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CQ Сер - а close Wolf-Rayet Ьiпаrу system * а third
body?
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Abstract.
Опе mоrе variant of iпtеrрrеtаtiоп of the (О * С1) and (О - Cz) diagranrs of the \\Ъlf-Rауеt
eclipsing Ьiпаr1, CQ Сер is srrggested. Тhе deviations of the observed rnornertts of tlre ргimагу
and sесопdаrу minirna frоm the comprrted olles аге rергеsепtеd Ьу t}re srim of t}rгее cornporrerrts:
1) cyclic oscillatiorr catrsed Ьу the apsidal rnotiott in tlre close orbit; 2) cyclic osciilation related
to the rotation of the Ьiпаrу arotrrrd the cerrtre of gral.it1' of tlre tгiрlе systern; 3) effects due to
the distortion of the moments of t}re nrinima Ьу the circurnstellar gas meciiutn. Assuming that
the long-period оrьit is сirсuiаr arrd its irrc:lination is coinciderrt with the orbltal inclination of the
Ьiпаrу system, estiпrates of the period of rotation on the long-period orbit (Р':134.9 уеагs), the
radius of the long-period оrЬit (Л : 6.5. 10ЗЛ6,) and the rrrass of а itrird body (,&1з : t7.2 hIa)
wеrе oЫained. The last ostirnate is iп good аgrеепrепt with tlre resu]ts of оuг рhоtоmеtriс studies
of CQCep, irrdic:atiltg that the rrnobstructc:ct liglrt Lз:0.27 (wlrcrr l11rд -l Lo + trз : 1) mау
belorrgtoastaгof sресtгаl ti,pe08 B1(\r III).The1--velor:ity,variationsof CQCepconfirrntlre
possibility that tlie Ьiпаrу sl,steпr rotated сlп а lolrg-periocl orbit.

Кеу B,ords: stars; \Voif-Rayc:t stагs: kirrerniitics alrd ciynatnics . StaIS: irrdividual: CQ Сс:р

The irrteгpretation of the (О С) diagrarrrs of
,,:Iipsing Ьiпаriеs witlr а Wol1-Rayet coгrponerrt has
..l fаг been lacking full ciarity, l,tror, thегеfоrе, is tlrеге
:гtainty in the Ьеhачiоur of tlre orbital реriоd of

,:lese systems. Fоr two sullicielrtiy, brlg}rt апd tlrus
, lll-studied WR, binaries .-- V4,14 Cyg (Seпreniuk,
-!68; Khaliul}in, 1974; Когпilоч & Cherepashchrrk,
_ j79; Khaliullin et aI., 1984; Underhili ct al., 1990а)
.:.d CQ Сер (Gaposhkin, 1944; Svec}rnikov, 1954; Se-
._tпiuk, 1968; Kurochkin, 1979; Antok}rina et а1.,
.S2, 1987; Walker et al., 1983; Кrаiriеr & Тrепrkо,
:-l3, 1985; Каrtаs}rеча & Svechnikov, 1989, 1991;

: .,.гtаshеча, 1995; Kilinc, 1994) - the (О С) dia-
_ ,:llllS зг€ раrаЬоlаs (coricave for the fоrtrtеr and con-

:: fоr the latter). Tlris worrid seem to tэe evidence
- sесu]аr variation of the огЬitаl periods of the sys-
::ls. However, alr inteгpretatiorr of t}reir (О С) di-

_:,апls as fragmerits of long-period hаrпrопiс varia-
:ls caused Ьу the preserlce <lf а third stаг iп tire
.iems is not imрrоЬаЬlе. Fоr СХ Сер а fainter

: 12Т6) and therefore worse llnderstood WR
-:elil the (О-С) diagram is а straight line раrаI-
, :о the tirrre axis (Kurochkin, 1985), which suggests
.: lts оrЬitаl period is constarrt.

The possibility of rotating of the WR binaries
.]J Cyg arrd CQ Сер аrоuпd the сепtгеs of grar-

ity оf the triple systems 1ras }ieen discrrssed Ьу Khat-
iuilin (197.1). Kornilov and Сhегераshс}ruk (1979),
апr_1 Kaгtirs}rei.a (1995), however t}ie existence of tlre
long-pericid lrаrmопiс: variation оп the (О С) dia-
gгапis of tirese systerrt is not obvioiis yet. In coltse-
quепсе of ttris. пrоst rеsеаrсhегs iпtеrргеtе the shape
of the (О-С) diаgrапrs of V4.14Cyg and CQCep as
aTr irrdication of secular irrcrease of the orbitai ре-
гiоd iп tlte fогпrеr sybteltt (Р > 0) and its sесulаг
decrease irl tlre latter (Р < 0). Khaliu]lin (1974) ех-
piairred this огЬitаi реriоd behaviour irr V444 Cyg as
due to mass ioss of thе WR, cornponent caused Ьу
rаdiаllу symrnetric outfloц, of rnatter ог Ьу its flow-
ing tоwагds the О сопrропепt thToug}r the iппеr La-
graltgian point, T}re п.ind frorrr the О cornponent was
fЪllу disrеgаrdеd as being insignificant. Irr lаtеr ра-
регs (Kornilor, & Сhегераshсhuk, 1979; Khalirrllin et
al., 1984; Underhili et а1., 1990а) onlv the гаdiаllу
symmetric otrtflow of rnatter frоm the WR ctlrrip<_l-

rrerrt of \1444 Cyg was corisidered. Тhе deterпrirratiorl
of tlre rаtе of ttrirss loss Ьу the WR stаr fгоm the sec-
ulаr variation of the orbital period of the WR Ьiпагу
prol,ided tr рurеlу dупапriс nethod of .47уул estima-
tiorr.

