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INFLUENCE OF THE POLARTZATION POTENTIAL ON THE STARK
BROADENING OF NEUTRAT, LINES IN THE ARIABATIC LIMIT

oo - . ot ; , S &3
M.S.Dimitrijevié and P.V.Gruijidé

Institute of Applied Phvsics, Belgrade, Yugoslavia

++ . , ;
Institute of Physice, Belcrade, Yugoslavia

We set up a medel for a charged-perturber - emitter interaction
in the region of small veloccities, where the impact approximationl wit-
hin the Lindholm and Foley theory may be applied. Deviations from the
uniform motion of the perturber in the presence of the polarization po-
tential of an excited atom2 have keen taken into account, what can give
rise to focusing and defocusing effects, depending of the sign of the
Stark guadratic constant Cy-
So, if (,>0, there appears a critical impact parameter (atomic

/
units are used): pc=(4c4/E)l’4, whore E is the energy of the perturber.
For 0<0, all collisions can be regarded as "destructive" and as such ig=-

nored. Then one finds for the half-width and the shift:

. 5.2 ,1/2 " Y 1/3
w-id = (27 C4v; / Np(!c/B-L}ﬂc/ ’ rn = 7T(C4Em

2,1/4
c )

/8

where Np, v and m are density, mean velocity and mass of the perturber,
respectively, and n, is the phase shift calculated along a straight-line
trajectory with p = o, - It follcws then that the ratio [d[/w+w as v »0,
as different from the limiting value V3, predicted by the usual adiaba-
tic theory.

When C4<0 there exists no critical impact parameter, but calcu-
lations show, nevertheless, that in the zerco~temperature 1limit one obta-
ines:

lal/w ~ (~c,Fa®) 4, vl

Hence, the shift-to-width ratio tends to infinity, again, in the zero-
temperature limit.

Thus it is shown thet in the absence of a quadrupole moment of
the ercited atom, back-reaction of the emitter on the perturber causes
a drastic change in the low-temperature behaviour of »w and d of neutral
lines in plasmas. If kroadening of the lower ievel of transition is
accounted for the same cenclusion still nelds.

This work nas hecn partially suppovted by RZN of SR Serbia.
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On the Stark Broadening of Mg II Spectral Lines

M.S. Dimitrijevi’ct, S. Sahal-Bréchot?
(1) Astronomical Observatory
Volgina 7, 11050 Beograd, Yugoslavia
(2) Observatoire de Paris-Meudon
92190 Meudon, France

Lines of ionized magnesium are present in the solar and stellar spectra and
the corresponding Stark broadening parameters are of interest for their anal-
ysis as well as for the diagnostic of solar and stellar plasma. Due to the fact
that with the increase of the principal quantum number increases the impor-
tance of the Stark broadening as well, the corresponding Stark widths and
shifts are of importance for the structure of solar atmosphere diagnostics,
as well as for the consideration of other star atmospheres.

By using the semiclassical-perturbation formalism, we have calculated
electron-, proton-, and ionized helium-impact line widths and shifts for 52
Mg II multiplets. Here, we present and discuss the results for Mg I, along
with a comparison with experimental data and other theoretical results.
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Stark Broadening of C V Spectral Lines of
Astrophysical Interest

M.S. Dimitrijevi’c!, S. Sahal-Bréchot?
(1) Astronomical Observatory
Volgina 7, 11050 Beograd, Yugoslavia
(2) Observatoire de Paris-Meudon
92190 Meudon, France

Line profiles study of carbon ions in different ionization stages is of particu-
lar astrophysical interest, since such lines are present in stellar atmospheres.
For studies as e.g. numerical modelling of stellar plasma or abundance de-
terminations, date on C V lines are of importance. Stark broadening param-
eters are needed especially for hot and dense stars. A good example are PG
1159 pre-white dwarfs with effective temperature 100,000 - 140,000 K where
carbon and helium are the dominant constituents (C/He = 0.5, Werner et
al. 1991). Other astrophysical applications have been pointed out in more
detail in Dimitrijevi¢ and Sahal - Bréchot, 1992). Stark broadening of C V
lines are as well of interest for the diagnostic of laser-produced plasma and
for the research of regularities and systematic trends.

By using the semiclassical-perturbation formalism, we have calculated
electron-, proton-, and ionized helium-impact line widths and shifts for 25
C V multiplets, in order to continue our research of multiply charged ion
line Stark broadening parameters. A summary of the formalism is given in
Dimitrijevi¢ et al. (1991).
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KVAZIKLASICNO I KLASICNO ODREDJIVANJE PRESEKA ZA
RASEJANJE CESTICA NA ODSECENOM KULONOVOM POTENCIJALU

A.Mihajlov, M.Dimitrijevié™ 1 D.Djordjevié

Institut za fiziku, Beograd
*Astronomska opservatori ja, Beograd

Kako teorijska istrazivanja, tako i interpretacija ekspe-
rimentalnih rezultata u fizici plazme, u atomskoj fizici
(atomski i jonski sudarni procesi) i td., veoma Cesto se zasni-
vaju na modelnim potencijalima interakcije naelektrisanih
Cestica. Pri proulavanju procesa elektron-jonskih i jon-jonskih
sudara u plazmi, najceSée su koriSéeni potencijali tipa Debajevog
i Kulonov potencijal odselen na jedan ili drugi nadin, na odredje-
noj udaljenosti od centra rasejanja. Ovdese razmatra silulaj
odselenog Kulonovog potencijala kod koga je potencijalna energija
interakcije data izrazom:

2 2
~efr vt€fr., r&r
Uelry={ ~&/r ¥ &lre, rere
0 , T>r

gde je r rastojanje od pocCetka fiksiranog koordinatnog sistema,
a r je zadati parametar. U plazmi se potencijal ovakvog oblika
(kag i Debajev) moZe koristiti pri modelnom opisivanju efekata
ekraniranja polja jona (elektrona) od strane naelektrisanih
Zestica iz njegove okoline. Radijus ekraniranja pri tome moze

da bude tretiran i kao radijus korelacije destica, a potencijal
interakci je U kao efektivni potencijal u slufaju rasejanja
elektrona (negatlvnlh jona) na ekraniranim jednostruko jonizovanim
pozitivnim jonima. U ovom radu su ispitivane mogucnosti primene
kvaziklasicénih i klasiénih metoda pri odredjivanju efikasnih
preseka za elastifno rasejanje i za prenos impulsa. Dobijeni
rezultati uporedjeni su sa rezultatima tacnog kvantnomehanickog
prorafuna i pokazano je da u oblasti: eze/r‘c , gde je &
energija slobodnog elektrona kvaziklasicni i klasiéni ( uslulaju
odredjivanja transportnog preseka ) metodi, koJji daju rezultate
u analitilkom obliku, obZlezbedjuju potrebnu talnost odredjivanja
preseka.
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STARK WIDTHS FOR 4s — 4p TRANSITIONS VOF Cu III
Popovié L. C. and Dimitrijevié M. S.
Astronomical Qbservatory, Volgina 7, 11000 Belgrade, Serbia, Yugoslavia

Tel. +381-11-419-553

From the analyisis of 11 Hg-Mn star spectra (1}, it follows that copper is clearly
overabundant in 10 stars, Hg—Mn stars are hot stars where Stark broadening is the
main pressure broadening mechanism. Also, knowledge of Stark broadening parameters
is of interest for the investigation of laboratory plasina. Spectral lines of Cu 1l and
Cu IV are of particular interest for the diagnostic and modelling of plasma created in
electromaganetic macro particle accelerators (sce e.g. Rel. 2), where in experimental
work, the plasma is usually crecated by Cu or Al foil evaporation. Stark width for six
Cu IV, 4s — 4p multiplets of interest for such plasma have been calculated within the
modified semiempirical approach (3] in Ref. 4. Here we present Stark widths for six
multiplets of Cu III calculated by using the modified senmiempirical approach [3] (for
the case of complex heavy ions see also Ref. 5).

Atomic energy levels for calculation have been taken from [6]. Oscillator strengths
have been calculated by using method given in Ref, 7 and the tables from Ref. 8.

Our resulls for Stark widths (FWIM) of Cu HI spectral lines are presented in lable
1. There is not mesaured or other calculated data for Cu IIlL.
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Pable 1. Stark widths (FWHM) of Cu Il spectral lines for an clectron density of

10%m=? as a function of temperature. The averaged wavelen st of the multiplet is
8! g p

denoted by X
[ Trasition [ T{K) | W (un) | [ Transition | T Ry | W (om) |
R TR0000 | 241E027) [ TR000T | 276E-02
10000. .169E-02 10000. J194E-02
20000. .118E-02 20000. 135E-02
454 — 4pti® 30000. .95715-03 457 F - 4p*D° 30000. .109E-02
40000. .823E-03 40000. 941E-03
A =160.16 nm 50000. | .733E-03 A= 167.62 nm 50000. | .839E-03
60000, | .667E-03 60000. | .764E-03
70000. | .618E-03 70000. | .708E-03
80000. | .580E-03 80000. | .664E-03
90000. .549E-03 . 906000. .629E-03
100000. | .524E-03 100000. | .601E-03
125000. | .480E-03 125000. | .552E-03
150000. | .453E-03 150000. | .522E-03
5000. 257E-02 . 5000, L210E-02
16000. | .181E-02 10000. | .193E-02
45 F — 4p*G° 20000, | .126E-02 20000. | .135E-02
30000. | .102E-02 45 F — 4p*F° 30000. | .109E-02
40000, | .878E-03 40000. | .937E-03
A =166.77 nm 50000. | .782E-03 A =167.30 nm 50000. | .834E-03
60000. J712E-03 60000. .T60E-03
70000. | .660E-03 70000. | .704E-03
80000. | .619E-03 80000. | .661E-03
90000. .586E-03 90000. .626E-03
100000. | .559E-03 100000. | .598E-03 '
125000. | .512E-03 125000. | .549E-03
150000. | .482E-03 150000. | .519E-03
5000, 270E-02 5000. J294E-02
10000, | .190E-02 10000. | .206E-02
20000. | .133E-02 , 20000. | .144E-02
45'F - 4p*D° 30000. | .107E-02 48°F - 4p°G° 30000. | .117E-02
40000. \922E-03 40000. .100E-02
A =171.68 nm 50000. .| .821E-03 A=174.44 nm 50000. | .893E-03
60000, | .748E-03 60000. | .814E-03
70000. | .693E-03 70000, | .754E-03
80000. | .G49E-03 80000. | .707E-03
90000. | .615E-03 90000. | .670E-03
100000. | .587E-03 100000. | .640E-03
125000. | .537E-03 125000. | .588E-03
150000. | .506E-03 150000. | .555E-03
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ON THE STARK BROADENING OF P IV SPECTRAL LINES
Milan 8. Dimitrijevié! and Sylvie Sahal-Bréchot?

! Astronomical Obscrvatory, Volgina 7, Belgrade
tel.: (++-381-11) 419-553
2 Laboratoire " Astrophysique, Atomes et Molécules”
Département Atomes et Molécules en Astrophysique
Unité associée au C.N.R.S. No 812
Observatoire de Paris—-Meudon, 92190 Meudon, France
tel.: (++4-33-1) 45-07-74-42

INTRODUCTION :

Stark broadening parameters of P IV lines are of interest not only for the
plasma diagnostic but for the research of regularities and systematic trends and
theoretical considerations as well, Consequently, Stark widths for P IV 4s'S
- 4p*P’, 4s°S - 4p3P° and 3p*P - 3d3D multiplets have been determined [1-3]
within the modified semiempirical approach [4], Griem's semiempirical approach
ﬂ, symplified semiclassical approach (Eq. 526 in Ref. 6) and its modification
4

In order to continue our research of Stark broadening parameters needed
for the investigation of astrophysical and laboratory plasmas and to provide
the needed Stark broadening data, we have calculated within the semiclassical-
perturbation formalism [7,8] electron-, proton-, and He IlI-impact line widths and
shifts for 114 PIV multiplets. Ilere wi will present the comparison of our results
with other available theoretical data [2,3].

RESULTS AND DISCUSSION

A summary of the formalism is given in Ref. 9. All details of calculations
and obtained Stark broadening parameters will be presented at conference and
published elsewhere [10].

In Table 1, present semiclassical Stark full widths at half maximum (WDSB)
in A are compared with the calculations in Refs. 2 and 3 by using the modified
semiempirical approach [4) (WMSE), Griem’s semiempirical approach [5] (WSE),
symplified semiclassical approach (Eq. 526 in Ref. 6) (WG)-and its modification
[4] (WGM). One can see that the best agreement is with the results obtained by
using the symplified semiclassical approach,
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TABLE 1

Present semiclussical Stark full widths at half maximum (WDSB) in A com-

pared with the calculations of Dimitrijevié [2,3] by using the modified semiempiri-
cal approach [4] (WMSE), Griem’s semiempirical approach [5] (WSE), symplified
semiclassical approach (Eq. 526 in Ref. 6) (WG) and its modification (4] (WGM).

—

PN Do

—
[=]

PERTURBER DENSITY = 1.E+17cm-3
TRANSITION T(KY WDSB(A) WG(A) WOM(A) WSEN(R) WSE(A)

P IV 4s 4P 10000. 0.714 0.653 0.363 0.565 0.264
4250.9 A 20000, 0.502 0.477 0.27v 0.399 0.186
C= 0.436+421 40000. 0.347 0.348 0.229 0.282 0.132

80000. 0,280 '0.28% 0.202 0.215 -e-
160000, 0.225 0.238 0.188 0.183 .

P IV 4S 4P 10000, 0.411 0.385 0.216 0.330 0.158

3356.9 A 20000, 0.291 0.281 0,165 0.233 0.112

C= 0.348+21 40000, 0.210 0.211 0,134 0,165 0,790€-01
80000, 0.159 0.166 0.117 0.1 0,648€-01
160000, 0.127 0.138 0.108 0.100 .-

P IV 3P 30 10000, 0.743E-02 0.573E-02 O0.477€-02 0.350E-02 0.260E-02
826,3 A 20000, 0.521€-02 0.417E-02 0.350E-02 0,248-02 0,184€-02
Ce 0.46E+20 40000, 0.375£-02 0.313£-02 0.267E-02 0.175E-02 0,130E-02]
80000, 0.271€-02 0.248E+~02 0.216€-02 0,124€-02 0.920£-02°

160000, 0.200€-02 0.211€-02 0,.190E-02 0.873E-03 0,490E+03
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Invited lecture
REDUCTION OF ASTROGEODETIC
DETERMINATIONS ON THE UNIQUE SYSTEMS

MIODRAG DACIC

Astronomical Observatory, Volgina 7, 11160 Belgrade — 74, Serbia
E-mail mdacic@aob.bg.ac.yu

Determinations in geodetic astronomy, namely, determination of time, longitude, latitude
and azimuth from star observations, have been made during a long period by different per-
sons. Positions of observed stars have been taken from different catalogues and in different
reference systems. In order that results of such determinations will be mutually comparable,
it is necessary to make the reduction of stellar positions on the unique reference system. Con-
sequently, results of astrogeodetic determinations will also be reduced to the same system.
Starting from the fact that the position of a point is determined only related to something, it
is possible to calculate systematic differences of particular catalogues and catalogues used for
the materialisation of the chosen reference system. Obtained stellar positions-, and proper
movements - systematic errors, enable the changement from standard epoch on another one
(the moment of observation), so that stellar positions are reduced to a single system. The
proposed model is checked at three classical methods of geodetic astronomy and applied to
results of general Stevan Boskovié’s astrogeodetic determinations, made in the first decade
of the XX century.

Invited lecture

FULLERENES AND ASTRONOMY

MILAN S. DIMITRIJEVIC

Astronomical Observatory, Volgina 7, 11160 Belgrade — 74, Serbia
E-mail mdimitrijevic@aob.bg.ac.yu

Carbonaceous dust in the interstellar medium may show strong diversity and might include
not only amorphous carbon but also a variety of components like hydrogenated amorphous
carborn, soot, quenched-carbonaceous condensate, diamonds and other so that is pointed out
the relation of formation of PAHs, bucky tubes and fullerenes to such dust. We note as well
that the astrophysically motivated investigations of the chemistry of carbon stars resulted
with the discovery of the Cgp molecule, first and the most interesting representative of such
molecules. Here is presented a review of astronomical researches connected with fullerenes as
for example the search for interstellar and circumstellar ones or presence of such molecules in
meteorites brechias of impact craters on Earth and impact traces on spacecrafts. Also, their
connection with the problem of the diffuse interstellar and circumstellar absorption lines will
be discussed. Particular attention will be payed to the search for polyynes in interstellar
space which resulted in the formulation of investigation of chemistry of carbon stars and in
discovery of fullerenes.
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WATER IN ASTRONOMY AND PLASMA PHYSICS
AND A PROJECT FOR RELATED RESEARCH

NEGICA POPOVIC!, MILOS SIMICIC!, JOVANA SIMIC-KRSTIC!,

MILAN S. DIMITRIJEVIC?

! Institute for Chemical Sources of Current (IHIS), Zemun, Serbia
2 Astronomical Observatory, Volgina 7, 11160 Belgrade - 74, Serbia
E-mail this@eunet.yu
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The importance of water, the dissolvent without whom our kind of life would be impossible,
is obvious and the research of all aspect of this compound is of great interest for many
sciences. In astronomy, water is found in comets, Jovian satellites, on the Mars... The
first molecule to be detected by radio astronomy methods, was the radical OH in 1963.
Some OH sources in interstellar H II regions show strong HoO emission as well. Their
HyO emission is variable, with intensity changes occuring in periods of months and days.
In such regions temperature is around 10000 K and ion density around 5000 ions on m?.
Waters molecules are found and in OH-IR stars, which are probably dust enshrouded Myras
having period 600 - 2000 days, and are not visible optically. Recently, water molecules have
been detected in the mid-infrared (11-12 microns) spectrum of Arcturus, a K2IIIp giant star
(Ryde, N., et al. 2003). Moreover, water at 22,235 MHz (1,35 cm) is one of the well known
cosmic masers. Plasma obtained from H3O is of interest and for investigations of underwater
discharges, some aspects of electrolysis research, and for various treatments of water. In this
contribution, our project for investigations of plasma-water interaction, plasma containing
water molecules, or obtained in the presence of water molecules, of interest for astronomy,
laboratory physics and technology, will be discussed.

Poster paper
TEMPORAL VARIABILITY OF THE GRB LIGHT CURVE

S. SIMIC!, L. &. POPOVI(?, M. I. ANDERSEN?

! Faculty of Science, University of Kragujevac, Radoja Domanovida 12,
84000 Kragujevac, Serbia
E-mail ssimic@kg.ac.yu

2 Astronomical Observatory, Volgina 7, 11000 Belgrade - 74, Serbia
E-mail Ipopovic@aob.aob.bg.ac.yu

3Astrophysikalisches Institut Potsdam, An der Sternwarte 16, 14482 Potsdam, Germany

The inner engines of Gamma Ray Bursts (GRBs) are well hidden from direct afterglow
observations. However, the variability of GRB light curves at beginning of GRB event
can bring us information about the nature of the inner engines. Here, we will present a
numerical model which can synthesize light curves in the first phase of GRB in the high
density environment. At the beginning we assume that an inner engine creates a lot of small
mass shock waves which are spreading isotropically and after short period of time (a couple
of seconds) disappearing in the surrounding media. This process causes creation of a massive
shock wave which interacts with surrounding media and produces the GRB afterglow. The
peaks in the light curve arise in the moment of mutual shocks interaction. We have modeled
light curves from a given dynamics, by assuming synchrotron radiation mechanism
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In order to provide the Stark broadening parameters for F III spectral lines, we made first of

all a model of F III atom, with symplified energy level structure, facilitating and optimizing

our further considerations. We applied full semiclassical perturbation method only to the

astrophysically most important, resonance transition, since for other lines there is no enough.
complete set of atomic data for such calculations. Consequently, for additional ten multiplets,

the modified semiempirical method has been applied, and only Stark widths have been

calculated. On the basis of obtained results, the influence of Stark broadening mechanism

on F III lines in DA white dwarfs has been investigated. The obtained results demonstrate

that it is more important than in A-type star atmospheres, and that it should be taken into

account for spectrum analysis and synthesis.

Poster paper
ON THE STARK BROADENING OF Cd I LINES

ZORAN SIMIC!, MILAN S. DIMITRIJEVIC!, SYLVIE SAHAL-BRECHOT?

! Astronomical Observatory, Volgina 7, 11160 Belgrade — 7{, Serbia
2 Observatoire de Paris-Meudon, 92195 Meudon, Cedex, France
E-mail zsimic@aob.bg.ac.yu
E-mail mdimitrijevicQaob.bg.ac.yu
E-mail Sylvie.Sahal-Brechot@obspm.fr

For the determination of chemical composition and plasma diagnostic of stellar atmospheres,
as well as for radiative transfer, plasma modelling and stellar spectra interpretation and syn-
thesis, Stark broadening parameters are of interest, especially for A-type stars and some
white dwarfs, or pre dwarfs like PG-1195 type ones. In order to provide the Stark broad-
ening data for neutral cadmium spectral lines, we have calculated within the semiclassical
perturbation theory, Stark broadening parameters (width and shift) for 19 Cd I multiplets in
UV and V and for 24 multiplets in infra red spectral ranges, for temperatures between 2500
K and 50 000 K, particularly interesting for stellar plasma investigations. Our theoretical
values have been compared with existing experimental, and other theoretical values.
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Poster paper
ON THE EXPERIMENTAL AND THEORETICAL
INVESTIGATIONS OF F II STARK BROADENING

ALEKSANDAR SRECKOVIC!, SRDJAN BUKVIC!, STEVAN DJENIZE!,
MILAN S. DIMITRIJEVI(?

L Faculty of Physics, University of Belgrade, Studentski trg 14,
11 000 Belgrade, P.O.B. 868, Serbia
2 Astronomical Observatory, Volgina 7, 11160 Belgrade - 74, Serbia
E-mail ebukvic@ff.bg.ac.yu.yu
E-mail steva@ff.bg.ac.yu
E-mail mdimitrijevic@aob.bg.ac.yu

Stark widths (W) and shifts (d) of 5 singly ionized fluorine (F II) spectral lines within the
3s — 3p,3s’ — 3p’ and 3d — 4f transitions have been measured in a linear, low-pressure,
pulsed arc discharge created in SFg plasma at 30400 — 33600 K electron temperatures
and at (2.75 — 2.80) x 10?2 m™? electron densities. The widths and shifts have also been
calculated using the semiclassical perturbation formalism (SCPF) (taking into account the
impurity of energy levels, i.e. that the atomic energy levels are expressed as a mix of different
configurations due to the configuration interaction). Calculations have been performed for
temperatures between 5 000 K and 100 000 K for the for electrons, protons and helium ions
as perturbers. Our measured and theoretical Stark parameters are compared with existing
experimental and theoretical data. Tolerable agreement was found among them.

