Adopting the usually
accepted values for the distances to Orion, Pleiades and

Preasepe we find that

K= 1.08 - 0.05 M_, /2(
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This equation can be used for determining the distances to
aggrezates with known values of K and Moy For example, for
NGC TCOO this method gives a distance modulus S = 97,
which is in agreement with its modern estimation / T = 600 pc
to 630 pc/. Equations /1/ and /2/ also give the following

relationship between Mo” and log T.
a0

Moy = 1.41 log T - 5.5 /3/

The determination of age by. equation /1/ requires many years
of observation since for accurate evaluation of K it is
necessary to detect as many flares as possible. However, a
ezs zeccurate estimation of age is possible by the following
method. In the aggregate under investigation choose randomly
a group of bright stars with magnitudes between magnitudes of
fizre and nonflare stars. This border magnitude can be evaluated
by other characteristics of the aggregate., A thatoelectrical
se stars should then be carried out as this
detect, within a short time, the flare activity
cf these stars and to determine L and Mou if the distance

is known. It is necessary to note that in
this case we do not find the actual value of ™ou but a valiue
ers from it by about o%8 - 1V0. In this way it is
vosgible to Find, and from equation /3/ to evaluate the approx-
imate age of the aggregate. -

Determination of the age of flare stars

\

oni flare stars in aggregates allow one to
the age and distance of aggregates put more
nme obvious extrapolation suggest a method

of the-ages of flare stars themselves. The
ing for the understanding of the origin of
solar vicinity and in the galactic field.
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indirect estimations of ages of flare stars were given [ 7-10].

From the diagram & m, Vs m, it is possible fto
determine the cbserved maximum values of A o, for different
Mu. With a maximum value of A M, it is possible to determine
the absolute value of flares 'themselves for stars of different
absolute magnitudes | 3 ] .

In Teble 1 the maximum values of absolute magnitudes
cf flares, Mf, estimated by using the newest observational
data are.given /for meaning of the notation used see Ref.[3]/.

The values in parentheses are obtained by
extrapolation. From Table 1 it is evident that there exists
for each Mu a relationshiﬁ between Mf and log T. In our earlier
work [ 3 ] the relationships between Mf and log T were estimated
to be parallel lines for different Mﬁ’s. However, the more
accurate observations available now show a system of divering
lines /Fig.2/. In Table 2 the values of log T for different

I, and Mu are given.

Teble 2. The values of log T for different values

cf Mf and Mu

, gt 11™ 12™ 137 14™ 150 167 1™ 18™ 197 20®
" .

™ 6.4 6.3 6.2 6.2

5 7.0 6.9 5.8 6.8 6.7 6.6 6.6

6 7.7 7.5 T.4 Ted T.2 Ti2 Tol

7 8.3 8.2 8.0 7.9 7.8 T.T 7.6

e 8.9 8.8 8.6 8.5 8.4 8.2 8.1 8.0 7.9 7.8 7.8

S 9.6 9.4 9.2 9.1 8.9 8.8 8.7 8.5 8.4 8.3 8.2
-0 10. 10. 9.8 9.7 9.5 9.3 9.2 9.1 8.9 8.8 8.7
11 10. 9.8 9.7 9.6 9.4 9.2 9.1
12 9.9 9.7 9.6

£ the golar vicinity is observed for a sufficient-
go that one can be assured that the largest

flare iz close to its maximum value, then knowing
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less than the azge of the Galaxy, i.e. many o them are
relatively young objects,

The asccumulation of cbservational data on flare
stars in the solar vicirity may permit us to solve the prcblem
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tars of different ages.
T wish to acknowledge the valuable advice of Prof.

7. Ambartsumian.
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HCCIEIOBARIE Ho ~3MHCCHOHIK 3BE3L
B OBIACTA T-ACCOVALMA JEBEND T I

Mzago K. LBeTKOB

Pe3nue

B ZaHHO#t padoTe paccMaTpuBabICA pe3yabrarTH foToMeTpH=—
YEeCKEX ¥ CIEKTPalbEHX ( ¢ 4° o6BexTMBHOK npU3Mo#t) mccmeZoma-
Emit Hy -9MUCCUOHHHX 3Be3Z B o6macTu IC 5068-70 u NGC700,
npoBeZeHEHE Ha 40"/52" reneckona cucTews [uuzre BHpaxaHCKOH
acTpodusnuecKo# o6cepBaTopHi. Ha OCHOBE NPOBOACHHOR UBv -
dororpaguueckoil goromerpum A;A 213 38634 C H ¢ -2unccrel B
BccleZyeMoR 06IacT¥ cZelaH BHBOA C HX pacIpejeleHyi B
NIOCKOCTH [alaKTUKM ( AJA 3BE3L cnéxrpanbaux runoB B-AO) u
HEa AMarpassax V,B-V ® U-B,B-V . PaccuorpeH, Trakze, U

BONpPOC 00 KX NEDPEMEHHOCTH.