\\rhеп this mаппеr rvas adopted to interprete tlre
behaviorrr of the огЬitаl period of CQ Сер (Antokhina
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et а1,, 1982, 1987; Ka,rtaslreva & Svechnikov, 1989,

1991), it clirl поt succeed wit}rout considering the flow

of matter frоm the О component towards tire WR
sta, (Лrý)1. 'The introduction of Л7ý2) аlопg with
the flow of nratter fгоm the WR component to the

О stаr t-ЛillЪl aritl the raclially syrnmetric flow of

пrаttеr frotn tlie WR star (-МrlЪ) rvith Р { 0 and

МwпlМо:0.83 (Kartasheva & Snezhko, 1985) rе-

sulteci ili а reiation М3) > Mfi)*+ r.ZZЙ$)*. Тr,е

latter suggested t}iat t}re rate of mass flow frоm the

O-star to tlre \\,IR c:oinponent was чеrу high (Йf;) :
(0.6 - 3.4) " 10-4i,/о реr уеаr), vrhich seems to Ье

un}ikely. It is роssiЫе tlrat fоr such а close system

поt all nreclranisrrrs of loss of mass and angular rпо-

ment wеrе taken irrto ассоuпt. It is also possible that
the very interpretatiorr of the CQ Сер (О*С) diagram
was wrоIlg. Оur dclrrlэts concerning the correctness of
the interpretatiotr епhапсеd after obtainiTrg of the so-

lution of the most low-amplitude and, in оur opinion,
least distorted Ьу tlre circurnsteliar gas mеdium iight
сurче of CQ Сер of July-August, 1937 (Kurochkin,
1979; Kartasheva & Svechnikc_rv, 1996). Тhе solution
of tliis сurче gаче а ver.y lrigh estimate of the third
Ьосlу lrrrnirrosity (Дз): 27Уо of the total light of the

systern. \\,Ie ascribed traditionally, this additional urг
obscured iight to tire lrrrninosity of the WR envelope,
realizirrg, hоrчечег, that it is too higtr fоr the latter. At
last. thе fact that СХ iJep kccps t:onstant the orbital
period, accordirrg to Kuroclikin (19В5), also rепdеrs
questionabltl tirc: -qt,:cular va,riation of the ort-rital ре-
гiосi in other WR }lirraries.

It rтаs Gaposhkirr (1944) who first assumed

CQ Сер to l-iе а triрlе system. In оur work rve have

attempted T,Trice to rоugh}у estimate the parameters
of tlie possiiэle lang-period orbit and the пrаss of the

thiгсi star (Лlз) (Ka,rtasheva, 1995). In connectiorr
п,ith douh аЬоu-u the соrrесtпеss of interpreting tbe

(о-с) сliаgгаrп of the sуstеm, we have decided to реr-
foгrti rriоге рrесisе calculations within the frаmе of the
"iliiгd body" hl"pothesis.

The lristory of irrvestigation of the CQ Сер (О-С)
сliаgгапr is rероrtеd irr the рареr Ьу Kartasheva arrd

Svec}iriiko,, (19S9). Тhеrеiп is preserrted а list of the

оьsегr.еd nioпreirts of minirriurn light of the system,
w}riclr is extended iп оur rrext рареr (Kartasheva &
Svechnikor,, 1991)" The list is complemented Ь1, four-

teen пеw estimates of Тд7;1111.1,1 co}Iected in Table 1

of the ргеsепi pirper. Аз irr оtlr еаrliеr irrvestigations,
we ltat e applied the liriear fоrrпuiа

Tlli,,tt t t)(J.Л,) : 2415s0097s0 + 19641з2з Е

to оЫаiп de.,,iations of tlre rnoments of the рrimагу
arrd sесопrlаr1, rnilrima frorn the calcuiated. Араrt
fгош геfегеtrсеs, 'Lhe last colunrn of Table 1 presents

Figure 1: а/ О - Cr(z) di,agram ol CQ Сер. Тhе de,

раrturеs of the mаmепts of the mа,iп miпiпtшm frоm
the соmqlutеd (filled circles), those of the sесопdаrу

m,iпimum (ореп c,ircles). Ь) Diffеrепtiаl|(О - С:) -
(О - Cr)J dliagram of the system. The thin l,ine shous

the liпеаr ruп of the mоlпепts ot the sесопd,аrу miп-
l"mum lll,ith respect to the пt,оmеп,ts of the mаiп mlп-
,iупum. The bold, l,iпе is the iheoretical r,ерrеsепtаtdот,

of the rlifferential d,iаgrалп Ьу а slорiпg соsiпusоid:

[(О * Cz) - (о - С,)] : dозц - d0o000zgB *

d020 cos(09030 Е + 295"). The dashec], li,ne i,s the ар,

рrоriпtаtе ruп ot the [(О - Cz) - (О - Cr)J di,fferences

tnside the tuо апоmаlоus rеgiопs-

information about the method of investigatiorr (phe

-- photoelectric),
The (О С) diagram supplemented Ьу observa-

tions of the last few уеагs is displayed in Fig. 1а. The

difIerential (О - Cu ) - (О - Cr) diagram of the sy,s-

tem is shown in Fig. 1Ь

(О - Cz) - (О - С1) =(Tlainlt - Тмmt) - P12,

With the gепеrаl uпсегtаiпtу (multivariant сhаrасtеr
of inteгpretation of the (О С) diagram of CQ Сер

the two results of оur previous examination of it rе-
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Table 1:
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l'irrmber
No. of cycles Yеаr

(Е)
Еrгоr О - Cr(z)

(O-Cu)-
-(О - Сr) ReferencesТлtml(t t)