Poster paper
CALIBRATION OF THE DIAMETER TULLY-FISHER
RELATION AS TOOL FOR DISTANCE
DETERMINATION TO SPIRAL EDGE-ON GALAXIES

ORLIN STANCHEV, PETKO NEDIALKOV, ISKREN GEORGIEV

Institute of Astronomy, Bulgarian Academy of Sciences,
72 Tsarigradsko Shosse Blud., BG-1784 Sofia, Bulgarie
E-mail stanchev@astro.bas.bg

The luminosity - HI line width relation of (Tully and Fisher 1977), hereafter TFR, is a
widely used tool in the observational cosmology. Today, with the advent of the CCDs, the
application of the TFR becomes more efficient. In this work we present calibrated TFR for
the diameters of well studied nearby galaxies in B-band (from Macri et al. 2000) and apply it
on the sample of 120 edge-on galaxies Karachentsev et al. (1992). The calibration was made
after reducing the linear diameters of the calibrators into edge-on view. Using the derived
TFR, the distances to the galaxies from the target sample are calculated and compared with
kinematic distances. The distance modulus error, of the derived calibration is about 0.45
mag, and the relative distance error is 21%.
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On the Stark Broadening of Mg I Spectral Lines in So-
lar and Stellar Spectra

M.S. Dimitrijevi¢ Astronomical Observatory, Volyina 7, 11050 Beograd,
Yugoslavia

S. Sahal-Bréchot Olservatoire de Paris-Meudon, 92190 Meudon, France

Lines of neutral magnesium are present in the Solar spectrum and the cor-
responding Stark broadening parameters are of interest for their analysis as
well as for the diagnostic of solar plasma. Especially the infrared lines of Mg1 1
have been observed in the solar spectrum at Kitt Peak and during the Atmos ‘§
experiment on Spacelab. Due to the suitability of these lines for the solar
atmosphere investigations (see e.g. Van Regemorter & Hoang-Binh 1993)
and to the fact that with the increase of the principal quantum number in-
creases the importance of Stark broadening as well, the corresponding Stark
widths and shifts are of importance for the structure of the solar atmosphere
research and solar plasma diagnostic. Stark broadening data for Mg I lines
are also of interest for laboratory plasma research and have been investigated
experimentally and theoretically several times.

By using the semiclassical-perturbation formalism we have calculated here
electron-, proton-, Mg II-, Si II-, Fe II-, and Ar Il-impact line widths and
shifts for 267 Mg I multiplets , in order to provide the needed Stark broaden-
ing parameters for all important perturbers for investigation and modelling
of solar plasma. A summary of the formalisin is given in Dimitrijevié et al. 3
(1991). Regemorter & Hoang Binh (1993) have been discussed recently the
important simplification of theory for solar Rydberg lines corresponding to
the transitions between nearly degenerate states. We check and discuss here
this approximation. Moreover, our calculations of Stark full widths for Mg I
5g'G - 6h'H and 6g'G - 7h!'H transitions have been compared with available
simpler calculations. We hope that the comprehensive set of Stark broaden-
ing parameters of Mg I lines will enable the better use of Mg I spectral lines
for solar plasma research.

Dimitrijevic, M.S. Sahal-Bréchot,S., & Bonmunier,V., 1991, A&AS 89, 581.
Regemorter, van ., Hoang Binh Dy, & Prud’homme,M. 1979, J.Phys.B 12,
1073
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AccesslT : preparing our cultural institutions
to contribute digital content in Europe

Rob Davies
MDR Partners, London

The speaker will present the work of the AccessIT project, funded under the
European Union's Culture and Media programme, to extend skils in the
creation and management of digital libraries to people working in cultural
institutions at local level, in three countries of South East Europe: Greece,
Serbia and Turkey. The project is an adjunct to the Europeana Local Best
Practice Network under the European Digital Libraries Initiative.One of its
outcomes will be the creation of a repository of digital content metadata in
Serbia for ingestion by Europeana. The presenter will introduce a new online
training course for the purpose of training professionals to make content
available for harvesting by Europeana and will discuss plans for the
accreditation of this training.

EnexTponcka m3nama
0€eorpajgcKux aCTpOHOMCKHUX HHCTUTYIHja

Mmuaan C. lumutpujeBuh
ActpoHoMcKa orncepBaTopuja, beorpan

Ca eneKTpPOHCKMM H3[aBallTBOM 3al04e0 caM Ha ACTPOHOMCKO)]
oncepatopuju 2006. rogune. MoTuBH ¢y Ouau nsojaku. Ca jemHe cTpaHe,
JKEeJIeo caM Jia PajioBU M3 KibUIa KOje caM ypeauo U ca KoH(epeHIrja Koje
caM OpraHu3oBao Oyay IOCTYNHH MpeKO BENHKHX MehyHapoaHux Oasa
nonmataka kao mro je Hacun AJIC. Ca npyre mak, €IeKTPOHCKO H3Aame
omoryhyje na ce cauyBa, ¥ yBpCTH y OHOIHOTEKe, BUPTyaTHe OMOIHOTEKE U
0a3ze mogaraka kao mro je Cpricka BUPTyellHa OIcepBaTOpHja U MaTepujail
KOjU He W€ Y KIbHre, Kao MITo Cy Benuku O0poj gortorpaduja, Buaeo 3anucu
U TIpe3eHTalrje MpeaaBada, Ipu demMy cy pernumo Qororpaduje y obIuKy
NOTOJHOM 3a INTaMIlalhe M Kopulihewme y JpyruM myOluKalnujama.
Jyropounuju 0wk je Ja JUTHTAIH3YjeMO 300pHUKE ca CBHX KOH(epeHLHja
KOj€ CMO OpTaHH30BaJId M TMPHPEIUMO W HUXOBA 3BAaHMYHA EJICKTPOHCKA
usnama, koja hie umatu L{UI1 Haponue 6ubnuoreke u ISBN 6poj, a y koja



he Outm ykJbydeH W OHAj TocTojehm Marepjal kKora HeMa y MarupHOj
BEP3UjH, WIH je TaMO OJIITaMIIaH HEKBAJIUTETHO.

Jo nanac cy myOnukoBaHa 22 xommakt aucka u JIB/la, a n3naBaun
cy Omimum ACTpOHOMCKAa OTICepBaTOpHja, ACTPOHOMCKO IpymTBO ,,Pyhep
Bbomrkosuh®, [pymrtBo actponoma Cpbuje u Ilpuponmadko ApYIITBO
»I EA* u3 Bpmma. Onu ce mpenajy oubnmorekama, kao mro je Hapoana
oubnmorexa, bubnuoreka Matume cprcke, bubnmorexka Ilapucke
oncepparopuje, Hacunom AJICy, HarmoHamHOM TIEHTpPY 3a JUTHTATU3AIN]Y
U IpyT'¥M HHCTHTYyLHjaMa, OnbnuoTekama u 0a3zama nojaraka.

Hopauu o uzabpanum ejieKTpoHCKUM u3aambuMa npema HUII 3anucy

1. Pa3Boj actponomuje kox Cpba, IV, beorpax 22-26. anpun 2006.
[Enextponcku wm3Bop], Development of Astronomy among Serbs [V,
ypenauk Munan C. JumurtpujeBuli, opranuzatop ACTPOHOMCKO APYIITBO
“Pyhep Bomkosuh”, quck npunpemminu Munan C. Jumurpujeuh u Tatjana
MunoBanoB. — Enektponcko wu3a. — beorpan: ACTpPOHOMCKO ApYIITBO
“Pyhep BomkoBuh”, ActpoHomcka orcepBatopuja, 2007 (Beorpan:
Actponomcko apymtBo “Pyhep BomikoBuh”). - 1 eleKTpOHCKH ONTHYKH
muck (CD-ROM).

2. I HUNGARIAN-YUGOSLAV ASTRONOMICAL
CONFERENCE, Baja, Hungary, 26-27. April, 1995 [Enextponcku u3Bop],
edited by Istvan Vince, Milan S. Dimitrijevic and Lajos Balazs ; CD
prepared by Milan S. Dimitrijevic and Tatjana Milovanov. - Belgrade:
Astronomical Observatory, 2008 (Belgrade: Astronomical Observatory). - 1
enektporcku ontuuku auck (CD-ROM).

3. LINE SHAPES INVESTIGATIONS IN YUGOSLAVIA AND
SERBIA [Enextponcku wussop]: (BIBLIOGRAPHY AND CITATION
INDEX), HctpaxkuBame 00JHMKa CHEKTPAJIHUX JHHUja y JyrocmaBuju u
Cp6uju : (bubnamorpaduja u uaaekc nurara), Milan S. Dimitrijevi¢. - CD
prepared by Milan S. Dimitrijevic and Tatjana Milovanov. - Belgrade:
(Belgrade: Astronomical Observatory), Belgrade 2009 - 1. emexTpoHCKH
ontnykn auck (CD-ROM) (EnexTpoHCKHM M3BOp je €JNEKTPOHCKa Bep3uja
UCTOMMEHNX Kmura 1-5 mnyO6mmkoBanux y emummju llyOnmkanmje
AcTpoHOMCKe oricepBaTopuje y beorpamy').

4.  ABSTRACTS, PRESENTATIONS AND PHOTOS
[EmexTponcku wm3Bop] The First Summer School in Astronomy and
Geophysics, August 6-11, 2007, Belgrade, Serbia ; eds. Milan S.
Dimitrijevi¢, NadeZzda Pejovi¢, Andelka Kovacevi¢, organized by Faculty of
Mathematics, Belgrade. CD prepared by Milan S. Dimitrijevi¢ and Tatjana
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PRELIMINARY PROGRAM

Sreda, 16. 06. Wednesday
8:30-9:15 Registracija Registration
9:15-9:30 Svecano otvaranje Opening ceremony
9:30 - 10:55 predsedavajuci — chairman: ~ Zoran Ognjanovi¢

9:30- 9:55 Smile Markovski
O nacionalnoj strategiji digitizacije kulturnog nasledja u
Makedoniji - perspektive i dileme

9:55-10:10  Zarko Mijajlovié
O projektu Primena informacionih tehnologija u digitalizaciji
naucnog i kulturnog nasleda

10:10 - 10:25 Irini Reljin, Milena Joci¢, Stefana Janiéijevi¢
Analog to Digital TV Transition in the Republic of Serbia

10:25 - 10:40 Andreja Sam¢éovié
Tehnike za kodovanje kod digitalnog bioskopa

10:40 - 10:55 Branislav Tomié
Lexicon Palaeoslovenico — Graeco-Latinum digitalization and
conversion into web application

10:55-11:20 pauza coffee break

11:20 - 12:30 predsedavajuci — chairman:  Tamara Butigan
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11:20 - 11:45 Rob Davies
AccessIT : preparing our cultural institutions to contribute digital
content in Europe



11:45-12:00 Pavel Pavlov, Maria Nisheva-Pavlova, Anton
Iliev, Klimentina Rousseva, Nadezhda Apostolova
Authoring Tools for an Academic Digital Library

12:00 - 12:15 Maria Nisheva-Pavlova, Pavel Paviov
Methods and Tools Supporting the Lifecycle of Rich Digital
Content

12:15-12:30 Marija Bogdanovié, Nenad Jeremié
Baza podataka Srpske retrospektivne bibliografije knjiga: 1868-
1944

12:30 - 13:05 poster sekcija, pauza poster section, coffee break

Aleksandar Pejovié
O rezultatima nekih projekata digitalizacije u Srbiji

NadeZda Pejovi¢, Aleksandar Valjarevi¢,Zarko Mijajlovié
Digitized astronomical works of Serbian Authors

13:05 - 14:30 predsedavajuci — chairman:  Vesna Vuékovié

13:05-13:30 Dunja Seiter-Sverko
Synergy between analog and digital formats in the space of
cultural heritage (on the example of Republic of Croatia)

13:30 - 13:45 Poposki Dimitar

The Republic of Macedonia National Strategy for the Digitization
of Cultural Heritage — the way toward an Information Literate
Society

13:45 - 14:00 Bojan Marinkovi¢, Zoran Ognjanovié¢, Tamara
Butigan Vucaj
Programski sistem za realizaciju kataloga digitalnih kolekcija

14:00 - 14:15 Maja Nikolova
Digitalizacija istorije Skolstva

14:15 - 14:30 Sladana Milojevié

Digitalizacija dokumentacije Zavoda za zaStitu spomenika kulture
grada Beograda — Retrospektiva dosada$njih aktivnosti na
digitalizaciji dokumentacije
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14:30 - 16:00 pauza coffee break

16:00- 17:45  predsedavajuci — chairman: Dragan Blagojevié

36

16:00 - 16:15 Vesna Aleksandrovi¢
Bulbul pjeva — zvuci bosanske duse sa starog gramofona

16:15-16:30 Marija Dumnié

Projekat ,,Digitalizacija i katalogizacija Fonoarhiva
Muzikoloskog instituta SANU": dosada3nja iskustva i
perspektive

16:30 - 16:45 Stevo Segan, Vladimir Zekovié
Understanding Audio Digitization: Audio History, Preservation,
Reconstruction and Reformatting

16:45-17:00 Vesna Aleksandrovi¢, Ivan PeSié
Data Mining — Revealing the Sound Recordings Metadata
Meaning

17:00 - 17:15 SneZana Negovanovié¢
Digitalna fotografija, proces rada za potrebe fotodokumentacije
kulturno-istorijskog nasleda

17:15-17:30 Dragana Rusalié¢

Urban Performans As Part of the Intangible Heritage: Dilemmas,
Challenges, Problems and Perspectives of Archiving
Contemporary Visual Arts Through Digitization Process

17:30 - 17:45 Goran Gavrilovié¢, Ana Josipovi¢, Nada
Jevremovié, Srdan Kosovac

Muzejski informacioni sistem Srbije - MISS, Muzejska WEB
aplikacija ETERNITAS



Cetvrtak, 17. 06. Thursday

8:45-9:00 kafa coffee

9:00 - 10:30 predsedavajuci — chairman:  Nenad Mitié

9:00-9:15 Vesna Vuckovié
Digitalni vodeni Zig u digitalnim slikama i elektronskim knjigama

9:15-9:30 Sanja Rajié¢
Digitalizacija u srednjoskolskoj nastavi

9:30-9:45  Sanja Zivoti¢
Registar digitalizovane kulturne bastine

9:45-10:00 Mirjana Mijajlovi¢, Angelina Stojanovié,
Jelena Vasi¢

Pregled razvoja i primena digitalizacije u Muzeju grada Beograda
na primerima stru¢nog muzejskog arhiva sa fototekom i
terenskom arheoloskom dokumentacijom

10:00 - 10:15 Jelena GliSovi¢
Digitalizacija i bibliotekarstvo: 1zmedu autorskih prava i slobode
pristupa

10:15-10:30 Aleksandra Fostikov, Stefana Janicijevié
New technologies and reconnaissance historical- geography and
toponymical research of Toplica “land” with photo session in
software Photosynt

10:30 - 11:00 pauza coffee break

11:00 - 12:40 predsedavajuci — chairman:  SaSa Malkov

11:00 - 11:25 Milan S. Dimitrijevi¢
Elektronska izdanja beogradskih astronomskih institucija

11:25-11:40 Nadezda Pejovi¢
Digitalizovane knjige Borda Stanojevica
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11:40 - 11:55 Sonja Vidojevi¢, Stevo Segan, Slavisa
Milisavljevi¢, Biljana SamardZzija, D. Mardeta
Serbian Astronomical School: last 70 years of Identity

11:55-12:10 Jelena Hadzi-Puri¢, Gordana Pavlovi¢-Lazetié,
Ana Vukadinovi¢, Bojana Mitrovié¢, Milo$ Vojinovié, Igor
Valjevi¢, Milos Purié¢

"Aleksandar Popovi¢" — digitization, storage and retrieval

12:10 - 12:25 Nada Dordevié

Digitalna baza tekstualnih podataka

12:25-12:40 Dragana Milunovié¢

Skriveno blago biblioteka Srbije: virtuelna izlozba
najdragocenijih eksponata iz zavicajnih zbirki javnih biblioteka u
Srbiji

12:40 - 13:10 pauza coffee break

13:10 - 14:40 predsedavajuci — chairman:  Nadezda Pejovi¢
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13:10 - 13:25 Dusko Vitas, Miljana Mladenovi¢, Stana
Risti¢, Gordana Pavlovi¢-Lazeti¢, Milos Utvi¢
Digitalni dokumenti u procesima leksikografske obrade

13:25 - 13:40 Jovan Krsti¢
Kriminalitet mrznje i zaStita kulture

13:40 - 13:55 Snezana Nenezi¢, Miljko Veljkovi¢
Digitalizacija odabranih naslova knjizevnih dela iz fonda
Zavicajne zbirke Narodne biblioteke KruSevac

13:55-14:10 Milorad Jovanovi¢, Miljenko Prohaska
Savremeni sistemi zastite i arhiviranja kulturne bastine zasnovani
na visokosofisticiranoj opremi za digitalizaciju raznorodnih
materijala

14:10 - 14:25 Boris Horosavin
Moguc¢nost primene tehnologije trodimenzionalne vizuelizacije u
oblasti zastite nepokretnih kulturnih dobara

14:25 - 14:40 Zoran Miljenovié¢
Srpska arheologija na trodimenzionalnom putu



LIST OF PARTICIPANTS

Mutomr YTBuh

Odunonomkn axkynrer, beorpan

Amna Jocumniosuh

Codtrep nnpopmaionu cucremu, beorpas

Cphan Koconaig

Codteep nHpopmanmonu cucremu, beorpas

Annpeja CamuoBuh

Cao0Opahajuu ¢akynrer y beorpany
andrej@sf.bg.ac.rs

Maja Huxomnosa

[lenaromku my3sej, beorpan
ngomusketar@hotmail.com

I'opan I'aBpumosuh

Haponuu my3ej y beorpany
goran960@gmail.com

Hena JeBpemonuh

Haponuu my3ej y beorpamy

Becna Anekcarnposuh

Hapoana 6ubnuorexa Cpouje
vesna.aleksandrovic@nb.rs

Mapuja bornanosuh

Haponna 6ubnmorexa Cpouje
marija.bogdanovic@nb.rs

Tamapa byturan Byuaj

Hapoana 6udnuorexa Cpouje
tamara@nb.rs

Hparana MunyHnosuh

Haponna 6ubnmorexa Cpouje
dragana.milunovic@nb.rs

Usan INemmh

Hapoana 6ubnuorexa Cpouje
ivan.pesic@nb.rs

Cuexana Heunesunh

Haponna 6ubnmoreka Kpymesar
snenezic04@yahoo.com

Musko Besskosuh

Haponana 6udnunoreka Kpyieair

Mapuja lymuuh

My3uxonomku uactutyT CAHY, beorpan
marijadumnic@yahoo.com

Mupjana Mujajnosuh

My3ej rpana beorpana
mirjana.mijajlovic@mgb.org.rs

Awnrennna CrojanoBuh

My3ej rpana Beorpana

Jemena Bacuh

Mys3ej rpana beorpana

Muitena Jormh

MuHICTapCcTBO 32 TEIEKOMYHHUKANHje
¥ HH(OPMAILIMOHO IPYIITBO

Hpunu Pesbun

MuHICTapCcTBO 32 TEIEKOMYHHUKAINH]je
¥ HH(OPMAILIMOHO IPYIITBO
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Marematnuku dakynreT, beorpan
nadicadj@matf.bg.ac.rs

Munom Bypuh

Marematnuku akynreT, beorpan

Jemena Xanm-Ilypuh

Marematnuku akynreT, beorpan
jelenagr@matf.bg.ac.rs

Cama Mankos

Marematnuku akynrteT, beorpan
smalkov@matf.bg.ac.rs

’Kapxo Mwujajmosuh

Marematnuku akynreT, beorpan
zarkom@matf.bg.ac.rs

Henag Mutuh

Maremarnuku ¢akynret, beorpan
nenad@matf.bg.ac.rs

Bojana Mutposuh

Maremarnuku daxynret, beorpan

Muspana Maanerosuh

Maremarnuku ¢akynret, beorpan

I'opnana ITasnosuh Jlaxketuh

Maremarnuku akynreT, beorpan

Hanexma [TejoBuh

Marematnuku dakynreT, beorpan
nada@matf.bg.ac.rs

Hrop Basseruh

Marematnuku (akynreT, beorpan

Hymko Burac

Maremarnuku dakynrteT, beorpan
vitas@matf.bg.ac.rs

Munom Bojurosuh

Marematnuku akynreT, beorpan

Becna Byuxosuh

Marematnuku akynrteT, beorpan
vesnav@matf.bg.ac.rs

Ana BykagnroBuh

Maremarnuku hakynreT, beorpan

Cama JKusotuh

Marematnuku (akynrteT, beorpan
sanjazivotic@gmail.com

Hparan bnarojesuh

Marematnuaku nactutyT CAHY, Beorpan

blagoje@mi.sanu.ac.rs

Credana JaunhujeBuh

Marematnuku uactutyt CAHY, Beorpan

stefana_kvark@yahoo.com

Bojan Mapunkosuh

Marematnuku unctutyt CAHY, beorpan

bojanm@mi.sanu.ac.rs
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3opan OrmanoBuh

Marematnuaku nactuTyT CAHY, Beorpan
zorano@mi.sanu.ac.rs

Anexcaamap [lejoBuh

Marematnuku nactutyT CAHY, Beorpan
pejovica@mi.sanu.ac.rs

Crana Puctuh

HucturyT 3a cprcku jesuk CAHY, beorpan
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ON THE STARK BROADENING OF Si IV LINES: REGULARITIES
WITHIM SPECTRAL SERIES

. . 2
Milan S.Dimitrijevié¢’ and Sylvie Sashal-Bréchot

1Astronomical Observatory, Volgina 7, 11050 Beograd,
Yugoslavia.

2Laboratoire de Physique Atomique et Moleculaire
d’Instrumentation en Astrophysique. Unité Associee au
CNRS No. 812, Observatoire de Paris-Meudon, §2190
Meudon, France.

Due tc its high abundance, silicon i{s very interesting
for astrophysicists as well as in the laboratory plasma
diagnostics, since it is often present as impurity.
Using the semiclassical-perturbational formalisx [1,§
we have calculated electron- and proton-impact line
widths and shifts of 36 Si IV multiplets, and our
results are compared with avallable theoretical and
experimentai data. The results obtained have alsc been
used toc continue our investigation of systematic trends
among Siark-broadening parameters within spectral
series (}—6] .

