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YTUITAJ ACTPOPUNINYKE IIJIASME
HA OBJIMKE CIIEKTPAJIHUX JIMHMJA

Munau C. Jumurpujesuh

CAXETAK. ar je upernen acrpodusuukux npobnema 3a Koje cy noganu o
mapamerpuMma Lllrapkosor mupema of narepeca. Takole cy auckyronanu pe-
3yaTaTH HeTpaxknnawa LllTapkoBor mWHpewa o4 HHTepeca 3a aCTPO(UIHKY H
3a npobseme naboparopujcke naa3me. Hapounra naxisa je nocsehena ceMuk-
JIACUYIHOM W MOJUQHKOBAHOM CEMHEMIMPH]CKOM METOJY, KA0 M IPHMEHH pe-
gynrara n gocruruyha Beorpagcke wkose y ucrpasxusamwy [LTapkosor mmpemna.

1. Ilorpebe y acrpocdusuum 3a mro BehuMm xkoMmierom nojaraka
o IIltapkoBoM 1uupemy

Temxo je resepasio U3ABOJUTH acTPOhU3NUKH 3HAYAJHE CIIEKTPATIHE JIMHK]e, C
003WPOM 112, XEMUJCKH CACTAB HEKE 3BE3Je HUje YHAIPE MO3HAT U IOCTOj€ MHOI'e HH-
TepecaHTHE TpyIe 3Be31a Yujd je xemujcku cacras passuaut og Cynuenor. IIpema
TOME, CIIEKTPOCKONHja 3Be3J(a 3aBUCH OJ TO[ATAaKA O BEJIMKOM OpOjy CneKkTpal-
HUX JIMHWMja PA3JIMYATHX CJIEMEHATA, IbUXOBUX ATOMCKHX IIapaMeTapa 1 lapaMerapa
[IHPEThA.

Wnrepec 3a Benuku Opoj 10JjaTaKa O IHAPEbY JIMHU]A PA3JIMYUTHX eMUTEpa,
HAPOUYUTO je MOPacTad Pa3BOjeM KOCMHUKE aCTPOHOMHU)E, IITO je OMOryhRuiIo puKy-
JbAHE BEJIMKOT OPOja CIEKTPOCKOIICKMX NOAATAKA Y LIMPOKOM CIIEKTPAJIIOM OTICery,
on, paznuanTnx Hebeckux ofjexara, nmocebHO cTuMysuinyhu ucrpakuBarbe 00JIHKa
CHEKTPAJHUX JIUIH]a.

Pa3Boj xommjyTepa Takolje je cruMyimcao norpedy 3a BeJUKUM OpPOjeM Clek-
TPOCKOMCKUX nojiaraka. Hapouwro Besmku Opoj noparaka norpebaH je Ha nmpumep
3a u3padyHaBame Henposdpaunoctd. WiaycrparuBan npumep moxke na Oyne npo-
pauyn menpospaunocra 3a kiacuunn monen Iledenna [1], rie je ysero y obzup
11,996.532 cnekrpasiux qunuja (45 nuanja H, 45 He, 638 C, 54 N, 2390 O, 16030
Ne, 50170 Na, 105700 Mg, 145200 Al, 133700 Si, 12560 Ar u 11,530.000 Fe), upn
rleMy je y3cro y 003up u wuxoBo llITapKoBo 1mperbe.

VurepecanTHa HCTparKHBAILA KOja cy nocrana morylia ca passojem xomnjy-
TEPCKE TEXHOJIOTH]e, Cy MPOPATYHH NPOMEHe eKBHUBAJICHTHE IIHPHHE CA BPCMCHOM

Kowyune pevu: CeKTpH, CHEKTpPAJHe JWHUje, M1a3Ma, acTpoduauka, [lltapkoso mupeme.
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INFLUENCE OF ASTROPHYSICAL PLASMA
ON SPECTRAL LINESHAPES

Milan S. Dimitrijevié

ABSTRACT. A review of astrophysical problems where Stark broadening data
are of interest is given. Also, the results of Stark broadening study relevant
to astrophysical problems and to the laboratory plasma research have been
reviewed and discussed. Particular attention has been paid to the semiclas-
sical method and the modified semiempirical method as well as to the use in
astrophysics of results and achievements in Stark broadening research of the
Belgrade school.

1. Needs in astrophysics for an extensive set
of Stark broadening data

It is ditficult to state in general terms which spectral lines are important for the
analysis, research and modelling of astrophysical plasma and in particular astro-
physical spectra, since the atmospheric composition of a star is not known a priori,
and many interesting groups of stars exist with very peculiar abundances as com-
pared to the Sun. Consequently, stellar spectroscopy depends on very extensive list
of elements and line transitions with their atomic and line broadening parameters.

The interest for a very extensive list of line broadening data is additionally
stimulated by the development of space astronomy where an extensive amount of
spectroscopic information over large spectral regions of all kind of celestial objects
has been and will be collected, stimulating the spectral-line-shape research.

Development of computers also stimulated the need for a large amount of
atomic and spectroscopic data. Particularly large number of data is needed for
example for opacity calculations. An illustrative example might be the article on
the calculation of opacities for classical Cepheid models [1], where 11 996 532 spec-
tral lines have been taken into account (45 lines of H, 45 of He, 638 of C, 54 of N,
2 390 of O, 16 030 of Ne, 50 170 of Na, 105 700 of Mg, 145 200 of Al, 133 700 of
Si, 12 560 of Ar and 11 530 000 of Fe), and where Stark broadening is included.

113
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y 3BE3JAHHM jaTHMa U rajakcujamMa y kojuma ce pabajy seeszme [2]. Y momemy-
TOM YJIAHKY HM3padyHaTa je NPOMeHA eKBHBAJIEHTHUX MIUPHMHA TIOjefHIHX JIHHHja
pojoHuKa U xenujyma TokoM 500 MUHOHA rOjHHA, a 3aTUM yropeleHa ca nocMa-
TparbiMa 3Be3aHux jata y Beaukom Marenarosom ob1axy, 3Be31aH0r Cynep jara y
ranakcuju - “nopogmiuinty” 3se3ia NGC 205, je3rpa naryspacre eJlunTHIHE FajaK-
cuje NGC 205, kao u cjajue “E + A” ranaxcuje. IIpopauyn je usseneu y npe dase.
IIpso ¢y m3patuyHaTe monyJjanfje 3Be3/1a PasJUYUTHX CHEKTPaJuUX TUIIOBA, Kao
bYHKIMja BPEMEHa, a OHJIa Cy CHHTETHCAHM npobuIn MuHuja, cyMupajyhu nonpu-
HOCC Pa3JIHYUTHX 38€3)1a. [IpuiuKoMm cunrese Mpoduia CIeKTPATHUX THHHj, Y3H-
Manm ¢y y ob3up yrunaju npuponsor, Illrapkosor, Bax nep Baacosor u Tepmasor
JomnepoBor mupena.

[omrro He 3HAMO YHANPEJ, XEMHUjCKH CACTaB TIOCMATpaHe 3Be3Je, 33 npobiemMe
Kao IITO Cy HPOIEHA NPEHOCA 3paderba KPo3 38e3/ay 1a3My, HapouuTo y cybdo-
TochepCKUM CIOjJEBUMA, KA0 B OfipeljBambe XEMHJCKE 3aCTYIULEHOCTH €JIEMEHATA
M3 €KBUBAJICHTHUX HIMPHHA ANMCOPNIMOHUX JIMHKja, NOTPeDaH je IUTO MOTIYHH]H
goMmiureT nogaraka o IlrapkoBoM mupey 3a wTo Behn 6poj criekKTpaHuX JHHEjA
Pa3IMUHTUX EMHTEPA.

2. Hpumene y Cpbuju ceMHUKJIacCH4YHOT MeTO/ia 3a ACTPa)<KuBatbe
IITrapkoBor mmpema 1 acTpOPU3NIKN 3HATIa] JoOujeHUX pesysrara

YIpKOC YMFREHNIM 13 je HAJer3aKTHHjH TeOPUjCKHU MCTOJ 3a NPOPadyH ITap-
KOBCKHM IPOLINPEHUX ITPOMUIA CIEKTPATHAX JINHIja KBAHTHOMEXAHHYKH METO/ jaKe
cupere, yCIe I IBeroBe KOMIIEKCHOCTH M HyMEepHYKHEX TemKoha, mocToju caMo Manu
6poj Taxeux npopauyna (Bunum Ha npumep pedepenue y [3]). Kao mpumep no-
npuHoca Beorpajicke UIKoJe, MOXKEMO HABECTH Jia je 1IPBU HPOpadyH HapaMeTapa
[IITapKoBOr MIUPEHa ¥ OKBAPY KBAHTHO - MEXAHUUKOT METO/A jaKe CIIpere 3a jeian
HEBOJIOHHYHI HEYTPANHU eMuTep, uanenen 3a Li 1 2525 ~ 2p? P° npenas [4].