(.r.D.o)

---
Е

:аI

1900+ 2400000+
105 20068.0 91,49
106 20110.0 91.68
107 20115.5 91.71
108 20121.0 91.73
109 20305.0 92.56
110 20316.0 92.61
111 20319.0 92.62
112 20333.0 92.68
113 20335.5 92,70
|14 20338.5 92.71
115 21183,0 96.60
116 21183.5 96.60
L|7 21230.0 96.80
118 21598.0 98.38

_] 9415
_1.419

-1"408
-1,.421
,i.437
_1.433

-1.428
-1.437
-\.4|7
-|.4|7

+ 0.003 _1..194

* 0.005 -1.49i1
+ 0.001 _1.496

+ 0.001 -t.532

Kilinc, 1994, phe
,, _r,

+0 9011 ,)-)l

1, ),

+0.020
+0.020

0.000

,, _r)

Dеmiгсап et al.,1997, phe
]) _),

Аgеrеr and НuеЬsсhег, 1998, phe
Barkovits and Вirо, 1998, phe

48щ7 9щ5
48506.367
48515.405
48524.419
48826.407
48844.465
48849.394
48в72.363
48876.487
48881.(111

50267.432
50268.252
50344.571
50948,542

г

е dc-
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ldагс
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rпll l,
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rnain unclianged. The quesiicn is that of confirrning
the existence of the motion of the lirre of apsides irr
the systenr and subsequent гечеаlirrg оf the branctry
сhаrасtеr of the (О-С) diаgrагrr.

It is not simple to detect tlie apsicla} rrrotiort in
CQ Сер еiтhеr because the amplittrde c_,f this r:ffect is
srnall сlr because in such а close sуsiепi ali the c:ffc:ct,s

аге distorted Ьу the influence of tlie сirсulпstеllаг gas
enviгonrrieirt, WЪ have "seen" ihe cyclic r,ariations
attributed to the apsidal пtotion on tiie differential
(О - Cz) * (С - С1)] diagranr (Fig.lb) as suрсrirп-

;losed оп the lirrear ruп of the сiiffегеrэсеs:

(О - Сr) - (О - С,) = ffозц - #оогiооzgл+
+09020соs(0:0Э0 Д + 295').

The apsidal rTrotion регiоd U:54 уе:iгs, the orbit ес-
errtricity е=С.02). As can Ье seerr frопr liig. 1Ь, t}ris

.:пеаr ruп ъ,аs violated twice сiuriпg t}re c:erttury: irt
]lе ilrterval between ihe yеаrs 1936 aud 1949 (апоmа-

. ,us rеgiоп I) and 1986 1999 (апопrаiоus геgiоп II).
_ iie j-rvo anorlra.ious rеgiопs аге spaced Ьу а time iп-
-l,r,ai c}ose to t}re apsidal пrоtiоп реriосi, whiclr аllоц,s
:lc to silрроsе that these two рhепоrпепа аrе related,

_ ire deviatiotis associated with direct чаriаtiоп of the
:bital period and witlr the possible rotation of the

-,,steпr оп the lопg-реriоd orbit аrе kept out of the
.Jегепtiа} [(О - Cz ) - (О - С1)] diagram (see formu-
.- (2) (4) irr the рареr Ьу Kartasheva ,k Svechnikov,

_ ,i9). Proceeding frоm tlris, ne have attributed the
..,еаr ruп of tlre differerrce (О - Cz) - (О - Cl ) and its
-lra,,,,iour within the two апоmаlоus геgiопs ч,,hоilу

tlre additional distortion of the molnelrts of the
. :ondary mirrima Ьу the circ:urnsteliar gas stlrrоuпd-

ing (additional to the dlstortioц of the mоmепt of
the main minimum). We cannot so far рrоче directly
the соrrесtпеss оfоur interpretation ofthe diffeгential
(О - Cz) - (О * С1) diаgrаm of CQCep. However,
we аrе capabie to check the геаIitу of the apsidal mо-
tion parameters we have obtained Ьу using them to
determine the constants (k2) of the iпtеrпаl structure
of the ýystem's components, which characterize the
dеgrее of concentration of matter towards the сеп-
tres of the stars. WЪ have accomplished this work
(Kartasheva & Svechnikov, 1998). In the computa-
tion we used the estimates of masses and relative radii
of ihe system's cornponents which we had obtained
(Kartasheva & Snezhko, 1985; Kartasheva & Svech-
nikov, 1996). The results of investigation show that
fOr CQ Сер h2цl N k2g :0.0003, which is ап оrdеr
of magnitude less than the value of the constants of
the internal structure of main sequence stars. А соm-
parison has Ьееп made of this estimate with the ечаl-
uations of &2 derived for c]ose binary systems showing
the apsidai motions and containing а far-evolved соm-
ponent (а Vir, V380 Cyg, б Оri(А), V1765 Cyg and
В Реr). The comparison has shown that the value of
the constants of the internal struсturе of the CQ Сер
components is close to the value of &2 for the most
evolutionary advanced components d Оri(А) (О9.5II)
and V1765 Cyg (B0.5Ib). Indeed in а пumЬеr of ра-
реrs (Marchenko et al., 1995; Kartasheva & Svech-
nikov, 1996; Каrtаshеча, 1996) it is shown that not
опlу the WR but also the О component of CQ Сер are
far-evolved stars. Thus the аьоче result indicates that
the раrаmеtеrs of the apsidal motion of CQ Сер we
have derived ате rеаl? confirming indirectly that оur

]
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iпtегргеtаtiоц of its [(О - Cz) - (О * С1)] diagram is

соrrесt.
Fоr ftrrther inspection the (О - С1) and (О - С:)

diagrarns of the systeпi wеrе liberated frorri the ef-

fects associated with the apsidal rnotion, the (О - С2)

diagram was сlеаrеd also frоm the additional distoг-
tions of the rnoments of the sесопdаrу miniпrtrm Ьу

the circumstellar gas mеdium. These рrосеduгеs со-

orclinated well the (О - Cr) and (О - Cz) differ-

епсеs with each оthсr and rеduсеd therrr to ii coln-

rпоп (О - Сr(r)).о.. diagranr. It сап Ье secrr ц,,еl1

frоm Fig. 2а that t}re lаttеr has disintegгatecl irrto six
separate Ьrапсhеs keeping on tlre whole t}re ргеr,iоus
-clrape.