In Fig. i, the behaviocur of electron- and proton-
impact full halfwidths and shifts within 3p°P° - ad<D
series for diifferent plasma vuvemperatures (1000C and
20000C K) is presented as an example. By inspecting
energy separation belween the upper level and the
principal perturting leveis (see (Grotrian diagrams in
Ref. 7} we find tnat this value decrease gradually
within a spectral seri{es. Thus, we obtain a gradual

change of Stark broadening parameters as expected.
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LINE WIDTH REGULARITIES AND SYSTEMATIC TRENDS DUE TO
COLLISIONS WITH NEUTRAL PERTURBE S

Milan S.Oimitrijevi¢! end Gillian Peach?
lActrormlcd Observatory, Volgina 7, 11050 Beogred, Yugoslavia
2

Department of Physics and Astronomy, University College, Gower
Street, London WCI 68T, England

Regularities and systematic trends of the Stark broadening parameters
of isolated, non-hydrogenic spectral lines in plasmas have been studied
recently In a number of papers (see e.g. 3wef. | and references
therein). The aim of such studlies is to find out if regularities and
systematic trends are asppsrent to such a degree that accurate
Interpolation of new dats as well as the critical evaluation of
published dats and preliminary experimental resuits are possible. In this
contribution, we tiry to jnvestigate if such reqularities are also
apparent in the case of spectra! lines broadensed by neutral atom
Impacts, excluding here the case of resonance broadening,

Broadening of a line depends firstly on the dynamics of the coliisions
with perturbing particles and on the collective effects of all
perturbers, Consequently, differences between e.g. low density and high
density cases arise. On the other hang, brosdening depends aiso on
particle properties, On the basis of atomic structure conslderations,
similarities should exist within a given spectrum, for iine widths within
& muitiplet, super-nultiplel and, to a lesser degree, within a transition
array. Furthermore, & regular benaviow of line widths Is expected
within a spectral series, for cofresponding transitions in homologous
emitters, and in |soelectronic sequences. Regularities and similarities
in line widths are expected aiso considering different perturbing atom
properties such as the polarizability. Oependence of line width on the
lonization potential may also be lrwestigated.

In order to find out if regularities and similarities due to particle
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Table 1. Examples for supermultiplets and transition arrays. Experimen-
tal data of Smith and 3aggett, 19846 {4]. Perturber Is He and
T=2500 K. The w is half halfwidth,

Designaticn Multiplet )\ (R) w/N(100rad s~ 'fem™)
Ca | 4s3d-3d(’D)ep’ ~D+"F° 6460.3 0.749
000 5592.5 L13
’0,-lo, 6449.8 0.851
‘oz.‘o2 7148.2 0.627
lo,%p, 5717, 1.83

Table 2. Exampies for multipletse and homologous atoms.

Transition A T(K) w/N (102u rad s"I/cm'}) ef,
Ar Ke Xe (perturbers)

Li | 2685-2p2F° 6707.8 400 0.498 0.615  0.695 ()
600 0460 0607 0.691 (6)

Na | 3s25-3p%F° 5895.9 450 0.796 0.693 840 (1)
0.699 0.780  0.856 (8)

475 0.796 0.758 (9)

5890,0 450 0.608 Q679  O.71i (N

0.661 0.722  0.825 (8)

475 0651 0.668 (9)

< 1 4s25-4p2P®  7664.9 410 0337  (L3%  0.468 (10)
7693.0 4ld A4ld Q39 0467 (10)

W i 5s26-502P°  794n6 320 0298 0.298  G.343 (1)
7000.2 520 316 0.275 0362 (11)

s 1 6s25-6p2P0 49635 295 0235 0.238  0.257 (12)
85211 295 .30 0,143 0.760 (12)

properties are apparent in the case of line broadening due to neutral

non-resonant collisions, ~e analyzed critically selected experimental

data [7). In table | are given examplies for similarities of line widths
within supermultiplets and transition arrays, in table 2 for multiplets
and homologous atoms, and In table 3 for a spectral series The polari-
sabllity of the rare gas atoms increase monotonically with Increasing
atomic mass, and It can be seen that as one would expect, the
measured widths, in general also Increase with increasing polarisabllity.
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Table 3. An example for spectral series, Perturber Is Xe.

Transition TR) TIR) Fall RelTwWIath (w/RT e
(IOZO rad s'!/cm‘s)

Cs 6s sl ,2-6p§p 2 896350 295 1.09 (12)

Cs 63 sl 1Py, A 39 3,04 (13)

Cs &%, ,z-ap Py 3889, 450 5.43 (18)

This Is an indication that the longer-range part of the radiator-perturber
intersction Is dominant. The main exception to this ruie is the case of
hellum perturbers. Here, the short range part of the Intersction
dominates and this is not directly related to the polarisability at ali,
c.f. lef. 3,

leferences

. Konjevi¢ N. and Oimitrijevi¢ MS: in Spectral Line Shapes, ed
8.Wends, W.de Gruyter, Berlin, New York, p. 211 (1981),

2 Allard N, and Kielkopf LF.: ev.Mod.Phys. 54, 1103 (1982).
3. Al-Sagabi BN.L and Peach G.: LPhys. 8 20, 1175 (1987).
& Smith G, and aggett D.St): LPhys. 8, 14, 1405 (1981).
5. Gallagher A.: Phys.3ev. A, 12, 133 (1975).

& l(.l\v;ln )'I\L, Mc Cartan D.G. and Lewis E.L.: Astrophyal., 213, 599
17

1. Deleage LP., Kunth D., Testor G., lostas F, snd ouef! E.: JPhys, B,
6, 1892 (1973).

8 Chatam LH,, Gallagher A, and Lewis E: LPhys.B, 13, L7 (1980).
9. Mc Cartan D.G. and Farr LM.: LPhys. B, 9, 985 (1976).
16, Lwin N.D. and Mc Cartsn D.G.: LPhys. 8, 11, 3841 (1973).

Il. Ottinger Ch., Tcheps L, York G.W. and Gallagher A,, Phys. Rev. A,
11, 1815 (!975)

12, Bernabeu E. and Alvarer LM.: Phys, lev. A, 22, 2690 (1980)
13. Smith G.: LPhys. B, 8, 2273 (1975).

14, Ferray M., Visticot LP,, Lozingot ). and Sayer B.: LPhys. B, 14,
3875 (1981).






ABSORPTION OF ELECTRO-~MAGNETIC RADIATION DURING COLLISIONS BETWEEN LITHIUM ATOMS
AND IONS IN LOW TEMPERATURE PLASMA

A.A. Mihajlovy M.S. Dimitrijevic¢?’

#Institute of Physics, Beograd, Yugoslavia,

Beograd, Yugoslavia.

On the basis of the semiclassical adiabatic
method radiation processes {emission and ab-
scrption of electromagnetic radiation) during
ion-atomic collisions at thermal velocities
have been studied previously '(Mihajlov, 1981;
Mihajlov, 1986). Mihajlov (1986) obtained
results for hydrogene plasma. Recently howe-
ver, processes of radiation transfer in alka~
line metal plasma at low temperatures {i.e.
at relatively low degrees of ionization) but
at high atom densities, become more intere-
sting. Consequently, in this paper, absorpti-
on of electro-magnetic radiation during
ion-atom collisions in low temperature plasma
has been studied.

In such plasma, absorption of radiation can
be caused, among other processes, by the
photodissociation of molecular ions:

AB + hw — A"+ B la)

Besides this process we take into account
absorption of the radiation by quasimolecular
complexes ( originating in ion-atomic colli-
sions)as well:

A+B+hw— A"+ B 1b)

Here, A and B are atoms while A+, Bt are the
corresponding ions. In a number of cases,
processes la) and 1lb) could be treated as
separate channels of unique process of photo-
absorption.

We studied symmetrical case when in relations
la) and 1b) A and B are identical atoms| A=B,

IA—IB, where IA,B is the ionization potenti-~

al).

Such case is realized for example in low
temperature alkaline metal plasma. Of special
interes are dense, low. temperature weakly
ionized alkaline metal plasma (before all in
connection with MHD energy conversion etc).

In this paper we conseder the case of lithium
plasma. Processes corresponding to the proces-
ses la) and 1b) in this case are the follow-
ing.

Liy + how —= Li*+ Li 2a)

Lits Ui — Li « Li 2b)

The absorption coefficient of radiation cau-
sed by the processes 2a) and 2b) is determined
in semiclassical approximation. In low tempe-
rature plasmas, we found that our relations
are the simplest in the case of the dissoci-
ative-recombination equilibrium. In this case,
very important in praxis, the absorption coef-

D. Djordjevic‘:a and M.M. Popoviéa

’bAstronomical Observatory,

ficient can be normalized to the unity con-

centrations of atoms Li and ions Li' we de-
termined the total effect of absorption of
radiation due to both processes. We also
found the frequency and the temperature regi-
ons in which either process 2a) or 2b) has
predominant role.

In the processes 2a) or 2b) a photon of fre-
quency ( is absorbed by ion-atomic complex.
In the symmetrical case that we study, the
complex is either represented by collisional
complex Li + it or by molecular ion Li;.
Due to absorption of the pnoton, transition
between initial (lower) and final (upper)
electronic state of the complex occurs. In
the case of alkaline metals, Zg is atomic
initial state and ¥, is its final state.

For the fixed inter-nuclear distances we will
denote with Vl(Ru)) and VZ(RQ,) the energies

of these states respectively. Photons with
frequencies laying in the interval (w,w+dw)
are absorbed by the ion-atomic complexes with
inter-nuclear distances in the interval
(RuhRu,wdRuﬁ Here, R,is the root of the
equation: R)-W(R) . We limit
ourselves only to %he range of WI(R,, ) for
which v, (R, ) <O0.

The total absorption coefficient which is the
result of parallel action of both processes
2a) and 2b) is given with the following ex-
pression:

-43 4
KolT)=625-10 Re/ 8 ) exp[-X (T3

Absorption coefficients due to an action of
either process 2a) or 2b) are given with
relations:

KT )= K T)-T (32X (T)/ T (3r2) (a2)

{b)
Kol T)=KAT)¥ (g X (TH/T (%) (4b)
In the expressions above Xu(T) = V, (R, kT,

S ={1; /RY)IZand R, is given in atomlc units.
Values for V1 2(R) are taken from Konowalow

{1984). Due to the normalization of absorptl—
on coefficient, its dimension is cm .

The results obtained are presented in tables
1 and 2. Results of this work make possible
to determine the temperature dependence of
spectral absorption coefficient and relative
influence of molecular ion photodissociation
channel in comparison to the influence of the
channel for photoabsorption due to ion-atom
collisions.



TABLE 1 Total absorption coefficient
A x 105 K x10%° [cm®)

[cm] 2000 K 2500 K 4000 K 5000 K
3.31 18.9 8.57 2.62 1.77
3;90 1207 292 34.7 17.1
5.02 1963 506 66.1 33.5
6.01 1260 380 62.9 34.5
7.13 926 317 63.3 37.0

10.4 464 204 59.7 39.6

" TABLE 2 Ratio of absorption coefficients

?\X‘IOS K(b)/l((%)

[cm] 2000 k2500 K 4000 K 5000 K
3.31 5.24 10.0 26.9 36.9
3.90 0.27 1.00 7.23 13.1
5.02 0.36 1.26 8.24 14.5
6.01 0.75 2.78 11.5 18.9
7.13 1.34 4.00 14.9 23.3

10.4 4.63 9.03 25.2 35.1
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Solar Cycle: Sun at the Top of Maximum

velocity fields are essential different in active regions.
At the same time the down flows entropy are roughly
the same for all the investigated active regions. There is
no correlation between the magnetic field entropy, the
integral magnetic flows or flares activity.

STRUCTURE AND SHAPE OF THE SOLAR
CORONA AUG. 11, 1999 AND THEIR
CONNECTION WITH THE SOLAR
ACTIVITY

Churyumov K.I., Ivanchuk V.G., Ishkov V.N.
Submitted by: Churyumov Klim Ivanovich

(klim @aoku.freenet.kiev.ua)

The solar corona Aug 11, 1999 consists from bent wings,

" helmet-like structures, linear streams, numerous power-
ful and thin rays which are radial oriented with regard
to the Sun. E-corona has bigger development of ac-
tivity than the W-corona that is the significant E/W-
asymmetry of the corona exists. The shape of the so-
lar corona is close to the maximal classical type. The
brightness distribution in the corona shows that the
corona has the shape close to the spherically-symmetrical
one. Only close to the Southern pole of the Sun there
is less bright region which probably is connected with
the existence here of the polar coronal hole. This fact
and other circumstances are evidence of the noticeable
N/S-asymmetry of the corona. The Northern hemi-
sphere is more active than the Southern one that is
the N-hemisphere is close to its maximal shape of de-
velopment. We think that the maximum of activity
of the present 23-cycle of the solar activity in the N-
hemisphere can be shortly (in late 1999 or in early 2000)
but in the S-hemisphhere the maximum of activity can
be in early 2001. The connection of the structure and
the shape of the corona with the heliospheric current
sheet is discussed.

THE SOLAR CORONAL PLASMA
MOTIONS AND THE SOLAR CYCLE
Delone A.B., Smirnova O.B., Yakunina G.V.
Submitted by: Yakunina Galina V.
(yakunina@sai.msu.ru)

The solar coronal plasma motions and their connection
with the solar cycle are investigated. Own authors in-
terferometric observations of coronal emission lines are
used. Results from more than 80 reports for the ob-
servational period since 1956-1999 have been analysed
to study the dependence of the velocity values on the
solar cycle phase. Matter velocities in the solar corona
and transition region have been obtained by different
methods by analysing of the line profiles and motions
of coronal structures in picture plane. The observations
were used in visible, UV, radio and X-rays. The maxi-
mum values of the velocities correspond to the solar ac-
tivity maximum. The highest velocities from 100 km/s
to 2000 km/s are connected with active events such as
flares, surges, eruptive prominences and loops, rooted
in the bright X-ray points. So the probability of the

observations of the large velocities is higher during the
maximum phase of the solar cycle.*

INTERPRETATION OF THE LARGE-SCALE
SOLAR MAGNETIC FIELD
MEASUREMENTS USING THE LINE
RATIO TECHNIQUE

Demidov M.L., Veretskij R.M.

Submitted by: Veretskij Renat (renver@iszf.irk.ru)

Measurements of the large-scale magnetic field strength,
obtained by the magnetograph of the STOP telescope at
the Sayan observatory,are interpreted in the framework
of 2-component model. Observations in Fel 5247.1A,
5250.2A, 5250.6A and Nil 5137 A are used.The theo-
retical magnetic field strength ratio in these lines are
calculated. By means of comparison of experimental
data and calculated data the true value of the magnetic
field strength and the filling factor are inferred.

CONCERNING TIME VARIATION OF
SOLAR MAGNETIC FIELDS IN
OBSERVATIONS WITH LOW SPATIAL
RESOLUTION

Demidov M.L., Zhigalov V.V., Peshcherov V.S.,
Grigoryev V.M.

Submitted by: Demidov Michael Leonidovich
(demid @iszf.irk.ru)

Great interest has invariably been expressed by resear-
chers in time variations of solar magnetic fields, espe-
cially within the context of their correlation with acous-
tic oscillations. Recent trends, however, are toward in-
creased interest in such studies because of the enhanced
possibilities of ground-based observations, as well as in
connection with the advent of qualitatively new, highly
accurate data from SOHO. However, previous works -
were based primarily on observations made in regions
with a strong magnetic field, specifically in sunspots
(see, for example, relevant papers in ASP Conf. Ser.,
1999, v.184,pp.113-147). However, the subject of anal-
ysis in this paper involves time series of low spatial reso-
lution observations of magnetic fields, obtained with the
multichannel spectro-polarimeter of the Sayan observa-
tory’s STOP telescope. More specifically, an analysis
is made of the power spectra of the various character-
istics in the distributions of Stokes I and V parameters
in different spectral lines in the neighborhood of the Fel
525.02 nm. In addition, we discuss some instrumental-
methodological problems inherent in research of this
kind.

ON THE STARK BROADENING
PARAMETERS FOR SOLAR PLASMA
RESEARCH

Dimitrijevic M.S.

Submitted by: Dimitrijevic Milan S.
{(mdimitrijevic@aob.bg.ac.yu)

In general, Stark broadening is the main pressure broad-
ening mechanism for stars with the effective temper-
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Solar Cycle: Sun at the Top of Maximum

atures higher or around 10000K, when the hydrogen
is mainly ionized. Such conditions together with the
charged particles density high enough that Stark broad-
ening is not negligible in comparison with Doppler broad-
ening, exist in A-type, B-type and white dwarf star
atmospheres. However, in some cases, Stark broaden-
ing data may be of interest as well for cooler stars like
Sun. First of all such data are of interest for modelling
and consideration of subphotospheric layers and also for
spectral lines involving Rydberg states. The aim of this
contribution is to discuss the present status of Stark
broadening for non-hydrogenic emitters/absorbers (qu-
adratic Stark effect).

MAGNETIC ACTIVITY OF YOUNG STARS
WITH ACCRETION DISCS

Dudorov A.E., Gorbenko E.E.

Submitted by: Gorbenko Eleng E.
(dudorov@mail.cgu.chel.su)

Magnetic Activity of Young Stars with Accretion Disks
Alexander E. Dudorov, Elena E. Gorbenko The base
mechanisms of magnetic field origin of young stars are
discussed. The main attention is paid to the theory of
the fossil magnetic field. It is shown that young stel-
lar objects and new-born stars should have the quite
strong fossil magnetic field. The geometry of the fos-
sil field depends on the conditions of star formation and
may has three type forms: open, dipolar or quadrupolar
ones. The formation of magnetospheres of young stars
is described. The model of magnetic stars with mag-
‘netic accretion disks is developed in which both types
of magnetic fields have the fossil nature. The three type
of magnetic activities are possible in the frame of this
model: atmospheric, magnetospheric and disks ones,
The main features of this three type of activities are
discussed.

ON THE RELATIONSHIP BETWEEN
ACTIVE REGIONS AND LARGE-SCALE
ZONAL MAGNETIC FIELD OF THE SUN
Erofeev D.V.

Submitted by: Erofeev Dmitry Viktorovich
(kram@ml.ussuriisk.ru)

Due to inclination of their axes to parallels of latitude,
active regions form a latitude-time distribution of mag-
netic field which correlates with the large-scale zonal
magnetic field of the Sun both on the time scale of the
22-yr cycle and on the shorter time scale of 2-3 years.
The time-dependent spherical harmonical coeflicients
ai(t) of the magnetic field associated with active regions
has been compared with those of the large-scale mag-
netic field, b;(t). Spectral analysis of a;(t) shows that
anti-symmetric harmonics (odd I) are dominated by the
22-yr variation, while symmetric harmonics {even [) in-
dicate a series of resonant modes which oscillate with
periods of 2-3.5 years, like harmonics of the large-scale
magnetic field examined by Stenflo and Vogel (Nature,
V. 319, 1986). However, the resonant oscillation of a; )

correspond to larger values of the spherical harmonic de-

gree [ (i.e. ashorter scale of magnetic field) as compared
to by(t). '

ON THE ONSET OF CMES IN THE SOLAR
CORONA

Filippov B.P., Den 0.G., Koutchmy S., Shilova N.S.
Submitted by: Filippov Boris (bfilip@izmiran.troitsk.ru)

A pre-eruptive stage of coronal mass ejections is dis-
cussed. Many CMEs originate from coronal streamers
while others happen in the regions without any streamer.
We believe that for the some class of CMEs, the prob-
lem of the onset of the ejection is the problem of the
lost of the quiescent filament equilibrium. Magnetic flux
rope related with a filament should manifests itself in
the coronal structures before eruption. Indeed, in high
resolution white-light eclipse images, as well as in EUV
and X-ray images we are able to recognize formations
which can be interpreted as the helical flux tubes of the
rope in different projections. On the other hand, the
twisted structure of the filament loop in the core of the
CME at times is visible in the field of view of orbital -
coronographs up to the distances of several solar radii.
As far as filaments are easily accessible for observations,
the regions where CMEs could originate are more or less
known. We propose a method to estimate the stability
of any observed filament and the probability of its erup-
tion.

NEW ARGUMENTS OF INFLUENCE OF
SOLAR ACTIVITY ON THE COMETARY
BRIGHTNESS OUTBURST PROCESSES
Filonenko V.S., Churyumov K.I.

Submitted by: FILONENKOQO Vitaly Sergeevich
(filonenko@astron.kharkov.ua)

On the basis of investigations of detailed light curves
of comets the following new results were obtained. 1.
Influence of solar activity and changes of parameters of
solar wind on the light curves of comets Halley, Churyu-
mov-Gerasimenko and IRAS-Araki-Alcock was found
for the first time. 2. A new phenomenon in the out- _
burst activity of comet Tempel 2 was discovered: bright-
ness outbursts occured on the one same heliocentric
distances during three appearances of the comet. It is
shown that this phenomenon is typical for all observed
comets. It is a new observational criterion for choice 2
real mechanism of cometary outburst activity. 3. On
the basis of investigation of dependencies between or-
bital and physical characteristics of comets has been
found that the comet belong to one or another photo-
metric clasters according to comet’s age and level of so-
lar activity during this appearance of comet. 4. A quasi-
periodicity of cometary outburst activity with mean pe-
riod T=6.8¢ + 0.6% was found. Note that 4T =~ 279 is
mean rotation period of Sun. This is a new argument
of solar activity influence on the cometary outburst ac-
tivity.
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is also available. It is used features with well-known
wavelengths as reference points in these spectra. In-
tensity calibration is applied to all spectra by means of
artificial standard of brightness registered in every spec-
trum realization. In that case the spectral atmospheric
extinction can be defined from observations of spec-
trophotometric standard stars. The database applica~
tion using facilities of WinSockets provides network ac-
cess to the spectral data through the Internet. The ap-
plication was developed in the frame of the client/sever
model. The Stream Socket communications between
client and server sides are used. It also supports Dy-
namic Data Exchange conversation in server mode.

THE COMPARING OF SOME TYPES OF
COLOR EMULSIONS FOR PHOTOGRAPH
OF DEEP SKY OBJECTS

Borisov G.V.

Submitted by: Borisov Gennadij Viadimirovich
(borisov@sai.crimes.ua)

It is presented the color photos of selected astronomical
objects obtained at Crimea telescopes with apertures
from 20cm to 60cm. Some types of photoemulsion have
been compareed at taking the photographs of deep sky
objects. It has been received that FUJI-emulsion is bet-
ter for the reproduction of color balance at green-blue
spectral region, and KODAK-emulsion — at red light.

AUTOMATIC EXTRACTION AND
CLASSIFICATION OF LOW-DISPERSION
OBJECTIVE PRISM STELLAR SPECTRA
IN STAR-FORMING REGIONS OF SMC
Bratsolis E., Maragoudaki F., Bellas-Velidis 1.,
Dapergolas A., Kontizas E., Kontizas M.

Submitted by: Bratsolis Emmanuel
(ebrats@astro.noa.gr)

Low dispersion objective prism images have been used
to classify the spectral types of stellar populations. The
automated method for the classification was developed
by us and is described in details by Bratsolis et al. (1998
A&AS, 133, 293) and Bratsolis et al. (2000 A&AS, 142,
339). The distribution of early and late type stars inside
the stellar complexes and their surrounding regions can
lead to important clues on the star formation mecha-~
nism that governs the galaxy. An investigation of stellar
complexes in the SMC has been carried out, using dig-
itized direct UKST plates. This method was developed
by Maragoudaki et al. (1998 A&A, 338, L29).

THE HIPPARCOS CATALOGUE POSITIONS
AND OBSERVATIONS WITH THE
BELGRADE MERIDIAN CIRCLE

Dacic M., Cvetkovic Z., Olevic D.

