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ABSTRACT. From  investigations  o f  spectrograms  o f  the  chemically peculiar 

star  we  found a small  increase  of  iron  abundance  in  its  upper  atmos-

phere  layers.  The  spectra  were  obtained on  the  6  m telescope  with  the  re-

ciprocal  linear  dispersion  D=6.7  A/mm with  the  Zeeman  achromatic  analyzer. 

1. PROBLEM STATEMENT 

Investigatio n o f  chemica l  elemen t  abundanc e distributio n wit h dept h i n th e atmos -

phere s o f  C P star s i s absolutel y necessar y i n orde r  t o chec k th e correctnes s o f  ou r 

notion s o n th e peculiarit y natur e o f  C P stars . 

Nowadays th e mos t  understandabl e explanatio n o f  th e observe d chemica l  compositio n 

anomalie s i s t o trea t  the m a s surfac e effects .  Th e theor y o f  chemica l  elemen t  diffu -

sio n i n cal m atmosphere s o f  C P stars ,  develope d b y Michaud' s grou p (Michaud ,  1970) , 

i s  a  theoretica l  basi s here .  Accordin g t o thi s theory ,  du e t o th e influenc e o f  gravi -

ty ,  magneti c fiel d an d emissio n pressur e differen t  chemica l  element s ca n graduall y 

"sink "  o r  "surface "  i n th e uppe r  atmospher e layer s o f  C P stars .  I n numerica l  descrip -

tio n o f  thes e processe s on e come s acros s a  lo t  o f  complicacie s an d uncertainties , 

therefor e th e questio n a t  wha t  dept h the y occu r  stil l  remain s open .  Th e determinatio n 

of  th e chemica l  elemen t  abundanc e distributio n wit h dept h o n th e basi s o f  observa -

tion s ha s som e peculiarities ,  becaus e o f  whic h ther e ar e stil l  n o significan t  result s 

obtained .  Th e mos t  difficul t  thin g i s tha t  ever y spectra l  lin e i s forme d i n a  consi -

derabl y thic k atmospher e layer ,  therefor e t o divid e line s accordin g t o thei r  forma -

tio n regio n dept h appear s t o b e extremel y difficult .  We decide d t o avoi d thi s diffi -

cult y b y dividin g wea k line s int o tw o groups :  wit h wavelength s >364 7 A ,  an d --364 7 A 
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The depth s o f  formatio n o f  thes e line s considerabl y diffe r  du e t o th e stron g 

chang e o f  th e hydroge n ato m continuou s absorptio n coefficien t  a t  =3647A .  A t  smalle r 

wavelengt h th e hydroge n ato m continuou s absorptio n i s wel l  greater ,  therefor e wea k 

line s wil l  b e forme d highe r  tha n th e line s wit h >364 7 A .  I n orde r  t o answe r  th e 

questio n o n possibl e stratificatio n o f  element s wit h depth ,  a  hig h precisio n o f  de -

terminatio n o f  chemica l  compositio n a t  differen t  depth s i s needed .  Th e allowanc e fo r 

blendin g o f  differen t  line s i n ric h spectr a o f  C P stars ,  th e increas e o f  accurac y o f 

th e observe d equivalen t  lin e width s o f  an d th e selectio n o f  line s wit h reliabl e 

value s o f  ato m parameter s ar e o f  paramoun t  importanc e here .  Anothe r  difficult y i s in -

troduce d b y inhomogeneou s surfac e distributio n o f  chemica l  element s i n C P stars .  Th e 

brigh t  peculia r  sta r  wa s selecte d fo r  th e investigation .  Th e distributio n o f 

many chemica l  element s ove r  it s surfac e ha d bee n investigate d earlie r  b y Pype r 

(1969) ,  Goncharski j  (1983) ,  an d Khokhlov a an d Pavlov a (1983) . 

As fa r  a s th e calculation s o f  theoretica l  lin e profile s wer e carrie d ou t  i n one -

dimensiona l  (i n depth )  approximation ,  w e use d th e spectr a obtaine d a t  phases ,  corres -

pondin g t o tw o spot s o n th e surfac e o f  ,  correspondingly .  I n th e calculation s w e 

use d differen t  atmospher e model s fo r  th e spots . 

The wor k ha s bee n starte d fo r  fou r  chemica l  elements :  iron ,  chromium ,  europiu m an d 

gadolinium .  Her e w e presen t  th e firs t  results ,  whic h evidenc e o n a  smal l  increas e o f 

iro n abundanc e i n th e uppe r  layer s o f  atmosphere . 