In otrr two stuclies (Каrtаshеча & Svechnikov,
19В9, 1991) arrd in the Pli.D, t}resis of olre of the
.l,rrthors (Kartasheva, 1995) several variants of irrtеr-

preting tlre гuп of the (О - Crrrl).o.. сliаgгаm of
CQ Сер, as the sесulаг decrease of its оrЬitаl регiсlсl
(р < 0), ц,,еrе considered.. The Ьrапсhу сhаг;rсtеr of

the соrгесtеd diagrarrr (Р l const) was takerl into
accourrt. Irr the рrеsепt рарег we hачс deviated f}om
the converitiolrai iпtегрrеtаtiоrr alrd герrеsепtеd the
(0 - Crtr)).o.. <liаgгаrп as а fragпrent of the loltg-
period hаrmсlпiс чаriаtiоп causecl Ьу the rotation of
the WR Ьiпаrу агоuпd the certtre of gravitv of tire
tгiрIе system, assuпring the огЬit to Ье сirс:ulаr, tlrat
is:

(о - C,tr)).,o.. : A7tl + АрЕ * c,cos(c.,1 Е + c,;ol),

whеrе
А?} is tlte соrrесtiоп to the origin of plrase reckorring
iп а shоrt-регiоd clгbit;
ДР is the соrrесtiоп to the adopted чаluе c_lf the bi-
паry systcln огЬitаl period;
rr is the half-amplitude of the hаrmопiс r,aгiation of
t}ie (О - Сr(r))"о.. сiiffегепс:еs calrsed Ьу tlre WR bi-
rrary lorrg-pcriod orbiting: rr : rrlsirrz'/ f с: (at is tlre rа-
dius of t}ie long-period огЬit, il is the lc;rtg-peгiod оr-
bit inclination);
со1 is the апgulаr velocity of the motiorr of tlre bina-rv

s.vstetTt's сепtrе of gravitv оп the long-period orbit:
ill :2TPlPl (Р is the orbital period of t}re lэiпirгr,

systcnr, Pt is the period of гоtаtiоп of tlre Ьiпаrу's
сепtге of gravitv along the long-period orbit);
c,.ror is the }orrgitrrde of the сепtrе of gravity of the bi.
Irary system in tlre long-period orbit a,t tlre lпоmепt
70

Тhе values of А70, АР, о. Йr alld ug1 c&rl roirghly
Ье estimatecl frоm tlre shapc of the (О - С1121)"о., di-
аgгаI11. Arr attoпrpt to calcu]ate соггесtiоtrs to these

рrеiiпririаг1, ralues Ьу t}re 1east squагеs method 1ed rrs

to "rеfiпес]" r,alttes that gave а siopirrg straiglrt iirrc
btrt поt а slopirrg cclsiliusoid. T}ris could Ье drre to thc
gгеаt ttuшЬеr of unknoц,rrs wirich distoгt опе апоthеr
lr,lrerr app,l1,ing the 1east squаrеs rrrethod. Irl our раr-
tiсulаr casc tire fаiluгсl was пrоst likely r:aused Ьу the

Ьгаlrсhу сhаrасtеr of the diagrarrr, Indeed, the relative
displacernent of the (О - С1121)"оr, diagram Ьrапсhеs,
wtriclr аrе рrоЬаЬlу caused Ьу oc:casional bounces of
the origin of phase reckoning (76), fачоuгеd scatter-
ing orr the (О-С1121)соrr diagram and fuzzing up hаг-
rnonic oscillation, Fог this rеаsоп specification of the
above five раrаmеtеrs was performed Ьу two steps iп
а пlаlrпсr siпriiar to that с]опе in the рарег Ьу Tchu-
dowitchev (1939). Tlre соrгесtiопs to АЪ and АР
rrKlrc: specified first. Ву selecting differerrt values of о,

сrl arld с111 , \те attained the di{Ierence

[(О - C1(2))"n,,,. - clcos(c,-,r Д + c",or)] : А7о *
+Ар д (1)

to Ье lirrеаг]ч r,ariable ц,itlr tirne. Really, rMitlr о :
0d_15, 

'1 
= 0?012 zi,nd с,.,91 : 275" we marraged

to collyert al1 braIrclrcs of di{fererrce (1) to stгaight
lirres раrаllе1 to each оthег (Fig.2b). The slope of
the straiglrt lirres gives АР = -tr]000065 which rе-

srrited in ап оrЬitаl period valutэ of the Ьiпагу sys-
tспr Р : ig641258. As the correctiori to ttre origirr
of phase гec:korring in the slrort-peгiod оrЬit ATg was

fixetl to Ье +0:1030 + 0+030, ivhic:h yieldetl the огig-
irral epoch l,trlue 7о : 24155009810. The displace-
lncnts of tlre bгatrсhes rvith rеsресt to the fixed А7о
valtrc turrrecl out to Ье: А1 : -011020, Аэ = +09020.
Дз: -09037, А.1 : -U:I100, Аь: -ff]035, Дб =
+d007, А, : -iF010. The rrtrmbr-,r of Ыапсhеs had
to Ьс: increastld to seven. since tlre first Ьгаtrсh, of the
(О - Crt:t),n,., ditrgгa,ln Ьrоkе clorvn into two on thе
diagrarn [(0': C,trl).o,. * 0.15 cos(09012 Е + 275")].