Submitted by: Dacic Miodrag D.
(mdacic@aob.bg.ac.yu)

By 1993 there were intensive observations with the Merid-

ian Circle of Belgrade Observatory by applying the clas-
sical differential method. For the purpose of analysing

the accuracy of the determinations of star positions the
positions in four observational star catalogues are com-
pared with those in the Hipparcos Catalogue. The ob-
tained results show that the star positions in our obser-
vational catalogues have no systematic errors, but the
random errors of the differences are large which is to be
expected when the classical observations are concerned.
The errors of the Ondrejov PZT Catalogue are signif-
icantly smaller than those of the others, but it should
be borne in mind that the stars were observed within a
very narrow declination zone.

DESIGNATIONS OF ASTRONOMICAL
SOURCES

Dickel H.R.., IAU Task Group on Designations
Submitted by: Dickel Héléne Ramseyer
(hdickel@nfra.nl)

In an effort to promote clear and unambiguous identifi-
cation of all astronomical objects outside the Solar Sys-
tem, the IAU Task Group on Designations attempts to
clarify existing astronomical designations and reviews, '
updates, and advertises the IAU Recommendations for
Nomenclature (http://cdsweb.u-strasbg.fr/
iau-spec.html). Some of the recent developments un-
dertaken by the Task Group include establishment of a
“Registry for New Acronyms”
(http://cdsweb.u-strasbg.fr/cgi-bin/DicForm) and an
Electronic Forum on Designations of Stellar Compan-
ions (http://aries.usno.nav.mil/ad/wds/ iaumcm.html)
in preparation for a Multi-Commission Meeting on the
topic being held at the IAU General Assembly in Au-
gust 2000. These and other activities will be presented.

BELDATA — DATABASE OF BELGRADE
ASTRONOMICAL OBSERVATORY
Dimitrijevic M.S., Popovic L.C., Milovanovic N.
Submitted by: Dimitrijevic Milan S.
(mdimitrijevic@aob.bg.ac.yu)

We have started to develope on the Belgrade Astronom-
ical observatory the BELDATA database. Our inten- .
tion is that this database include: 1) Stark broadening
parameters data set; 2) Spectra of AGN’s; 3) Obser-
vations made on Belgrade Astronomical observatory;
4) Abstracts of papers printed in Serbian Astronom-
ical Journal and Publications of Astronomical Obser-
vatory. Acces to the BELDATA database is possible
through Internet with 24 hour online support on ad-
dress http://www.aob.bg.ac.yu/BELDATA. The aim of
this contribution is to describe BELDATA database and

its content, as well as our plans for its further develop-
ment. :
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“asymptotic parabola” (AP) and “running parabola”
(RP) fits. These methods were developed by the au-
thors and show the minimal errors in the determination
of moments and magnitudes of extrema. AP fit allows to
determine characteristics of extrema using a relatively
small quantity of points and, in some cases, allows to
decrease an effect of season gaps. The RP fit is more
sensitive to an instability of the light curve which of-
ten appears in the Mira variables. As the result of our
research, several groups of the Miras with typical light
curve variations were distinguished and some regulari-
ties in these variations were found.

FAINT OBJECT SPECTRAL CAMERA FOR
2.6M TELESCOPE OF BYURAKAN
OBSERVATORY

Movsessian T.A., Boulesteix J., Gach J.-L., Zaratsian
S., Balayan S., Zakarian M.

Submitted by: Movsessian Tigran Akop
(tigmou@bao.sci.am)

The optical design and observational possibilities of Faint

Object Spectral Camera (ByuFOSC) for 2.6m telescope -

of Byurakan Observatory are presented. Instrument
is mounted in Prime Focus on YBonnetted pointing-
guiding system. The main part of the instrument is
focal reducer with parallel beam, which submits a pos-
sibility to use different dispersing instruments. Instru-
ment works in different modes — imagery, long-slit, slit-
less and scanning Fabri-Perot. The scientific applica-
tions in of instrument in these modes are presented.

INTEGRAL FIELD SPECTROGRAPH VAGR
FOR 2.6M TELESCOPE OF BYURAKAN
OBSERVATORY

Movsessian T.A., Gach J.-L., Zhamkotsin F.,
Boulesteix J.

Submitted by: Movsessian Tigran Akop
(tigmov@bao.sci.am)

The integral field spectrograph VARG was designed and
made in byurakan Observatory in 1999 on the analogy
of TIGER spectrograph based on an original concept of
G.Courtes. The Spectrograph is intended for 3D spec-
trophotometery of extended astronomical objects with
medium spectral resolution on 2.6-m Telescope of Byu-
rakan Observatory, This review discuss the optical de-
sign and gives the main characteristics of the instru-
ment. The examples of scientific applications are pre-
sented to highlight the new possibilities offered by inte-
gral field spectrophotometry.

UNIFIED SET OF EVOLUTIONARY
TRACKS

Myakutin V.1

Submitted by: Myakutin Valery
(vmyakutin@inasen.rssi.ru)

A set of evolutionary tracks for Population I stars in

mass range 0.075-120 solar masses is compiled from
published data for a wide range of metallicity and pre-

sented. The set includes both recently computed pre-
MS and hydrogen burning stages. For evolutionary cal-
culation purposes the tracks are unified and self-described.

A CCD SPECTROHELIOGRAPH
Nikulin LF.

Submitted by: Nikulin Igor Fedorovich
(nikulinOsai.msu.ru)

Two-dimensional monochromatic images of the Sun are
obtained using a CCD array installed instead of the exit
slit. The solar image is scanned at the entrance slit by
a step motor. Number of scans determining the frame
size, integration time as well as corresponding data re-
duction to get spectroheliograms is controlled by a com-
puter. Finally, a spectrograph combined with a CCD
array operates as a narrow passband filter in the range
0.35-1.2 mkm corresponding to the spectral sensitivity
of the array. Observations in the light of hydrogen, ion-
ized calcium, neutral helium (IR), sodium, etc. lines
were made on the tower solar telescope of the Sternberg
Astronomical Institute. Angular resolution of about 1
arc second is achieved for the passband of 0.3A.

DATA MANAGEMENT FOR THE ESA
PLANCK MISSION: FROM SUPPORT TO
INSTRUMENT GROUND TESTS TO THE
PRODUCTION OF FINAL RESULTS
Pasian F., et al.

Submitted by: Pasian Fabio (pasian@ts.astro.it)

Planck is the M3 mission of ESA’s Horizon 2000+ pro-
gramme, and is expected to be launched in early 2007.
The data management aspects for the mission include
processing and archiving of ground test data, simula~
tions of instrumental effects on observations, production
of simulated data, sampling and quantization effects,
data compression, handling of telemetry and telecom-
mands, calibration of raw data, creation of frequency
maps, separation of astrophysical components. The ef-
fects on data quality of technical choices and constraints,
and the computational challenges will be discussed.

THE IMPORTANCE OF ELECTRON-
IMPACT BROADENING IN HOT STAR
ATMOSPHERES: THE CASE OF Zr II AND
Zr I11 LINES

Popovic L.C., Milovanovic N., Dimitrijevic M.S.
Submitted by: Dimitrijevic Milan S.
(mdimitrijevic@aob.bg.ac.yu)

The influence of the electron-impact mechanism on line
shapes and equivalent widths in hot star atmospheres
has been considered. The electron-impact broadening
effect influence on abundance determination of zirco-
nium has been discussed.
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alent of two images of 6000 x 6000 pixels that will be
read out in 10 seconds. Due to the number of pixel-per-
second that the twin cameras will produce, tasks like
handling, archiving and reducting the so produced data
is a non-trivial problem to solve. The solutions that we
think to adopt will be presented.

STARK BROADENING OF HEAVY
ELEMENT SPECTRAL LINES IN HOT
STARS: Au II, Co I1, Ti II AND Co II1
Tankosic D., Popovic L.C., Dimitrijevic M.S.
Submitted by: Dimitrijevic Milan S.
(mdimitrijevic@aob.bg.ac.yu)

In hot star atmospheres, Stark broadening mechanism
is the main pressure broadening mechanism. An inter-
esting application where such mechanism is of interest is
the modeling and investigation of subphotospheric lay-
ers. Consequently, for the investigation and modeling of
the Hg-Mn star and other type of hot star atmospheres,
the Stark broadening parameters for Au II, Co II, Ti II
and Co III spectral lines are needed. Here we present
Stark broadening data for Au II \=174.048nm, Co II
A=230.785nm, Ti II A=376.132nm and 27 Co III spec-
tral lines (from a®D-z°D° and a®D-2°F° Co III multi-
plets), as a function of temperature, calculated by using
the modified semiempirical approach. Also, considering
that Au II A=174.048nm, Co II A=230.785nm and Ti
II A=376.132nm lines have been used for gold, cobalt
and titanium abundance determination in HgMn stars,
we have tested the influence of Stark broadening mech-
anism on widths of these lines for an A type star atmo-
sphere, as well as DA and DB white dwarfs.

WIDE-FIELD PLATE DATABASE: THE
BUCHAREST PLATE CATALOGUE

Tsvetkov M., Stavinschi M., Stavrev K., Tsvetkova K.,
Bocsa G., Popov V.

Submitted by: Tsvetkova Katya Petrova
(katya@skyarchive.org)

In connection with the creation of an European plate
store the up-to-date development of the Wide-Field Plate
Database (http://www.skyarchive.org) and, in particu-
lar, the organization of the Bucharest archives, are pre-
sented. In the WFPDB an information for 338 archives
with 2 031 948 plates can be found, the European ar-
chives being 231 with 1 139 224 plates, stored in 58 ob-
servatories. The Bucharest plate archives include 10533
plates. The primary aims of the observations were to ob-
tain accurate positions for asteroids (78% of all plates)
and to serve for different observational campaigns. How-
ever the scientific potential of the archives is much larger,
with possibilities for investigations of bright visual bi-
naries, long-term variability of the Pleiades red dwarf
stars, and potentially hazardous near Earth asteroids.
Since 1996 the Bucharest plate catalogue is incorporated
in the WFPDB installed in CDS in Strasbourg with an
on-line search possible through the VizieR system at
address http://vizier.u-strasbg.fr/cats/VLhtx. Results

from the scanning of selected plates with the PDS 1010
of the Sofia Sky Archive Data Center will be also pre-
sented.

ORGANIZATION OF THE DATA BASE OF
SPECTRAL ENERGY DISTRIBUTIONS OF
RADIO GALAXIES

Verkhodanov O.V., Kopylov A.L, Verkhodanova N.V.,
Zhelenkova O.P., Chernenkov V.N., Parijskij Yu.N.,
Soboleva N.S., Temirova A.V.

Submitted by: Verkhodanov Oleg (vo@sao.ru)

The project of the informational system creation on the
problem of evolution of radio galaxies, as a part of the
“Big Trio” project aimed on studing of distant radio
galaxies, is designed. This system being developed at
present at the server with address http://sed.sao.ru will

allow a user to operate with simulated curves of spec- -

tral energy distributions (SED) to estimate ages and
redshifts by photometry data. Authors use SEDs of
several models for different types of galaxies. The input
forms contain information about input filters or wave-
lengths and corresponding magnitudes. Another pos-
sibilities are supposed to be supported: sorted biblio-
graphical collection of papers for different stages of ra-
dio galaxy evolution, archive of radio galaxies data in
different wavelength ranges. The HTTP and e-mail ac-
cess is organized to this system. A result is supposed
to be written in ASCII tables and sent to users. This
work has been supported by the Russian Foundation of
Basic Research (grant No 99-07-90334).

THE LARGEST RADIO ASTRONOMICAL
DATABASE CATS: EXTRAGALACTIC
FACILITIES

Verkhodanov O.V., Trushkin S.A., Chernenkov N.V.,
Andernach H.

Submitted by: Verkhodanoy Oleg (vo@sao.ru)

The authors describe the largest existing publicly acces-
sible radio source database CATS (astrophysical CAT-
alogs Support system). CATS contains more than 250
catalogs of objects detected in different (but mostly ra-
dio) wavelength ranges. These include catalogs from
the largest extragalactic existing surveys, like NVSS,
FIRST, WENSS, TXS, GB6, IRAS, ROSAT, PGC,
MCG, etc. and allows the user to operate with them.
Thus CATS allows to draw samples of objects to study a
great variety of astrophysical problems. Among the op-
tions accessible to CATS users we mention (1) Request
short descriptions of each catalog, or print a list of cat-
alogs covering the required sky areas. (2) Select objects
from one or more catalogs by coordinate, flux, spectral
index, frequency, etc. (3) Select objects from one or
more catalogs for many sky patches defined by position
and size (e.g. for cross-ID with other catalogs). e-mail
(cats@sao.ru), or anon. FTP. Batch requests to extract

objects from large lists of sky regions are supported via .

e-mail. Standard formats of input and output of CATS
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cepted for publication in the regular journals and bear-
ing on the field of obtaining of atomic and molecular
data and their using for the astrophysical investigations
are planned to be presented, The information on new
atomic data catalogues and data bases or their modi-
fications will be also given. Scientific news, including
the information on planned Atomic and Molecular data
Conferences and Meetings, will find their place in the
journal. .

COSMOL DATABASE

Kuznetsova L.A.

Submitted by: Kuznezova Ludmila Alekseevna
(lakuz@laser.chem.msu.ru)

The database Collisions of Small Molecules, or COS-
MOL for short, has been created at the Department
of Chemistry of Moscow State University. It serves
for compilation of experimental and theoretical inves-
tigations on the collisions of molecules with electrons,
positrons, photons, atoms and molecules (excluding che-
mical reactions). The following processes are compiled:
excitation, ionization, dissociation, electron attachment,
elastic scattering of electrons, relaxation, quenching.
These data are compiled from the papers published from
1989 to the present, but some more early and important
papers are also included. The database is searchable by
molecule, by colliders, by process, by studied parame-
ters, by author.

THE RADEN DATA BANK
Kuznetsova L.A.

Submitted by: Kuznezova Ludmila Alekseevna
(lekuz@laser.chem.msu.ru)

The RADEN data bank produced at the Department
of Chemistry of Moscow State University is designed as
well to accumulate published information on radiative
parameters of diatomic molecules, as to analyse it and
recommend the more reliable values. The bank con-
sists of two parts: Reference-Information-System (RIS)
and Recommended-Data-System (RDS) operating un-
der the control of an interactive program. RIS serves
for compiling of experimental researches and ab initio
calculations of following parameters: potential curves,
dipole moments, electronic transition moments, oscilla-
tor strengths, Einstein coefficients, Franck-Condon fac-
tors and lifetimes of excited states. Now these data are
compiled for about 3500 molecular electronic states and
transitions. The database bibliography covers above
3700 publications from 1960 up to now. The Reference-
Information-System is accessible for users through the
Internet system. The Recommended-Data-System serves
to accumulate and calculate recommended values of ra-
diative parameters of diatomic molecules.

STATISTICAL EQUILIBRIUM OF Eull IN
STELLAR ATMOSPHERES AND ATOMIC
DATA NEEDED '

Mashonkina L.

Submitted by: Mashonkina Lyudmila Ivanovna
(Lyudmila. Mashonkina Oksu.ru)

Statistical equilibrium of Eull in cool stellar atmosphe-
res is first considered. 32 nonet and septet energy levels
of Eull known from laboratory experiments are included
into the model atom. The first problem is missing low
excited quintuplet, triplet and singlet levels that have to
increase the Eull partition function. The second one is
missing high excited levels that have to couple the Eull
levels to the Eulll ground state. Neglecting these levels
cause wrong NLTE effects for the Eull levels. Many test
calculations have been performed to estimate an error
due to missing levels. Departures from LTE for Eull are
due to radiative pumping the low excited terms from the
ground state electron reservoir resulting in an underpop-
ulation of the Eull ground state and overpopulation of
the excited terms. So, the Eull spectral lines are weak-
ened compared with the LTE case. NLTE effects are
not so large due to close coupling the low excited terms
to each other. In terms NLTE abundance corrections
they consist of 0.04 dex for the Sun.

DIELECTRONIC CHEMI-IONIZATION AND
CHEMI-RECOMBINATION ATOMIC
PROCESSES IN STELLAR ATMOSPHERES
Mihajlov A.A., Dimitrijevic M.S., Ignjatovic Lj.,
Djuric Z.

Submitted by: Dimitrijevic Milan S.
(mdimitrijevic@aob.bg.ac.yu)

Semiclassical methods for dielectronic chemi-ionization
and chemi-recombination atomie processes rate coeffi-
cient determination, are presented in this contribution.
Moreover, the results of the mentioned rate coefficient
calculations for conditions characteristic for stellar at-
mospheres weakly ionized layers, are presented as well.
It was shown that in the considered cases of stellar at-
mospheres hydrogen and helium plasmas, the consid-
ered processes may have important or even dominant
role in comparison with other ionization-recombination
processes, for highly excited atomic states populations.
Obtained results may be used for the modelling of equi-
librium as well as non-equilibrium weakly ionized plasma
within the large range of electronic and atomic temper-
atures.

BELDATA — THE DATABASE OF
BELGRADE ASTRONOMICAL
OBSERVATORY

Milovanovic N., Popovic L.C., Dimitrijevic M.S.
Submitted by: Milovanovic Nenad D.
(nmilovanovic@aob.bg.ac.yu)

In early-type stars like B and A stars and white dwarfs,

Stark broadening is the main pressure broadening mech-
anism, and the corresponding Stark broadening param-
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eters are of interest for a number of investigations re-
lated to stellar opacities, stellar atmospheres modelling
and investigations, abundance determinations, interpre-
tation and modelling of stellar spectra, investigation
and modelling of subphotospheric layers and laboratory
plasma research. In a series of papers, large scale cal-
culations of Stark broadening parameters for a number
of spectral lines of various emitters performed on Bel-
grade Observatory have been published. QOur calcula-
tions have been performed within the semiclassical per-
turbation formalism for transitions when a sufficiently
complete set of reliable atomic data exist and within the
semiempirical approach when low accuracy result is ob-
tained due to small amount of experimental atomic data
for atoms and ions. To provide these calculations for sci-
entific community we established BELDATA (Belgrade
Astronomical Database). This database is directly con-

nected with Internet to provide easy and fast access for
world wide users.

APPROXIMATIONS FOR CROSS SECTIONS
OF ELECTRON IMPACT EXCITATION
FROM METASTABLE ATOMIC STATES
Mityureva A.A., Ponomarenko G.A., Smirnov V.V.
Submitted by: Mityreva Alla Alezandrovna

(Alle. Mit@paloma.spbu.ru)

Metastable states of noble gases can accumulate signif-
icant part of energy and have large cross sections of
electron impact excitation but this process is less in-
vestigated in comparison with excitation from ground
state. Cross section values of different working groups
can differ and hence the problem of choosing suitable
data arises. Besides, there is the problem to join differ-
ent data sets corresponding to different energy ranges.
It may be necessary to obtain rate constant of electron
impact excitation. To solve these problems we have pro-
posed approximation of energy dependencies of electron
impact cross sections. It must be emphasized that the
main feature of our approach is applying this approx-
imation not only to one particular data set but to all
available cross section values. This fact allows us to join
data sets of different energy ranges and obtain some av-
erage value of cross section.

ESTIMATION OF PATH INTEGRAL BY
SADDLE-POINT METHOD

Mityureva A.A., Ponomarenko G.A., Smirnov V.V,,
Semenov A.N.

Submitted by: Mityreva Alla Alezandrovna

(Alle. Mit@paloma.spbu.ru)

We develop path integral method for studies of electron-
atomic collision processes. We report about our studies
of estimation of path integrals by saddle point method.
In many cases hamiltonian either is not analytical func-
tion ot it’s domain of analyticity has complicated topol-
ogy. For example, rectangular potential is not analytical
and Coulombe interaction has branch point. To over-
come this problem we proposed to make transform to

Fock-Bargmann representation. In this represcatalic
for wide set of wavefunctions and operators {(Gour:t
operators included) their symbols are entier S
functions, i.e. has all singularities at infinity !

there are no obstructions for integration dom: i
form in saddle point method. We tested this: : -
for the problem of one dimensional tunneling,

NEW METHOD FOR DETERMINAT .+
PROBABILITY OF THE COLLISION
PROCESSES BETWEEN EXCITED A%
AND IONS, WITH ELECTRONS
Piotrovskii Yu.A.

Submitted by: Piotrovskii Yurii Alezandrovich
(piotrov@paloma.spbu.ru)

The collision between excited atoms and ions wit,
electrons is one of the most significant proce: -
energy redistribution between the excited s'...
electron gun of the closed geometry offers ¢! .
possibility to measure the rate constants fur
type of collisions because of independent varis'.:
direct excitation rate and that of the energy-:
processes. Under the pulse excitation condit;
number density of slow electrons increases fi-:
ginning of the pulse just linearly while that o: :
ones is constant. The slow electons distribut’c::
eters may be calculated and/or measured Gn« -
yse the spectral line brightness on time and c¢....
electron/atom collisions rate with that of the :
decay.

STAR LASER

Piotrovskii Yu.A., Tolmachev Yu.A.
Submitted by: Tolmachev Yurii Alezandrovich
(Yurii. Tolmach@paloma.spbu.ru)

Nonstationary processes in a star atmosphers <
sidered for the case to form the excited level por.”
formation. As a result, the pencil-like active +
can be formed and the spontaneous emissicn -
cation can exist. Strong local inhomogencitiz-
atmosphere of the Sun are considered for an

of such an active zone. Mechanism for the ¢’ -
citation of atomic levels:is proposed. Estii..
given for the excited atoms concentration a.i.:
tive medium length needed for quasi-laser b
formation. Comparison with some experim- :."
and observations are given.

THE VIENNA ATOMIC LINE DATA™:. ..
Piskunov N., Ryabchikova T.A., Weiss W.V/.
Submitted by: Piskunov Nikolai (piskunov@a.' .

‘We will describe the current status of the Vien-
Line Database (VALD). VALD currently is *:
collection of atomic data for astronomical sp.c.
Specialized extraction tools help selecting i.::
tant in different physical environments. Tk -
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Supernovae, Neutron Stars and Magnetars

-~ 48 IMPORTANCE OF ELECTRON-

U 4APACT BROADENING IN HOT STAR
*TMOSPHERES: THE CASE OF Zr IT AND
7 YII LINES

“gpovic L.C., Milovanovic N., Dimitrijevic M.
S.bmitted by: Popovic Luka C.
“iropovic@aob.bg.ac.yu)

““*»e influence of the electron-impact mechanism on line
~iapes and equivalent widths in hot star atmospheres
" 23 been considered. The electron-impact broadening
<ffect influence on abundance determination of zirco-
:iam has been discussed.

1=

~N THE POSSIBILITY OF

+ YJCLEOSYNTHESIS OF R-ELEMENTS IN
HERMONUCLEAR SUPERNOVAE

Jtitsyn D.A.

