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ДЬstrасt. Investigations of the Не abrrndance variation depending on the age of llе-riсlr stars
have been continued. А соmрагisоп of the Hipparcos satellite absolute magnitudes and lg9 with
оur data obtained previously frоm the Р раrаmеtеrs of multicolour photornetry has shown good
аgrеешепt (Gomez et al., 1998). А critical revisioTt of all оur рrечiоus data, using Lhе Нiрраrсоs
data, has confirmed the prelirTrinary conclrrsion that the helirrm abundalrce in the atmospheres
of Не-riсh stars grows with age on а\rеrаgе frоm 0.14 to 0.40 as tirese stаrs evolve from the zеrо-
age main sequence across the nrain sequeцce within igg=4.35,3.50. The геlаtiопshiр cuts off at
Ig9:3.50 рrоЬаЬlу having reached а maximurn.

Кеу wоrdsз stars: a,brtndances - stars: chemicaily peculiar-- stаrs: Hertzsprung-R,ussel diagranr

1. Introduction

Investigations clf chemical ccrmposition variation wit}t

age of СР stаrs аrоusе grеаt interest Ъ,есаusе it lras
not been conclusively established at which stage of
evolution chemical arromalies and rnagnetic field arise,
how the two phenomena behave with age, how they
interact. Stars of different peculiarity types rnay have
peculiarities of their own. Nlagnetic stars with helium
anomalies ечо]че fasier than Si and SrСrЕu stars,
frоm which orre might expect that the rapid diffusion
processes could Ье seen on the relationships betweerr

chemical composition and age.

Prelilninary rеsults on tlre iпсrеаsе of helium
abundance with age as Не-riсh stars evolve асrоss
the Hertzsprung-Russei diagram have been reported
in the рареrs (Glagolevskij and Kopylova, 1990;

Glagolevskij et al., 1992; Zbori] et al., 1994).

Ву the present tirne а grеаt пurпЬеr of data have
Ьееп accumulated, alloTving the relation under study
to Ье specified.

1. А new list of effective tешреrа,turеs
(Glagolevskii, 1994) of chemically ресuliаr stars
calibrated to tlre system of tеmреrаturеs determined
frоm the total radiation of Ср stars is available.

2. А пе,w list (Gomez et al., 1998) of absolute
magnitudes of СР stars, estimated from tlre Н,iрраrсоs

аstrоmеtriс data which сап Ье used to соmраrе оur
М(В) measured frоm the В parameters in the рарегs
cited above, has appeared. Тhе two lists supplernent
each оthеr.

2. Absolute bolometric stellar magni-
tudes Мб

\&Ъ have obtained the abso}ute magnitude 1\{6(Ёzр)
frотп l4., using thе Ьо]опrеtгiс соrrесtiопs frош the

рарег Ьу Straizis and Кuriliепе (1981). Ttiey аrе
listed in the second соIumп of Table 1. The mag-
nitudes N{ь(Д) have Ьееп obtained frоm the В ра-
rапiеtеrs given in the cataiogue of Harrck апrl Меr-
milliod (1980) employing the tеmреrаturеs Т" frоm
Glagolevskij's (1994) catalogue and with the aid of
Crowford's (1979) calibration, These data аrе со1-

lected in the third соlumп of Table 1. It сап Ье sееп

frоm the table that thеrе аrе no systematic differences
between Mb(Hi,p) and l,{6(8), although the mеап dis-
persion is 0Т4. T}re scatter of points is caused Ьу the
еrгоrs in the values of individual distances in I\46(Ilip)
estimation, as well as Ьу tlre variability in irrtensit1,

of НВ lines in \4ь(Д) estimation, еrrоrs in Т" and cal-
ibration relationships,

The fourth colrrmn gives the mеап absolute mag-
nitudes, if two estimates аrе available, апd also the
difference between the rnean value and the values Ье-

ing ачегаgеd - А. This characterizes tlre accuracy of

the rnean values,

3. Relative radii R,/R,,

Relative radii of stars аrе determined as R/Rr, whеrе
R is the star's radius at present, while R.. is its radius
on the zero-age rnain sequence (ZA\4S). То estimate
Rr, the known evolutiorrary tгасks (Iben, 1965) hаl,е