2. OBSERVATIONAL MATERIAL 

The observe d o f  th e line s i n wer e measure d fro m photographi c spectra ,  ob -

taine d o n th e 6  m telescop e wit h a  reciproca l  linea r  dispersio n o f  6. 7 A/m m i n th e 

spectra l  regio n 330 0 A -  400 0 A  durin g 197 9 -  1985 .  Fo r  thi s purpos e w e obtaine d Zee -

man spectr a o f  thi s sta r  a t  differen t  phase s o f  th e rotationa l  perio d wit h th e cir -

cula r  polarizatio n achromati c analyzer .  Th e magneti c field s wer e measure d o n al l 

spectrograms .  Th e result s wer e publishe d b y Romanyu k (1986 ;  1991) . 

Al l  i n al l  w e hav e investigate d 3 0 spectrogram s a t  differen t  phases ,  8  spectrog -

rams ar e use d i n thi s paper ,  thei r  dat a ar e presente d i n Tabl e 1 . 

Table 1. Observational data 
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Her e ar e presented :  th e spectru m number ,  Julia n dat e o f  observations ,  th e wavelengt h 

rang e an d th e perio d phas e a t  th e moment  o f  observations .  Th e lin e equivalen t  widths , 

measure d a t  phase s 0.081 ,  0.085 ,  0.109 ,  0.11 1 wer e approximate d an d arbitraril y  re -

ferre d t o 0. 0 phase ;  th e averag e equivalen t  lin e width s fo r  th e phas e 0. 5 wer e deter -

mine d fro m th e spectra ,  obtaine d a t  phase s 0.440 ,  0.453 ,  0.472 ,  0.474 . 

The Zeema n ultraviole t  spectr a ar e unique ,  whic h requir e lon g exposure s o n th e 6  m 

telescop e eve n fo r  brigh t  stars .  Th e method s ho w on e ca n obtai n the m ar e describe d i n 

detai l  b y Romanyu k (1986) ,  her e w e wil l  onl y mentio n th e fact ,  tha t  the y ar e appli -

cabl e fo r  bot h th e measurement s o f  Zeema n effec t  an d fo r  spectrophotometr y investi -

gations . 

Durin g th e observation s w e trie d t o obtai n homogeneou s observationa l  material ;  w e 

use d on e an d th e sam e grating ,  D=6. 7 A/mm,  Koda k plate s IIaO ,  an d MWP-2 developer . 

Durin g th e entir e ru n th e metho d o f  calibratio n remaine d unchanged .  However ,  som e 

factors ,  whic h wer e impossibl e t o oversee ,  cause d th e impairmen t  o f  th e homogeneit y 

and qualit y o f  spectrograms :  IIa O plate s i n differen t  pack s ha d variou s vei l  densit y 

(a s a  rul e high) ,  th e ultraviole t  spectru m en d wa s systematicall y underexposed ,  an d 

th e re d on e overexposed ,  a  chang e o f  weathe r  condition s durin g th e exposur e cause d 

variabl e integratio n rate ,  i n contras t  wit h th e calibration ,  etc .  Althoug h th e calib -

ratin g plat e (fro m th e sam e pack )  wa s develope d simultaneousl y wit h th e sta r  spect -

rum,  i t  wa s expose d o n a n individua l  plat e o n th e spectrograp h a t  th e lab ,  that ,  o f 

course ,  lead s t o discrepancie s i n th e condition s o f  obtainin g th e calibratio n spect -

ru m an d th e spectru m unde r  investigation .  Th e photoemulsio n characteristi c curv e i n 

th e spectra l  regio n unde r  investigatio n wa s change d a  littl e wit h wavelength ,  there -

for e w e performe d conversio n o f  th e spectru m int o intensitie s b y onl y on e curve .  Al l 

th e abov e mentione d reason s noticeabl y decreas e th e accuracy ,  accordin g t o ou r  esti -

mate s th e calibratio n inaccuracie s caus e th e error s o f  th e orde r  o f  5 % i n residua l 

intensities .  Al l  spectrogram s ar e recorde d digitall y  b y th e photometri c syste m o f  SA O 

(wit h th e automati c microdensitomete r  AMD-I) .  Th e conversio n int o intensitie s an d 

othe r  reductio n wer e performe d applyin g th e standar d techniqu e b y Nazarenko' s prog -

ra m (1988) ,  th e spectru m i n intensitie s wa s draw n wit h th e plotter .  Th e continuu m 

was plotte d an d spectra l  line s wer e identified .  Th e wron g plottin g o f  th e continuum , 

especiall y i n th e spectra l  regio n 370 0 -  380 0 A  (wit h strongl y overlappe d hydroge n 

lin e wings )  ca n caus e th e appearanc e o f  considerabl e error s i n determinatio n o f  lin e 

equivalen t  widths .  Fortunately ,  i s  a  wel l  investigate d C P star ,  therefor e i t  i s 

possibl e t o compar e th e equivalen t  width s wit h thos e obtaine d b y othe r  authors .  Sinc e 

onl y a  wea k variabilit y  o f  hydroge n line s wit h a  phas e o f  th e sta r  rotatio n perio d 

was detected ,  the n th e monitorin g o f  th e continuu m tracin g wa s performe d fro m th e in -

tensit y o f  H I  line s also .  A s a  resul t  o f  it ,  w e manage d t o plo t  th e continuu m i n th e 

spectru m regio n wit h >364 7 A  considerabl y accurately . 