Summary

In the present paper the general results of photo-
"metric and spectroscopic /with 5? objective prism/ studyi
in the IC 5068=70 and NGC 7000 region with the 40"/50"
Schmidt telescope of the Byurakan astrophysical observa-
tory are discussed. On the basis of UBV-photographic
photometry for 213 Ed -emission stars in this region some
conclusions for their distribution in the galactic plane
'/for spectral type B-AO/ and also on HE-R and U-B,B=V diag-
rams are made. The question for their variability is

considered too.
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[lzaHoOMEDHHE HKCCIEZOBAEMA HECTAIMOBADHHX 3BE3Z B 00jacTH
T-acconuanuy lIefezr T1 , HaXOZAMEHACA B KOMIIEKCE SMMCCHOHHHX
TymanaocTell "CesepHas Auepuxa®™ (NGC700) # "leauxam®™ (IC 5070)
HIM HavaTH B DopakaHCKOfl acTpodusuuecko# ob6cepsaropun AH
Apm.CCP B 1972 r. ¥ COCTaBIAAMNM YACTBY NPOrPaMMO#l IO H3YUSHHD
BCIHXNBAWMUX 3BE37 M 33634 ¢ H  -duMUCCHEH B acCONMAUMAX X
340J0OZHX 3BE3JHEHX CKONIEHHAX. B TeyeHue yeTHpex ZAeT Ha 40%/52"
u 2I"/2I" renekckonax cucreus [umuzra BAO mpoBozuiMchk naTpyib—
ENe fororpaduueckue HACANZEHWA, B OCHOBHOM, ZJA IOKHCKOB
BCIOHXMBAKNIUX 3BE3Z. L[eHTDP OCHOBHO# uccrezyemo#i o0iacT# ¢
[IOmazek B 16 KB.TPaZycOB MMEET KOODIUHATH o(=20h 52™
J = 42° 40’ (1950.0).

37eCch Cpa3y HYEHO OTMETHTH, YTO UKEafd 4acTh HCCIAEAye-
uworo goumnexca {IC 5068- S8I-85) mouTE He MCCAEZOBalach B
CHMHCIS NONCKOB 3Be3Z ¢ H~dMHccuell ¢ OONBONMK MAPOKOYTONB-
HuMM MHCTDyMEHTAMM. YEe CHyCIMKOBAHHHME 00pa3n Xep6ura ( 1958 )
w Benmma | 1973) zocruranr roxs<d o o = 42°30° . Jia mom-
HOCTH 0030pa U U3YyUEHKS JEE U3BECTHHX 3Be3Z C Hag—BMHCQﬂeﬁ
M BCIHNXVBAKNMX 3BE3] B MUHMMyuMe ONecka OHIYM NDOBEXEHH HEKO-
TOPHE CHEKTPalBHNE WUCCHeZ0BaEMA ¢ nosompn 40%/52" [Muzt
wenecrona BAO, cHaCmeHEHM ¢ 4 OOBEKTUBHOA npusuo#t, xoTopas
Zaer pucnepcuw 275 A/um oxomo Hy . Houcku H, -3MHCCHOHHHX
2pe3z OWIM NpOBEZEHH EHa naacTrusaxax Kod ax IIaF B cousra-
H¥4 ¢0 cnerofunrTpoM R6EI0, mpM KOTODOM MH BHIeJAIM OCJACTH
ciexTpa uezZy 6100 - 6200 A. Cpeznuas xncnepéﬁﬁ B 3TO# cnexT-
nanbHOR o0xmacT¥ 800 A/uM, a npefenbHagd 3BE3JHAA BEINWUXEHS,
ZDCTHUTHyTaA ¢ DPKCHOBKMIMER B OZUH wac - 15?5 B8 fororpadu-

Y8CREX Jy4ax. Ha IOJyueHROM Hau¥ RaCINZATeNBHOM MATEphale
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Y3 & NAACTHHOK ¢ 3xcnosupuaAul 0T 20 cex. xd 90 MMH. HaME
(IBeTkOB, 1975) OnIO OCHApyEEHO 58 HOBHX 3EE3A C H¢ ~euuccned,
OTCyTCTByDmEX B 0630pax Xepoura (I958], Beaura (1973) =
Meppuina ® Bapseana ( I949,1950). Kpoue adsﬂx 38e3% ¢ H -3uuc-
cuelt, Ha HAWAX MAACTHEKAX OHAO 3aHOBO OIKPHTO 39 33e3L, ¥
KOTODHX BMMccus OHZa OOHADyEEHA DaHee JUHOMAHYTHMA BHUE & O-
paun,