Ьееп used. The раrашrеtеr R/R" characterizes сlеаrlr,
the status of а stаr. It is related to lg 9 Ьу the followinE
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Та}эlе 1: The rпа,iп раrаrпеtеrs of Не-rzсh stars
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Star Mb(Eip) Мь(0) М; ig "I'*, }t./ý., НеlН I{еi Н(Ц ) }Iе/H(GKL) Fj_еi }I

35830
35912
36430
36485
36707
36982
37017
37479
37776
260858
264111
38500
57219
58260
60344
64740
68450

-46,3093
66522
92938
96446

-62"2124
108483
120640
t24448
133518
142990
l44218
1,49257

_69"2698
164769
168785
169467
175156
175191
177003
|84927,
186205
193924
208266
209339

-52

-а.в

-4.|

-i.n

-5.1
_4.8

-5.2
-4.8
-4.8

i.,

о.rц*
о,1,-

0.15*
0.16*
0.29*
о:,-

0.26*
0.60*
0.26*
0.32*
0.39**
0.13**
0.12**
0.13**
о,,1**

0.10*

0.12**

0.25**
о.r_r**

0.19**

o.ir*
0.27*
0,35*

0.21*
0.41*

oib
0.16
0,15

о. rc

0.2$ е

0,32
0.3l
t]. -t r-|

0.26
0,47 е

\j,/, t-

0.23
0.39 i:

0. i5
0.20
0.1:l

iJ.J l L'

rl ]п

-с
п .)l"l

0.1ij

-r.]'
-2.7
-3.2

-4.6
-3.8
-5.7
-4.5
-52

:--J.o
-5.3
_ь.о

-5.1

-3.8

u.o
_8.3
_3.5

-3.5

-4.6
-2.6
-3.1
-9.3;
-6.4
_6.0

-5.5
_2.8

-5.0
-3.7:
_2.8
_3.5

-3.7:
-5,8
-7.1.

-5"2
-3.1 - 4.26 1.24
-2.7 - 4.26 1.07
-3.2 - 4.28 2,1
_4.8

-4.6 - 4.37 0.97
_3.9 0.2 4.30 2.05
-5.7 - 4.35 1.86
-4,4 0.1 4.37 1.19

-5,2 - 4.28
-5.1 - 4.33 1.57
_4.8

-3.5 - 4.2l 1.87

-5.2 0.1 4.29 2.24
-5.2 0.4 4.34 1.63
-5.0 0.2 4.38 1.33

4.35
4.36

-3.8 - 4.29 1.36
4.L7

-5.6 0.4 4.37 1.67
-8.3 - 4.4L
-3.5 - 4.26
_3.5 - 4.28 1.28

4.33
-3.8 0.8 4,29 1,36

-2.6 - 4.25 1.09
-3.1 - 4.30 1.00
-9,3: - 4.39 1.7:

-6.4 - 4.44 1.40
-6.0 - 4.52 0.90
-5.5 - 4.34 1.79
-2.8 - 4.2L 1.56
-5.2 0.2 4.22 3?
-3.7: - 4.26 1.56
-2.8 - 4.28 1.11
-3.4 0.1 4.31 1.09

-4,6 - 4.30 1.67
-3.7: - 4.23 1.86

-6.4 0.6 4.38 2.06
-7.5 0.4 4.47 1.82

о.: ь o.ol
0.15 0.0i

лл"
t,..1 ].

а.27
0,2.Ч

0.3i
п li

0.0l
0.08
0.t}3

0.05

-з.о
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0.29

0.40

o_zB
0.16

0.30
0.46

0.46

о:з
0.05
0.08

0,09

0.03

tl,n.q

0.00

0.0з
г).1_i

o.il l
пп9
0,09

0.03

0.16

0.28
0.33

0.46
0.19

о. rz
0.29
0,36

0.18
0.41

-5.4

-3.3
-4.6

-7.0
-7,9

о. rз
0.31
0.27

0.15

(,.-tl,

expression:

lg(R/R,) = 1 l2(|g g, - 1g g),

where lgg, is the gravity acceleration of а star оп
the ZAMS, while lgg is that at the present time. The
radii have been computed Ьу the formula

lgR: 8.46 - 2lgT" - 0.2М6.