Submitted by: Ptitsyn Dimitri A.
/iptitsyn@inasan.resi.ru)

On the basis of nucleosynthetic calculations it is shown
112t r-elements between the first and the second peaks
< the cosmic abundance curve can be produced in the
ccntral zones of a thermonuclear supernova, provided
1 e neutron excess of the matter n = (N — 2)/(N + 2)
~caches the value of about 0.21 in those zones.

5IMULATION OF INTERSTELLAR
SCATTERING AND COMPARISON WITH
+HE OBSERVATIONAL RESULTS
“emenkov K.V., Masolkin S.I.

Submitted by: Semenkov Kirill Valerievich
(kirill@anubis.asc.rssi.ru)

Numerical model of pulsar radio impulses scattering is
built. Comparison of modelling results (i.e decorrelation
bandwiths, temporal parameters of scattered impulses,
autocorrelation functions) with the observed ones is per-
formed. '

OPTICAL PHOTOMETRY OF THE PSR
B0656+14 AND ITS NEIGHBOURHOOD
Shibanov Yu.A., Koptsevich A.B., Sckolov vV,
Zharikov S.V., Paviov G.G, Komarova V.N,, Kurt
V.G.

Submitted by: Shibanov Yuri (. shib@stella.ioffe.rssi.ru)

We present BVRI observations of the nearby middle-
aged radio pulsar PSR B0656-+14 and its neighbour-
hood with the 6-meter telescope at the Special Astro-
physical Observatory. Available optical and near in-
frared data obtained with the Hubble Space Telescope
are also incorporated into our analysis. We found that
in the BVRI and near infrared region the broad-band
spectrum of the pulsar show a complicated behaviour
accompanied by excesses in the F187W/NICMOS, and
apparently in the VRI bands. This is in contrast to
the known monotonous increase of the pulsar flux in
pear-UV towards the Rayleigh-Jeans extrapolation of
the thermal spectrum seen from this neutron star in soft
X-rays. The broad-band spectrum of PSR B0656+14 is

qualitatively different from generally flat and featureless
spectra of younger Crab-like pulsars. We also identified
three faint, V ~ 24.8 — 26™, extended objects in the
5" x 5" pulsar neighbourhood. All of them are likely
distant background galaxies and and hardly can be as-
sociated with a pulsar wind nebular.

THE MULTIPUPIL FIBER SPECTROSCOPY
OF THE CRAB-PULSAR
NEIGHBOURHOOD

Shibanov Yu.A., Koptsevich A.B., Zharikov S.V.,
Afanas’ev V.L., Dodonov S.N.

Submitted by: Shibanov Yuri (shib@stella.ioffe.rssi.ru)
We present the optical spectroscopy of the Crab-pulsar
neighbourhood made with the Multipupil Fiber Spec-
trograph at the 6m telescope of the SAO RAS. 12" x24"
field centred at the pulsar position was observed with
the spatial resolution ~ 1.5" in the 4600 — 5100A spec-
tral range with 6\ ~ 1A. Strong, S/N ~ 20 - 50,
blue and redshifted [OIII] 5007 emissions are seen in
in this field with velocities ~ +1500km s~'. We anal-
ysed the morphology of the field at different wave bands
and found that the images in the continuum, blue, and
redshifted [OIIT] components strongly differ from each
other. The images constructed with narrow filters cen-
tred at the blue and redshifted components indicate for
a first time the presence of a cylindrical cone-like rotat-
ing structure around the pulsar. This structure is cen-
tred at the pulsar position, it rotates contra-clockwise -
around its axis, which coincides with the Crab nebular
symmetry and/or pulsar rotation axis. The structure is
not seen in the continuum, but it appears to be associ-
ated with the symmetric halo-like and torus-like struc-

tures around the rotation axis to the northwest of the
pulsar.

THE RADIO EMISSION OF THE
MAGNETAR SGR 1800+14

Shitov Yu.P.

Submitted by: Shitov Yurii Pavlovich
(shitov@prao.psn.ru)

The characteristics of the radio emission of the soft-
gamma-ray repeater SGR 1900+14, discovered at 111
MHz in Pushchino Radioastronomy Observatory are re-
ported. The results of the timing analysis, obtained dur-
ing 1999 - april 2000 observations, the measured break-
ing index, the mechanism of slow-down luminosity and
the derived value of superstrong magnetic field of this
magnetar are discussed.

TO THE CONNECTION BETWEEN LOW
AND HIGH ENERGY PHOTONS
RADIATED IN PULSAR
MAGNETOSPHERE

Sobolev Ya.M.

Submitted by: Sobolev Yakov Mikhailovich
(sobolev@ira.kharkov.ua)

Curvature radiation, which has the same nature as syn-
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ISEITIVAHJIE VAH DER VALBOVE FORMULE U HOMOLOGHOM HIZU

M.S5. Dimitrijevidc
Astronomska apservatorija. Beograd

G. Feach

pepartment of FPhysics and Astronomy . university Colledge. London

van der valsovu formulu =&
neutralnim

najpouzdaniji

Astrofizicari desto koriste
procenu Sirenja spektralnihb 1inija sudarima Sa
atomima. U ovom saopsteniu  sW analizirant
ersperimentalni podaci za&a Sirenje reconantnih 1inija alkaltija., da&
bi se proudilo postaojanjie sistematskog trenda za& cirenje linija i
analizirata primenljivost van der valsove formule U ispitivanom

homolognom Nl1aW.

A IMVESTIGATION OF VAH DER WAALS FORMULA WITHIH A HOMOLOGOUS
T SEQUEHCE

M.S5. Dimitrijevic
Astronomska opservatorijac Beograd

G. Feach

pepartment of Physics and astronomy . University callege. London

van der Waals formuia 1s cften used by astrophvsicsts  for

the evaluation of neutral atom—impact broadening of spectral

lines. In this communication. most reiiable experimental data for

the broadening of alkaline resonant lines are analyzéd. in order

to study the existence of & svetematic trends for 1ine widths andg

to analyse the applicability Of the wvan der wWaals formula within
1

+
the homologous sequence examinated.




KRITICKA PROCEHA PODATAEA O SIREMIU LIHNIIA ZA ASTROFIZICARE

Milan 5. Dimitrijevid
Astronomska opservatorija, Beograd

U predavanju se diskutuju Eriterijumi i metodi za 1zbor pous
rdarnih podataka o Sirenju spektralnihb 1inija za potrebe astrofi-
zidara. Haijpre se uporeduju moguénosti kvantno mehanidkos, semi-
Klasicnog i kKlasitnog metoda u istraivaniu oblika spektralnih
linija. zatim se razmatra koriscenje rezultata istrafivanlia regu-
tarnosti i sistematskih trendova za kritidki izbor podataka 1 na
kraju, diskutuje se kritidka procena ekeperimentalnin podataka.

v

b E 9

CRITI

O
¥

SELECTION OF LIHE BROADEHING DATA FOR ASTROFPHYSICIS

Milan S. Dimitrijevid
astronomska apservatorija, beocgrad

The criteria and methods for the selection of reliable
theoretical and experimental data for the astrophysical needs are
discussed. First, we compare the possibility of the quantum
mechanical. the semiclassicai and the classical methods i line
chapes investigations. Second. we consider the investigation of
regularities and systematic trends as a tool for critical data
selectiocn and third., we discuss the critical estimation of
experimental data.
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STARK BROADENING OF S III AND S IV LINES

M.PlatiSa,” M.V.Popovié,* M.Dimitrijevié** and

- A L
N.Konjevid

¥ Institute of Physics, Beograd, Yugoslavia

**Institute of Applied Physics, Beograd, Yugoslavia

INTRODUCTION

Experimental studies of the Stark broadening of non-
hydrogenic ionised atom lines were concentrated to the investi-
gation of the spectral lines of singly ioniéed atoms.l) First
paper which gives the resﬁlts for Stark widths of multiply io-
nised atom (carbon III and IV) lines and reports in the same
time independent measurements of the electron concentration
and temperature was published 1972.2) Since than experimental
data for Ar III, Ar IV, N III, O III, Si III (for the referen-
ces see ref. 1) Cl III3) and Si Iv.u) These experimental data
were compared mostly with the theoretical results obtained from
Griem’s semiempirical formdlaS) and the agreement within + 100%
is found.

The aim of this paper is to supply' Stark broadening
data for the spectral lines of S III and S IV. The experimen~
tal results will be compared with the results obtained using

various theoretical approximations.

THEORY

The main problem in calculating theoretical line widths
of S III and S IV lines arises from the lack of data for energy
levels, in particular, for possible higher perturbing levels.
Therefore, we have to use theoretical approaches wich require
only data for the nearest perturbing levels. First we used
Griem’s semiempirical formu1a5) in the version where all energy
levels were treated lumped together. This is, however, a reaso-
nable approximation in case of investigated S TIII and S IV 1li-

nes since sufficiently large energy gaps exist between nearest
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perturbing levels and initial and final energy level of the
investigated line. )

For evaluation of the line widths we also used semicla-
ssical theoretical approach for multiply icnised atomsé) with
lower level broadening included in the weak collision term.

EXPERIMENT

The plasma source was a low-pressure pulsed arc consise-
ted of a pyrex tube of 24 mm internal diameter with a distance
between electrodes equal 20 e¢m. The discharge was driven by a
150 /JF condenser bank charged to 1.4 kV. During the experi-
ment, a continuous flow of nitrogen-sulphurhexafluoride 10:1
mixture was sustained at a pressure of 0.15 torr.

The light from the pulsed arc was observed end-on by a
photomultiplier morochromator system (with 1 m focal length
and inverse linear dispersion of k.16 Xmm-l). This instrument
has a measured instrumental halfwidth of 0.046 § with lolym
slit width. Scanning of the S IIT and § IV lines was acompli-
shed by repeated pulsing of the arec while advancing the mono-
chromator in steps of 0.02 .

A heljum-neon interferometer at 6328 § (with plane
external mirror) was used to determine the peak axial electron
density of 2.1x10%% op~3 + 12%,

The electron temperature of 23700 K + 15% was determi-
ned from the Roltzmann plot of the relative intensities of
four S III lines; the transition probabilities were taken from
the book of Wiese et al‘g) The quoted electron temperature and
density were taken at the peak of electron density where all
the measurements of the line profiles were performed.

Great care was taken to ensure that line self-absorpt-
ion did not affect our line shape determination. This was
achieved by careful examination of line intensities and line-
shapes while SF6 was gradually diluted with nitrogen.

The experimentally observed line profiles consists of
two parts: electron impact broadening (Lorentzian) and Doppler
and instrumental (Gaussian), since other broadening mechanisms
can be neglected in our experimental conditions. To obtain the
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Stark profile from the measured one it was neccessary to use a-

deconvolution procedure.g)

RESULTS AND DISCUSSION

The experimentally determined full halfwidths v of

S III and S IV lines (in Angstrems), at an electron ooncentra-

tion of 2.lxlOl6 cm-3 and electron temperature of 23700 K are

given in Table 1. The estimated measurement error for these
linewidths is + 18%. In this table, for the same experimental
conditions, are also given theoretical results: wse semiempiri-

5)

cal formula andeSc equation 526 from ref. 6.

TABLE 1

Ion Transition A[ﬁ] wm[ﬂ] wse[ﬁ] wsc[i]
S ITI  4s3p-yp3sP 3717.78 0.07,  0.029  0.073
3662.01 0.07, = 0.029  0.073

3656.61 0.07,  0.029  0.073
p3p-uq3p° 2964.80 0.08, 0.029  0.069
2950.23 0 08l 0.029 0.069
S IV 4s°s-1p2p° 3097.46 0.0l 0.016 0.0u5
3117.75 0.04g  0.016  0.045

Experimental conditions: N, = 2.1 x 10%% om”

Te = 23700 K

From the comparison of the data in table 1 one can no-
tice good agreement between experiment and semiclassical re-

sults. Semiempirical formula, however, gives too narrow line-
widths.
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ON THE BEHAVIOUR OF BALF-WIDTHS AND SHIFTS OF NEUTRAL
LINES IN THE ZERO-TEMPERATURE LIMIT

M.S.Dimitrijevié! and P.V. Gruji¢
Institute of Physics, Belgrade, Yugoslavia

As has been recognized by modern Stark broadening
theories1 both elastic and inelastic collisicns contribute to
the line broadening in plasmas. However, in the low temperature
limit, when the average electron velocity v becomes small, con-
tributions of the excitational scattering gradually decrease
and in the adiabatic limit only elastic and deexcitational
processes can take place. One may, therefores, make use of the
Lindholm and Foley adiabatic thecry% which requires knowledge
of the elastic scattering phase shifts only. On the other hand,
the electron - excited -~ atom scattering requires a more ela-
borate treatment in the low energy region, since the motion
of the impact electron is considerably perturbed by the long-
range potential of the emitter. The influence of the electron
motion along a hyperbolic path on the Stark broadening of ion
lines has been examined by Roberts and Davis in the low tem—
perature region.3 Recently, we have studied the back-reaction
of the long-range potentiala of a neutral atom and its effects
on the calculated half-widths and shifts within the GBKO theo-
ry.4 We present here some analytical resultz for w and d ob-
tained in the adiabatic limit,

In the absence of a permanent quadrupcle moment of
an excited atom, the dominant potential term in the asymptotic
region is the dipole polarization potential

ay 2 tejlrli>]?
Vo(r) = v, a, = b ~ - . (1)
1 2rd VT3 g BT

where index 1 refers to the upper state of the transition and J

Present address: Institute of Applied Physics, Belgrade,
Yugoslavia.
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to the perturbing levels. Depending on the distribution of the
latter, a; can assume both positive and negative values.s Here
we present results for the case a{>0.

There appe?rs a critical impact parameter‘
4Aa{)./4
Pe ™ =77 (2)

which separates two distinct families of the electron trajec-
tories, However, it is convenient to distinguish three regions
of the impact parameter p, as indicated in Figure 1.

!
FALL-INTO-THE- : ALMOST - | STRAIGHT -
CENTRE : ORBITING , LINE
TRAJECTORIES TRAJ. TRAJ.

O..__...__._.__
Y S —

2 , p

Figure 1. Regions of the impact paramater o
{not in scale),

For p<p. the electron moves towards the excited atom (focu-
sing effect) and thus disturbs the latter beyond my perturba-
tional treatment (strong collisions). We therefore disregard
this inner region in the adiabatic treatment. For P <P<P
electron trajectories are almost orbits around the emitter,
and both the deflaction angle and the semiclassical phase
shift n increase indefinitely as p+o .- At the critical impact
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parameter pc, n has a logarithmic singularity

"
g1 22 %%%;sn(°) 5=l )

C

where n(a) is the phase shift calculated along the straight~line
trajectory

(o) . Tay

— (4)
4vp

n

However, as can be seen from the formuléz

4]
Wo- dd o= amNy MR L ety g, (5)
Pmin

where Ne is the electron density and w and d are tﬁe half-width
and the shift of the line respectively, large n do not contri-
bute to the integral due to the fast oscillations of the inte-
grand. Furthermore, since we usually have l<<p <pl.4 we take
Poin™ Py in eq (%) .For p>0q the trajectories differ insigni-~
ficantly from straight lines and we have nwn( « Taking Pmax to
be infinite, one obtains

W-id=31271/3,8/3,2/3,173y f (1-e"n"5 34n 0 zn (a0, ) V41216

{6)
In the limit when v+0, n. becomes small and after expanding the
exponential function under the integral, one gets, retaining
the leading terms only:

“”idmk(%nc-i)nl/a' - "’]/3 5/3 2/3 ]/JN [7)

= v

yielding finally

ldf v y ¥V =+ 0 (8)
L n
c

The value of |d|/w tends thus to infinity as the
temperature goes to zero. This result is to be compared with
the usual value of v3.° on the other band, eq.l7) almost re~
covers the well known result: |d[/wnB.1 by putting n vl (the
Weisskopf cut-off). As can be seen, the focusing affect changes

the adiabatic limit dramatically.
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One can easily include the lower level broadening
by substiting a; by (n{-af) in eq. (6), except in the expre-

ssion for L which depends essentially on ay only.

More general case for any charged perturber and for
u‘<0 also, will be published elsewhere.

This work has been supported by REZN of SR Serbia.
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118 YOUR FAVOURITE STARS AND THEIR ENVIRONMENTS

HJ, Hv, HG, Mg 1b triplet, He 1 D3, Na 1 Dy & D1, Ha and Ca 11 IR triplet, as well
as other metallic lines that could be in emission during flares.

We study all these spectral features, both the line emission and profile. The de-
pendence on the age and rotation rate of the level of chromospheric activity in the
quiescent state is also analyzed.

3.16 SATELLITE ABSORPTION COMPONENTS OF THE UV
SPECTRAL LINES SIlv, CIV, NV AND NIV IN THE ATMOSPHERE
OF THE OE STAR HD 175754

E. Danezis', A. Antoniou', L. Popovic?, M. Dlmxtrl,]evm2 E. Lyratzi', D. Niko-
laidis', A. Soulikias’, & E. Theodossiou’

! University of Athens, School of Physics, Department of Astrophysics, Astronomy -

and Mechanics, Panepistimiopolis, Zografos 157 84 Athens, Greece
? Astronomical Observatory of Belgrade, Volgina 7, 11160 Belgrade, Serbia and
Montenegro

Abstract In this paper we present a study of the UV resonance lines SilV, CIV, NV
and the NIV line () 1718.80 A) of the Oe star HD 175754, using 7 spectrograms, taken
by IUE, between September 1978 and August 1981. We used the method proposed
by Danezis et al. (2003), with which we can study the velocity fields of the complex
atmospherical regions where the lines which present SACs or DACs are created, as
well as their ¢ value, which is an expression of the optical depth. We calculated the
apparent rotation (Vo) and expansion/contraction radial velocities (V) of these
density regions. In the case of the SilV doublet there exist three absorbing regions
of rotation velocity with the mean values of 746 km/s, 371 km/s, 194 km/s and one
emitting region rotating with 422 km/s. The respective values of the apparent radial
velocity of all these regions are about -1555 km/s, -1726 km/s, -1761 km/s and 469
km/s. In the case of the CIV doublet there exist two absorbing regions of rotation
velocity with the mean values of 1500 km/s and 830 km/s and one emitting region
rotating with 359 km/s. The respective values of the apparent radial velocity of all
these regions are about -1522 km/s, -1560 km/s and +729 km/s. In the case of the NV
doublet there exist two absorbing regions of rotation velocity with the mean values of
2000 kmv/s, 484 km/s and one emitting region rotating with 545 km/s. The respective
values of the apparent radial velocity of all these regions are about -1629 kmy/s, -1725
km/s and 242 km/s. In the case of the NIV line there exist two absorbing regions of
rotation velocity with the mean values of 345 km/s and 141 km/s and one emitting
region rotating with 142 km/s. The respective values of the apparent radial velocity
of all these regions are about -72 km/s, -27 km/s and +489 km/s. We also present the
relation between these parameters and their evolution with time. We see that these
values are almost constant with time.

E TE
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3.17 SATELLITE ABSORPTION COMPONENTS OF THE UV
SPECTRAL LINES SIIV, CIV, NV AND NIV IN THE ATMOSPHERE
OF THE OE STAR HD 66811 ((PUP)

E. Danezis!, E. Lyratzi®, L. Popovic?, M. Dimitrijevic?, G. Christou®, A. Souli-
kias', & A. Antoniou’

1 University of Athens, School of Physics, Department of Astrophysics, Astronomy
and Mechanics, Panepistimiopolis, Zografos 157 84 Athens, Greece

2 Astronomical Observatory of Belgrade, Volgina 7, 11160 Belgrade, Serbia and
Montenegro

Abstract In this paper we present a study of the UV resonance lines Silv, CIV, NV

and the NIV line () 1718.80 A) of the Oe star HD 175754, using 7 spectrograms,

taken by IUE, between 1979 and 1995. We used the method proposed by Danezis et

al. (2003), with which we can study the velocity fields of the complex atmospherical

regions where the lines which present SACs or DACs are created, as well as their
¢ value, which is an expression of the optical depth. We calculated the apparent
rotation (V,..;) and expansion/contraction radial velocities (Vegp) of these density

regions. In the case of the SilV doublet there exist three absorbing regions of rotation
velocity with the mean values of 402 km/s, 734 k/s, 145 km/s and one emitting
region rotating with 222 km/s. The respective values of the apparent radial velocity
of all these regions are about -2111 km/s, -1532 km/s, -711 km/s and +473 km/s. In
the case of the CIV doublet there exist three absorbing regions of rotation velocity
with the mean values of 754 km/s, 786 km/s and 189 km/s and one emitting region
rotating with 753 km/s. The respective values of the apparent radial velocity of ail
these regions are about -1486 km/s, -2224 km/s -114 km/s and +958 km/s. In the case
of the NV doublet there exist three absorbing regions of rotation velocity with the
mean values of 603 km/s, 607 km/s, 507 km/s and one emitting region rotating with
498 km/s. The respective values of the apparent radial velocity of all these regions
are about -2054 km/s, -935 km/s, -1335 kim/s and +1504 kmy/s. In the case of the NIV
line there exist four absorbing regions of rotation velocity with the mean values of
562 km/s, 585 km/s, 586 km/s and 87 km/s and one emitting region rotating with 457
km/s. The respective values of the apparent radial velocity of all these regions are
about -1332 km/s, -952 km/s, -640 km/s -308 km/s and +486 km/s. We also present
the relation between these parameters and their evolution with time. We see that these
values are almost constant with time.

3.18 UTM, A UNIVERSAL TRANSIT MODELLER

H.J. Deeg' & J. Schneider”

! Instituto de Astrofisica de Canarias, Spain
2 Observatoire de Paris-Meudon, France
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3.20 GRB021004: COMPLETING THE LIGHT CURVE

A. de Ugarte Postigo, A.J. Castro-Tirado, J. Gorosabel, et al.
Instituto de Astrofisica de Andalucia, CSIC, Granada, Spain

Abstract At 12:06 UT of the 4th of October of 2002 a Gamma-Ray Burst (GRB) was
observed by the HETE-2 satellite. The detection was immediatelly sent as an alert
to many ground based observatories that began observations in different wavelenghts
several minutes later.

Here we present a compilation of unpublished multicolour photometric data, with
which a further analysis of GRB021004 has been made. Our study covers the full
GRB history, from the early stages, two hours after the burst, down to the underlying
host galaxy more than a year after, paying special attention to the nature of the different
bumps that where detected in the light curve.