Inf W3yUeERAs HEKOTODHX CBOHECTB Hy —OMMCCHOHHHX 3BE3Z B
uccIexnyeMoil obnact® OuWIa NPOBEZEHa gororpapuvecrads UBV-
foroMerpas A;d 123 3Be3x (IBeTxoE, I976a, 21 €Tp.), COOTREI~
cTBeEEO 11 3BE3Z ¥3 cOHMCKOB Meppuaza ¥ bappeiia {1949,1950),
61 - u3 cmmcka Xep6ura (I958), 83 - u3 cmucka Beimsza {1973)
¥ 58 3Be3z E3 Hamero cmucxa (I975). Ilpw 3TOM MH DOLZB30BANHCE
UBv-pororpaduuecknu cranzapraM (51 3se37) B o6maczu IC 5070
corzacEO pafoTe [BEeTKOBa X IBeTKoBO# (1977) . UBV- 3BE3ZEHE
BeNuMHN OWI® OnpeZelieEH, N0 Epalizefl wepe, Ha 3= DA3CTHEEAX
B OTIGINBHHX NBETAX. [IpM STOM yUaTHBANACE NCNPABEM LI HEpaB-
HOMEDHOCTE (OEa METOZOM EeiTpalBEOTO CBETOQUIBIPA {?asgmﬁa it
TaprGIXaHaH, 1975). CpezBEMe KBaZDaTUYECKEE ONUOKE OTAGIBHHX
yauepernit A1 gororpaduueckux UBV-3BE3ZHHX BEIMUAR B NHETEDBANS

10"<m < 20™, coOTBETCTBEHHO, DaBHE:

6y=0dlr , bLg=din 6y=dlo.

[popezesras Hau® UBV- OTOMETDEA IO3BOIAIA IPOBECTH
wpaccrdrrarmn NI 45 3Be3X C H, -3unccuell paHHHX CHEKTPAIBHNX
xiaccos (B-AO) mo Q uerory. Henorbays NAEHNE O NOXYUSHENX C
Q MeToZOM CHEeXTPaABHHX KIaccax, & TaKEe M HeKOTOPHE JaHHHE

Im3exuEra | I973) MM NOCTPOUNM CDEARDD 3@BHCUMOCTH BUSYALBHOTC
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NOIVIOMEHMA OT MCIPABIEHHOI'O 3a NOTJAOMEHHA MOZYJIS pPAaCCTOSHURA
Zas 3Be3x ¢ H ¢ -smuccueit (puc.l) , a Takke X pachnpeZelcHue
B IIPOEKIMH NIOCKOCTH I'alakTUK# (pHUC.2). IIA 3TOrO IpH Ompe-
ZeleHNH DacCTOAEMA Z0 3Be34 ¢ H, -dumccuedl M NOAB30BANUCH
¥3BECTHO® OTHONEHME MEXZY OOWMM BU3YalbHHM HOTJIOWEHMEM Ay H
uacurkoM nsera Eg.y : Ay =(3.0 : 0.2) Ep.y.

B pesyabrare OHNO MOAy4ueEo, uT0 I7 3Be3Z ¢ H  —sumccHel
CHEeKTPaJbHHX KIaccoB B-AO mo Bceit BEpOATHOCTH NpPMHAZNEEAT K
KOMIIEKCY SMMCCUOHHHX TyMaHHOCTeil NGC 7000 u IC 5068-70,
OrHOCUTENBHOE Oo0unue 3Be3% ¢ H, -aMuccuell paHHHX CHIEKTpalbHHX
KJIacCOB B CEBEDHO# wacTH HCCIEZyeMoro Koumziexca (7 3B. Ha
KB.I'DAZyC) B CP3BHEHHYU ¢ €I'0 KEHO{ YaCThHH - MNO-BUIMMOMYy COOT-
BOTCTBYET DeaJbHOMYy paclNpeZellcHHO ¥ yKasHBaeT Ha TO, 4TO 20
paccTOAHMA 2 KNC. B HampaBieHusm | = 86° MH CMOTDHMM BZONB

CIUDANBHOT0 pyKama [alakrTuru,

Ay . 5-10
. 1015
015-20
3
2
g
L, r 8 oo B (mgM

Puc.1 CpexaAs 3aBUCKUOCTH BU3YANBHOI'O IOIVIOMEHMA OT UCHpaBIE-
HOrO 3a NOTJIONEHME MOZAYIA DACCTOAHUA ANA 3BE3Z C H, -
-Sunccueil PAHEHX CNEeKTDAlbHHX TUINOB B OCJACTH TyuaHHOCT el
NGC 7000 u" IC 5068-70.
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Puc.2 Pacnpezenenue 38e3Z ¢ H -2umCCHEll PAHHNX CIEKTDalb-
HuX TUOOB (B - A)B OPOEKOUM Ha NIOCKOCTH ['alaKTHEM.