'rire ei{Ъctil.e t,emperatures lrave Lleetr taken frolrr

{Giagole.",skij, i994).

4" Helium atlundance (Не/Н)

it'he Не/Н r,aittes (ccl}urпlr Е of Т'аЬlе 1) have Ьrэеп,

taken t}оm several sources. Let us еrrurпеrаtе tlren irr
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'tаЫе 2: Graui,tu of He-rich stars
Star lgs lgs 1gg Stаг icg lgs lcs

(GTK) (ZGN) _ (GTK) (ZGN)
з5708 4.15 4.27 - 133518 4.00 3.90 4.11

264111 3.87
57219 3.70 3"63
58260 3.50 3.50
60344 3.83 3.79
64740 4.02 3.96
66522 4.01 3"76
68450
92938
96446 3.81 3.66

120640 4.05 4.13
-46, 4639

135485
142990
144218
L49257
-69. 2698
164769
168785

- 169467
_ 175191
- 177003
- 1,84927
, 186205
3.95 193924
3.55 207538
3.93 208266
4.06 209339
- -46,3093
4.30

оryп- J.r,
4"19
4"27
3.8 - 4,19
3.97 _ 3.90
4"37 4.38
3.74 3.94 4,11
3.87 4.00 4.05
3,87
4.18 4.17
4.19 4.23
3.8i 4.34
3.70
- 3,85
3.60 3.80
a1 .7с,
1.1 L

- 4,32

35912 4.08 _1.13

36.130 4.2| 4.22
36]85 3.58
36982 4.30 7.24
37017 3,60 4.08
37479 3.7l 3.84
377тб .1.12 3.98

sequence. The vaiues of Не/Н marked Ьу one asi;erisk
have been derived in the рареr Ьу Glagolevskij et al.
(1992) frош photographic and CCD spectra, while
the ones, having trvo asterisks, have Ьееп oЫained
frоm CCD spectra Ьу Zboril et al. (1994). The ial-
ues of He/H(W) have been obtained lэу Glagolevskij
et al. (1990) from the line equivalent widths taken
frоm (Ш'аiЬоrп, 1983), while HeIH(GKL) frоm our
own obserrations at the бпr telescope (Glagolevskij
et al., 1990). These two systems of estimates of he-
lium abundance irave а systemaric shift with respect
to (Не/Н) because different lists of temperatures wеrе
used. This is why they have Ьееп reduced to the lat-
ter.

The mеап heiium abundance чаluеs аrе presented
in the last but one соIuпrп of Table 1. The сhаrас-
tеr е mаrks the stars with the fеаtцгеs of emission
in hydrogerr and helium lines (Zboril et aI., 1997).
It should Ье noted that the helium line iцtensities
in He-rich stars аrе strorrgly variabie in the шаjоritу
of cases, саusiпg sometimes considerabie differences
between abundance estimates. In ttre last соlumп аrе
indicated the rnaximum differences between the mеап
Не/Н value arrd the values being averaged.

5. Hertzsprung-Russel diagram
А Hertzsprung-Russel dia,gram displayed in Fig. 1 has
been constructed fгоm the data of Table 1. 'Гhе big
circles i,ndicate the position of stars rvhen the mеап
values from M6(11ip) and Itta(Д) аrе plotted, the small
circles аrе for опе of thern. It is сlеаrlу seeri that the

МЬ.в

-7

-6

-5

4

_3

4,5 4.4 4.з 4.2 4.1

lg Те

Figure 1: Position of He-rich sfarT оп the

Н еrt z sрru,п g - Rus s ell di а grаlп.

He-rich stars occupy uniformly the strip vrhеrе поr-
mal main sequence stars аге located, which сопfirшs
the results of Glagolevskij et al. (1992). The lоп,еr
line shows the mеап location of the ZAMS, while the
uрреr one is for that of stars of luminosity class IIL
Тhrее stars *62" 2124, HD 149257 and HD 175156 але

rvell above the main sequence, most likely because of
the effect the emission has on the hydrogen line in-
tensities and thеrеfоrе on the В раrаmеtеr as Tvell. In
the first of these stars the рrеsепсе of emission is чiiеll

seen in the spectra.