3.21 ON THE CONTRIBUTION OF COLLISIONS WITH CHARGED
PARTICLES TO THE GA | LINE PROFILES IN CHEMICALLY
PECULIAR STARS

M. S. Dimitrijevié, M. Datié, Z. Cvetkovi¢, & Z. Simi¢ )
Astronomical Observatory, Volgina 7, 11160 Belgrade, Serbia

Abstract Results of Stark broadening (broadening by collisions with charged par-
ticles) investigations of neutral gallium spectral lines are of interest for different
problems in astrophysics as e.g. for stellar spectra analysis and synthesis, for gal-
Jium abundance determination (Smith 1996) and opacity calculations. Spectral lines
of this element are present ir. the Solar and stellar spectra. For example Jaschek &
Jaschek (1987) have found gallium lines not only in the spectra of HgMn, Si-4200
and He-weak chemically peculiar stars but also in the spectra of a few stars oth-
erwise classified as normal. Dworetsky (1993) reports on neutral gallium lines in
A-type star spectra, and Ryabchikova & Smirnov (1994) in the spectrum of HgMn
star Kappa Cancri. Smith (1995) investigated anomalous gallium line profiles in
HgMn stars and found evidence for chemical stratification in their atmospheres. To
the astrophysical importance of gallium spectral lines, contributes the fact that this
element is often overabundant in chemically peculiar stars, which is for HgMn stars
discussed in Dworetsky et al. (1998). Zverko & Zboril (1989) tried to derive the
gallium abundance of 53 Tau from Ga 14032.98 A and 4172.06 A - spectral lines and
Smith (1996) reports on elemental abundance of gallium in normal late-B and HgMn
stars. In Smith (1995,1996) has been concluded that HgMn stars have enhanced
gallium abundances, and Zboril & Berrington (2001) have published the Non-LTE
gallium equivalent widths for the most prominent gallium transitions as identified in
real spectra and in (hot) mercury-manganese stars. Data on Stark broadening param-
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eters are also significant for the calculation of opacity coefficients in stellar interiors
and envelopes. For example Rogers & Iglesias (1992) developed the OPAL code for
opacity calculations, where line broadening effects (including Stark broadening) are
included, as well as gallium spectral lines. We calculated within the semiclassical
perturbation approach (Sahal-Bréchot, 1969a,b), Stark broadening parameters due to
impacts with electrons and protons for 18 Ga I transitions, for perturber density of
1x 10'cm-3, typical for stellar atmosphere conditions and temperatures from 2,500
up to 50,000 K. The obtained results have been compared, when possible, with the
experimental results and the semiclassical calculations of N’Dollo and Fabry (1987),
and with estimates of Lakicevic (1983) based on the regularities and systematic trends
Stark. The obtained results and the comparison with the mentioned experimental and
theoretical data will be published in Dimitrijevic et al. (2004). Our results have
been used also for the investigation of the influence of collisions with charged par-
ticles (Stark broadening mechanism) on spectral line shapes in stellar atmospheres.
Namely, we have calculated for our and N’Dollo & Fabry (1987) results Stark widths
for a Kurucz’s (1979) A type star (T, 7y = 10000 K, log g = 4) atmosphere model and
compared them with Doppler ones. Results obtained as a function of the Rosseland
optical depth show that photospheric layers exist where Doppler and Stark widths are
comparable and where the Stark width is dominant which is of interest to take into
account when for example the stratification of gallium across the stellar photosphere
is considered. Also, obtained results show that for transitions involving energy levels
with higher principal quantum numbers, the importance of Stark broadening mecha-
nism increases. This is due to the fact that with the increase of the principal quantum
number of the upper level of the transition, the difference between this, and the closest
perturbing energy level decreases, resulting in the increase of the Stark broadening
influence. The new experimental evaluations of Stark broadening parameters for Gal
spectral lines, especially at higher temperatures, will be certainly of interest not only
from the theoretical point of view but also for astrophysical and laboratory plasma
diagnostics and modeling.

3.22 OPTICALLY VARIABLE SOURCES MONITORED BY THE OMC

A. Domingo', D. Risquez*, M.D. Caballero', J.M. Mas-Hesse?, A. Giménez®, R.
Gutiérrez', E. Solano', & L. Sarro*

! Laboratorio de Astrofisica Espacial y Fisica Fundamental (LAEFF-INTA), POB
50727, E-28080 Madrid, Spain

2 Centro de Astrobiologia (CSIC-INTA), POB 50727, E-28080 Madrid, Spain

3 Research and Scientific Support Department, ESA, ESTEC, Postbus 299, 2200 AG
Noordwijk, The Netherlands

4 Departamento de Inteligencia Artificial, E.T.S.1. Informdtica - U.N.E.D, Senda del
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On Alfvén waves in the solar wind

L.M.B.C. Campos

The propagation of Alfvén waves in the solar wind is affected by: (i) the radial mean flow velocity,
that exceeds the wave speed beyond the critical point; (ii) the radial variation of mass density; (iii)
the non-uniformity of the magnetic field. These waves are not sinusoidal because of non-uniform
moving background, and do not satisfy equipartition of energies. It is shown that: (i) the magnetic
energy tends to dominate the kinetic energy; (ii) that an initial white noise spectrum tends to
a Kraichnan spectrum resembling hydromagnetic turbulence; (iii) that waves can be reflected or
absorbed at the critical level where the wave speed equals the mean flow speed. These properties
depend on the solar wind profile, e.g. are distinct for the ’solar breeze’.

On the genation of magneto-acoustic-gravity-inertial (ML AGI)
waves in stars

L.M.B.C. Campos

The generation of waves in stars is affected by: (i) the compressibility of the gas (acoustics); (ii) the
ionization of the fluid or plasma (magnetism); (iii) the stratification in layers (gravity); (iv) Coriolis
forces due to rotation (inertial effects). These four effects (i-iv) are generally coupled, leading to
magneto-acoustic-gravity-inertial (MAGI) waves. The wave equation describing the propagation of
MAGI waves is obtained: its source terms specify generation by turbulence and inhomogeneities;
its solution leads to a radiation law for the wave energy flux.

A statistical study of the UV Mg II resonance lines’ parameters
in 20 Be stars

A. Antoniou, E. Danezis, E. Lyratzi, L. C. Popovié, M. S. Dimitrijevic

In this paper, using the GR model, we analyze the UV Mg II resonance lines in the spectra of 20
Be stars of different spectral subtypes, taken with IUE, in order to detect the presence of Satellite
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Absorption Components (SACs) and Discrete Absorptions Components (DACs). From this analysis
we can calculate the values of a group of physical parameters, such as the apparent rotational and
radial velocities, the random velocities of the thermal motions of the ions, as well as the column
density and the Full Width at Half Maximum (FWHM) of the independent regions of matter which
produce the main and the satellites components of the studied spectral lines. Finally, we present
the relations between these physical parameters and the effective temperature of the studied stars.

On The Gravitodynamics of Moving Bodies
A. W. Mol

It is known that Einstein’s General Theory of Relativity, as usually understood at the present time,
which had started from a profound but simple physical concept, the equivalence principle, when
applied to the universe through the standard FL cosmology with its currently accepted A\CDM
model introduced a increasing list of freely specifiable parameters. Though they become more and
more precise these realizations have been achieved at the expense of simplicity. In the present work
we propose a generalization of Newton’s gravitational theory from the original works of Heaviside
and Sciama that encompasses both approaches and accomplishes in a simpler way than the standard
cosmological approach. The established formulation describes the local gravitational field related
to the observables and effectively implements the Mach’s principle in a quantitative form that
retakes the Dirac’s large number hypothesis. As a consequence of the equivalence principle and
the application of this formulation to the observable universe, we obtain as an immediate result
that Omega is 2. We construct a dynamic model for a galaxy without dark matter, which fits well
with the recent observational data, in terms of a variable effective inertial mass that reflects the
present dynamic state of the universe and that replicates from first principles, the phenomenology
proposed in MOND. The remarkable aspect of these results is the connection of the effect dubbed
dark matter with the dark energy field, which makes us possible to interpret it as longitudinal
gravitational waves.

North-south asymmetry of Ca II K regions determined from
OAUC spectroheliograms: 1996 - 2006

Dorotovic 1., J. Rybak, A. Garcia, P. Journoud

The level and evolution of solar activity (SA) is not identical in the northern and southern Sun’s
hemispheres. This fact was repeatedly confirmed in the past by analysis of a number of long-term
observations of various solar activity indices. Therefore, north-south asymmetry (NSA) is a sig-
nificant tool in analysis of the long-term SA variations. This paper presents a software tool to
determine the NSA of the area of bright chromospheric plages, as measured in the Ca IT K3 spec-
troheliograms registered since 1926 in the Observatdrio Astronémico da Universidade de Coimbra,
Portugal, as well as evolution of surface areas in the period of 1996 - 2006. The algorithm of the
program is limited to determining the total area of bright features in the emission line of Ca II
K3 defining the threshold value of the relative brightness, but it does not perceive differences in
the brightness of individual chromospheric features. A comparison and cross-correlation with the
N-S asymmetries found for the sunspots and coronal green line brightness is added. In the near
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future we intend to: 1) determine the NSA of area of bright chromospheric Ca II K3 regions back
to the year 1926, 2) compare the evolution of surface area in the period 1970 to 2006 with the
evolution of the index of magnetic observatory Mt. Wilson and Kitt Peak, which would enable
to construct a proxy reconstruction of the magnetic index also back to 1926. Since 2007 are new
spectroheliograms recorded using a CCD camera and therefore we will in future address this issue
also for the period of 2007 - present.

Impact of solar activity on the growth of pine trees (Pinus
cembra: 1610-1970; Pinus pinaster: 1910-1989)

Surovy P., Dorotovic I., Karlovsky V., Lousada J. L., Rodrigues J. C.,
Rybansky M., Fleischer P.

Many studies indicate that the solar activity (SA) can affect tree growth induced by changes in
climatic conditions on Earth’s surface evoked due to SA variations. In previous work (Surovy et
al., 2008), we found that cork oak (Quercus suber L.) bark growth was lower in the period of
maximum of the 23rd SA cycle (2000-2002) than in the SA minimum period (around 1996). In
this work we focused on a similar analysis of the data for the annual growth of cembra pine (Pinus
cembra) grown in the North-east of Slovakia. The database covers the period of 1406 - 1970, but
sunspot data (minima and maxima), is only available since 1610 at the NGDC site, moreover, the
most reliable sunspot numbers data are only from 1749. The results of this analysis confirm the
fact observed in the previous work, i.e. negative impact of high SA on cembra pine growth, but it
should be noted, however, that the statistical significance of results is low. We applied also wavelet
analysis to data on the evolution of tree growth, the results indicate periodic variations in the
growth period of about 25 years (duration of approximately two solar cycles or one magnetic cycle,
respectively), also periodicities of 30, 35, and 70 years were observed. A negative impact of the
SA was also observed, in the growth of an 90 year-old maritime pine (Pinus pinaster) tree grown
in the North of Portugal. The width of the annual rings was smaller in the years of maximum
SA; furthermore it was found that it is the latewood growth that it is affected while the earlywood
growth is not affected, as a corollary the percent of late wood also shows a significative negative
correlation with SA.

Broad Absorption Lines with DACs and SACs in the spectra of
PG 09464301 and PG 12544047

Lyratzi, E. Danezis, L. C. Popovié, M. S. Dimitrijevic and A. Antoniou

Assuming that the Broad Absorption Line Regions - BALR are composed of a number of successive
independent absorbing density layers, which have the random, rotational and radial velocity, we
investigate the physical properties of Broad Absorption Line Regions (BALRs) of the BALQSOs
PG 0946+301 (Z=1.216) and PG 12544047 (Z=1.024) by applying GR model on their spectra.
Specifically, we study the C IV 1548.187, 1550.772 A and Si IV 1393.755, 1402.77 A as well as the
Lya 7 1215.68 A spectral line and the N V 1238.821, 1242.804 A, UV resonance lines. The observed
peculiar profiles of these lines can be explained by the DACs and SACs phenomena, as they are
created by a number of components. Finally, we calculate some kinematical parameters such as
the apparent radial (Vrad) and rotational (Vrot) velocities of the regions where the studied lines
are created, as well as the random velocities (Vrand) of the studied ions.
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: the infatling mitter Froin the s stream gives vise o

_ of fow density leaving the

teansition 175 30D This douhl in the spectia of saily

type stars und provides us with s useil ol fmhq smdy ofths stellar atmosphere's

<iructire. Thus, it has beon stiklied by many researchers. The profife ofthe cesonance
spwm aam

‘fines seetntodepend onthe :m,(ﬁnow l??’i},so
' xt has beon pruposed that the ;m%*
(Walbmn &’N“chofs— 1987, Pm;a 1990) It i:asbm observed

ﬂmt t!;: lings srekent decreasing stxengﬂt from the eaiest . the latest specteal
Panck & Savage (%976}@ Henize ct al (1976, 1981) pbacsved that they
disappear in the spem Be stare fater than B However, Mardhorouah (19823,
Mariborough & Peters {1983) and Slettebik (19943 observed the doublet iy be
beerved in stars s enol as BS. Many rescarchers have stdied the exisience of
Sawtlite Al Commonents ;SACs ‘or DACS), whit any the ity
resonance Hines in the spectra of Be stars and which are vfolrcumsteliac orinterstellar.
ngm(ﬁndﬂluiliQ?iiQ?S “Snow 1977 LM&SW 1978 Guthieretal 1981
Tarriers ot al. i%z,w:wgh 1977 lm‘suow ctal. 1979: Hcmcbsetal 1983'
Hack et al 1983; Codma et al 1984 Hubeny etal, 1985, 1986: Danceis (584, 1986,
Daneris ebal, 1991 Sahade et ol
Aydin et ol 1988 Dénzan ef ol [988: Bryhweiler:
Eerero 1998, Dyra!zn %ai.?ﬂ‘fz} ?mﬁyyﬁxﬁiﬂ%&\m{w wan
effects in B stars, hen ssymmetries appiear in fthe'resomm lings
(S;}o?g& Muibanmgk 1976‘ Bmw&Momlmﬁ, Lamers &Sww 1978 I‘f&mwhs
ctal 1983}
‘Hesides, Kondo a&{m&i}m the hitiary 53
brond i e shar's spectra i
calollned a rofation velocity of abumﬁn&%-:fs. which led them fo nssoci
with the ol thsBsmMrepoﬂ&demmoﬂhemlmmm

pahpswwwumonmasmwdgasmmgumﬂymmpmw

the Br-UV s pectis of B stars. they found that the 81V and CTV doublet fines
strong fora B7 smxwmkmmcomwﬁmgml stor They suppested that
SITV and CIV lines arise from the repion ahove tie conventional photosphere, Where
pseidophotosphere, Whose:
ture is higher then that of the photosphere obeerved from the gr This
‘pasidaphotosphere may exist primarily along the equatonial, region of e BV s
They mentioned that the resonance Tines of SITV and CIV show effets of gas
smfmazndfpussﬂary,hmragmmn the B star, which are dug kg the
gm

hﬂt%m
star and -

escaping from the systers. Finally, they suguestad
mdacstesﬁmtmmimmawwpmébymcgssammhavmgsfmﬁmmdmm
iszmalier thanthevolume of the Bstar

so,Co;im’amal (1984)m;kadﬂ1eﬁv51:mntﬂmm StllestarliD 110437,
and obiserved “broad absorption: ¢ Jines, tasrow absorption oftigh
fonized species displaced o the hort wavelengths, indicating v of shout =
1350 kew/s divck very narrow absorption limes of interstetlar origin’”, They calculatad 2
romtion velocify of sbout 360:40 ks, As the stsonance doublets nfoIVm oy
‘Are asvmmetric with exierided bloe w;;;gs,dky indicate 8
expanding envelope. Fmﬂ):mbw fines Cs) af!nghﬁamaﬁ Sperics
suchas STV, CIV and NV they proposed that “they could originate inmatier Ejected
vecasiomlly by the star due o somé kind of phomp!wue activity In s line t;;f

thonght, such an efection is probablya localized phentmienon not
whale sinfhce of the star (blob)™ Concering the ‘blobs”, thoy pwpnsuﬁhzt the gas
msxdeﬂwm:smbaﬂyhm,uotnmmdymmmz:ﬁm:qm and that the
tonization is cmsed by collisional processes.

Sapar & Sapar (1997) studied ke UV spectra ofn OV 2 found that the SV
msomm:hmsstwwﬂmg mtherpy Suggesth ih:pxmwfsmskﬁ
condensations with timn'dq:endaﬂmdml veloeities. They pbserved “blues

shaﬂn&spteilaemmwmbelon it to expanding shell condensations’, with radial
Velooities 360 knvs - 180 km/s; - 110 ks and 36 kov's. ] gmposvdacceietnmg
expansion of the shell, a5 ﬁey alenlated prester il velocities fordlie shell
components thar those from entlier abservations by Underhill (3974 1975). They
uttributed the pressnce ofstrong unishified resonanice ine components of SV to a hot
circumstellsr gas cloud, They cancluded to such beliavior being ihe result of “an
“extended gxpanding emwmmmgﬁsmmﬁmymmswm
have diffrent velocities™,

In this papee we present 8 satistical sty of the LIV 5iV resonance hiies 10
1393 755, 140273 A,mthn spectta of42 BeV stare. Oursiudy 1s based on the riodel

1.(2003)4 purposs 4 1o eximct the limits o the valnes.
Sl mmgvmgm) and to tHeck whether there
exists 2 common p}sysml stracpure for the atmaspherical resions which Greate the
Satellite. o ents (S, ACs)orthc SV résonance lines mﬁ:espectmo{
all the BeV siars. [ is essential to stnxiy;nagfwnumbamrm
order to accept that the ol gives smsfﬁcmry resulfs and 1 avle
describe the strycture of these atmosphmzt repions.
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ON THE CONTRIBUTION OF COLLISIONS
WITH CHARGED PARTICLES

TO THE Ga I LINE PROFILES

IN CHEMICALLY PECULIAR STARS

Milan S. Dimitrijevic, Miodrag Dacic, Zorica Cvetkovic, and Zoran Simic
Astronomical Observatory

Volgina 7, 11160 Belgrade 74

Serbia

mdimitrijevic@aob.bg.ac.yu

Abstract Stark broadening of the 18 Ga I transitions has been analyzed within the frame-
work of the semiclassical perturbation method. Results obtained have been com-
pared with available experimental and theoretical data and used for the consid-
eration of the influence of the Stark broadening effect in stellar atmospheres.

Keywords:  Line:profiles-atomic data-atomic processes-line:formation-stars:atmospheres

1. Introduction

Results of Stark broadening (broadening by collisions with charged parti-
cles) investigations of neutral gallium spectral lines are of interest for different
problems in astrophysics as e.g. for stellar spectra analysis and synthesis, for
gallium abundance determination (Smith 1996) and opacity calculations. Spec-
tral lines of this element are present in the Solar and stellar spectra. For exam-
ple Jaschek & Jaschek (1987) have found gallium lines not only in the spectra
of HgMn, Si-4200 and He-weak chemically peculiar stars but also in the spec-
tra of a few stars otherwise classified as normal. Dworetsky (1993) reports
on neutral gallium lines in A-type star spectra,and Ryabchikova & Smirnov
(1994) in the spectrum of HgMn star Kappa Cancri. Smith (1995) investigated
anomalous gallium line profiles in HgMn stars and found evidence for chemi-
cal stratification in their atmospheres. To the astrophysical importance of gal-
lium spectral lines, contributes the fact that this element is often overabundant
in chemically peculiar stars, which is for HgMn stars discussed in Dworetsky
et al. (1998). Zverko & Zboril (1989) tried to derive the gallium abundance of
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53 Tau from Ga14032.98 Aand 4172.06 A- spectral lines and Smith (1996) re-
ports on elemental abundance of gallium in normal late-B and HgMn stars. In
Smith (1995,1996) has been concluded that HgMn stars have enhanced gallium
abundances, and Zboril & Berrington (2001) have published the Non-LTE gal-
lium equivalent widths for the most prominent gallium transitions as identified
in real spectra and in (hot) mercury-manganese stars. Data on Stark broaden-
ing parameters are also significant for the calculation of opacity coefficients in
stellar interiors and envelopes. For example Rogers & Iglesias (1992) devel-
oped the OPAL code for opacity calculations, where line broadening effects
(including Stark broadening) are included, as well as gallium spectral lines.

2. Results and Discussion

We calculated within the semiclassical perturbation approach (Sahal-Brechot,
1969a,b), Stark broadening parameters due to impacts with electrons and pro-
tons for 18 Ga I transitions, for perturber density of 10**cm~3, typical for stel-
lar atmosphere conditions and temperatures from 2,500 up to 50,000 K. The
obtained results have been compared in Figs. 1-3 with the experimental results
and the semiclassical calculations of N’Dollo and Fabry (1987), and with esti-
mates of Lakicevic (1983) based on the regularities and systematic trends. The
obtained results and the comparison with the mentioned experimental and the- -
oretical data will be published in Dimitrijevic et al. (2004). Our results have
been used also for the investigation of the influence of collisions with charged
particles (Stark broadening mechanism) on spectral line shapes in stellar at-
mospheres. Namely, we have calculated for our and N’Dollo & Fabry (1987)
results Stark widths for a Kurucz’s (1979) A type star (Tes; = 10000 K, log g =
4) atmosphere model and compared them with Doppler ones. Results obtained
as a function of the Rosseland optical depth show that photospheric layers exist
where Doppler and Stark widths are comparable and where the Stark width is
dominant which is of interest to take into account when for example the strati-
fication of gallium across the stellar photosphere is considered. Also, obtained
results show that for transitions involving energy levels with higher principal
quantum numbers, the importance of Stark broadening mechanism increases.
This is due to the fact that with the increase of the principal quantum num-
ber of the upper level of the transition, the difference between this, and the
closest perturbing energy level decreases, resulting in the increase of the Stark
broadening influence. The new experimental evaluations of Stark broadening
parameters for Ga I spectral lines, especially at higher temperatures, will be
certainly of interest not only from the theoretical point of view but also for
astrophysical and laboratory plasma diagnostics and modeling.
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Figure 1. Stark full widths at half maximum W[A] for Gal 4p?P° - 55%S multiplet in function
of T[K]. Theoretical calculations: Wppsc - present work; WT yr - N’'Dollo & Fabry (1987);
W1, - Lakicevic (1983). Experimental data: WEn - N’Dollo & Fabry (1987).
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Figure 2. Stark and Doppler widths for Ga I 4p°P° - 5s2S multiplet as a function of optical
depth (Teff=10 000K, log g=4.0). DDSC - present work, NF - N’Dollo & Fabry (1987).
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Figure 3. Stark full widths at half maximum W[A] for Ga I 5s*S - 6p”P° multiplet in func-
tion of T[K]. Theoretical calculations: Wppcsi - present values for transition Sy /5 - Py 25
Wppes2 - present values for transition S/ - P3 72s WIng - N’Dollo & Fabry (1987). Exper-
imental data: WEx - N’Dollo & Fabry (1987).

0.1}
0.01 |
=
=
0.001
0.0001 DDSC1
Doppler
DDSC2
NF
16~05 L . . . . .
-5 -4 -3 -2 -1 ] 1 2 3

Optical depth

Figure 4. Stark and Doppler widths for Ga I 5528 - 6p>P° multiplet as a function of optical
depth (Teff=10 000K, log g=4.0). DDSC1 - present values for transition S,/ - P{,,, DDSC2 -
present values for transition Sy /2 - P35, NF - N’Dollo & Fabry (1987).
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Figure 5. Stark full widths at half maximum W[A] for Ga I 558 - 7p*P° multiplet in func-
tion of T{K]. Theoretical calculations: Wppcs1 - present values for transition S; /o - P? 125
W ppes2 - present values for transition Sy - P3/5; WTnr - N'Dollo & Fabry (1987).
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Figure 6. Stark and Doppler widths for Ga I 5s*S - 7p?P° multiplet as a function of optical
depth (Teff=10 000K, log g=4.0). DDSCI - present values for transition Si/2 - P71/, DDSC2 -
present values for transition Sy /5 - P§ /25 NF - N’Dollo & Fabry (1987).