For  exampl e le t  u s compar e th e equivalen t  width s o f  som e line s measure d b y u s wit h 

thos e determine d b y Burbidg e an d Burbidg e (1955) ,  Fig .  1 .  A s see n fro m Fig .  1 ,  ou r 
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equivalen t  width s o n th e averag e ar e reduce d i n compariso n wit h th e value s presente d 

by Burbidg e an d Burbidg e (1955 )  b y 10 % approximately .  I n a  wavelengt h regio n shorte r 

tha n Balme r  discontinuit y ther e ar e n o comparison s wit h othe r  authors ,  bu t  sinc e thi s 

regio n i s mor e sensitiv e t o change s i n observationa l  conditions ,  an d th e spectr a hav e 

th e mos t  divers e densit y exactl y i n thi s region ,  le t  u s compar e th e equivalen t  width s 

of  on e an d th e sam e line s obtaine d fro m differen t  densit y spectra ,  bu t  a t  clos e pha -

ses .  Th e resul t  o f  th e compariso n i s presente d i n Tabl e 2 .  I n it s column s ther e ar e 

th e spectru m number ,  th e phase ,  D  -  th e spectru m densit y a t  th e wavelengt h 360 0 A , 

and th e equivalen t  width s o f  line s o f  differen t  element s i n mA. 

Table 2. The comparison of line equivalent widths in different density spectra. 

I n spit e o f  th e considerabl e scatterin g on e ca n see ,  tha t  ther e ar e n o systemati c 

difference s i n determinatio n o f  fo r  differen t  densit y spectra .  Therefor e w e be -

lieve ,  tha t  i n ou r  wor k ther e ar e n o systemati c differences ,  exceedin g 10 % i n deter -

minatio n o f  th e equivalen t  widt h o f  iro n line s i n spectra l  regio n fro m bot h side s o f 

Balme r  discontinuit y fo r 
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3. CALCULATIONS 

The detailed spectrophotometric analysis of  was carried out by Cohen  (1970), 

where he determined T
e
=12000 K,  lgg=4.0 and  the abundance of  many elements  at  phases 

0. 0 and 0.5. 

Muthsam and Stepien  (1980)  compared the observed energy distribution in a wide re

gion of  spectrum,  from 1200 A to 7000 A,  with the  theoretical  one for  the  list 

of blanketed atmosphere models with chemical  composition defined by Cohen  (1970).  It 

was shown,  that at the phase 0.0  has a lower  temperature T
e
=11500 К than at  the 

phase  0.5  where  T
e
=12000K.  Therefore,  Muthsam  and  Stepien  (1980)  suggested  models 

which give an exquisite description of  the observed energy distribution  in the spect

rum  of  this  star.  However,  these  models  poorly  agree  with  the  observed  profiles  of 

hydrogen lines.  We calculated the profiles of Balmer hydrogen lines by BALMER program 

for  two models from  (Muthsam and Stepien,1980)  and compared with the theoretical pro

files for some Kurucz's models  (Kurucz,  1975)  and with the observed profiles of 

from (Gray and Evans,  1973).  The example of this comparison is presented in Fig.2.  It 

is seen,  that Kurucz's models,  T
e
=11500,  lgg=4.0 and T

e
=12000,  lgg=4.0,  describe the 

observed profile very well.  Therefore,  we  chose  these models,  using  them  for phases 

0.0 and 0.5,  respectively. 

The  choice  of  atmosphere model  is  very  significant  for  the  problem  of  investiga

tion of  the  distribution of  elements with depth,  since  the  models  from  (Muthsam and 

Stepien,  1980)  and  (Kurucz,  1979) with equal parameters of  T
e
  and lgg,  but different 

blanketing  effect,  have  a  considerably  different  distribution  of  temperature  with 

depth  (Fig.3). 