VY MBHOTEM CJly4ajeBHMa Kao LITO Cy Ha HPUMED KOMILJIEKCHH CHEKTPH, TElIKH
eeMEeHTM WM Ipesias3y w3Melly BUINX eHepreTCKUX HUBOA, er3aKkTHH)H KBaHTHO-
MEXaHUYKH METOJ je BeOMa TelIKO WM YaK W UpakTuano uemoryhe npumenuartu
Ha y TaKBUM CJy4ajeBHMa CeMUKJIACHUall IpIIIa3 ocTaje HajepuKacHUju MeTol 33
npopadyH napamerapa Illtapkosor mupema.

ITocrojehn oncexxuu mpopadysu napamerapa IlrapkoBor mupesa H3BeIeRH
cy xopucTelM TpH pa3MuMTa KOMIjyTepcka nporpama Koje ¢y passun (1) Homuc,
Bernter u I'pum [5-7], (it) Caxan-Bpewo [8,9] u (iii) Bacaso, Karanu i Bangep {10].

Kopucrehn xomnjyrepcku nporpam xoju ¢y passunu Ilouc, Bener u I'pum 3a
HeyTpaJieé H jeJIHOCTDYKO HAeNeKTpHUCaHe joHe, a koju je Jumurpujesuh npmiaro-
MO 3a CAYYaj BHIIECTPYKO HAGNEKTPUCAHHUX JOHA, CApaJHUIA OGeorpajicKe IIKOJe
objasuiu cy nojparke 3a Br I, GeI, Hg I, Pb I, Rb 1, Cd 1, Zn I, O II, O 111, C III,
CIV,NI[, NI, NIV,STII, S IV, C1 1T n Ti II, Mn II.

Jla 6u mro sume koMmerupaiy nojarke o HlrapkoBoM mmpewy norpebie 3a
HCTpaykEBaibe acTpodudntke M abopaTopHjcKe MJIa3Me U 3a NPOPAIYH 3BE3TAHUX
HEIpO3PAYHOCTH, YHHUMO HEIPEeKHIHN Hanop aa nodujemo nozarke o HltapkoBoM
mEpeiby 33 BEJMKU CeT aToMa W joHa. Y CepUjH paJoBa, U3BENIHM CMO Y CeMH-
KIACHYHO] anpokcumanuju [8,9], 3a npesase 3a Koje NOCTOjH JOBOHHO KOMILIETAH
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Interesting investigations which become possible with the development of com-
puter technology, are calculations of equivalent width changes with the age in star-
burst stellar clusters and galaxies [2]. In this Ref. the change of particular hydrogen
and helium lines equivalent widths during 500 million years, has been calculated
and compared with observations of stellar clusters of the Large Magellanic Clouds,
the super-star clusters in the starburst galaxy NGC 205, the nucleus of the dwarf
elliptic galaxy NGC 205, and a luminous “E+A” galaxy. Calculations have been
done in two steps. First, the population of stars of different spectral types, as a
function of age are calculated, and then the profiles of the lines are synthesized by
adding the different contributions from stars. For spectral line profiles synthesis
the effects of natural, Stark, Van der Waals and thermal Doppler broadening have
been taken into account.

For the estimation of radiative transfer through stellar plasmas, especially in
subphotospheric layers as well as for the determination of chemical abundances
of elements from equivalent widths of absorption lines, an as much as possible
complete set of Stark broadening data for an as much as possible larger number
of spectral lines for different emitters is needed, since we do not know a priori the
chemical composition of a star.

2. Applications of semiclassical method
for Stark broadening research in Serbia
and astrophysical significance of obtained results

In spite of the fact that the most sophisticated theoretical method for the calcu-
lation of & Stark broadened line profile is the quantum mechanical strong coupling
approach, due to its complexity and numerical difficulties, only a small number of
such calculations exist (see e.g. references in [3]). As an example of the contribution
of the Belgrade school, the first calculation of Stark broadening parameters within
the quantum mechanical strong coupling method for a nonhydrogen neutral emitter
spectral lines is for Li I 2sS — 2p® P transition [4].

In a lot of cases such as e.g. complex spectra, heavy elements or transitions
between highly excited energy levels, the more sophisticated quantum mechanical
approach is very difficult or even practically impossible to use and, in such cases,
the semiclassical approach remains the most efficient method for Stark broadening
calculations.

The existing large scale calculations of Stark broadening parameters were per-
formed by using three different computer codes, basically developed by (i) Jones,
Benett and Griem [5-7], (ii) Sahal-Bréchot [8,9] and (iii) Bassalo, Cattani and
Walder [10].

Using the computer code developed by Jones, Benett and Griem for neutrals
and singly charged ions and adapted by Dimitrijevi¢ for multiply charged ions,
Belgrade school provided Stark broadening data for Br I, Ge I, Hg I, Pb I, Rb I,
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CeT II0Yy3IAIMX ATOMCKAX [I0JIATaKa, Ia Ce O4eKyje Jo0pa Ta4HOCT PEe3yiTaTa, Oll-
cerkHe npopadyHe napamerapa Lltapkosor mupema 3a HU3 CHEKTPAJHUX AKHHja
pasmIuuTUX emurepa (Buiau Ha npuMep [3] u pedepenne y woj). [Ho mamac cy
OIICEXKHHE IPOPAYYHH U3BEACHHN 32 HU3 eMuTepa, u objaBisenu cy nojauu 3a: 79 He,
62 Na, 51 K, 61 Li, 25 Al, 24 Rb, 3 Pd, 19 Be, 270 Mg, 31 Se, 33 Sr, 14 Ba, 189
Ca, 32 Zn, 6 Au, 48 Ag, 3 Ar, 28 Ca II, 30 Be 1I, 29 Li II, 66 Mg II, 64 Ba II, 19
Sill, 3 Fe II, 2 Ni II, 32 Ne IT, 101 In II, 12 B 111, 23 Al III, 10 Sc III, 27 Be III,
11 Ne IlI, 32 Y 101, 20 In III, 2 T1 ITI, 5 O III, 2 Ne IV, 10 T1 IV, 39 5i IV, 90 C
IV,50,114PIV,2PbIV,190 V,30NV,25CV,51 P V,345V,26 VV, 30
O VI, 218 VI, 2F VI, 14 O VII, 10 F VII, 10 Cl VII, 20 Ne VIII, 4 K VIIL, 9 Ar
VIII, 6 Kr VIII, 4 Ca IX, 30 K IX, 8 Na IX, 57 Na X, 48 Ca X, 4 Sc X, 7 Al XI,
4 Si XI, 18 Mg X1, 4 Ti X1, 10 Se X1, 9 Si XII, 27 Ti XII, 61 Si XII u 33 V XIII
MYJITHIUIETA. ‘

Ioganu 3a nojesuuaune yunpje F I B 1) C OI, N IV, Ar II, Ga 1, Ga I1I, Cl
LBrLII, Cul, HgIl, NIII, F V u S IV Takolje nocroje.

Jobujenn ceMUKIACHIHM pe3ysnrard ynopehenu cy ca KPUTHUKH H3abOpaHIM
exciepuMenTaaunM nojauuMa 3a 13 He I mysruisera (Bugu pedepenne y [3]).
Crnaraise u3Meljy excnepuMenaTa u CeMIKJIACHIHIX [IpopadyHa je y oksupy : £20%,
HITO je NPesCcKa3ala TayHOCT CeMUKJIACHYHOr MeTona 7).