PaccuaTpyrBas CTDYKTYPHHE OCOOEHHOCTH pacnpeZeleHus 3Be3A C
H -3Muccyell NO3ZEMX CIEKTPAlBHHX KIaCCOB B MCCASAYEMOi 00~

JacT¥ MOXHO 3aMETHTh, UTO OHH BCTPEUabnTCH, B OCHOBEOM,
rpynnamu. Camasd GONbmad IJIOTHOCTS ITHX 3BE3Z (0KOZO 40 3Be3Z
Ha KB.T'paZyc) HaOunbaaeTcs B o6lacry rymamrocTd IC 5070 u 4-5

pas NpeBHmaeT CpeZHDD BUZUMYD IIOTHOCTE 3THX 3BE34 mO Bcelt uc~
cnexnyemoit o6nacru. [lpuHMMas, 4uTO cepezusa T-mONOCH HA HOP-
ManBHO#t IIaBEO# MOCIEZOBATENBHOCTH, coriacHO Xoaorosy 1970 ,
COOTBETCIBYET CNEKTpPalbHHM kIaccad GO0-G5, un moaydaeMd Aad
' CpeZHEr0 HEWCIPABIGHHONO BM3YANBHOI'O MOXYIf PACCTOAHUA AO

370#f caMoit Gomemofi rpynmupoBEM Hy ~3MUCCHOHHHX 3BE3Z (fApO
T-acconuamun ledezp T1) m= M~ 11", 1, lMes B BUAY XOZ BHU3Y-
aTBHOTO MOTJIOMEHHS ¢ paccTogHUeM B 3Tof o6macTu (puc.l) onpe-
ZenfeM WCHpaBleHHHR MOZYA® paccTossMa A0 T-acconuanuy ledeznd
T1 mg = M=9.0 (630 nc) mpw BU3yanbHOM moraomeruu Ay = 3Egy =M,
3 OoCTaNBHHX TPYyNNUPOBOK B ceBeproif (NGC 7000) u ©DXHOH vacTu
(IC 5068) mccaeXyeuoro KOMIIEKCa Haubolee MHTEDPECHO# sABusgerca

rpynna 3Be34 C HOL—SMMCCHOHHHMH JUBMAMHA, PACHOJOXEHHAsA B
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00IacTE "MeKCHKAHCKOIO 3aiuBa™, IZec OCOHAPYXEHH TAKEE BCIHXM-
BaWOEE ¥ NEPEeMEHHHE 3Re3ZH. JTM 3BE3ZH N0 BCER BUAUMOCTH
HaxOZATCA Nepex IYMAEHOCTBH ¥ ecIM ODHEATH, 4To Lk H, I89
nLkH ¢ ISI uMeDT CBETHMOCTH |V KIacca, KIacca, TO NOAydaeH
X cpezHee paccrosfmpMe nopgzxa 550 mc. MOEHO OTMETMTH, UTO
U30HTOK LBETA EB~V B 2To# odnacrn,loneneﬁauﬁ [0 3THUM 3BE3ZaM,
paser ds - d??. 910 CBHIZETEIBCTBYET 0 TOM, YTO OnuEaimas
CPAEHNa TEMEQOIO MOrIomabmero OCNaKa HAXOAMICA Ha pPacCTOSHUM
oxono 500 nc. lues B BMAY BUANMOE MOJOZCHAE B DACCTOAHME ZO
gyopa V 1057 lleSezs, MOEeM OTMETUTH TAKXe, 4T0 OH TOHE IIpu-
HaZJAEEZMT K 3T0{ Ipynme 3Be3Z. ‘

Hanuyue OTZEIBHHX TPYyINUDPOBOK 3BE3Z ¢ H ¢ -3umccnei
[O3JHUX CNEKTPAIBHHX KIAGCOB B €IUHOM KOMIJIEKCES YKa83HBAST Ha
uX ofmee HPOUCXOEZSHUE ¥ IOZTBEDEZAET NpeZAcTaBleHMe AMOQD-
myuasa (1960,1I32 crp.) O TOM, YO B aCCONUANUAX 3BE3AH poz-
J3DTCH OTZENPHHEMM TDYNUaMHE,

¢ nouomp® ZaHEHX UBV-QoTomerpuy 3e3Z ¢ H y -3uuccuel
GuiM NMOCTDPOEHH KX AWarpaudua nBer-cBeruMocts (V,B-V) =
pHC.3 ¥ ABYXUBETHAH IMATDPAMME (U-B,B-V) - puc. 4. [nasEan
HOCASZOBATEABAOCTD HA ZUATPaKME I[BET-CBETUMOCT: IIPOBEAEHA
ans  33e3n T—accopmanum Jebezs T1 , a naHgue X4ua rIaBHOH
NOCHSZORATENBHCOTY HA ZBYXHBETHOH ZuarpaMue Ol HCHOABRO-
33y #3 |V rToma cCopuuxa JlaszonTa-bepHuTefina (1965, cTp.
37I).