Table 1.  Electron-, proton-impact broadening parameters for Ga I for perturber density of 10t
cm™* and temperatures from 2500 up to 50 000 K. Transitions and wavelengths (X in A) are also
given in the table. By dividing C by the corresponding full width at half maximum (Dimitrijevic
etal. 1991), we obtain an estimate for the maximum perturber density for which the line may be
treated as isolated and tabulated data may be used. The validity of the impact approximation has
been estimated for data shown in this table, by checking if the collision volume (V) multiplied
by the perturber density (N) is much less than one (Sahal-Brechot 1969a,b).

Perturbers are: Electrons Protons
Transition T(K) Width(4) Shift(A) Width(A4) Shift(4)
Gal 4p2P°-5525 2500 0.173E-03  0.142E-03 0.438E-04  0.400E-04
5000 0.204E-03  0.166E-03 0.488E-04 0.450E-04
41258 A 10 000 0.236E-03  0.196E-03 0.546E-04  0.506E-04
C=0.14E+18 20 000 0.257E-03  0.223E-03 0.610E-04  0.569E-04
30 000 0.268E-03  0.209E-03 0.652E-04  0.608E-04
50 000 0.287E-03  0.204E-03 0.708E-04  0.662E-04
Ga I 4p2P°-4d°D 2500 0.311E-03 -0.181E-03 0.757E-04  -0.452E-04
5000 0.311E-03  -0.176E-03 0.793E-04 -0.509E-04
29210 A 10 000 0.315E-03  -0.163E-03 0.838E-04 -0.572E-04
C=0.14E+17 20 000 0.330E-03 -0.129E-03 0.894E-04 -0.644E-04
30 000 0.339E-03  -0.117E-03 0.933E-04 -0.689E-04
50 000 0.341E-03 -0.988E-04 0.990E-04 -0.751E-04
Gal 4p2P°-5d2D 2500 0.124E-02  -0.762E-03 0.297E-03 -0.221E-03
5000 0.128E-02 -0.678E-03 0.322E-03 -0.251E-03
24840 A 10 000 0.135E-02  -0.496E-03 0.351E-03  -0.285E-03
C=0.25E+16 20 000 0.140E-02 -0.375E-03 0.386E-03 -0.321E-03
30 000 0.138E-02 -0.303E-03 0.410E-03  -0.343E-03
50 000 0.135E-02 -0.219E-03 0.445E-03  -0.375E-03
Galss? S—5p2P° 2500 0.504E-02  0.368E-02 0.170E-02  0.954E-03
5000 0.581E-02  0.339E-02 0.177E-02  0.107E-02
12005.6 A 10 000 0.696E-02  0.268E-02 0.186E-02  0.121E-02
C=0.24E+18 20 000 0.889E-02  0.155E-02 0.197E-02  0.136E-02
30000 0.100E-01  0.105E-02 0.205E-02  0.146E-02
50 000 0.112E-01  0.508E-03 0.216E-02  0.159E-02
Gal 5s281/2-6p2P'1’/2 2500 0.110E-01  0.808E-02 0.273E-02  0.210E-02
5000 0.119E-01  0.818E-02 0.297E-02  0.239E-02
64152 A 10 000 0.126E-01  0.732E-02 0.326E-02  0.271E-02
C=0.18E+17 20 000 0.136E-01 0.555E-02 0.359E-02  0.305E-02
30 000 0.141E-01  0.464E-02 0.382E-02  0.327E-02
50 000 0.144E-01  0.363E-03 0.414E-02  0.357E-02




Table 1. Continued.

Perturbers are: Electrons Protons
Transition (k) Width(4) Shift(4) Width(4) Shift(4)
Gal55%S;/,-6p°Pg,, 2500 0.117E-01  0.855E-02 0.286E-02  0.223E-02
5000 0.125E-01  0.854E-02 0.313E-02  0.254E-02
6398.3 A 10 000 0.133E-01  0.754E-02 0.344E-02  0.289E-02
C=0.16E+17 20 000 0.1428-01  0.573E-02 0.380E-02  0.326E-02
30 000 0.146E-01  0.476E-02 0.404E-02  0.349E-02
50 000 0.148E-01  0.369E-02 0.439E-02  0.381E-02
Gal5s%Sy/2-Tp°Py); 2500 0.311E-01  0.216E-01 0.732E-02  0.591E-02
5000 0.324E-01  0.198E-01 0.811E-02  0.684E-02
53613 A 10 000 0.133B-01  0.163E-01 0.903E-02  0.783E-02
C=0.40E+16 20 000 0.338E-01  0.124E-01 0.101E-01  0.890E-02
30 000 0.344E-01  0.994E-02 0.109E-01  0.957E-02
50 000 0.333E-01  0.694E-02 0.119E-01  0.105E-01
Gal5s%Sy),-Tp°Pg,, 2500 0.375E-01  0.248E-01 0.898E-02  0.735E-02
5000 0.390E-01  0.216E-01 0.100E-01  0.855E-02
5349.6 A 10 000 0.399E-01  0.115E-01 0.112E-01  0.981E-02
C=0.28E+16 20 000 0.391E-01  0.129E-01 0.126E-01  0.112E-01
30 000 0.382E-01  0.102E-01 0.136B-01  0.120E-01
50 000 0.368E-01  0.693E-02 0.151E-01  0.132E-01
Ga I 5p%P°-5d°D 2500 0.419E-01 -0.259E-01 0.914E-02  -0.688E-02
5000 0.450E-01 -0.263E-01 0.992E-02  -0.782E-02
13004.3 A 10 000 0.479E-01 -0.241E-01 0.108E-01  -0.886E-02
C=0.68E+17 20 000 0.500E-01 -0.202E-01 0.119E-01  -0.999E-02
30 000 0.507E-01 -0.175E-01 0.127E-01  -0.107E-03
50 000 0.509E-01 -0.143E-01 0.138E-01  -0.117E-03
Gal4d°D-5p2P° 2500 0.253 0.147 0.608E-01  0.389E-01
5000 0.284 0.168 0.642B-01  0.440E-01
59974.3 A 10 000 0.308 0.175 0.685E-01  0.496E-01
C=0.60E+19 20 000 0.327 0.161 0.736E-01  0.558E-01
30 000 0.338 0.144 0.772E-01  0.597E-01
50 000 0.351 0.122 0.823E-01  0.651E-01
Ga 14d°D-6p°P; , 2500 0.946E-01  0.649E-01 0220E-01  0.168E-01
5000 0.103  0.681E-01 0239E-01  0.192E-01
17885.8 A 10 000 0.110  0.639E-01 0.262E-01  0.217E-01
C=0.14E+18 20 000 0.115  0.542E-01 0.289E-01  0.245E-01
30 000 0.117  0.467E-01 0.307E-01  0.263E-01
50 000 0.118  0.365E-01 0.333B-01  0.287E-01




Table 1. Continued.

Perturbers are: Electrons Protons
Transition T(K) Width(A) Shift(4) Width(A) Shift(4)
Ga 14d°D-6p°P3, 2500 0.990E-01  0.678E-01 0.228E-01  0.177E-01
5000 0.107  0.701E-0i 0.249E-01  0.202E-01
177544 A 10 000 0.114  0.647E-01 0.273E-01  0.229E-01
C=0.12E+18 20 000 0.119  0.544E-01 0.302E-01  0.258E-01
30 000 0.120  0.465E-01 0.321E-01  0.277E-01
50 000 0.121  0.360E-01 0.349E-01  0.302E-01
Ga14d°D-7p°P ), 2500 0.148 0.100 0.342E-01  0.275E-01
5000 0.154  0.908E-01 0.378E-01  0.319E-01
11553.5 A 10 000 0.161  0.733E-01 0421E-01  0.365E-01
C=0.18E+17 20 000 0.163  0.506E-01 0.472E-01  0.415E-01
30 000 0.162  0.364E-01 0.507E-01  0.446E-01
50 000 0.157  0.268E-01 0.557E-01  0.488E-01
Ga 1 4d°D-7p°P3 2500 0.177 0.114 0.416E-01  0.341E-01
5000 0.184  0.970E-01 0.464E-01  0.396E-01
11499.2 A 10 000 0.188  0.766E-01 0.519E-01  0.454E-01
C=0.13E+17 20 000 0.184  0.511E-01 0.586E-01  0.517E-01
30 000 0.180  0.344E-01 0.632E-01  0.556E-01
50 000 0.173  0.257E-01 0.701E-01  0.610E-01
Ga 15d°D-6p°P} 2500 24.0 147 4.83 3.68
5000 26.0 14.6 5.26 4.20
2318303 A 10 000 273 13.2 5.77 477
C=0.22E+20 20 000 28.7 10.0 6.38 5.39
30 000 29.3 8.31 6.79 5.78
50 000 29.3 6.75 7.38 6.31
Ga15d°D-6p’P3 , 2500 30.6 18.8 6.12 4.70
5000 33.0 18.5 6.68 5.37
256416.8 A 10 000 34.6 16.5 7.33 6.10
C=0.26E+20 20 000 36.2 12.5 8.11 6.90
30000 36.8 10.3 8.64 7.40
50 000 36.7 8.25 9.42 8.07
Ga[5d°D-7p’P5 5 2500 1.81 1.15 0.385 0.309
5000 1.91 1.08 0.427 0.358
37979.6 A 10 000 1.99 0.890 0.475 0.410
C=0.20E+18 20 000 2.02 0.624 0.532 0.466
30 000 2.00 0.491 0.571 0.501
50 000 1.95 0.336 0.628 0.548




Table 1. Continued.

Perturbers are: Electrons Protons
Transition T(K) Width(4)  Shift(4) Width(4)  Shift(4)
Gal5d°D-7p’P§ ), 2500 2.08 1.30 0.454 0.370
5000 2.18 1.14 0.506 0.430

37398.7 A 10 000 2.23 0917 0.566 0.494
C=0.14E+18 20 000 2.19 0.620 0.639 0.562

30 000 2.15 0.486 0.689 0.605

50 000 1.07 0310 0.764 0.663
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234 TEACHING AND COMMUNICATING ASTRONOMY

Abstract Kyiv Planetarium is the oldest public astronomy education institution in
Ukraine and one of the biggest planetariums in the territory of the former USSR. It
was founded in 1952. The idea of its establishment belonged to the famous ukrainian
astronomer Sergey Vsehsvyatsky, professor of the Kyiv National University. Today
Planetarium takes very important part in popularization of knowledge about Nature
and Space in Ukraine. It provides a great variety of lectures and programs for in-
dividuals, family visitors and pupils, helping to learn school program in astronomy,
geography and natural history, widening it. Main activities, directions of develop-
ment, and problems in astronomy education in Ukraine are discussed. We are open for
experience exchange and are interested in establishment of contacts with other plan-
etariums, technical and natural history museums, other public outreach organizations
worldwide.

6.12 70 YEARS OF ASTRONOMICAL SOCIETY "RUDJER BOSKOVIC"
- AN INTERESTING EXPERIENCE IN ASTRONOMICAL
EDUCATION, POPULARIZATION AND ASTRONOMERS
AMATEUR’S ORGANIZATION

M. S. Dimitrijevi¢

Astronomical Observatory, Volgina 7, 11160 Belgrade, Serbia

Abstract The largest and the oldest organization of amateur-astronomers in Serbia is
the Astronomical Society "Rudjer Boskovi¢" in Belgrade (Kalemegdan, Gornji Grad
16, 11000 Belgrade), which in the course of 70 years of its existence was spreading
astronomical knowledge in our country. The founding meeting was held on 22 April
1934. The first Society’s President was Djordje Nikoli¢ (1934-1936) and the sec-
ond Vojin Djuri¢i¢ (1936-1941), the governer of the State Mortgage Bank. In 1935
Society started publishing the first periodical for the popularization of science in Ser-
bia "Saturn”, "the periodical for astronomy, meteorology, geophysics and geodezy
which purpose is to be useful to national culture", published in 12 issues per year
up to the end of 1940. In 1953 the Society, jointly with the Aeronautical Associa-
tion of Yugoslavia, started publishing the periodical for astronomy and aeronautics
(currently for astronomy) "Vasiona" (Universe). The first editor in chief of "Saturn"
was Djordje Nikoli¢ (1935), and of "Vasiona", Neriad Dj. Jankovié (1953-1972).
Thanks to the exertion of Pero Djurkovi¢, Radovan Dani¢ and Nenad Jankovié with
the authorities concerned, the Society obtained for itself the permises in the Despot
Tower at Kalemegdan where, on 20 December 1964 was solemny opened the People’s
Observatory, whose regular activity started in June 1965. The Society managed also
to procure a Zeiss planetarium, which was installed in an old spacious steam bath-
house - Turkish Hamam - in the Kalemegdan Donji Grad. The Planetarium started
operating in 1969, being formally opened on 17 February 1970. It is included in the
educational system and around 15 000 pupils, students and other visitors per year,

m o

-
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attend lectures and projections in it. The Society organized also three conferences on
the history of astronomy and astronomy in culture and was the co-organizer of the
IV Serbian-Bulgarian astronomical conference. 1t is worth to note the organization
of the astronomical-astronautical exhibition in 1954, which after Belgrade was also
in other cities and for example in Sombor was visited by around 7000 persons. This
exhibition initiated the foundation of branches of the Society in other towns, and the
most successful became in 1974 the Astronomical Society "Novi Sad", ADNOS. In
order to contribute to the education and to popularization of astronomy the Society
organizes every year in the spring and in the autumn an astronomical seminar for
beginners, manifestations "The Belgrade astronomical weekend" in June and "The
summer astronomical meetings" in August-September, occasional lectures on astron-
omy, observations of celestial objects and events, and special observational excursions
out of Belgrade. The aim of this contribution is to present activities of Astronomical
society "Rudjer Boskovic", its Observatory, Planetarium and journal, and discuss the
experience accumulated during 70 years of its existence and the future work.

6.13 EXPERIENCIAS PERSONALES EN LA ENSENANZA
UNIVERSITARIA DE ASTRONOMIA

S. Ninkovié

Astronomical Observatory, Volgina 7, 11160 Beograd-74, Serbia and Montenegro

Abstract Desde ultimo tiempo en Serbia (tambien generalmente en Serbia y Mon-
tenegro) existen dos universidades que pertenecen al estado y donde se ensefia as-
tronomia: en Belgrado y en Novi Sad. Puesto que el autor participa en las ambas - en
Belgrado en curso de doctorado-en Novi Sad en los estudios normales - su intencion
es la de presentar sus experiencias personales

6.14 COMMUNICATING ASTRONOMY: HERACLITUS TO HAWKING

Y. Trimble

University of California

Abstract Astronomy (thought of roughly as applied geometry) formed part of the
ancient Greek quadrivium. From that time to the present, a subset of astronomers have
tried valiantly to explain to their patrons and sponsors (from Rudolph II to modern
taxpayers) what they are doing and why. Some have been extraordinarily good at
this, to the point where their reputations as communicators transcended their status as
scientists. Camille Flammarion and Carl Sagan come immediately to mind. Others
were dismal failures (Kepler perhaps an example, though far from the worst). The
talk will explore small portions of this history, with some focus on how the problem







(Q) X-ray astronomy in the next decade

Itis now clear that the properties and evolution of galaxies are closely linked to the growth of
their central supermassive black holes. Over the coming decades, a number of future
facilities (e.g. JWST, ALMA, E-ELT) will intensively observe the starlight from the very
earliest galaxies, which form at z=6-10. However, X-ray observations are required to reveal
the extent of accretion activity in the earliest supermassive black holes. | will present new
measurements of the evolution of the X-ray luminosity function (XLF) of AGN, probing to the
limits of current observatories, and accounting for the uncertainties in redshift measurements
and the incompleteness of high-redshift samples. | will then discuss the potential of the
International X-ray Observatory (IXO) to detect low-luminosity AGN at z>6, in this early epoch
- of galaxy formation. | will present the results of simulations to determine the sensitivity of IXO
observations, put forward a prospective observing programme and predict the numbers of
detected AGN based on extrapolations of the XLF evolution at lower redshifts.

Tuesday

Synergies between Future X-ray and Infrared
3:10pm

Facilities

F. Fiors (INAF-OAR)

H

| will discuss possible synergies between future X-ray missions and present and future
infrared and sub-mm facilities such as Spitzer, Herschel, WISE, JWST and ALMA.

Q-PO1 ‘ Probing Accretion Disk Properties with Long -Term X-
' Ray Light-Curves

Charles (SAAQ), Marissa Kolze

I will summarise the importance of all-sky monitors on X-ray astronomy missions, with
particular emphasis on RXTE, for studying the long-term, superorbital variations seen in a
variety of X-ray binaries. These modulations can provide significant constraints on the
physical properties of accretion discs, e.g. the 35d cycle in Her X-1 and related objects are
interpreted as irradiation-driven, tilted, precessing accretion discs. Others show more
complex light curves, with the period changing on timescales >1000d, and allow an
investigation of the disc stability criteria. We propose a categorisation of these variability
properties into several different types, based on their observed characteristics.

Q-P02 On the Stark Broadening of Ar XV X rays
MO g EA
bz!@«:ﬁ"z”‘?

With the development of satellite born spectroscopy, the spectral lines of trace elements
become astrophysically significant and for example, far UV lines of Ar VIl were discovered
recently in the spectra of very hot neutral stars of planetary nebulae and white dwarfs. In
order to provide Stark broadening data in X-ray wavelength region, of interest for modelling
and analysis of astrophysical plasmas in extreme conditions, we performed semiclassical
calculations of Stark broadened line widths and shifts for 8 Ar XV multiplets with wavelengths
less than 10 nm.

AR Wevieeengie P Fo.. (SN RN
LA Kovacevic, 7. Simic, 8. Sahat
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Q-P03 - | Breaking the Record: Discovery of the Most
Luminous Ultra-luminous X-Ray Source
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(Q) X-ray astronomy in the next decade

It is now clear that the properties and evolution of galaxies are closely linked to the growth of
their central supermassive black holes. Over the coming decades, a number of future
facilities (e.g. JWST, ALMA, E-ELT) will intensively observe the starlight from the very
earliest galaxies, which form at z=6-10. However, X-ray observations are required to reveal
the extent of accretion activity in the earliest supermassive black holes. | will present new
measurements of the evolution of the X-ray luminosity function (XLF) of AGN, probing to the
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F. Fiore (INAF-OAR)

| will discuss possible synergies between future X-ray missions and present and future
infrared and sub-mm facilities such as Spitzer, Herschel, WISE, JWST and ALMA.

Q-PO1 Probing Accretion Disk Properties with Long-Term X-
Ray Light-Curves

P. Charles (SAAQ), Marissa Kotze

I will summarise the importance of all-sky monitors on X-ray astronomy missions, with
particular emphasis on RXTE, for studying the long-term, superorbital variations seen in a
variety of X-ray binaries. These modulations can provide significant constraints on the
physical properties of accretion discs, e.g. the 35d cycle in Her X-1 and related objects are
interpreted as irradiation-driven, tilted, precessing accretion discs. Others show more
complex light curves, with the period changing on timescales >1000d, and allow an
investigation of the disc stability criteria. We propose a categorisation of these variability
properties into several different types, based on their observed characteristics.

Q-P02 On the Stark Broadening of Ar XV X rays
M. Dimitrijevic (Astronomical Observatory), A. Kovacevic, Z. Simic, S. Sahal-
Brechot

With the development of satellite born spectroscopy, the spectral lines of trace elements
become astrophysically significant and for example, far UV lines of Ar VII were discovered
recently in the spectra of very hot neutral stars of planetary nebulae and white dwarfs. In
order to provide Stark broadening data in X-ray wavelength region, of interest for modelling
and analysis of astrophysical plasmas in extreme conditions, we performed semiclassical
calculations of Stark broadened line widths and shifts for 8 Ar XV multiplets with wavelengths
less than 10 nm.

Q-P0O3 Breaking the Record: Discovery of the Most
Luminous Ultra-luminous X-Ray Source

S. Farrell (University of Leicester), N. A. Webb, D. Barret, O. Godet & J. M.
Rodrigues
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(T) The Virtual Observatory and Distributed Computing

This will be presented as part of the online suite of resources iCosmo available at
http://www.icosmo.org

Wednesday VAMDC: Virtual Atomic and Molecular Data Centre
3:20pm
N. Walton {loA, Cambrudge). M L Dubernst [LPMAA, Paris), N J Mason (Open.

51PN P F1 F g gman §
N Piskunov {Upsalla’

The Virtual Atomic and Molecular Data Centre (VAMDC) aims to build a secure, documented,
flexible and interoperable e-science environment-based interface to existing Atomic and
Molecular (AM) data. The VAMDC will be built upon the expertise of existing AM databases,
data producers and service providers with the specific aim of creating an infrastructure that is
easily tuned to the requirements of a wide variety of users in academic, governmental,
industrial or public communities.

VAMDC will be enabled by the utilisation of the excellent grid and Virtual Observatory data
and application infrastructure that has been created across Europe by initiatives such as the
Euro-VO and EGEE. VAMDC will commence in July 2009.

This presentation will provide a brief overview of the project, aims and objectives, and
describe the key infrastructure that will be created during he project lifetime.

T-PO1 The Virtual Meteor Observatory (VMO) of the
International Meteor Organization

G. Barentsen {(Armagh Cbservatory), Detief Koschny (ESA/RSSD), Rainer Arit
{(IMO)

Meteor science is concerned with very small particles in the Solar System. The investigation
of meteoroids, their origin and their orbital dynamics tells a lot about the next-larger classes
of objects - asteroids and comets. Studies of meteor showers are in most cases of statistical
nature; large quantities of individual meteor observations are necessary to arrive at
meaningful conclusions. The advent of Virtual Observatories in space science is ideally timed
with observational advances in data recording in meteor science. The International Meteor
Organization (IMO) participates in this advent with the creation of a VO-enabled data centre
for meteor science: the Virtual Meteor Observatory (VMO).

T-P02 The Project of Serbian Virtual Observatory and the
Connection with VAMDC
D, Jevremy LS. D e, L COF

Fd

£, Bon, V.
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Dacig, V. Protic-Benisek,

We present and discuss the project of Serbian Virtual Observatory. The digitization and
publication in VO of around 15000 photo plates archivated on Belgrade Astironomical
observatory, as well as stella catalogues produced in Serbia, and digitization of astronomical
publications, is in progress. Also, together with french colleagues, in progress is the
development of the database STARK-B with Stark broadening data of interest for stellar
spectra analysis and modelling, produced during more of 30 years of French-Serbian
collaboration. it will enter in VAMDC - Virtual Atomic and Molecular Data Center, MOLAT and
SerVO.