Hamu cemuxaacuyanu napamerpu Ilrapkoror mupewna, kopuinhenu cy 3a pas-
nnuuTe acrpodusnuke npodneme. IlomrTo je xemujym 1ocie BOAOHUKA HajBHLIe
3aCTYIULCH ¥ KOCMOCY, IIPUPOAHO je Ja cy Haum nogany o lrapkosom mupemy He
UIH]A 4ecTO KOPHUINCHH 32 Pasiu4nTa HCTparkuBaka y acrpodusunu. Ouu ¢y Ko-
pumhenu 3a pasmarpaise ciegelinx acrpodusuiknx npodreMa: aHATH3a y OKBUDY
non LTE mopena unreparyjyhie masojue § Lyrrae; ucTpakKuBaibe NPOMEHIBABOCTH
BasamMeponux nuauja y Ap 3Be31amMa; HCTPAXKUBANE HENPABWIIHUX, JaKHX XCJIH]yM-
cxux 3se3na 6 Orionis C u HD 58260, xemujcku cacras JBOJHOT CEBEPHOT jaTa h u
v Persei u crobonne aconujanuje Cepheus OBIII; ynora 6aengupama npu dhopmu-
pamy He cunrmer aunnja y armocdepama Bp 3Be3fa; KPpUTHUKA aHAIM3a YJITPa-
BUOJIETIIE TeMIeparypcke ckanie u kajmubpanuja edekTHBHE TeMepaTypHe CKaJie
KOJL OCTIUX T1ATy/haKa; UCTPASKHBATHA eKCTPEMHIX XejiHjyMoBux 38e31a BD-90-4395;
jonmM3auMja U eKCHUTALKja y XJIaJHUM THIAHTHMA; 06pa3oBaibe aTMochepeKnx Cio-
jeBa B JAJIEKH YITPABUOJETHHU ClEKTap Denx narymaka 60raTuX BOSJOHHKOM; CIIEK-
Tpanme ocobuHe Bpejaux Oejux NaTy/baka GOraTHX BOJAOHHKOM, HCTPAsKHUBAILE Ca
crpatuduxanmonum H/He monenom; paaujaTurno ybpsame Ha rnoxby; panuja-
THBHO yOp3ame xenujyma y armocdepama sdOB 3Be3ma; ncTpakubarbe 3Be37a ca
HenpaBUIHOM 3aCTYIUBeHOmNY XeJujyMa M INIEMEHHUTHX acoBa; CIeKTPOCKOICKA
anamus3a DAO u tomumx DA Genux narymaka. Osu mojauu yumim ¢y y nporpam
CHHTE3€ CNIEKTDPa JBOJHUX 3Be3[a U yIoTpeOJbeHH Cy 3a HCTpaKuBama arMocdepe,
TIOBPIIMHCKO MAIIMPAIbe XeJujyMa 1 pasMaTpame npoMensbusocTl crrekrpa ET An-
dromedae, 3a ncrpaxusame MexanusMa nacraska He T X\ 10830 A y knacuumum
nedensama, 3a pazMarpame TOmInK O0ejuxX NaTy/bakKa y HOCMATPARHMA CATEINTa
Extreme-Ultraviolet Explorer, 3a norpary 3a OpHHYJIHUM OCHHJIAIHjaMa ¥ eKJIMII-
CHHMM H CIEKTPOCKONCKKUM IBOjHUM V436 Persei-1 Persei, 3a ucrpakupama 3acTy-
OJHeHOCTH XeJMjyMa y 3Be3JaMa boraTuM XelnjyMoM, Kao ¥ Oe/IuX MaTyshbaka; 3a
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CdI,Zn1, O, O III, CIII, CIV, N II, N III, N IV, S I11, S IV, C1 III and Ti II,
Mn II.

In order to complete as much as possible Stark broadening data needed for
astrophysical and laboratory plasma research and stellar opacities calculations we
are making a continuous effort to provide Stark broadening data for a large set of
atoms and ions. In a series of papers we have performed large scale calculations of
Stark broadening parameters for a number of spectral lines of various emitters (see
e.g. [3] and references therein), within the semiclassical-perturbation formalism
8,9], for transitions when a sufficiently complete set of reliable atomic data exists
and a good accuracy of obtained results is expected. Extensive calculations have
been performed, up to now (see Ref. [3] and references therein) for a number of
radiators, and consequently, Stark broadening parameters for: 79 He, 62 Na, 51 K|
61 Li, 25 Al, 24 Rb, 3 Pd, 19 Be, 270 Mg, 31 Se, 33 Sr, 14 Ba, 189 Ca, 32 Zn, 6
Au, 48 Ag, 3 Ar, 28 Ca 11, 30 Be II, 29 Li 11, 66 Mg II, 64 Ba 11, 19 Si 11, 3 Fe 11,
2 Ni 11, 32 Ne 11, 101 In 1, 12 B 1II, 23 Al 111, 10 Sc 111, 27 Be I1I, 11 Ne III, 32
Y IIL 20 In 111, 2 T1 113, 5 O 111, 2 Ne IV, 10 Ti IV, 39 Si IV, 90 C 1V, 5 O, 114
PIV,2PbIV,190 V,30NV,25CV,51 PV, 34SV,26VV 300 VL2188
VI, 2 F VI, 14 O VII, 10 F VII, 10 Cl VII, 20 Ne VIII, 4 K VIII, 9 Ar VIII, 6 Kr
VIII, 4 Ca IX, 30 K IX, 8 Na IX, 57 Na X, 48 Ca X, 4 Sc X, 7 Al XI, 4 Si XI, 18
Mg X1, 4 Ti X1, 10 Sc X1, 9 Si XII, 27 Ti XII, 61 Si XIIT and 33 V XIII multiplets
become available.

Data for particular lines of F I, BII, C III, N IV, Ar I, Ga II, Ga III, Cl i, Br
LLII, Cul, Hg I, NIII, F V and S 1V also exist.

The obtained semiclassical result have been compared with critically selected
experimental data for 13 He I multiplets (see references in [3]). The agreement
between experimental and semiclassical calculations is within the limits of 4-20%,
what is the predicted accuracy of the semiclassical method [7].

Our semiclassical Stark broadening parameters, were used for different astro-
physical problems. Since the helium has the largest cosmical abundance after hy-
drogen, it is naturally that our He Stark broadening data have been often used for
different investigations in astrophysics. They have been used for the considerations
of following astrophysical problems: non LTE model analysis of the interacting bi-
nary 3 Lyrrae; variability investigations of Balmer lines in Ap stars; investigations
of peculiar helium-strong stars d Orionis C and HD 58260, the chemical composition
of the northern double cluster;h and x Persei and the loose association Cepheus
OBIII; the role of blending in the He singlet lines formation in Bp star atmo-
spheres; the critical analysis of the ultraviolet temperature scale and the effective
temperature calibration of white dwarfs; the investigation of extreme helium star
BD-90-4395; the ionization and excitation in cool giant stars; the constitution of
the atmospheric layers and the extreme ultraviolet-spectrum of hot hydrogen rich
white dwarfs; spectral properties of hot hydrogen rich white dwarfs with stratified
H/He model; radiative accelerations on iron; radiative acceleration of helium in
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npoyuaBawme edekra nudysdje u rybuTka Mace, Ha 3aCTYIUBEHOCTH XeIHjyMa, KO,
TOIIMX NMATYhaKa M cyOnary/baka 3a CHEeKTPAJIHY AHAJIU3Y eKCTPEMHUX XeJHjyM-
ckux 3Be3ga mncke rpapuranmje LSS 4357, LS 11 43305 u LSS 99 v noma 3e3ne B
THIIA Y XOPU30HTAAHO] rpanu - Feige 86, 3a nopeljeme ca TEOPUCKUM PE3YJITATUMA,
nobujennm y oxkupy Teopuje IlItapkopor mmpema Punbeprosux CynueBux nuHHja
y JajleKoM HH]ppaupBeHoM ClIeKTPY, 3a nuckycujy dopmupamna He I 2P-nD smnuje
ko A Eridani, 3a npoy4asarme armocdepckux Bapujauuja Koj, Henpasumte B(e)
3sesge HD 45677 (F'S Canis Majoris), 3a HOBH MeTO/ 33 (DHTOBAE IOCMATPAHA, CA
CHHTOTHYKMM CHEKTPHUMA, 33 pasMarpame 3actyrubenoctd Hesz msorona y armoc-
depama HgMn 3Be3/12, 1 ncTpazkuBame crparuduKanije xeaujymMa y armocgepama
MArHEeTHUX 3BE3/3 Ca OJCTYIAbeM y CaapXKajy XennjyMma.

O Hamux ceMukIacudanx pesynarata 3a Illtapkoso mwupeme, Hajeelin 3Ha4aj
33 acTpOMU3UKY UMAjy Pe3YJITATH 32 CIIeKTPAJIHe JIMHHje jJOHH30BAHOT CHAULIM]YyMa.
Osu pesyararu ynorpebibeHu Cy 3a aHAJIN3Y 3aCTYIULEHOCTH CUJIHIU]yMa NOMONY
co-added DAO cnekrporpama HgMn 3Be3na ¢ Herculis, 28 Herculis, HR 7664, v
Cancri, ¢+ Coronae Borealis, HR 8349, 7 Bootis, v Herculis, HR 7361, HR 4072, HR
7775, B 3sesga m Ceti, 134 Tauri, 21 Aquilae, v Capricorni, v Pegasi, ¢+ Herculis,
¢ Draconis,  Lyrae, 8 Cygni, 22 Cygni, B u A 3Be3na v Geminorum, 7 Sextantis,
HR 4817, HR 5780, HD 60825, Merak, m Draconis, x Cephei, 3Be3aa panor A tuna
68 Tauri, 21 Lyncis, a Draconis, 2 Lyncis, w Ursae Majoris, ¢ Aquilae, 29 Vulpe-
culae, o Aquarii wopmanuux F 3sesna rrasuor vuza 6 Cygni, ¢ Piscium, o Bootis,
3pe3fa ca qunHjama Metana 15 Vulpeculae, 32 Aquarii, HR 4072B, 60 Leonis, 6
Lyrrae, ka0 n 3a aHaJIM3y 3acTyIubeHOCTH cuinuujyma ca Complejo Astronomico
el Leoncito REOSC echelle ciekrporpamuma, k Cancri, HR 7245, ksi Octantis, HR
4487, 14 Hydrae, 3 Centauri A, 3a npoyuasame 3acrymubenoctu cumnnujyma CP
spesna HD 43819, HD 147550, x Lupi, 21 Canum Venaticorum, HD 133029, HD
192913, 3a oppeljuBame 3acTyibeHOCTH cuiHijyma kon v Geminorum, HR 1397,
HR 2154, HR 60825 u 7 Sextantis. Hamu noganu rakobe cy xopumhenu 3a gucky-
cujy o byaylinocTyn 3Be3gaHe CIEKTPOCKONH]jE, HCTPAXKUBAA, [IJIABHX JIy TAJTUIIA, KO
M 67, ompebhusame edexrupne Temneparype 3se3ja B-tuma nomohy Si Il smnuja
u3 ¥YB mynrunnera 13.04 sa 130.5-130.9 uM, ananu3sy upBeHor cuekrpa Ap 3Be31a,
HJITP ananusy cnabo cjajaor romor cybnarymska O tuna y asojuoM cucremy HD
128220, auckycujy ysore IlTapkoBor moMaka CIeKTPaJHAX JHHL]a 38 oapeluBame
XEMHJCKOT' CaCTaBa 3BE3/1a METOJIOM MOJIENa arMocdepe, AUCKYCHjy IIPHpoE 3Be31a
F str A 4077 tuna, a 6w cy kopuinfieHd u 3a UCTpaxkupama arMocdepe, HoBp-
mHeKko Manupame He u pasmarpaibe npomensusocti cnektpa ET Andromedae.