Ncxt, }raving рullесl the brarrcires to tire 1evel А70 =
+ffI030 :rrrd introduced tirc соrгесtiопs fог Д79 апd
АР, tlrat is, har,lrrg соmрutес1 tlre ехргеssiопs
А = (О - Cllz;).o,. * Ai - (^70 + АРД) :
осоs(й1 Е + с,.,91) (i:1 7),
ц,е 8ot а chartcc: t,o specify t}rc раrапrеtеrs of t}re long-

1lегiосl haгrrtonic variation assclciated wit}r the тпоче-

merrt оf ihc birrary arotrrrd the сс}пtrе of gгачit5, of t,he

triple systerrl.
'Ihе fo}lowing desigrrations wеrе introduced:

cl:cc0*r,
j1 =(i,1)o*y.

,urlt:(uJot)u+:.

lч}tеrе
rlt,, c,-l1 and 0-191 ог€ tlre rtпkпоlчп quarrtities; оо, (ol)o
апс1 (i.,91)9 аrе the арргохiпiаtе l,alues derived abovt,
(rro : 0.15, (й,)о : 0?012 and (c,,;or) : 275"),
I, зJ, z аге the соrrеr:tiопs to the аррrохimаtе values

of tlre рагаmеtеrs.
Ву applying expanslon оf А : r,r.соs(й1 Е *,.uоr

into а Таl,lоr series, rve derivcti а set of linear condi-
tional equatiotrs:

apr*bp!1 *r:pzlll:0,
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Гigurе 2: а) (О -Сr(r))"о.. diаgrаm, of CQ Сер Jоr the rгLо,пtеп,ts ol tlte rпаi,п (filled сirсlеs) апd, sе-соп,dаr,у (ореп,

:iгсlеs) rпiп,,irпа corrected fоr the aps,idal mоt,iоп ап,d addttiorl,al di,stortioпs of the Iпоrпепts of the sесопdаrу
,пimiтпum Ьу the сi,rсu,rпstеllаr gas mediurTt. The soli,d liпе i,s the theoret,ical represerttation of the (О - Сr(r)).о..
|iаgrаm, Ьу а slopi,rlg cosinusoi,d: (О-Сr(rl)"... : *ff.l030*dОOОООSВ+Сt'lЬсоs(0?012Е+275"). The dash,ec]

;:rte shоws the li,пеаr ruп of the (О - Сr(r)).о.. dit'Jerences саusеd Ьу iпассurасiеs of the adopted чаluеs of the
гiуliп of phase rесkопi,п{] (Tg) arbd of the orb,ital yleri,od (Р).

[(О-С112;)"о..-О915 cos(0'012 Е+275")] diаgr,аrп for the- mоmеп,ts of the mа,iп (fillal, circles) апd, sесопdаrу
,lperl сi,rсlеs) miпi,mа oJ the system. The soli,d l,iпе sh,оuls th,e theoret,ical represerttatiort, of the Ьrапсhеs о| this

', аgrаm Ьу parallel straight lines. The sепsе of the dashed li,пе i,s the sаmе as i,п Fi,g.2a,
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,. ilеге од = [соs(й1 Д + r...,61)]g,
, ., = [-о Д siп(й1 Д + сuоl )]о,
., : |-asirr(й1 Д * c.lor]o,

, : [осоs(йrД * сuоr)]о * t(O * Crlz;)"o,,, * А, -
]Io * 

^рд)].The null index Ьу the square brackets indicates
,_lt the values of derivatives arrd the чаluеs of the
_:.ction,4 should Ье computed with арргохimаtе о9,

- _ ]о and (с.,,91)6 given above.
_\s а геsuit of tlre calculations peTformed, we have

-,_ived the foilovring expressiorr fог the long-period
-.:inonic variation:

д = dtstz cos (0?01200 Д + 2719S3).

*0.0005 *0.00003 +0,40.

" . геstriсtеd ourselves to а fiгst аррrохimаtiоп since
.. 11 and z1 corrections turned out to Ье smail, and
. l,alues of (Ёl)g and (ii)1 coincided altogether.

- attempt to specify A7g and АР usirrg the пеw
-:.1mеtеrs of the long-period hаrrпопiс variation has
, affected them.

The (О * С1) arrd (О - Сr) diagrams of CQ Сер
rccaicu]ated lvith involvernent of tire rеfiпеd values of
the origirral epocir (79 = 2415150d810) and the ог-
bital регiоd (Р = 19641258) of the Ьiпаrу аге dis-
plal,ed in Figs,3 and 4а. The bold solid 1ines аrе
the t}reoretical representation of tlre diagraшrs as the
sirrn of lrагпrопiс fluctuatiorr of the (О-С) differences
associated with the apsidal motion iп а Ьiпаrу sys-
tепr, lrarrrrorric variation due to rotation of the birrary
around the сепtrе of gravity of the triple systern, attd
deviations caused Ьу distortion of the moments of the
пtiпiпlа Ь1, the ciгcrrTnstellar gas пredium. in Fig.4b
аrе ргеsепtеd the residual deviations of the (О С)
differences frоm the computed.