Kag Ha Ixarpaude OBeT-CBeTUMOCTB, Tag ¥ HA IBYXUBETHOR
zuarpasue 3Be3ZH ¢ H =-3umccuell uMexw: pacnpeielenne MoIOCHO
| LONOZHH 3 e373y% B arperarsx NGC2264 u Opuod. Hy#xHO OTMETHIS,

g70 238374 ¢ H—-3umccueft B ucciaezyeuolfl ofnacry Jlebezs



BEChMa DABHODYZHYO Ipynny. PaccuaTpusad MX DECHpPEASASHUE HA
Zmarpaumax V,B-v u U-B,B-V, uOZHO 33METATH, 4TO 3B834H
13 cmucka BeaumHa |(UHx ) HAXOZATCA B CpefHed Oauxe, Yeu
3Be3IH, OOHapysenHne XepouroM (LkHy) u maum (BHxI .
3BE34H W3 HADEIO CIOMCKA 3aHAMAKNT B CpPeiHed IPOMEEYTOYHOIS
nomoEeHde HA Iuarpaude V,B-V [0 OTHOmEHMO K 3Be3Zau Xeplura
% BemwHa. Ha IByXuBEeTHOR ZuarpauMe 3aueTHO TaXKEE i OTCYICIBEE
38637, 0C060 AKTUBHHX B yasTpaguozere |(mOZOCHO 3BE3faM THUIA
NX Bﬁuﬁsporai.

Uccaezosanue H, -3uMMCCHOHHHX 37337 HACUET NEPEMEHHOCTH
GHNO NPOBEZEHO NApalIeNbHEO G NOKCHAMM BCIHNXUBAKNMAX 3BE3A B
aTo# 06XacTu. [Ip4 3TOM OHIO OGHADYESHO, WIO0 8 3BE3Z NO3HMX
CHEeKTPaJbHHX KIACCOB ¢ Hy =-3udccuedl B CHSKIPEe SBIABICA HE-
NpABANBEHLY MEPEMEHHNMM 3BE3JAMA U WX MOZHO nbnqncxnrﬁ 1o
runy K OpuoHOBHM HepemenHHM. 0c000€ BHUMAHUE OHIO YASIEED
U3yueHKD H3MeHeHus OZecka gyopa y 1057 JleCeza (1iBeTKOB,
19766) . Ero RpuBag Glecxa OWia NOCTpoeHa AAs mepuoza I972-
1975 pr. u noxasa’ia, ur0, HauuHadA ¢ 1973 r., rpazuesT, Xa-
pakTepusybumi cnsz oxecke 1057 lleCexs B UBV-Iyuax yueHB-
WANCA B ABa pasa. PaccuaTpuBag U er0 TPEK Ha IUATDaNMME OBET=-
GBETUMOCTH (DHC.3) 3a 3TOT NEpPUOZ, MOEHO OEMZATH, UT0 CIECE
dyopa no mpumepy FU OpuoHa ¢ TeugrHeM BpeMeHy LONECHE CIATh
THOCUTEALEO NOCTOAHHHM.,

PaccuMaTpEBasd NEePEMeHHOCTH H  -SMUCCMOHEHX 3BE3Z, HYRHO
OTMETHTB, YTO 34 BECH NMEPHOZ HaUMUX narpynbgax gadanzesnit
5T¥ 3PE3JH HE NOKA3alM 33aMeTHHE BCINUKY (Tuma UV Kuga) 4 Ha-
ofopor, y ¥&

#E U3BECTHHX BCHEXHMBAKEUX 3BE3A B aToff 06IaCTH B



0 1 2 (B-Vq)
v v T T
8 P ‘ E
A
DS C
10F zg__
=3 A _0
A
2F. o .
o
[ & o 42
S |
o
i <44
16
a)
o
[ -6
18F A Sp(BA) ]
e Sp(FO-Fg)
A AS 18
Lk H
20 ce U Ho[ SPIFGKM)
O BHg
2 1 A 1
0 1 2 3 B~V

Puc.3 ImarpaMsa IBET - CBETHMOCTH AJd 3BE3ZA C

H . -oumuccHell MO3ZHMX CNEKTPAIBHHX THIOB
I NprHAZVIEEANMX KOMIIGKCY 3BE34 DaHHMX

CNeKTPalIbHHX THUIOB.