Cemuxnacuyun nogau o Hltapkosom mwmpersy 3a N II) N IIT u N IV nunuje
KOpHUINeH# Cy 38 NUCTPasKUBabe XeMHjCKOr cacTaBa Maajaor orsopenor jara NGC
6611. Hamu nonmanm 3a Ga Il xopumhenu cy 3a aHanu3y 3aCTYI/bEHOCTH TaJIH-
jyma kon k& Cancri, Hopmanaux kacHnx B u HgMn 3Be3na ut 3a auckycujy anomadi-
HEX npoduia ranmujymMoBux unuja ko HgMn 3sesga, kao Moryhn nokas xemujcke
crparudukanuje y armocgepu. Hamm ceMUKIaCHYHE PE3YITATH 32 JIMTHjYM HCKO-
putifienn cy 3a npoyuasame He-JITP dopmupama Li I nunuja y xsaauum 3pe3gama.
Pesynratu 3a C IV kopuiulienn cy 3a pa3zmarpare yTHHAja HATOMUNABAA, YCIET
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the atmospheres of sdOB stars; research of stars with peculiar helium and noble
gases abundances; a spectroscopic analysis of DAO and hot DA white dwarfs. They
entered in a spectrum synthesis program for binary stars and have been used for
atmosphere research, helium surface mapping and spectrum variability considera-
tions of ET Andromedae, for the investigation of the He I A 10830 A formation
mechanism in classical cepheides, for the consideration of hot white dwarfs in the
Extreme-Ultraviolet Explorer survey, for the search for forced oscillations in the
eclipsing and spectroscopic binary V436 Persei-1 Persei, for investigations of helium
abundance in He rich stars and white dwarfs; for a study of the effect of diffusion
and mass-loss on the helium abundance in hot white dwarfs and subdwarfs, for the
spectral analysis of the low gravity extreme helium stars LSS 4357, LS 11+3305 and
LSS 99 and the field horizontal-branch B-type star Feige 86, for comparison with
theoretical results obtained within the Stark broadening theory of solar Rydberg
lines in the far infrared spectium, for a discussion of He I 2P-nD line formation
in A Eridani, for a study of the atmospheric variations of the peculiar B(e) star
HD 45677 (FS Canis Majoris), for a new method for fitting observations with syn-
thetic spectra, for the consideration of the abundance of Hes isotope in HgMn star
atmospheres, and investigation of the helium stratification in the atmospheres of
magnetic helinm peculiar stars.

Our semiclassical Stark broadening results which have the highest impact in
astrophysics, concern ionized silicon spectral lines. Results of our semiclassical
investigations have been used for silicon abundance analyses with co-added DAO
spectrograms, of the HgMn stars ¢ Herculis, 28 Herculis, HR 7664, v Cancri, ¢
Coronae Borealis, HR 8349, = Bootis, v Herculis, HR 7361, HR 4072, HR 7775,
B stars 7 Ceti, 134 Tauri, 21 Aquilae, v Capricorni, v Pegasi, ¢ Herculis, ¢ Dra-
conis, n Lyrae, 8 Cygni, 22 Cygni, B and A stars v Geminorum, 7 Sextantis, HR
4817, HR 5780, HD 60825, Merak, m Draconis, £ Cephei, early A type stars 68
Tauri, 21 Lyncis, o Draconis, 2 Lyncis, w Ursae Majoris, ¢ Aquilae, 29 Vulpec-
ulae, o Aquarii normal F main sequence stars 6§ Cygni, ¢ Piscium, o Bootis, the
metallic lined stars 15 Vulpeculae, 32 Aquarii, HR 4072B, 60 Leonis, 6 Lyrrae,
silicon abundance analyses with Complejo Astronomico el Leoncito REOSC echelle
spectrograms of x Cancri, HR 7245, ksi Octantis, HR 4487, 14 Hydrae, 3 Cen-
tauri A, silicon abundance studies of CP stars HD 43819, HD 147550, x Lupi, 21
Canum Venaticorum, HD 133029, HD 192913, silicon abundance determination for
v Geminorum, HR 1397, HR 2154, HR 60825 and 7 Sextantis. Our data have also
been used for a discussion on the future of stellar spectroscopy, investigation of
blue stragglers of M 67, determination of the effective temperature of B-type stars
from the Si II lines of the UV multiplet 13.04 at 130.5-130.9 nm, analysis of the red
spectrum of Ap stars, NLTE Analysis of subluminous O type hot subdwarf in the
binary system HD 128220, a discussion of the role of spectral line Stark shifts for
stellar chemical composition determination with the method of atmospheric model,
a discussion of the nature of the F str A 4077 type stars and have been used for



120 MUAAH C. JUMUTPUIEBUR

I'PaBHTAlFje 1 CeAeKTUBHAX pajnjaTusHux cuia koja PG 1159 3esna, 3a YB cnex-
TPOCKOIIMjY BHCOKE pe3osyluje apa Tomna (npe-) 6ena narymka (KPD 000545106
u RShJ 2117+ 3412) nomohy XabnoBor caTesnTCKOr TejecKkona, 3a oipehusaibe
CreKTpaJHe pacnomese exepruje u ocobuxa armocdepe xennjymom Gorator Gesior
naryska MCT 0501-2858, kao n 3a HCTpaKHBambhe Maca, KHHEMAaTHKE H CacTaBa
Hennx narymaxa ko Tpu Omucke DA+dMe npojue 3se3ne. llogauu o Hlrapkosom
mupey cuekrpaanux gunagja N V, kopumherd cy 3a CNeKTpajHy aHaju3y Iia-
nerapue Mariuse K 1-27 a nopauu 3a O VI 3a cnexTpasiiny anaju3y IjiaHeTapHe
Mammne LoTr4 ca BHIIECTPYKUM OMOTaYEM, Kao K 3a BeoMa ToIe, ca JePUIHTOM
BOJOHHUKA, HeHTpae 38e3ne obe marnuue. Kopumlienn ¢y Takolje 3a npoydasa-
me EUV cnexrpa jemuncrsedor 3pespasor jesrpa H1504+4-65. Hamm napamerpun
HIrapkogor mupema acTpodU3UIKH HITEPECAHTHHX CIEKTPAJIIUX JIHHUja JOHH-
30Bane Xupe, Kopuiihenu cy 3a oxpehuBame 3acryisperocta Hg y HopMmasnnm,
xacuum B u HgMn 3sesgama nomohy co-added IUE cmekrapa; Hamu nopauu 3a
Ca II 3a aHaIM3€ 3aCTYIIHLEHOCTH KaJIIM]YMa KOJ[ CHEKTPOCKOIICKY JIBOJHE 3BE3E (v
Andromedae, a 3a Mg I 3a HJITP anamusy Mg I y armocdepn Cynna.