Оur раrаmеtеrs of the lorrg-period ortlit and the
third body mass (Мз) of CQ Сер аrе col]ected irr Та-
Ь]е 2. When cornputing, we made usе of ап expressioll

ь)



106

Figurе 3; (О - С1) d,dagram, гесоrпрutеd uli,th speci-

fied чаluеs of Tg апd Р, The thi,ch liпеs are а th,e-

oret,ica! rерrеsепtаtiоп ot th,e diаgrаm as the rum oJ
tkrее соmропепts: cycl,ic чаriаti,оп саu,sеd Ьу the aрlsi,-

dal motion iп tlze Ьiпаrу sуstепl (dash-and-dot line);
cyclic, чаr,iаtiоп associated mith the mоt,iоп of the ЬЬ
паrу аrоuпd tke сепtrе of grauity af the tri,ple systeпt,
(thiп solid !iпе), апd effects d,uе to the di,storti,on of
ttte mоmетlts oJ the Tпilti,ma Ьу the с,irсurпstеllаr gаs
medi,urTl, ( dashecl li,пе ).

ь)

ОаЧ*оrЧ**
о

KABTASHE уА, S уЕснлII1{о ч

ТаЫе 2:

Р'(уеаrs)
о'(km)
в(")
Мз(Мо)
Sp мз

134.9
4.56 .109 ( 30.4 a.u.)
0.008
|7.2
вOч * BlIV-III

30000 Е

Figurе 4: о) (О - Cz\ diagram of CQ Сер recalculated
uli,th rеf;,пеd ualues of Tg ап,d Р. The sепsе of the li,nes
is the sаrпе as iп Fig. 3.

Ь) Diаgrаm of rеsiduаl deu,iati,ons о/ th,е (О-С) differ-
епсеs frоm the соmрutеd fоr the mоmепts of the rпаiп
(filled c;ircles) апd sесопdаrу (ореп сirсlеs) mrп,imа.

for the "mass function" of the triple system:

/(мr) -
(.4,1з sin i')3

(IVw я -f Ltб 1 Xllrlz

(see Zчеrеч et ai., 1947), whеге the long-period ог-
bit radius (rrl) is measured in astronomical units, the
period of rotation orr the long-period orbit (Pl) iп
уеаrs, the masses of the components (Мlу,д , Мо апd
Мз) аrе expressed in soiar masses. The orbits of tlre
Ьiпаrу arid triрlе svsterns wеrе assumed to have the
same inclinations (t]' : i : 59i5) (Kartasheva arici

Svechnikov, 1996). Мlуд arrd Мб wеrе taken frопl
tire paper Ьу Kartasheva trnd Zпezbko (1985). ,6 -
the angular separation of the third body and tlre
eclipsing pair (Bll дз rrl sin itlr) -- lvas estirnated with
the distance to CQ Сер r : 3.5 kpc (Valr dеr Huchl
et al., 1988). The sресЬгаl c]ass of the third stir,r was

deterrnined frопr а rеfiпеd relation Sp-M of Straizl-s
апd Iturilierre (1981).

Iп accorclarrce v,,ittr the resuits of solution о:

the lorмest-amp}itude }ight сuгче of CQ Сер of Julr-
August 19З7 (Kurochkin, 1979; Karta,sheva anc
Svechnikov. 1996) the relative luminosities of the sys-
tern's stаrs (with -Lуyл * Lo -| Lз : I) аrе: l,,цzд =
0.375, Zo : 0,355 arrd iз = 0.270. Frоrп this it fol-
lows that Lo l Lз: 1.32 and Дrп : fп:з rrr,p - $]J,
Knowing the absolute -,,isual magnitude fоr the О-
companion (Моо :5Т14, Г,аrtаshеча & Svechnikol,,
1996), we succeeded in finding h[u of the thiгd stаr
Мв -- -4Т84. Next, frotTl the relation Sp - д,[, с:
Stгаizуs and Kuriliene (l9E1) its spectral class u,а.

estimated, О8 Bl(V-III). That is the rеsults of pho-
tclmetric studies аrе fairly corisistent with those foi-
Iorving frоm the exatnination of the CQ Сер (О С
diаgгаm. Since thеге аrе по lines of the third stаr il-

ilre spectrum of the systeпr, апd absorption iines с:

the О соmрапiоп of the eclipsing Ьiпаrу (O9.5III
аrе at the limit of detection (Kartaslreva, 1996), th.
spectrum of the third star is t}ren most likely to Ь-,

в0 вi(V III).
А convincing rеаsоп "for" aьd "against" triplicit,.

of CQ Сер is the behaviour of 1-velocity wit}r tirrl.
in the Ьiпаrу system, Irr ТаЬlе 3 аrе collected all ^

velocity estimates of CQ Сер, which аrе derived frоr:-

шreasuring the паrrоwеst emission line in the spec-

trum NIV4O5SA (the eпrission line that f€ргеs€Iii:
weil the motion of the WR соmропепt). Тhе data с-

(о' sin а'.)":- (Р,), ,
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Table 3:

Date ?-velocity(km/s) References

1943

1951-1952

SерtеmЬеr 1978
?
1981-1982
1988-1994

August 1995

107

( 75+ 5)

-53.4 * 2,3
(_65 + 5)
61.6
60.8 + 3.7
60+5

-85
_55.4 + 7,7
по
(-65 t 5)
_72+|
(-66 + 5)

Stickland et al., 1984

Bappu and Visvanadham, 1977
Shylaja, 1986
Leung et al., 1983
Niemela, 1981
Kartasheva and Snezhko, 1985
Маrсhепkо et al., 1995

Наrriеs and Hilditch, 1997

Table 3 аrе presented iп Fig.5. Fог the еаrliеst two col-
lections of spectra of CQ Сер (Hiltner, 1944; Ballpu
& Visvanadham, 1977) ТаЬ}е 3 gives two estimates
of the 1-velocity fог eitlrer collection, fоr in the 1980s
they wеге rеmеаsuгеd using updat;ed devices (Stic}<-