[}

T T T . T y T
U-B
4k .
X x x
a
a
- x
x
®
X x x
oF . 4
a
x
x a
x®
o
x
x ® L4
1F ® .
® x
e MWC.AS o
LkH., U He SpiBA)
x Lk H L4 L] ®
" o U Hy [ SPIFGKM) dq
a BH i
W [}
1 " 1 i 1 A 1
0 1 2 B-v

Puc.4 [IsyxuseTHad Auarpaumda Aas 3Be3x ¢ H 4 -dumc-
cueil MO3ZHMX CNEKTpPaJbHHX THNOB ¥ IPUHAT-
JeRamuX KOMILIEKCY 3Be3Z pPaHHUX CHEKT PalBHHX

THIOB.
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MHHUMYMe OlecKa He Oula oOHapyZeHe Swuccud B Jusmd H . .
3707 (axT 3acAyEMBAEGT BENMMAHUA BBUAY TOr0, 4To B OpHOoHe-
arperare NpUOIX3UTENHHO TOrO &6 BO3pacTa, OHNO OOHAPYEEHO
3HaYMTEIbHO6 WACHO 3Be3Z ¢ H ¢ -dMHEccuedf, KOTOpHe OIHOBpE-

MEHHO ABIADTCH ¥ BCONXUBANIUME 3BE37aMH,
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PERIOD BEHAVIOUR AND EVOLUTION IN GLOBULAR CLUSTERS
M3, M5 AND M15

K. Barlal

Abstract A

Period changes of RRE Lyrae variables might represent
a test of evolutionary theories.

Studies on M3, M5 and M15 did not reveal & prevailing
tendency of period changes within one cluster. FPhase
diagrams constructed by different methods for variables in
15 have been compared. Using different methods results
in a systematic deviation of the rate of changes cobtained.

Perpme

3MeHeHNs IEPEOLOB HEeDEMEeHHHX 3BE37 Tuma RR JHLH MO—
TYT CIYENTH IPOBepPKOZ Teopud 3BE3THON BBOJIILIAZ. H3y9erue ma-
pOBHX CcKomiermil M3,M5 m M15 He yxasHBaeT hHa CymeCcTBOBaHIE
npeodsanapliell TEHESHIMY B HAOPABJISHHIN F3MeHeHUE HmepmomoB ¥
9TUX CKomieHu#, CpaBHMBAJMCH HEKOTOpHe mmarpaits 0-C Iid me-
pEMEHHHX B M15, HOIyYCHHHE DA3HHM NMeTORarH /ueTonoM Becce—
JVHKS T MEeTOmOM IpuMeHdeMHM B O0cepmaToprmd Komxomm/. Mlep
n3MeHeHmi IepMOmoB, HONyYeHHHE DOBHHMYA METOLAMA, OKA3ATICH
Da3HHEMA,

yrae variables might represent

es of KRR L
%

ting theory and observations.
1 e

predominant. The

5

amount to 02 in
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period changes, Detailed studies on M3, M5 etc. did not however
reveal a period behaviour similar to that in Omega Centauri.
Neither period increasing nor decreasing could be seen as

2 prevailing tendency among the RR Lyrase variables within

one cluster. The frustration of not finding direct evo-
lutionary path through the instability strip in the horizontal
branch resulted in an impetus to study the probability
structure of period behaviour.

Period changes are studied by means of 0-C diagrams

or phase diagrams. The deviations of the actual observed
reriod from a chosen mean period - that is, the phase shifts

[¢]

I & given point on the light curve - are plotted during

ct

e observational time interval. Supposing linear changes -

ot
ncrease or decrease - of the period, these deviations can

[}

te described by a quadratic form using positive or negative
parabolas. In the case of a constant period the phase diagram
becomes a straight line.

Looking at actual 0-C diagrams, however, we can see
thet such cases occur rarely: we are generally unable to
find pure quadratic forms, different fluctuations are super-
posed on the diagrams, or we even meet sudden abrupt changes.

In 1965 Detre studied the structure of 0-C diagrams
built up from fluctuations. Completely ignoring "evolution"
i.e., the manifestation of changes in stellar radii, he used
the probability theory of random walk and by making some
simple assumptions was able to conclude that all kind of
diagrdms can originate in consequence of random fluctuations
of the period. Independent random fluctuations may result
in zrbitrary shapes of cycles in the course of time. This
chenomenon is called period noise.

Several hundreds of 0-C diagrams are now at our
disposal. Among them phase diagrams of RR Lyrae stars in
globulaer clusters, Omega Cen, M3, 15, and IM15 provide over
20C. This represents a statistically eveluable population.
Even so, if we look at the variety of the different 0-C
d co

1spicuous that their shapes are not quite
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arbitrary. Certain types of curves often occur and even
parabolas and straight lines are to be found among them
/Fig. 1/a,b /.

This fact means that the assumptions used by Detre
are not entirely justified. Thus the structure of the 0-C
diagrams can not be determined solely by the accumulation of
randon fluctuations. Parallel to these it would appear that a
mechanism is at work in the star establishing a certain as yet
unknow form of correlation between random fluctuations. Let
us call this mechanism "evolution".