3. MomudukoBanu ceMueMnupujcku merosd 3a IlltapkoBo mmpeme
u erope acTpodu3nUKe IPUMeHe

ITpoino je mBajecer n ape rogute o dbopmynanuje MoAHUKOBAHOr CEMUEM-
mipnjckor npunasza (MCE) [11] 3a npopauyn nmapamerapa IlIrapkosor mupema
CIIEKTPAJIHX JINHUja HEeBOJOHUYHHX joHa. TOKOM OBOI MEPHOIA NOMEHYTH METO.
je YCIeIIHO OpUMeeH MHOTO nyTa Ha pasjudure mnpobsieme y acTpodu3uuu u
dbusumm. Upema mopudukopanom cemuemnupujeckom (MCE) mpunasy [11-17] nyna
mupusa (FHWM - Full Width at Half Maximum) u3onoBase joHCKe JHHEje yCie
CyAapa Ca eIeKTPOHUMA, JIATA j& H3PAIOM

8t h2 7 2m \Y2 1 X2
Wass =N (27) " J5ame
X{ Z z ﬁz[mfiAiJi,m(&:El)Ai:J,-«]fqv(xgi,giil)
Gtl Ay Ty
(1) + 50 ST RptpArdyng(ly 2 V) Ap TplG(e, 041

20 =
+ (;%ii,)An#Og(xni’ni+1) + (%,:%ff,)A1z;éog(mm’nf+1)}’

a oxrosapajyhn LlTapkos moMaxk u3pasom
dr B?  2m 12 ™ A2
dysp = NoE 2 (212 T A7
MSE 3 m? (WkT) V3 2re
{ > 050, Rl ATi, ni(8 + 1) Ap Jo1Gon (s 0:41)
A dy
- Z 0703, 82 (il Ai Ji,ni (€ — 1) Av T gn (e, 6i—1)

A dy
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atmosphere research, He surface mapping and spectrum variability considerations
of ET Andromedae

Semiclassical Stark broadening data on N II, N III and N [V lines have been
used for the investigation of the chemical composition of the young open cluster
NGC 6611. Our data for Ga II have been used for gallium abundance analysis
of k Cancri, normal late B and HgMn stars and for a discussion on anomalous
gallium line profiles in HgMn stars as a possible evidence for chemically stratified
atmospheres. Our semiclassical results for lithium have been used for a study of the
non-LTE formation of Li T lines in cool stars. Results for C IV have been used for the
consideration of the influence of gravitational settling and selective radiative forces
in PG 1159 stars, high resolution UV spectroscopy of two hot {pre-) white dwarfs
(KPD 000545106 and RXJ 2117+3412) with the Hubble Space Telescope, spectral
energy-distribution and the atmospheric properties of the helium-rich white-dwarf
MCT 0501-2858 and for an investigation of stellar masses, kinematics, and white
dwarf composition for three close DA+dMe binaries. Stark broadening data for N
V spectral lines have been used for the spectral analysis of the planetary nebula K
1-27 and data for O VI for spectral analysis of the multiple-shell planetary nebula
LoTr4 and for very hot hydrogen-deficient central stars of both nebulae. They have
been used also for the study of the EUV spectrum of the unique bare stellar core
H15044-65. Our Stark-broadening parameters of ionized mercury spectral lines
of astrophysical interest, have been used for determination of Hg abundances in
normal late-B and HgMn stars from co-added IUE spectra; our data for Ca II for
abundance analyses of the double-lined spectroscopic binary o Andromedae, and
our data for Mg I for a non-LTE analysis of Mg I in the solar atmosphere.

3. Modified semiempirical method for
Stark broadening and astrophysical applications

It is twenty two years from the formulation of the modified semiempirical (MSE)
approach [11] for the calculation of Stark broadening parameters for non-hydrogenic
ion spectral lines. Within this period the considered method has been applied suc-
cessfully many times for different problems in astrophysics and physics. According
to the modified semiempirical (MSE) approach [11-17] the electron impact full
width (FHWM) of an isolated ion line is given as

8t h% /2m\1/2 7 \?
Wase =N (57)  Ziame
X{ Z Z ﬁz[niZ,-AiJi,ni(& + 1)Ai’<]'i']§($£¢,f.v:tl)
£+l Apdy
(1) + Z Z ﬁg[vlefAfJf,nf(ﬁf + 1)Af’Jf‘]§'($ef,e,351)

£rtl Af/Jf/
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V jennauunama (1) u (2)

E .
Tl by = o> k:Z)f;
o ABg, 4,
a k= %kT je KMHETHYKa eHepruja enexTpoHa, oK je Ay, ¢, = |Ey — Ey,,|
eHnepreTcka pasiuka nameljy nusoa £ u fp £ 1 (k =1, f),

E
Trpenet+1 ~ AL

Mg g1 ’
rae je 3a An # 0, passmka enepruje uamely nusoa ca ng u ng + 1, AE,, . 41, UpO-
uemena ka0 AEn, 41 ~ 222 Ey [n;2, nt = [Eu 2%/ (Bion — Er)]Y/? je ebexrunnn
rIaBHu KBaHTHU BPOj, £ je pe3ujiyalHo HaeJeKTpucame jona (na npumep Z = 1 3a
neyrpane), a E;,, je enepruja jonmsanuje onrosapajytie cnekrpanue cepuje.

AKO HMaMO jadyrHy OCHWIATOPa HA NPUMEP U3 JIMTEepaType, oropapajyhin ma-
TPUIHH €JIEMEHT MOXKe OUTH m3padynar noMmolly uspasa

E .
LB/ (B > Ey), k=1i,f

29 O
%k,k' 3Ek/ _ Ek

UK E kl
tie ¢y fir (3a Ep > Ep) u frr (3a Ep < Ey) jauuse ocuunaropa, a Ep jouusa-
IMOHA eHepruja BOJOHUKA.

EBenryanno memame kondwurypanmja momxe Outi y3ero y ob3up (Bugu Ha
npumep Ped. [15]) axo 2 4 TIPEJICTABUMO KAo

[e4

%i’k, 3

25 =Ko N2y + Kp- R34,

rze cy K, n K xoedunujentn memama ase xoudurypanmje a I{, + g = 1.
VY jemmaunnama (1-4) N u T cy rycruHa ejieKTpoHa U TeMeparypa, a Q(€A, £/ A’)
n Q(J,J") cy dakropu mynrunnera u aunuje. Bpeanocr A 3asucu og Tuna cupere

(Bumu Ha npumep [15]). Y cayuajy LS Bese, npumemedom osne, A = L, 3a jK
n;lkﬂ:]
n"lk

anporenMauyjy A = K a 3a jj anpokcumauujy A = j. [R ] je pamujannn
unrerpai, a ca g(z) [7], g(z) [11] u gsn(z) [7], gsn(x) [14] cy pecuekrusHO 03-
Havuenu onarosapajyhu Tayur dakropn 3a mwupuny u moMepaj. Pakrop opp =
(Ep — Ey)/|Eyw — Ey|, e cy Ep u Ep eHepruje pa3mMaTpalor u 1berOBOT TIEPTYP-
Garmonor uuoa. Cyma ), §i je pasimyuuTa off HyJe CaMoO aKo Nocroje meprypba-
uonu HuBoM ca An #0 KOju jako HapyIIaBajy MpeTnocTaB/beHe allpOKCAMAly]e,

TAKo Ja Ce MOpajy y3eTH ¥ PadyH 1ocebHO, TC Ce MOI'y IPOLEHUTH H3Pa30M
=t E
(3) 8; = im%il [gsIL (F) + gsh(xm,n.-—f—l)]y
1,1
3a ropmi HHBO U H3DA30M
~ E
(4) 0f = ¥§Rfcfz [gsh(A—E?> + gsh(mnf,nfﬂ)];

3a JOWM HEBO. ¥ jexnauunama (7) u (8) mowmu 3Hak omrosapa 3a AEy < 0,
k=i,f.
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(Z\SR >An7$0 T nit1) <;ﬁ?f,)An#g(xn/,an)},

and the corresponding Stark shift as
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‘where the initial level is denoted as ¢ and the final one as f and the square of the
matrix element {?R el ApJr, (6 £ DA Jp], k=14,f}is

14 R
52 [l Ag Ty, ni (€ £1) Al Jpl = 2J> QleAr, (L)AL Q(Jk, J1) [R nkeikil)] .
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(Z éﬁz"')mwﬁo - (?)2”72)2%(%2 30+ 36+ 11).
o

In Egs. (1) and (2)
E
s k=i.f;
AEy, ¢, f
and E = %kT is the electron kinetic energy and AEy, ¢, = |E,, — E,,| is the
energy difference between levels ¢ and £ £ 1 (k =1, f),

E
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where for An # 0, the energy difference between energy levels with n; and ny +
1, AEp, n,+1 is estimated as AEp, n, 1 &~ 2Z2Ey/ni3, nt = [ExZ22/(Eion —
E;,)]*/? is the effective principal quantum number, Z is the residual ionic charge
(for example Z = 1 for neutrals) and E;,, is the appropriate spectral series limit.

If we have an oscillator strength, e.g. from literature, the corresponding matrix
element may be calculated as

Ey

g—%‘z g R . ) ’ , )
ook 3Ek’ "y Tek (Ew > Ey), k=i,f
or /
= EFyg 2K +1
§R2 ) A3 Trr )2 N =)
R T L (Bw < Ep), k=i, f

where fiy, (for Ex > Ey) and fyp (for By < E}) are oscillator strengths and Eg
is the hydrogen ionization energy.

Possible configuration mixing may be taken into account (see e.g., Ref. [15]) if
one represents ?)?Eiﬂ as

ﬁiﬁ =Kgy- ﬁia’ + Kg- ﬁ%,@/,

where K, and Kjp are mixing coefficients for two configurations and K, + Kz = 1.