3 з149257

.a

a

'N, " a. о
175156

.,
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the ZAfuIS оr somewhat еаrliеr. Sоmе facts point to
ап еаrliеr time (Glagolevs}<ij and Cirountonov, 1998).

7. The gravity

The lalues сlf lg g have been calcuiated Ьу the fоrmulа
presented above. The gravity lgg, has Ьееп Ьоrrоrчеd
frоm the рареr Ьу Straizys апd Kuriiierre (1981) from
the Telation 1g.gr--T". The Т* vaiire for each star on
the ZAN,IS ъ,аs estimated Ьу mearrs of the knorvn grid
of tracks of IЬеп , Ьу which lg g, is estirrratecl. The esti-
mates made аrе listed in ].'able 2. The sarTre table рrо-
vides оur lneasures of 1gg(GTK) from (Glagolevskij
et а1., 1992) and 1g.q(ZGN) frоm (Zbori} et aI., 1994),
It is well seen that al] the estimates are close except
for the stars HD 37017, 9644(),168785 and 186205.

8. Conclusions

It сап Ье argued that the inference aborrt the growth
of helium abundance rvith age mаdе in this ра-
реr сопfirms the siiпi]аг cieductiorr rnade previousl5,
(Glagcllevskij et al., 1990; 1992; Zboril et ai., 1994).
The use of the ffzpprrrcos da,ta (Gопlеz et ai., 1997)
has dimirrishe<i the sсаttеr of poinhs оп tire геlаtiоп-
ship being studied ацd соtlfirпеd the согrеt:tпеss of
calillratiorr of N,{o раrаmеtеrs from В ;rrid 1gg es-
timation, То verify lhe ргеsсэпсе of а nraximrrm in
the NIб - R/R, геlаtiоп, additiona} observations агtl
needed.

Fig. 1 anci Fig.2 slrorv t,lrat helirtrn arirtmalies ар-

Реаr aS SООП аý }'оuпg stars (futurе }Ie-rich s'bars) set_
tle orr the ZA}{S. whеп the ассrеtiоп ceascs апсi tlre
аtmоsрhегеs stalэilize, Арраrепtlу at this veTy time
the rTragnetir: fie]d еithеr еmеrgеs frопr the inside оr
is gепегаtеd, рrоr,ldеd there аге conditirrrrs for this,
паmеlу. the ргr.sепсе of r:yclonic turЬulепсе arrd tlre
abselrce of dilТегепtiаl Totation. It is a,pirarent that
t,he suгfасе Tnagnetic field iп еаrliеr stars at the Ае/Ве
Herbig stage is absent (Glagoievskij arrd Chountorrov,
1998), rvhich suggests tliat ttie шаgпеtiс field is hicl-
dеп inside оr has not Ьееп generated yet.

After the ZAMS, tlre hеlium abundance rises (due
to diffusion and stel}ar wind (VаuсIаir, 1975)) Ьесаusе
this рrосеss is siow in conparison with the iifetime
on thе tnain sequence and also becau,se the stеllаг
rvind intensifies in the соuгsе of stellar ечоlutiоп and
the accirmuiation of heliuтn becornes mоrе efficien,t.
The rеlаtiопshiр (He/FI-*R/R") at 1g.g Э 3.5 cuts
о{I abruptly probablv because heliuпr begins to Ье
"blown out" Ьу the intensified stеilаr wind.
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НеlН
0.5 г

0.3

0,2
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Figure 2: A_ge чаri,аt,iоп of hel,i,uпt, аЬuпdапсе. Operl.

ci,rcles indi,cate positi,on о| i,ndiuidu,al stаrs. Filled cir-
cles shоw rеlаtiопsh,iр deriued Ьу the sli,ding ачеrаgе
method, The soli,d l,iпе is the least-squares rе-grеssiоп,