1and et al., 1984; Shyiaja, 1986). Аitсr examining Та-
Ь]е 3 and the papers in which ?-velocities had been
obtained we thought it песеssаrу tcl introduce some
corrections into estimates of the lаttег (оur results
аге presented in brackets). Firstlу, 1ve determined the
^-velocity of the system frопr the mеаsuгеs of the
emission tine NIV 4058.\ in lhe spectra taken Ьу
\{аrсhепkо in 1988- 1994 witllrэut involvirrg the results
of t}re еаrliег spectrai stttclies. Secondiy, wr: revised the
^,-velocity value givr:n iп tlre рареr Ьу }{аrriеs and
Hilditch (1997), taking account of rlri: highest esti-
nates of И, ignored Ьу thеir fitting сurче (see Fig. i iп
Наrriеs & ililciitch, 1997). At last, we reevajuated thе
- -velocities frоm t.".ro series of mеаsurеmепts of thе
errrission line NI\'405S А in the sрссtrа observed Ьу
Hiltrrer irr 1943. Тhе resrrlts of }iiemela (i981) аrе not
ргеsепtеd in Fig. 5 because we hаче no inforrnatlon
about the tirne she oЫained the sресtrа of CQ Сер.

As is seen frоm Fig.5, with аl]оъ,апсе made fоr
ruг specifications, t}re 7-velocity is apparenti.y tirrre
lepericient. Тhе half-arnplitude of the additional ra-
iia} velocity variation related to rotatiorr of the Ьiпагу
lп the long-period orbit carr readily Ье cornputed:

c,'sininК:1.99х10-7 = 5.8 km/s,

,..,ltеrе о' is tneasured in kilоmеtгеs, Р/ iп уеагs, К in
.:n/s. If the 7-velocity of the birrary system Ье taken
.S ?0 : -65km/s, t}re sinusoid

В : 5.8sin (0:0i2 Е + 271983) kпr/s

Figure 5: T,ime dерепdепсе о! the оЬsеrаеd 1-uelocity
чаluев ol CQ Сер whiсh fоllош frоrп mеаsurеmепts о!
the еmi,ss,i,оп liпе NIV ,||05S А i,п i,ts sресtrа (filled
circles). Оur repeated lпеаsuтепlепts of 1-aelocity tor
а series of оЬsеruаtiапs are designated Ьу ореп сirсIеs.
The d,ashed l,iпе is а rерrетепtаtiоп ot the соmрutеd
atrue ot the у-aeloc,ity uariations of CQ Сер саusеd, Ьу
the long-periad, orbi,ting of the Ьiпаrу sуstеm оп the
аssumрt,i,оп that the 1-uelocity of the Ьiпаry system
^rо: -65km/s.

described Ьу the 7-velocity due to rotation of the bi-
паrу аrоuпd the сепtrе of gravity of the triple system
is in good agleement with observations (Fig.5).

The studies performed shоvr that to а high dеgrее
of probability CQ Сер is а triple star. Besides, the
computations made оп the assumption that the ре-
riod ofthe Ьiпаrу system is constant suggest that the
distortions of the moments of the minima (especially
the secondary) Ьу the circumstellar gas environment
make а grеаt contribution to the behaviour of the
(О - Cr) and (О - С2) diagrams of CQCep. The
medium manifests itself in two чrауs: through distor-
tion of the differential [(О - Cz) - (О - Cr)] diagram
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and throrrgh displacemerrt of tlre origin of phase гесk- studies of the systerrr, Ноwечеr, опе call state conclrr-

clrring (79) оп the (О - Cr(rl).,o.. diagranl, Тhе jLrnips sively that CQ Сер is а triple system, that the orbita]
of 79 аrе рrоЬаЬlу associated with allrupt changes in period ofthe ec}ipsing binary keeps constant, and it is
the spatial distгibution of сirсuпrstеIlаr тпаttеr catrsed the circumstellar gas mеdium that is responsible for
bv episodic expulsion of the outer раrts of the соm- all non-cl,clic variations of the (о-с) differences no
mоп envelope of the system. 'Гhаt such рrосеssеs ос- sоопеr than in а few decades, аftег the whole сусlе of
cr_rr in the system is evidenced Ьу recent polarirnetric the suspected long-period rnotion of the binary lrave

observations of CQ Сер (Kartasheva et al., 1999). Тhе been observed. Thrrs the importance of frrrther pho-

difference in the distortion of the mоmепts of tlie рri- tometric and spectral studies of CQ Сер is obvious.
mаrу and secondary minirna аrе паturаl. The size of
the O-star is essentiaily lаrgег tha,n that of tlre WR т) лrл_л.
соrе (Kartasheva arid Ьrr".Йlkоч. 1996), ancl at the rtelerences
phases of the sесопdагу minima not only thе WR соrе AgeTer F. & Huebscher J., 199В, Inforrn. Bull. Vаг. Stars.
is projected onto t}re О-stаr, Ьut also an urrstable gas No. 4562

condensation whiclr fоrms between the components as Aritok}rirra trh.А., Lipunova N.A. & Cherepashchuk А.М.,

а consequence of collision of thеiг stе}lаr winds. The 1982, Astron, Zb,,5g,704

rurr of this сli{Теrепсе is, арраrепtу, соmрlех, but it Ьа_ Antokhina Еh,А,, Kreiner J,N,L, Ъеmkо J, &

sicaily рrеSеr\rеS its }irrearity throughout tlre 100-уеаг CherepasiK:huk А,N,L, 19в7, Pis'ma Аstrоп, Zb"

irrtervalof observations.Viojationof tirislirrеаriЦ,Ъпd ur#;tik - Visvanadiram р,, 1977, Kodaikanal Obs.
the арреаrапсе olr the [(О * Cz)- (О - Cr)J diаgrаm --Ъ,.ir. 