In Egs. (1-4) N and T are electron density and temperature, respectively, while
QLA ¢'A") and Q(J,J') are multiplet and line factors. The value of A depends
on the coupling approximation (see e.g., [15]). In the case of the LS coupling
approximation, applied here, A = [:, for the jK approximation A = K and for the
Jj approximation A = j. The [Rg:ﬁ:ﬂ] is the radial integral, and with g(z) [7],
g(z) [11] and gn(x) [7], Gsn(z) [14] are denoted the corresponding Gaunt factors for
width and shift, respectively. The factor oxy = (Epr — Ey)/|Ew — Eg|, where Ey
and Ly are the energy of the considered and its perturbing level. The sum ¥ & Ok
is different from zero only if perturbing levels with An # 0 strongly violating the
assumed approximations exist, so that they should be taken into account separately,
and may be evaluated as
(3) 6 = 5% [gun (

J

AE;

) F gsh (xm,nrl-l):l >

for the upper level, and
- E
(4) §p = :Fm?‘f’ [gsh (W) + gsh(mrzf,'nf+1):' )

for the lower level. In eqs. (3) and (4) the lower signs correspond to AEy < 0,
k=i, f.

In comparison with the full semiclassical approach [5-10] and the Griem’s
semiempirical approach [18] who needs practically the same set of atomic data
as the more sophisticated semiclassical one, the modified semiempirical approach
[11-17] needs a considerably smaller number of such data. In fact, if there are no
perturbing levels strongly violating the assumed approximation, for e.g. the line
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where for An # 0, the energy difference between energy levels with ny and ny, +
L, A, n41 is estimated as AEy,, n, 11 ~ 2Z°Ey/ni®, n} = [EgZ?/(Eipn —
Ep)]M? is the effective principal quantum number, Z is the residual ionic charge
(for example Z = 1 for neutrals) and E;,, is the appropriate spectral series limit.

If we have an oscillator strength, e.g. from literature, the corresponding matrix
element may be calculated as

By

5}‘%2 .t ’&53——.——_ . , o iy
hk Ekl — Ek fk k (Ek > Ek), k Z,f
or I
i Ey 2K +1
3?2 3 s I . .
kk Br— By 211 Srr (B < Ey), k=31,f

where firr (for Ex > Ey) and fi (for By < Ej) are oscillator strengths and Ejy
is the hydrogen ionization energy.

Possible configuration mixing may be taken into account (see e.g., Ref. [15]) if
one represents Eﬁ%ﬁ as

g =Ko 52, + Kz $3p,

where Ko and K are mixing coefficients for two configurations and K, + K5 = 1.

In Egs. (1-4) N and T are electron density and temperature, respectively, while
QLA 'A") and Q(J,J') are multiplet and line factors. The value of A depends
on the coupling approximation (see e.g., [15]). In the case of the LS coupling
approximation, applied here, A = L, for the K approximation A = K and for the
jJj approximation A = j. The [Rzlfgiil] is the radial integral, and with g(z) [7],
g(z) [11] and gsn(z) [7], gsn(z) [14] are denoted the corresponding Gaunt factors for
width and shift, respectively. The factor oy = (Ey — Ei)/|Ex — Ey|, where Ej,
and Ey are the energy of the considered and its perturbing level. The sum ", &
is different from zero only if perturbing levels with An # 0 strongly violating the
assumed approximations exist, so that they should be taken into account separately,
and may be evaluated as

1

(3) 8 = %2, [Qsh(Agi i,) ¥ gsh(xn,-,n;-i—l)]:

for the upper level, and

(4) 0 = :Fé}_é?‘f’ [gsh(z—%f—l) + Hsh(znf,nfﬂ)],

for the lower level. In egs. (3) and (4) the lower signs correspond to AE < 0,
k=1i,f.

In comparison with the full semiclassical approach [5-10] and the Griem’s
semiempirical approach [18] who needs practically the same set of atomic data
as the more sophisticated semiclassical one, the modified semiempirical approach
[11-17] needs a considerably smaller number of such data. In fact, if there are no
perturbing levels strongly violating the assumed approximation, for e.g. the line
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VY nopeljemy ca nornynum cemuxaacadHuM npuaazom [5-10] u I'pumosum ce-
MHeMITMPH)CKUM npuaasoM [18] 3a xoju je norpebal NPAKTHYHO HCTH CET ATOMCKHX
MOJATAKA KA0 M 33 MHOIO CABPIEHWJH CeMHKJIACHYHU IPUTIa3, MOIUGMUKOBAHU Ce-
Muemrupujcku npuias [11-17] saxreBa 3narHo Mamu Opoj TakBux nogaTtaxa. Y
CTBapH, ako Hema nepTypOyjyhnx HHBOA KOjH jaKO HApYLIaBajy YCBOjeHE allPOKCH-
Mallpje, Ha TIpUMep 3a IpopavyH mpuHe Tpebajy HaM CaMoO eHeprerTCKH HHBOH Ca
An = 0u l;y = ;7 £1, noutro je fsonpunoc cBuX neprypbyjyhux musoa ca An # 0,
MOTPeOHMX 33 NOTHYHH CEeMMKJIACHYHM IIPOPAYYH WJH 33 HCTPaKHBambe moMohy
I'pumoBor cemueMnupujckor nprita3a [18], y3er 3ajenso u npuOAMIKHEO IPOUCHEH.
Osae, n je raapuu a £ kBauTHU 6POj OPOUTAIIHOT YTAOHOT MOMEHTA ONITHYKOL eJleK-
TPOHA, JIOK CY €& 4 U f O3HAUEHM MOYETHO U KPAjibe CTambe PA3MATPAHOr Ipesia3a.

VYenen 3HaTHO Mamer cera MOTPeOHUX ATOMCKUX MOJaTaka y nopeljemy ca KoMm-
wieruuM ceMukyacHaruM [5—-10] unu IpuMoBHM ceMHeMIMPHjCKHM MeTozoM [18],
MCE meron je HApOUHMTO KOPHUCTAH 3a 3BE3HAHY CIEKTPOCKONH]Y, KOja je 3aBHUCHA
OJI BEOMa EKCTEH3HMBHE JIMCTE MPesa3a Koj, PAa3HUX eleMeHarta, ca ojrosapajyhum
ATOMCKHM [IapaMETPHMa H IapaMETPUMA [IUPEeHha, TPH YeMY KO/ CBUX HHTEPECAHT-
HUX Cy4YajeBa HHje yBek Moryle NpuMeHUTH CO(MHCTULMPAHe TEOPHjCKe [PHa3e.

MCE meropn, je rakolje BpjO KOPHCTAH KaJa Cy MOTPeOHU MONAUM O HIHDErhY
3a BeJHUKM DpPOj JMHHUjA, & BEJHWKA NPEI3HOCT CBAKOD HOjeXMHAYHOr DE3YJITaTa
HHje HeONXOJHA, KA0 Ha IPHMeD KO IpOopadyyHa HENPO3PadHOCTH HJIH KOJ MO-
nenupama 1wasMe. Illra Bume y ciay4ajy KOMIUIEKCHHX aTOMa MK BHUINECTPYKO
HACJEKTPUCAHUX jOHA, HEJOCTATAK NMOY3/JaHHX ATOMCKHX [OJATaKa MOTpebHUX 3a
coduCTHLMPAaHHje TPopatylie, SHHM [ Ce II0y3IaHOCT CeMHKIACHTHUX PE3YIITATA
cmamyje. ¥ takBuM ciaydajesuma MCE meron moxe 6uru takolje on unrepeca.

3a acrpodusuvuke CBpXe, o [0cebHOI HHTEpEeca MOKe OUTH yrnponiiieHa ceMueM-
nupujcka dopmyna [13] 3a IlrapkoBo mupeme H30I0BAHUX JHHUjA, JEIHOCTPYKO
1 BHUIECTPYKO HAEJIEKTPHCAHUX jOHA NPHMEHJPHBA y CIAy4ajy Kaja je Hajbuinkn
aToMcKH eHeprercku nuso (j' = ¢’ uwimu f') Ha xoju je ca mouerHor Husoa (1) wan
KOHAYHOr HMBOaA (f) JO3BOJBEH MMIOIHHN IpeJa3, TAKO JAJEKO, Ja je 3aJ0BOJbeH
yenos x5 = EJ|Ej — Ej;| < 2. Y taxsuM cliy4ajeBuMa [yHa, IIHPUHA Ha [OJOBHHH
MaKCHMyMa. Jiara, je u3pasom [13]:

_ _g A (ecm)N(cm™3) 1.1 3ni\2, |
W(A) = 2.2151 x 10 S—W(o.g— 7) 3 (2_Z1> (W2 -~ 1),

J=1,
Osue, N u T cy rycTuna enextpoHa u temneparypa, B = 3kT/2 je enepruja mep-
TypOyjylier enekrpona, Z — 1 je joHCKO HaenekTpucame a N edeKTHBHH TJIABHU
kpauTuu 6poj. Oeaj uspas je om mHTEpeca 3a MPOpadyH 3aCTYIVBEHOCTHX XEeMHU-
JCKUX eleMenaTa, Kao 1 3a MCTPaXKUBama 3Be3/1aHuX arMocdepa, nomro ¢y yeaoBu
BayKeIba YeCTO 33J0BOJBEHU 32 YCIJIOBE Y 3BE3AHO] IIa3MH.