the dashed line i,s а рrоЬаЬlе ruTl of the rеlаtiопshiр,

6. The He/H-age relationship
Fig.2 shows the plot of (Не/Н) чrs (R/R,) derived
frоm the Table 1 data. The scattel of points is consid-
егаЬlе, but the helirrrrr аЬuпdапсе is rveil seen to rise
as the stаrs evolve асrоss thе main sequence, In оrdеr
to rерrеsепt tlris relationship mоrе cleariy, the values
of the slidiTrg аvеrаgе Ьу 5 points hаче been соцr-
puted, which аrе tlenoted Ьу thе filled circles. Duе to
the insufiicient пumЬеr clf points, ilre sharp mахimum
at R/R, = 1.75 shouid not Ье trtэated as significatrt,
lrorvever it is not imрrоЬаЬlе that the presence of the
mахiцruпr оп the plot is rеаI. In otheT types of СР
stars, for instance, it exists on the re]ations betv..een

the intensity Аа of ihe depression ) 5200 and R/R,
(Glagolevskij, 1997). Тhе ieast-squares regression is
drаwп in solid line Ьу the formula

(не/н = (0.22 * 0.06)R/R, + (_0.1:)8 + 0.09).

It can Ье seen that пеаr tire ZA\.,{S Не/Н= 0.1
(i.e. normal) in Не-riсh stаrs. This suggests that it is
precisely at the moment the stаr first settles on the
main sequence, after ttre Ае/Ве НеrЬig stage, that hе-
lium anomalies originate. In оrdеr to derive а reliable
enough (He/H)-R/R" relation, additional оЬsеrча-
tions аrе dеsirеd. We estimate the mеап еrrоr of Rf R,
чаluеs at 0.2-0.3; the mеап value of the Не/Н disper-
sion (judging Ьу thе data of ТаЬlе 1) is of tlre order
of 0.04, although in sоmе cases it аmоuцts to 1агgеr

values. Sопrе Не-riсh stars аrе known to hаче strongly
variable intensities of spectral lines. The variability of
stars and the differences irr chemical composition аrе
likely to Ье the mаiп саusе of the sсаttеr of points.
Due to the insufficient ассuгасу of the derived rеlа-
tionship, it is yet difrcult to reliably establish the mо-
ment of appearance of lreliurn anomalies: it is uпсIеаr
rvhether they аrisе at the momerrt the stars аrriче on

1.5

aa

оо a\

i"r:
о оо

о

we
Text Box



|22 GLАGоLЕVSIý,т

FLеfеrеуrсеs

Оrоwfоrd D.L., 1979, Dudley OЬs.Rер., t4, 23

Glagolevskij Yu"V., Kopviova }'.G., LyubimJcov L.S.,
1990, Astrofizika, 33, 363

Glagolevskij Yu.V., Kopylova F.G., 1990, in: Hot Сhеm-
ically peculiar and magnetic ýtаrs, ed.: Scholz G.,
Potsdam-Babeisberg, 62

Giagolevskij Yu.V., Topil'skaya G.P., Каriаshеча Т.А.,
1992, in: Stellar magnetism, eds.: Glagolevskij Yu,.V.,

Rоmапуuk tr"I., S.Petersburg, 36

Glagolevskij Yu.V., 1994, Bull. ýрес. Astrophys, Obs", *8,
152

Giagoievskij Yu.V., 1997, in: Steilar magnetic fields, Eds,:
Glagoievskij Yu.V., Romanyuk I.L, Моsсоlлr, 84

Glagolevskij Yu.V., Сhоuпtопоч G.A., 1998, BulI. Spec.
Astrophys. ОЬs., 45, 106

Gomez A.N., Luri Х., Sabas V., Grепiеr S., Figureas F.,
North Р., Тоrrа J., Меппеssiеr М.О., 1998, Аstrоп.
AstTophys., 336, 953

Houck В., Mermilliod М., 1980, Astron, Astrophys. Suppl.
Sеr., 4О, 1

Iben I., 1965, Astrophys. J., 141, 993
Straizis V., Kuriliene G., 1981, Astrophys. Space Sci., 81,

353
Vаuсlаir S., 1975, Astron. Astrophys., 45,233
ZЬоril М., Glagolevskij Yu.V., North Р., ],994, in: Chem-

ically peculiar and magnetic ýtars, eds.: Zverko J.,
Ziznovsky J., Tatranska Lomnica, 105

ZЬоril М., North Р., Glagolevskij Yu.V., Betrix F., 1997,
Astron. Аstrорhуs., g24, 949

W'alborn N.R.; t983, Astrophys. J., 286, 195

we
Text Box