The quantity through which theory and observation can
be linked together is the rate of change of the period. An
estimate of the rate at which periods change within a globular
cluster was first made by Martin for about 60 variables in

Omega Cen.
8- -
M3
7l W C. MARTIN -
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In Fig. 2 the distribution of variables in number
versus rate of change of the period hes been plotted in cluster
M3 for a selelctio% of about 80 RRab stars. Abscissae are
measured in day/l0  years. In Martin’s diagram the average
value is slightly shifted towards positive values. This
tendency, however, cannot be seen on an other distribution
for the same cluster made about 20 years later at Konkoly
Observatory /Szeidl 1965/ for 112 variables - including RR,
stars as well /Fig.3/.

N
©F M3 i —
wol k
3o ' |
20+ | B
ol |
- x \
35 30 25 20 -5 -0 -5 0 *5 (10"4E5%)
. Figure 3

This finding may be the consequence of various factors,
e.g. the major sample in Szeidl’s work including ¢ type
varisbles, etc. This example shows, however, that the gsituation
is more complex than it was thought 40 years ago.

The rate of change for individual variables can be
determined from O-C or phase diagrams. Unforfunately the 0-C
diagrams derived by various authors using different methods
for the same variable are not always in good egreement. This
results in a systematic deviation in the rate of change
obteained.
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Let us now compare several phase diagrams constructed
by different methods for variables in Ml5 at the Konkoly
Cbservatory by the author and by Wesselink at Yale University
/Figs 4-8/. The number of the variable and the periods used
are indicated on each diagram. The abscissae run from 1896-1968
whereas the range of ordinate is generally one period.

The Budapest plate material on M3, M5, ML5 and some
other globular clusters consists of about four hundred plates
for each cluster and covers a time span of about 30 years.

In preparing the 0-C diagrams all observations available on
each cluster have been taken into account from the very
beginning of Bailey’s observations /1895/ onwards. This means
thet a time interval of about 80 years has been covered. All
observations of a particular year were collected in a 1ight
curve., For each year when observations took place, the phase
of the median point of the ascending branch was derived by
means of paper tracing method. The result is that a phase
diagram has been constructed for each variable in which the
thase shifts of the point of median brightness on the
ascending branch are plotted against time.

In Wesselink’s diagram the shifts of the mean phase
of maximum were determined and plotted against time. /Mean
errors along the ascending branch and belonging to the
maximim obviously are different because of the different
slope on the light curve./ Wesselink’s light curves are based
on all observational data available except the unpublished
‘Budapest material. In constructing the light curves all the
observations have been divided into eleven groups. Although
this special grouping provides a material homogeneous with
rezpect to telescope and observer, it still introduces an
rtificiel smoothness into the phase diagrams thereby causing
iner details to be lost. Artificially smoothed 0-C diagrams
ey well lead us more easily to erroneous conclusions in

Hy,

My, 1

svour of evolutionary theories.
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\\\ Figure 'S5
0%+ ) Using all observational
’ data /including the un-
\ published Budapest mate-
\ rial/ the phase diagram
02+ \ can be constructed in an
\ unambiuous way. Having
,‘\\ made a point from every
083+ Yy ;4 year when observations
3 E i
}} ' took place more details
) ) ) i can appear on the dia-
+ ; + A
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the basis of more obser=- A 4
vational data we have 0°0 / & ]
been able to detect the / !
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Figure 8

Also in the case of this variable the continuous series of ob-
servations enables us to avoid ambiguity in constructing the
phase diagram and reveals finer details due to fluctuations in
the period.



'
'.._‘
=
(\¢)
|

T - anm ey il - 1
To summarize, further observatiornsl meterizl

needed in order to diminish statisticel error. The rhase dia-
grams shonld be derived by the sare mathed thersty snsuring
that the systematic devieiions of the varicus authors UYe
avoided., If this is dore possitly we may hore trhal ali soue
stage we will be able to detect resl evciutionary effects
shrough periocd behaviour,
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ON THE EVOLUTION OF CEPHEIDS ALONG
THE LINES OF CONSTANT PERIOD

s

L, Szabados

Abstract ;
HR diagrams—for open clusters in SMC and our Galaxy
suggest that the cepheids probably evolve along the lines of
constant period., The investigation of 0-C diagrams of cepheid
variables supports this Hyﬁ%thesis, since the period of
several cepheids returns to a value of the period valid
before the abrupt period changes. Moreover, one cepheid
/DT Cyg/ pulsates with the same period for at least the
fourth time

The definition of the lines of constan’ period is

also discussed.

Peapne .
Izarpavve I'-P OTKpHTHX cxomrexu# B MMO = pameit Ta-
JaRT7IEe BO3GYIAT MHCJIB 00 SBOJIOIME Ledenn BHOJD JHHAE NOCTO-

nosgure 0-C miarpammMos Lefenn. HOTTBEDXI&ET 3TY
PUTOTE3Y, TAK Kax IepHol HeCKOJBKMX ledeul BepHETCA K 3EAUe-
KOTOpOe OHJIO IelCTBHTENBPHO Hepel CKauKo00pasHOTo
I3MeHe A nepmoza. Bosee TOTO, DT Cyg TOyJBCEDYST C TOM Xe
.CaMOM [epromoM HOo MeHbme# Mepe werméprHil paz. Copedesexme
JWEVE TOCTOAHHOTO TNEPAOoIa Takke MUCKYTHDOBEHO.