The next very important step,  necessary to increase the accuracy in the determina

tion of abundance of elements,  was the selection of isolated lines  in the spectrum of 

.  For  this  purpose  from  the  chosen Kurucz's  models  we  calculated  the  synthetic 

spectrum in the wavelength region 3300 A to 4000 A with the chemical  composition,  de

fined by Cohen  (1970)  for phases  0.0  and 0.5.  The  list  of  lines  and  atom parameters 



fro m (Kuruc z an d Peytremann ,  1975 )  wa s use d i n th e calculations .  Th e analysi s o f  th e 

syntheti c spectru m ha s shown ,  tha t  ther e ar e fe w isolate d line s sufficientl y stron g 

t o b e measured ,  therewit h the y d o no t  fal l  o n th e wing s o r  betwee n wing s o f  hydroge n 

line s (whic h ar e man y i n th e selecte d spectru m region) .  Therefor e fo r  th e analysi s w e 

had t o us e th e lines ,  consiste d o f  on e elemen t  blend s o r  wher e th e blen d o f  othe r 

elemen t  mad e a  smal l  contribution .  When calculatin g th e profile s an d theoretica l 

of  line s al l  th e blend s wer e take n int o account ,  bu t  ther e remaine d som e uncertaint y 

connecte d wit h th e abundanc e o f  differen t  element s constitutin g th e blend .  Th e calcu -

lation s wer e mad e usin g "Contour "  progra m (Leushi n an d Topilskaya ,  1986 )  i n LTE -

approximation .  Th e abundanc e o f  elemen t  an d th e theoretica l  dept h o f  lin e formatio n 

regio n wer e determine d b y th e compariso n o f  th e theoretica l  curv e o f  growt h wit h th e 

observe d equivalen t  width . 

Therefor e fo r  ever y lin e w e determine d th e dept h i n th e atmosphere ,  makin g a  maxi -

mum contributio n i n it s formation . 
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4. FIRST RESULTS 

Her e w e presen t  th e firs t  result s o f  determinatio n o f  iro n abundanc e a t  variou s 

depth s i n 

Sinc e i n th e lis t  o f  line s (Kuruc z an d Peytremann ,  1986) ,  w e use d t o calculat e th e 

syntheti c spectrum ,  ther e ar e considerabl e error s i n oscillato r  strengths ,  w e use d 

othe r  source s o f  ato m parameter s fo r  calculation s o f  line s selecte d fo r  determinatio n 

of  chemica l  composition .  Fo r  Fe I  line s w e use d th e dat a o f  Boyarchu k an d Savano v 

(1985 )  an d fo r  FeI I  o f  Boyarchu k an d Savano v (1986) ,  whic h i n fact ,  for m a  unifie d 

syste m o f  oscillato r  strength s fo r  iron .  Th e result s o f  calculation s fo r  th e line s 

wit h a  wavelengt h les s tha n 364 7 A  ar e presente d i n Tabl e 3  an d fo r  th e line s wit h a 

wavelengt h mor e tha n 364 7 A  i n Tabl e 4 .  Ther e ar e presented :  ion s an d th e lin e wave -

lengths ,  constitutin g th e blend ,  oscillato r  strength s l g gf ,  th e observe d equivalen t 

widt h i n mA,  it s error ,  ,  foun d fro m fou r  spectr a fo r  ever y phase , 

Table 3. Calculated iron lines in the spectrum region wit h <3647 A . 

Durin g calculation s th e abundanc e o f  S ,  Zr ,  V ,  Ti ,  appearin g i n som e line s wa s take n 

i n accordanc e wit h (Cohen ,  1970) . 

I t  i s  seen ,  tha t  averag e depth s o f  th e formatio n o f  fain t  lines ,  forme d fro m bot h 

side s o f  Balme r  discontinuit y diffe r  mor e tha n a n order .  Th e abundanc e o f  iro n i n th e 

uppe r  layer s o f  th e atmospher e appear s t o b e tw o time s highe r  approximately .  Unfor -

tunatel y a n erro r  o f  th e determinatio n o f  iro n abundanc e i s stil l  ver y great .  Bu t  th e 

effec t  seem s significant ,  sinc e i t  manifest s a t  bot h phases ,  whos e analyse s ar e per -

forme d independently .  We wil l  continu e th e wor k wit h th e ai m t o measur e an d calculat e 
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more isolated lines of  iron and to obtain more reliable results. 

Table 4. Calculated iron lines in the spectrum region with >3647 A. 

Table 5.Th e abundance of i ro n at d i f f e r e n t depths for 

It is seen,  that average depths of formation of weak lines,  formed from both sides 

of Balmer discontinuity differ by  than an order.  The  abundance  of  iron  in  the upper 

layers of  the atmosphere appears  to be about  two  times higher.  Unfortunately the er

ror in the iron abundance is still very great.  But the effect seems significant,  sin

ce it manifests  at both phases,  whose analyses are performed  independently.  We will 

continue  the work with  the  aim  to  measure  and  calculate  more  isolated  lines  of  iron 

and to obtain more reliable results. 

It  should be  noted  also,  that  even at  >3647  we  obtained  a  considerably  smaller 

abundance of  iron than in  (Cohen,  1970)  (+1.8 and +2.0)  at  phases 0.0 and 0.5,  res

pectively,  which  is  connected,  most  probably,  with  the  use  of  different  systems  of 

oscillator strengths. 
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