CimMuHO y caydajy momMaka

(5) d(A) = 1.1076 x 10*8w(0.9 - —1'—1) J

T'/2(K) Z/4z?

n*2e;
x 3 A G+ DR - (4 + 1) - (0] - )}
2 30,41



128 MWJIAH C. JUMUTPUJEBUR

Axo cBu HuBOM f; f = 1 TIOCTOjE, ¥ jeAHAUMHHA (10) MoxKe ce U3BECTH JONATHO CyMu-
pame na 6u ce nobuo u3pas g

8)\2(cm)N(cm‘3)( 9 1.1) 9

d(A) =1.1076 x 10~ TUA(K)

rmejee=+lakojej=1a~—1akojej=f.

MouduKoBaH CeMHUEMIIMPH]CKU ITPHJIa3 OHO je BHIIE IIyTa TECTUPAH Ha O6po-
jamM mpumepnma. Ja 6H ce TECTHPAO OBaj METON, KPHTHIKH H3a0paHu eKcriepu-
MCHTAJHH TOH2UH 33 36 MynTumzera (7 pasiH4UTUX BPCTA jOHA) JBOCTPYKO, H 33
7 mymunnera (4 paznuuuTe BpCTE JOHA) TPOCTPYKO HAGIEKTPHCAHHUKX jOHA yIOpe-
heru cy ca TeopujckuM mmpHHama auHEja. Cpemmbe BPEJHOCTH OJHOCA MEPEHMX
u pagyHarux mupuHa cy [11]: 3a gBocrpyko naesexrpucane jone 1.06 £0.32 a 3a
TpocTpyko Haemekrpucane 0.91+ 0.42. Ipernocrasmena Taynocr MCE merona je
oko +50%, anu je nokazano y [16] u [17] na MCE npnnas, yax u y ciy4ajy eMmurepa
ca BpJio xoMrutekcaum crexrpuma (aa npamep Xe I u Kr IT), naje spno mobpo cna-
rame ca eKCIepuMenTaIHuM mepesuma, (y unrepsaiy £30%). Ha upumep 3a Xe 1,
6s — Gp mpenas, cpejimbu OJHOC U3MeDy eKCIepHMeHTAHUX H TEOPHUJCKUX IIHPHHA
je 1.15+ 0.5 [16].

Ja 6u wTo je Bume Mmorylie KoMmieTupasu norpebre noparke o Ilrapkosom
mupersy, Beorpagcka rpyna (Munan C. Jumurpujesuhi, Jlyka Y. Ilomosuh, Baa-
numup Kpmsasan, parana Tanxocuh, Hena Musniosasosuh u 3opan Cumuh) ko-
PHCTHIR Cy MOAM(DAKOBAHN CEMUEMIMPH]CKA Ipua3 ga oapere lrapkose nmpnne
a y HEeKUM CIIyYajeBHMa M IIOMAKEe 38 BeJuKH Opoj CHeKTpaHMX JIHHHja 32 Pa3ju-
JuTe BpcTe aroMa u jona. Jlo cama cy uspauynaru ogropapajyhn nmoganu sa:

6Fell, 4 Pt 1,16 Bill, 12 Zn I, 8 Cd I, 18 As II, 10 Br II, 18 Sb II, 8 I II,
20 XeII, 138 T I, 3 Lall, 16 Mn II, 14 VII, 6 Eu II, 37 Kr I, 6 Y II, 6 Sc 1I, 4
Be III, 4 B III, 13 S III, 8 Au II, 8 Zr 11, 53 Ra II, 3 Mn III, 10 Ga III, 8 Ge III, 4
As III, 3 Se 111, 6 Mg I11, 6 La III, 5 Sr IIL, 8 V 11, 210 Ti III, 9 C 111, 7 N III, 11
O I1I, 5 F 11, 6 Ne III, 8 Na III, 10 Al ITL, 5 Si III, 3 P III, 16 C1 111, 6 Ar III, 30
ZrIIL2BIV,CulV,30 VIV, 14 Ge IV, 7CIV,4 NIV, 401V, 2 NelV, 4 Mg
IV, 7SiIV,3P1IV,2S1IV,2ClIV,4 ArIV,3CV,500 V,12F V,9Ne V, 3 Al
V,68V,11 N VL 28 F VI, 8 Ne VI, TNa VI, 15 Si VI, 6 P VI, u 1 Cl VI npesa3
(sugu [17) u nmrupane pedepenue). Oxpebenu cy u IHrapkosu nomanu 3a 16 Bi
11,12 7Zn 11, 8 Cd 11, 18 As 11, 10 Br II, 18 Sb I, 8 I 11, 20 Xe II, 5 Ar II, 6 Eu II,
14 VII, 8 AuIl, 14 Kr II u 138 Ti II npenasa (Bazu [17] u nurupane pedeperige).
Ocum Tora, u3padynare cy u Lltapxose mupune 3a 286 Nd II npenasza y okBupy
yrporfienor MoJH(UKOBAHOI CEeMUEMITHPH)CKOT NPHIIA3a.

Paan nopehema ca eKCliepiMeHTOM WITH TECTHPakba Teopuje, oapehene cy Takolje
u Itapkose mmpune 3a 14 A1 L 46 AL, 12 AITI 1 CIV, 1INV, 10 VI, 1 Ne
VIL3NIIL3O0IV,3FV,2Ne VL 12CIV, 4 CI[,5 NII,3 O II,4 F I, 3 Ne
I, INIL, 8 SII, 2 Ne VII, 4 N IIT, 2 F V, 2 Ne I1I, 2 Ar III, 2 Kr ITI, 2 Xe III, 3
Si III, 3 Ne IH, 2 Ar III, 2 Kr III, 2 Xe III, 2 C1 IT ang 6 Ar III npenaza. Ocum
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If all levels ¢;;  + 1 exist, an additional summation may be performed in Eq. (5)
to obtain

d(A) =1.1076 x 1078

A2 (cm)N(cm™3) (0.9 B 1.1) 9

T1/2(K) Z 472
n*le,
J =3 %2 2
X 2€_+1(nj —3€j~3€j~1),
j=if 7

whereg; = +1if j=dand —1if j = f.

The modified semiempirical approach has been tested several times on numer-
ous examples. In order to test this method, critically selected experimental data
for 36 multiplets (7 different ion species) of doubly- and 7 multiplets (4 differ-
ent ion species) of triply-charged ions were compared with theoretical line widths.
The averaged values of the ratios of measured to calculated widths are as follows
[11]: for doubly charged ions 1.06 £ 0.32 and for triply-charged ions 0.91 & 0.42.
The assumed accuracy of the MSE approximation is about £50%, but it has been
shown in Refs. [16] and [17] that the MSE approach, even in the case of the emit-
ters with very complex spectra (e.g., Xe II and Kr II), gives very good agreement
with experimental measurements (in the interval £30%). For example for Xe II,
65— 6p transitions, the averaged ratio between experimental and theoretical widths
is 1.15 £ 0.5 [16].

In order to complete as much as possible the needed Stark broadening data, Bel-
grade group (Milan S. Dimitrijevi¢, Luka C. Popovié, Vladimir Kréljanin, Dragana
Tankosié¢, Nenad Milovanovié and Zoran Simi¢) used the modified semiempirical
method to obtain the Stark width and in some cases shift data for a large number
of spectral lines for the different atom and ion species. Up to now:

6 Fe II, 4 Pt I, 16 Bi IT, 12 Zn II, 8 Cd I, 18 As II, 10 Br II, 18 Sb II, 8 1 11,
20 Xe 1I, 138 T11I, 3 La1l, 16 Mn 11, 14 VIL, 6 Eu II, 37 Kr II, 6 Y II, 6 Sc I1, 4
Be III, 4 B III, 13 S II1, 8 Au 11, 8 Zr I, 53 Ra II, 3 Mn III, 10 Ga III, 8 Ge III,
4 As III, 3 Se III, 6 Mg III, 6 La ITI, 5 Sr IIT, 8 V III, 210 Ti III, 9 C 111, 7 N 111,
11 O IIL, 5 F 111, 6 Ne III, 8 Na III, 10 Al III, 5 Si III, 3 P III, 16 CL IIT, 6 Ar II,
30Zr IIL, 2B IV, CulV,30 VIV, 14 Ge IV, 7CIV,4NIV,4 O 1V, 2 Ne IV, 4
MgIV,7S8i1V,3PIV,2S1IV,2ClIV,4ArIV,3C V,500 V, 12 F V, 9 Ne
V,3AlV,6S8iV,11 N VI 28 F VI, 8 Ne VI, 7 Na VI, 15 S5i VI, 6 P VI, and 1
Cl VI transitions have been calculated (see Ref. [17] and references therein). The
shift data for 16 Bi II, 12 Zn I, 8 Cd 11, 18 As IT, 10 Br II, 18 Sb II, 8 I 1, 20 Xe
11,5 Ar II, 6 Eu I1, 14 V II, 8 Au II, 14 Kr IT and 138 Ti II transitions have been
calculated (see Ref. [17] and references therein). Moreover, 286 Nd II Stark widths
have been calculated within the simplified modified semiempirical approach.