The colour-magnitude diagrams of open clusters
NGC 330 and NGC 458 /see Fig,l/ in the Small.lMagellanic
Cloud suggest a non-horizontal straight line path of cepheid
evolution when crossing the instebility strip the first time.
v path is almest parallel to

B
fe)
st
o
ot
et
[0}
3
{0

This non-horizontal eV
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Figure 1.Colour-magnitude diagrams of NGC 330 and
458 /Arp, 1960/
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evolutionary path is close to the

for the galactic cepheids, as well

+heoretically determired evolutiornary ra heid
variable is also non-horizonial while crossing ths listzillity

strip but the periocd does not

have very luteresting a ariat

The original value of e ged a certal

and in & short or somewhat longer time the period revurned
2 ?

to its original value. In the case of SU (yg th b
of the period is so sudden that the velue of the intermediate
period cannot be determined /see Fig.3/. /In figures showing
0-C disgrams, the open circles, filled circles and triangles
Gsrote visual, photographic and photoelectric observations,
respectively./ If the rejump of the pericd is slower /e.g.

Vv 532 Cyg in Fig.4/, the two cpposite pericd jumps are well
observable. In the case of SZ Tau there are two intermediate

2% sucyg C =2441778935+3B45492E
2t . s ..
L . . . .. i 2o a
. G i s G ; % T
.0‘2.1,,3 . ’. 390 - -,]9 o R TR, X ) .
Jo * 2620000 24,3’0000 - &;m

Figure 3. 0-C diagram of SU Cyg
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Figure‘6.0-C diagram of DT Cyg

periods before returning to the original value of the period
/see Fig.5/. These stepwise period changes can best be seen
in DT Cyg /see Fig.6/. DT Cyg has changed its period and
returned to the original period at least four times.

The stepwise 0-C diagram can be interpreted as a
fesult of the evolution of the cepheid along the line of a
given /constant/ period. The deviations from this constant
~period are marks of small period fluctuations.

‘ It is noteworthy that three of four mentioned
variables /DT Cyg, V 532 Cyg and SZ Tau/ are small amplitude
cepheids, but SU Cyg is a classical cepheid with large amplitude.
As to their light curves and the tables of 0-C residuals see the
above mentiored paper /Szabados, 1977/.

Appendix. The lines of constant period

The most generally used form of the period-luminosity
relation is as follows:

M, = -3.425°1gP + 2,52+ (< B> -<V>O) -2.33  /1/

whexre <:B>o and<:V:>o denote the reddening-corrected mean B
and -V magnitudes, P the period, Mﬁ the absolute magnitude in V.
This formula is derived by Sandage and Tammann /1969/ on the

basis of cluster-member cepheids. Equation /1/ is usually used
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to define the lines of constant period. If P=constant in /1/,
the connection between MV and <:B>O -<‘v’>0 is linear. But
his line is not ZIdentical with the line of constant period in
he colour-magnitude diagram'because the quantit3r<CB>6 -<:V2%
iz not equal to the<:B-V>B colour index. Kraft /in Arp, 1960/
pointed out this difference: according tc him

ct

ct

A<B - v%

A<‘7> = 0049 i 0012 /2/
"o

P=constant v

In order o %ive'a more exact value for the slope of
lines of ccnstant pericd a new determination of this quantity .
was executed in the following way. Schaltenbrand and Tammann
/1971/ give many perameters of light curves of individual
cepheids, including the values of <B-V>,<B> and <V>., For
& given star the existence of the following equation is obvious:

<B-T>-[<B>-<V>) = <B-V> —(<13>o = <v>o) /3/

=5 this difference does not depend on reddening. Yakimova,
Nikolov and Ivanov /1975/ published the reddening free<:B—V:z
colour incdices of galactic cepheids. From these twc latter
references the common cepheids were selected, and the data were
plotted in thel<B-V>) ~<B-V>d<B>-<V>)) plane /see Fig.7/.
. The resulting plot can be approximated by a straight line.
Usirg Equation /3/ the equation of this straight line is as
follows:

<B> -<V> = 0,83+ <B-V> + 0.087 /4/
Ther gliminating the term <:E:B -<:V>B from /1/ the new form
of the period-luminosity relation is as follows:

v

U, = =3.425¢1gP + 2.09<B-V> - 2,11 /5/



In the case of P=constant

A<13--V>o

- 0.48+0.03 /6/
A <v>
© P=constant

This latter value is in excellent agreement with Kraft’s deata.
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