Sеr. Д., 2, 89
оf two arrornalous геgiопs similаг in shape trird апrрli- BaTkovits Т. & Вirо I.B., 1998, Iпfоrm. Bu1l. Vаr. StaTs.
tude апd spaced Ьу а time approximately eqLral to tlie No, 46зз
apsiclal rnotion period does not sееп to us accidental Dеmirсап О., Дk Н., Ozdemir S., Тапгiчеr М. & ДlЬауrаk
ancl serr.es as irrdirect сопfirmаtiоп of tlre rnotiorr of В., 1997, Astrorr. Nachr., 318, 267

the line of apsidal mcrtion iri the c]ose orbit. Indeeci, Gaposclrkin S., 1944, Astrophys, J., 100.242
in ечеrУ оrЬitа1 cycle of the eclipsing раir additional Наrriсs T,J, & Hilditch R.\\r., 1997, Mon. Not. R. Astron.

ejectioIr of паttеr frопr tire O-coпrporrent. fiiling its __.Soc,,_2_91, 
544

Roclre }оЬе, is likely to оссur at the rпоmепt of the ErltneT W, А,, 19,14, Astrophys, J,, 99, 273

closest аррrоасh of tlre corrrponents in the ecctэntriс: **,l':}:" Т,А,, 1995, Ph,D, Thesis, SAO R,AS, Nizhnij

t,гl.,ir, .\dditiolra1 tlistot,ti611 rlf lhe set,otrdaгr, rnini-,. ^'nnY'
Iпuпl mоп}епt, which accompanitэs 

'bi, 
pir"r.b.""rr. KaTtasheva т,А,, 1996, Bull, Spec, Astroplrvs, Obs,,39,

lчlli ot:cur' hоrчеr,еr' but in а раrtiсrriаr combirratiorr Кагtаshеча т.д.. & Snez}rko L.I., 1985, Bu1l. дЬаstuпr
of phases of t}re огЬitаl arrcl apsidal cycles. At t}re дstrоfiz. obs.,58,25
trrontettts of the tц,о anornalous regiorrs orr tlre diilЫ- Каrtаshсча Т.Д, & Svechnikov NI.Д., 1989, Дstrоfiz.
t'.lltial l(O - С:) - (О - Cr)J diаgгапr of CQCep thc: Issled. (Izv. SAO), 28, 3

closest арргсlа<lh of the сопrроrrепts fell c;n the elorr- Kartasheva Т.А. & Svechrrikov NI.A., 1991, Astrofiz.

gatioli precedirrg ttre secondary minirna. Fоr а quаr- Issled. (Izv. SAo), 34, 75

tег of the orbital period aclditional пrаttеr ejected at KaTtasheva т.А. & Svec}rnikov м.А., 1996, Bull, Spec

tlrc iime |ite cornponents аррrоасh most cl,_lsc,l1 orre __ 
Аstгорlrуs, Olrs,,39,66

апоttrсг and hal.ing а о,еlосiц, (Ау э 10{Jkni/j suf- Iiаr|lhеvа Т,-\, & Sveclrnikov N{,A" 1998, Brrl1, SPec

ficirrg to сlеtЪаt tlre \\'R',l'ind could rеаllу, ,biii ."а ".л:}::Р", 
Obs,, 44, 105

iпtгоr]uсе adclitional clistortiorr of ttre sесоп;;;; ";,;; "":li;::T,?; :i*:*ii:sl} hiН;:%tJj.ff, );ъ
imultt niornent. In thiS czrse, thiS distortion must pi,e- Kbaliutt;r, кh.F., 1974, дstгоп. Zli.,51, з95
sеrче, graclually reducilrg, fоr а qltarter of the ailsidal K}raliuilirr Klr.F.., Haliullina д.I. & Chercpashchuk д.]\I.,
регiоd and disappear when tlre closest approaclr of 1984, pis'rna Дstrоп. Zh., 10,600
the cornllorrents of the eclipsing birrary falls at tlre Kilinc В., 1994, Iпfоrm. Bull. Vаr. Stars, No.3998
п}Otrlепt of the sесопdаrу rninimum. Дt t}ris mоmспt Kornilov V,G., Cirerapashchuk А.М., 1979, Pis'rna А,с-

aclditiona] rnatter, beirig projectecl onto the disk of tгоп. Zh,, 5, 398

the О-stаг, will Ье located syrnInetrically aborrt t}re KTeiner J"\,I. & Тгспrkо J., 1983, Buil. Astron. Inst.

ciisk сепtге, pгcidrrcirrg rro distortions of the rrronrent _ _ Czechos1,, 34, 341
. г.l Кrсitiс,r J.\l. & Tretrrko J., 1985, Bu!l. Abastrrm. Astrofiz

OI 1пе mlпllllUПl. :\о a.lClltlOtIal CllSIOl'tlOnS о1 lne mо-
ments of t}te sесоrrсlаг1, rrrinimum аrе to Ье observcd 

"..._']l:;:: 
, u,, 

"
fог t]re rerriaining thrее сцrаrtеrs of tlre *т;;1 ,;: i:::::i]Ж il"', ,]fr'i #,i;iЪ;:'*(i,I;"lО,11),Ъr, r,п
гiосi. This is сопfiгrrrеd lly the shape of the differential Leung Karn-Ching, Moffat д,F.J., Seggewiss W., 198з,
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