Calculations within the modified semiempirical approach, for comparison with
experimental data or testing of the theory have been performed also for Stark
widths for 14 Al L, 46 A1 11, 12 A1 I, 1 CIV, 1 NV, 1 0 VI, 1 Ne VIII, 3 N IIj,
30IV,3FV,2Ne VL, 12CIV,4CI, 5 NI,3 01,4 F1II, 3 NeIl, 1 NII 8
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rora cy oapehene IlItapkose mupune u nomanu 3a 2 Cl II u 6 Ar III cnextpannnx
JIMHU}A.

Moaudukopanu cemueMnupujcku npuiaa3 u napamerpn [lrapkoBor mupema
ojipeheHy y OKBUPY 1hEra, MPUMEHUBAHUA CYy ¥ acTpoH3UIM HAa TIPHMED 33 Ojpe-
husaibe 3aCTyIJBEHOCTH YITbEHUKA, a30Ta K KHCEOHHWKa ¥ B 3Be3/1ama paHor Tuia,
3aCTYI/BEHOCTH MATHE3WjyMa, ATYMHHUjYMa U CHIIMIMA]YMA Y HOPMAJIHUM KaCHUM
B u HgMn 3Besgama, na ocoBy co-added IUE cnekrapa u 3a onpehusame 3ac-
TYIJLEHOCTH XeMHjCKHX eJleMeHATa KOJ TOIUIHX Oesux HaTy/haKa, HCTPaKuBaiba
aHOMAJIHHX 3aCTYILUHEHOCTH XEMHJCKMX eJeMeHaTa KoJ| 3Be3ja, oapehuBame 3ac-
rymberoctu nomohy DAQ crekrporpama 3a 15 - Vulpeculae u 32 - Aquarii, nipo-
pauyH yOp3ama 3paduei-eM Yy 3Be3JaHUM OMOTaYMMa, Pa3MaTPake PAJIXjaTHBHE JeB-
HTALE]Ee KOJ, TOMIMX 0esuxX Hary/baka, KBAHTHTATHBHY CIEKTPOCKONH]Y TOILIMX
spesna, HJATP npopauyn jaunna juHHja CHIMLMjyMa y 3Be3mama B-tuma, uc-
TPaXKHBAIbe M MPOPAYYH 3BE3JAHHX HENPO3PAYHOCTH, MCTPAXKUBAMKE BETPOBA U
armocdepa TOIINX 3BE37a, UCTpaskuBame crekrpainux jguauja Ga II y cnek-
tpuMa Ap 3sesna. Ilomanu o HlrapkosoMm nwpesy oapehenn nmomohy mMouduko-
BaHOT CEMUEMITMPUjCKOr METOAA VIIUIH Cy ¥ KPUTHIKHY [TPerJiel ATOMCKIX HOAATAKA.
3a anaju3y 3aCTYIULEHOCTH XEeMWjCKHX eJIeMeHATa KOJ 3Be3J[a, Ka0 U y Karajor
ATOMCKHUX MOJATAKA 33 acTpOdU3UYKE MJIa3Me HHCKe TYCTHHE, KOPUIIREeHH ¢y KO
JAM3ajHa M Pa3Boja HOBHX Jlacepa, CIIEKTPOCKOIICKE JHjarHOCTHKE [J1a3Me KOJ IIHH-
cKor Toma, ucrpakusama 3d doroancopnnuje xox Zn III, Ge IV, Zn II, Ga III u
Ge IV, ucrpazkuparba PeryjJapHOCTH ¥ CHCTEMATCKUX TPEHIOBA KOJ HapaMmerapa
IIrapxoBor mupemsa, npopayyHa KoeduiyjeHara painjaTHBHe eMuCH]e 38 TepMaJl-
He IJa3Me, Pa3MaTpamha KOHTAKTa I1a3Ma-3un, ojpeljuBarme pACHofene JIeCTHIA
110 Gp3uHAMa ¥ MOJEJUpame eKCIaH3Hje IMOBPIIMHCKOr niadMeHor ¢ienia ucim-
THBAHOT Y NIPUCYCTBY MATHETHOT MOJbA... MOIUQUKOBAHN CEMUEMOUDPHjCKU METO]T
raxolje je ymao y KOMIjyTepcke nporpame, kao mro je Hanpumep OPAL nporpam
3a HENPO3PAvYHOCT, HIPUPYUIHHKE U MOHOrpaduje.

Ha 61 cMo onaximaiu kopuuilieme ¥ NpuMeHy Halllmx nojataka o IIlTapkosoM
Hpeny JOOHJeHHX ¥ OKBUPY CEMHUKJIACHYHOT U MOAUGUKOBAHOT CEMHEMHUPHjCKOT
npuias’a, caja paauMo Ha BUXOBOj opranusauujn y 6a3y nogaraxka BEJIJTATA.

Ha xpajy, unrepecanTHo je noasyhu na je npoydasawbe Illrapkosor mmmpema
BEOMS, Pa3BHjEHO HCTPAYKHUBAYKO 1I0/IpYydje y Jyrociasuju, TJie nocToju oprosapajyha
KpuTHIHA Maca HaydHuka. Y pedepennmama [19], y kojuMa je nar nperien uc-
TpaXKuBamba O0JIMKa CIeKTPANHUX JiuHEja y Jyrocnasuju u Cpbuju y nepuony 1962-
2000, moka3aHo je Ja je y oBoM nepuoiy mybmukosano 1427 (1222 ox crpane cpu-
ckux ayropa) 6ubnuorpadckux jesuHuna on crpare 179 jyrocnoBeHCKHX ayTopa
(152 u3 Cpbuje, 26 u3 Xpearcke u 1 ayrop koju xueu y Ppannyckoj). Behnna
oBUX YjaHaka ojHocu ce Ha IlTapkoso mmpeme.
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SII, 2 Ne VI, 4 NIII, 2 F V, 2 Ne III, 2 Ar III, 2 Kr III, 2 Xe III, 3 Si 111, 3 Ne
I, 2 Ar 111, 2 Kr 111, 2 Xe 111, 2 C1 IT and 6 Ar III transitions.

The modified semiempirical method and Stark broadening parameters calcu-
lated within this approach have been applied in astrophysics e.g. for the determina-
tion of carbon, nitrogen and oxygen abundances in early B-type stars magnesium,
aluminium and silicon abundances in normal late-B and HgMn stars, from co-
added TUE spectra and elemental abundances in hot white dwarfs, investigations
of abundance anomalies in stars, elemental abundance analyses with DAO spec-
trograms for 15-Vulpeculae and 32-Aquarii, radiative acceleration calculation in
stellar envelopes, consideration of radiative levitation in hot white dwarfs, quanti-
tative spectroscopy of hot stars, non-LTE calculations of silicon - line strengths in
B-type stars, stellar opacities calculations and study, atmospheres and winds of hot
stars investigations, investigation of Ga II lines in the spectrum of Ap stars. Stark
broadening data calculated within the modified semiempirical method entered in a
critical overview of atomic data for stellar abundance analysis, and a catalogue of
atomic data for low-density astrophysical plasma, design and development of new
lasers, spectroscopic diagnostics of railgun plasma armatures, 3d photoabsorption
investigations in Zn IT1, Ge IV, Zn II, Ga IIT and Ge IV, Stark broadening param-
eter regularities and systematic trends research, radiative emission coefficients cal-
culations for thermal plasmas, plasma-wall contact considerations, particle-velocity
distribution and expansion of a surface flashover plasma examinated in the presence
of magnetic fields... The modified semiempirical method entered also in computer
codes, as e.g. OPAL opacity code, handbooks and monographs.

In order to make the application and usage of our Stark broadening data ob-
tained within the semiclassical and modified semiempirical approaches more easier,
we are organizing them now in a database BELDATA.

At the end, it is interesting to emphasize that the Stark broadening research
is a developed research field in Yugoslavia, which has a critical mass of scientists.
In Ref. {19] reviewing spectral line shapes investigations in Yugoslavia and Serbia
within 1962-2000 period, it is shown that during this period 1427 (1222 by serbian
authors) bibliographic items have been published by 179 Yugoslav authors (152
from Serbia, 26 from Croatia and 1 living in France). Majority of these articles
concern Stark broadening.
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