305



NRAO / AUI / NSF. Image courtesy of NRAO/AUI Photo: Matthew L. Abbondanzio

University of
Hertfordshire




(T) The Virtual Observatory and Distributed Computing

This will be presented as part of the online suite of resources iCosmo available at
http://www.icosmo.org

Wednesday VAMDC: Virtual Atomic and Molecular Data Centre
3:20pm

N. Walton (loA, Cambridge), M L Dubernet (LPMAA, Paris), N J Mason (Open),
N Piskunov (Upsalla), the VAMDC Consortium

The Virtual Atomic and Molecular Data Centre (VAMDC) aims to build a secure, documented,
flexible and interoperable e-science environment-based interface to existing Atomic and
Molecular (AM) data. The VAMDC will be built upon the expertise of existing AM databases,
data producers and service providers with the specific aim of creating an infrastructure that is
easily tuned to the requirements of a wide variety of users in academic, governmental,
industrial or public communities.

VAMDC will be enabled by the utilisation of the excellent grid and Virtual Observatory data
and application infrastructure that has been created across Europe by initiatives such as the
Euro-VO and EGEE. VAMDC will commence in July 2009.

This presentation will provide a brief overview of the project, aims and objectives, and
describe the key infrastructure that will be created during he project lifetime.

T-PO1 The Virtual Meteor Observatory (VMO) of the
International Meteor Organization

G. Barentsen (Armagh Observatory), Detlef Koschny (ESA/RSSD), Rainer Arlt
(IMO)

Meteor science is concerned with very small particles in the Solar System. The investigation
of meteoroids, their origin and their orbital dynamics tells a lot about the next-larger classes
of objects - asteroids and comets. Studies of meteor showers are in most cases of statistical
nature; large quantities of individual meteor observations are necessary to arrive at
meaningful conclusions. The advent of Virtual Observatories in space science is ideally timed
with observational advances in data recording in meteor science. The International Meteor
Organization (IMO) participates in this advent with the creation of a VO-enabled data centre
for meteor science: the Virtual Meteor Observatory (VMO).

T-P02 The Project of Serbian Virtual Observatory and the
Connection with VAMDC

D. Jevremovic, M. S. Dimitrijevic, L. C. Popovic, M. Dacic, V. Protic-Benisek,
E. Bon, V. Benisek, A. Kovacevic, S. Sahal-Brechot

We present and discuss the project of Serbian Virtual Observatory. The digitization and
publication in VO of around 15000 photo plates archivated on Belgrade Asttronomical
observatory, as well as stella catalogues produced in Serbia, and digitization of astronomical
publications, is in progress. Also, together with french colleagues, in progress is the
development of the database STARK-B with Stark broadening data of interest for stellar
spectra analysis and modelling, produced during more of 30 years of French-Serbian
collaboration. It will enter in VAMDC - Virtual Atomic and Molecular Data Center, MOLAT and
SerVO.
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(7) The IYA 2009 In Europe

The Armenian program of the I'YA-2009 relates to an increase of activity of the professional,
amateur, popular astronomy and astronomical education. Beside the [YA-2009 main projects,
a number of other activities are planned. A webpage has been created at
http://www.aras.am/I'YA_2009.htm and the program is given with regular updates of the news
and events. An Armenian Astronomical Council will be created to coordinate all astronomical
activities, which have in fact been developed randomly, including the professional institutions
(Byurakan Astrophysical Observatory (BAO), Yerevan State University (YSU), etc.), school
astronomy and Olympiads, amateur astronomers, publishers, etc. Series of seminars
"Astronomy and other fields of science" for various students in Byurakan during the whole
year, an Astronomical Summer School for the YSU students in Byurakan for students of the
YSU Department of Physics, the Armenian Astronomical Society (ArAS) annual meeting with
an emphasis on the [YA-2009 will be organized. Publication of a DVD "Encyclopaedia of the
Armenian astronomy" is planned, as well as a lot of other materials (booklets, sky maps,
calendars, postcards, etc.). The school program includes visits to schools by professional
astronomers for popular lectures and visits of pupils in Byurakan. There is a large mass
media program too, including a meeting of professional astronomers and journalists in
Byurakan.

Wednesday Science Outreach in Benin (West Africa) for the IYA
11:40am 2009

A. Alapini (Univ

Galais ﬁ‘»’f?“;%

(ONG-Acetr

Through the mixing of culture, the mixing of ages and the mternatlonal transfer of knowledge
in astronomy, the IYA 2009 is an exceptional opportunity to broaden minds and trigger
interest in science among the young generations across the globe.

Since a first outreach mission in Benin for the total solar eclipse of 2006, we have been
involved in a collaborative effort aiming at raising awareness of science through astronomy
among children in urban and rural areas of Benin. For the IYA, we go a step further. 14 of us
are returning to Benin, we will meet 6 local organisers and will visit schools and universities
across the country aiming to reach more than a thousand of Benin's citizens. We will man
science activities for children and teachers, observing sessions for all ages, and we will give
conferences at the universities.

We wish to share with the broader community our experience on science outreach in a
developing country. We present our activities in Benin for the YA 2008, starting by describing
how this collaboration began, how it is developing and the benefits and difficulties we
encounter in this project.

Wednesday Society of Astronomers of Serbia, Astronomical
12:00pm Somety "Rudjer Boskovnc" and IYA 2009

A. Kovacevie (Fa

We will present Socnety of Astronomers of Serbia and the oldest somety of professional and
amateur astronomers in Serbia, Astronomical Society "Rudjer Boskovic", founded in 1934.
We will review briefly their history and activities with particular attention to the activities, plans
and programs for the IYA 2009.

Wednesday Galileo Teacher Training Programme
2:00pm
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Armenian astronomy" is planned, as well as a lot of other materials (booklets, sky maps,
calendars, postcards, etc.). The school program includes visits to schools by professional
astronomers for popular lectures and visits of pupils in Byurakan. There is a large mass
media program too, including a meeting of professional astronomers and journalists in
Byurakan.

Wednesday Science Outreach in Benin (West Africa) for the IYA
11:40am 2009

A. Alapini (University of Exeter), Didier Pelat (Observatoire de Paris), Pascal
Galais (CEA), Oscar Kiche (Astronomy Club Orion-Benin), Calixte Alapini
(ONG-Acetrose), Romain Alapini (ONG-Acetrose)

Through the mixing of culture, the mixing of ages and the international transfer of knowledge
in astronomy, the IYA 2009 is an exceptional opportunity to broaden minds and trigger
interest in science among the young generations across the globe.

Since a first outreach mission in Benin for the total solar eclipse of 2006, we have been
involved in a collaborative effort aiming at raising awareness of science through astronomy
among children in urban and rural areas of Benin. For the IYA, we go a step further. 14 of us
are returning to Benin, we will meet 6 local organisers and will visit schools and universities
across the country aiming to reach more than a thousand of Benin's citizens. We will man
science activities for children and teachers, observing sessions for all ages, and we will give
conferences at the universities.

We wish to share with the broader community our experience on science outreach in a
developing country. We present our activities in Benin for the IYA 2009, starting by describing
how this collaboration began, how it is developing and the benefits and difficulties we
encounter in this project.

Wednesday Society of Astronomers of Serbia, Astronomical
12:00pm Society "Rudjer Boskovic" and IYA 2009

A. Kovacevic (Faculty of Mathematics University of Belgrade), M. S. Dimitrijevic

We will present Society of Astronomers of Serbia and the oldest society of professional and
amateur astronomers in Serbia, Astronomical Society "Rudjer Boskovic", founded in 1934.
We will review briefly their history and activities with particular attention to the activities, plans
and programs for the IYA 2009.

Wednesday Galileo Teacher Training Programme
2:00pm
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SC12
Milutin Milankovié (1879-1958)
and his Contribution to the European Astronomy

Milan S. Dimitrijevié
(Astronomical Observatory, Volgina 7, 11160 Belgrade, Yugoslavia).

Milutin Milankovi¢ (Dalj, May 28, 1879 -~ Belgrade, December 12, 1958), former director
of the Belgrade Astronomical observatory and vice president of the Serbian Academy of
Sciences and Arts, is the most distinguished Serbian astronomer of the XX century. In
honour to his scientific achievements in astronomy a crater on the far side of the Moon (co-
ordinates +170°, +77°) was given his name at the 14th IAU General Assembly in Brighton
in 1970. His name is given also to a crater on Mars (coordinates +147°, +55°) at the 15th
TAU General Assembly in Sidney in 1973. In 1982 a small planet, provisorily designated
1936 GA, discovered in 1930 by M. Protié and P. Djurkovié, received its permanent name:
1605 Milankovié.

Milutin Milankovié went down in the history of science as the man who explained
the phenomenon of the Ice Ages by slow changes of the Earth insolation in consequence
of changes of the Earth’s axis inclination and of those of the parameters of the Earth’s
motion round the Sun. Milankovié elucidated also the history of the Earth’s climate as
well as that of other planets, being in addition the author of the mathematical theory of
climate and of the Earth’s pole motion. His scientific results, life and activities will be
discussed in this contribution.

SC13

Eugen Goldstein
and his Laboratory Work at the Berlin Observatory

Michael Hedenus
(Oberdorfstrafle 16, 69253 Heiligkreuzsteinach, Germany)

At the end of the 19th century the astronomer and director of the Berlin Observatory,
Wilhelm Foerster, started an extraordinary research project: He asked the physicist Eugen
Coldstein to examine the nature of electricity in space experimentally.

Eugen Goldstein (1850-1930) was one of the most deserving pioneers in the field of
electricity, e.g. he discovered the canal rays and he introduced the term “cathode ray”.
He became assistent at the Berlin Observatory and his official duty was the research on
relations between electricity and cosmic phenomena. As a result Goldstein successfully
reproduced comet tails in gas discharge tubes.

My speech is about the biography of Eugen Goldstein and his work at the Berlin
Observatory. I will discuss some of his experiments and show a reproduction of his artificial
comet tails.
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Pi14
Search for Weak Magnetic Fields in DBZ and DBAZ White Dwarfs

S. Friedrich (Astrophysikal. Institut Potsdam, An der Sternwarte 16, 14482 Potsdam)
S. Jordan, D. Koester
(Institut f. Theoretische Physik u. Astrophysik, Universitdt Kiel, 24098 Kiel)

It is widely accepted that metals detected in the spectra of a few cool white dwarfs cannot
be of primordial origin and therefore must be accreted from the interstellar medium. How-
ever the observed abundances of hydrogen in the atmospheres of these stars are much too
low to be compatible with the high accretion rates inferred from metal accretion if solar
abundances are assumed. It was therefore proposed that metals are accreted in the form
of grains onto a slowly rotating, weakly magnetized white dwarf, whereas ionized hydrogen
is repelled at the Alfven radius.

In order to test this hypothesis we obtained circular polarization spectra of two metal
line white dwarfs (GD40 and L745-46A) with the VLT-UT1 and FORS1 to search for
such magnetic fields. Within the errors (£0.1% and +£0.3% for L745-46A and GDA40,
respectively) we could not find signatures of a maguetic ficld in the spectra of any of the
two stars. If we exclude the possibility, that we are looking on the magnetic equator of a
pure magnetic dipole, in which case the components of the magnetic field along the line
of sight completely cancel and no circular polarization can be detected, we conclude, that
the field strength of the magnetic field on both stars must be well below the 105 Gauss
required by theory.

We could confirm an Hea line in the flux spectrum of GD40, which was found by
Greenstein & Liebert (ApJ 360, 662) and determine the hydrogen abundance in the stellar
atmosphere which is a factor of 100 to 1000 below the value expected from accretion with
solar abundances.

P 115

Influence of Ton-atom Colisional Quasimolecular Complexes
on DB White Dwarf Plasma Properties

M.S. Dimitrijevié
(Astronomical Observatory, Volgina 7, 11160 Belgrade, Yugoslavia)
A.A. Mihajlov
(Institute of Physics, Pregrevica 118, 11080 Zemun, Yugoslavia)

In a series of papers we have analized the influence of colisional processes in weakly ion-
ized stellar and laboratory plasmas (ion-atom radiative and chemi-recombination/chemi-
ionization processes) involving symmetrical, positive quasimolecular collisional complexes
on the different plasma properties as for example continuous spectra characteristics and
excited atom population distribution function.

Our results shows that for T.sy < 16,000 K DB white dwart photosphere continuous
spectra are formed under the important influence of the ion-atom radiative processes, and
that for A < 400 nm, such processes may influence significantly the encrgetic balance and
optical characteristics (opacity and optical depth) of DB white dwarf atmospheric layers
where log(7) < 1. The results suggest that it is necessary to include ion-atom radiative
processes for the DB white dwarf atmosphere modeling from the beginning and not as an
a posteriori correction, since they change the reference optical depths for the tabulated
model parameters. Our results suggest as well, that the chemi-recombination and inverse
chemi-ionization processes should be included as well in the modeling of weakly ionized
layers in helium rich DB white dwarf atmospheres.
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P11e6
Stark Widths of Astrophysically Important O III Spectral Lines

Milan S. Dimitrijevi¢
(Astronomical Observatory, Volgina 7, 11160 Belgrade, Yugoslavia)
Aleksandar Sre¢kovié and Stevan Djenize
(Faculty of Physics, University of Belgrade, PO Box 368, 11001 Belgrade, Yugoslavia)

Stark broadening parameters of spectral lines are of importance in astrophysics for a num-
ber of different cases, as stellar plasma diagnostics, abundace determination, analysis and
synthesis of stellar spectra, modeling of stellar plasma, radiative transfer calculations etc.
They might be of interest for a varicty of plasma conditions, from molecular and ionized
interstellar hydrogen clouds up to the neutron star atmosferes. However, they are partic-
ularly of interest for A and B type stars, pre white dwarfs like PG 1159 type stars and
white dwarfs

It is obvious astrophysical importance of such data for spectral lines of oxygen in
various ionization stages, due to its high cosmical abundance. In present contribution,
the Stark widths of seven O III spectral lines, in five multiplets, have been determined
experimentally and theoretically. They have been measured at electron densities between
1.66 10%* m~% and 2.80 10** m~3 and electron temperatures between 17 000 K and 54 000
K in a linear pulsed-arc discharge in N2 + O and COs plasmas. The above mentioned
species have been calculated using the semiclassical perturbation formalism. Our measured
and calculated Stark widths values are compared to existing calculated and experimental
data. The results of our analysis allow us to recommend O III 375.47 nm, 375.72 nm,
298.38 nm, 407.39 nm and 408.11 nm lines for stellar and laboratory plasma diagnostics.

P117

Ionized Neon Spectral Lines Stark Widths
for Stellar Plasma Research and Modeling

Milan S. Dimitrijevié¢
{(Astronomical Observatory, Volgina 7, 11160 Belgrade, Yugoslavia)
Vladimir Milosavljevi¢ and Stevan Djenize
(Faculty of Physics, University of Belgrade, PO Box 368, 11001 Belgrade, Yugoslavia)

Neon is the most abundant element in the Universe after H, He, O and C and it is one
of products of hydrogen and helium burning in orderly evolution of stellar interiors. After
hydrogen, helium and carbon burning periodes in massive stars starts neon burning. Stark
broadening parameters of Ne II spectral lines are of importance in astrophysics for a number
of different cases and they might be of interest for white dwarf spectra consideration and
plasma modeling as well since in stars with T.;y > 10,000 K, the Stark broadening is
the main pressure broadening mechanism. Even for cooler stars Stark broadening data
are of interest for the consideration of subphotospheric layers and for Rydberg atoms
where optical electron in higly excited state is weakly bound to the core and significantly
influenced by relatively weak external electrid fields.

We have determined experimentally here, Stark widths of 42 Ne II lines from 24 mul-
tiplets for T = 31 000 K and 34 500 K and electron densities 0.95 and 1.83 102% m~3.
We have performed as well semiclassical perturbation calculations for 39 lines from 22
multiplets, providing the reliable Ne II Stark widths needed for stellar plasma research.
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P 256
Development of Astronomy in Serbia in the 20th Century

Milan S. Dimitrijevié
(Astronomical Observatory, Volgina 7, 11160 Belgrade, Yugoslavia)

A short review of the developement of astronomy in Serbia from the foundation of Depart-
ment of Astronomy and Meteorology in 1884 and of Belgrade Astronomical observatory in
1887 up to now is given.

Certainly the central place within the history of Serbian astronomy in 20th century
has the Belgrade Astronomical observatory, his history and development, as well as the
foundation and development of studies of astronomy at the Belgrade University. The
particular merit for the development of astronomy in Serbia has Milan Nedeljkovié, whose
contribution will be discussed. Moreover, the contribution of other astronormers as Djordje
Stanojevié, the first serbian astrophysicist, Milutin Milankovié , who gave the astronomical
solution to the quartenary ice ages problem and others will be considered as well as the
development of Serbian Astronomical society and of amateur astronomy.

P 257

The Origin of the Common Yearly Counting
in the Julian and Gregorian Calendar
with Special Attention to the Ancient Astronomy and World View

Sepp Rothwangl
Graz, Austria; calendersign@teleweb.at

Because of a new consideration and recently revealed new facts and documents it is main-
tained that Dionysius Exiguus fixed the common Christian yearly count with the aim to
mark the begin and end of the age of Pisces. By incorporating of three factors, he pre-
calculated the conjunction of all naked eye planets including Sun and Moon of May 2000.
He figured it out with the help of so called eternal planet boards and a “plotting year cal-
culation” (Zieljahrberechnung). Then he determined the year 1 A.D. exactly 1999 years
before it, due the medieval assumed constant of precession, (66 2/3 years each degree),
that was base of calculation of later Arabian and Persian astronomers. Thus he linked
the “Platonic Year” with the “Greatest Year”. He did this in order to fulfil the Christian
belief of the return of the Lord during a planetary position which is equivalent to the Greek
Symposium or the start of the Kali Yuga, calculated by the Indian astronomer Aryabhata.
For both calculations actually the alignment of all planets of year 531 CE was the base.
In his late antique religious and astronomical world view Dionysius determined the
yearly counting such a way, that the year 2000 (2nd millennium) of his count should mark
the end of the age of Pisces (ICHTHYS) and the religiously prophesied Christian end time.
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AGB Stars: Testing Carbon Loss Via The Ultraviolet Lines
Yu.V. Milanova', A.F. Kholtygin®

'Saint-Petersburg  State  University, Saint-Petersburg, Russia,
Astronomical Institute of Saint-Petersburg State University, Saint-
Peterburg, Russia

Poster

A method is proposed to determine the realistic abundances of carbon in
planetary nebulae based on the actual distribution functions of errors in
measuring line intensities. Fluctuations both in temperature and in mass
density in a nebula are taken into account. The C abundances and the
amplitudes of temperature and density fluctuations for the large sample of
PNe are given. The intensity of the ultraviolet lines of C ions are used for
determining the more exact abundances.

These abundances are probably the most reliable in the present time and
give estimations of the primordial CNO abundances at the epoch when
the progenitors of PNs are formed. Basing on the newly carbon
abundances the total mass losses of carbon during AGB stage of
evolution are estimated.

JD04-2 Poster

On The Origin Of Two-Shell Supernova Remnants
V.V. Gvaramadze

Sternberg Astronomical Institute, Moscow, Russia

It is known that proper motion of massive stars causes them to explode far
from the geometric centers of their wind-driven bubbles and thereby
affects the symmetry of the resulting diffuse supernova remnants (SNRs).
We use this fact to explain the origin of SNRs consisting of two partially
overlapping shells (e.g. 3C 400.2, Cygnus Loop, Kes32, etfc.), whose
unusual morphology is usually treated in terms of the collision (or
superposition) of two separate SNRs or breakout phenomena in a region
with a density discontinuity.

We propose that a SNR of this type is a natural consequence of an off-
centered cavity supernova (SN) explosion of a moving massive star,
which ended its evolution near the edge of the main-sequence (MS) wind-
driven bubble. Our proposal implies that one of the shells is the former MS
bubble reenergized by the SN blast wave. The second shell, however,
could originate in two somewhat different ways, depending on the initial
mass of the SN progenitor star. It could be a shell swept-up by the SN
blast wave expanding through the unperturbed ambient interstellar
medium if the massive star ends its evolution as a red supergiant (RSG).
Or it could be the remainder of a pre-existing shell (adjacent to the MS
bubble) swept-up by the fast progenitor's wind during the late evolutionary
phases if after the RSG phase the star evolves through the Wolf-Rayet
phase. In both cases the resulting (two-shell) SNR should be associated
only with one (young) neutron star (thus one can somewhat improve the
statistics of neutron star/SNR associations since the two-shell SNRs are
quite numerous). We discuss several criteria to discern the SNRs formed
by SN explosion after the RSG or WR phase.

JD04-3 Poster
Analysis Of The High Temperature Region In Be Stars
A.F. Toires, A. E. Ringuelet

Universidad Nacional de La Plata, Facultad de Ciencias Astronémicas y
Geofisicas, La Plata, Argentina

The High Temperature Region (HTR) that surrounds the photospheres of
Be stars is studied in order to derive observational constraints for
modelling Be stars, in particular for the region where superionization takes
place.

50 Be stars, representative of a considerable range of temperature, were
chosen. From archival, high-dispersion 1UE spectra, different lines that
originate in the HTR region were considered, namely the resonance lines
of Si IV, C IV and Al lll, and He Il 11640. Equivalent widths (corrected for
photospheric contribution), optical depths, atom columns and expansion
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velocities were measured. From this observational data several

correlations between different observables were obtained.

These correlations permit us to discuss the geometry, density distribution
and heat input of the lines formation regions (LFRs). The major results
can be summarised as follows:

1) The circumstellar material contributes to the resonance lines of Si IV, C
IV, Al lil and to the He Il 11640 at all inclination angles.

2) In Si IV, C IV and Al lil the equivalent widths have a tendency to
increase in objects with high rotational velocities.

3) Si IV and C IV equivalent widths are also correlated to the kinetic
energy of the expansion velocity. This means that dissipation of
mechanical energy is one of the heating mechanisms.

4)On the basis of the expansion velocities and the line profiles, we
establish a sequence for the LFRs: The LFR of He Il is at the base of the
wind and the closest to the central star. The LFRs of Si IV and C IV are*™
inmersed in the stellar wind. The LFR of Al lil is an interface between the
HTR and the cool envelope.

The analysis followed in this work is completely model-independent.
Consequently, these results couid be useful to decide which are the facts
that are to be considered when modelling Be stars.

JD044 Poster

Long Term Variability Of The Coronal and Post — Coronal Regions Of
The Oe Star HD 93521

A. Antoniou', E. Danezis’, E. Lyratzi', D. Nikolaidis, L. C. Popovic?, M. §
Dimitrijevic

’University of Athens, Faculty of Physics, Department of Astrophysics,
Astronomy ‘and Mechanics, Panepistimioupoli, Zographou 157 84, Athens,

Greece, °) Astronomical Observatory, Volgina 7, 11160, Belgrade, }
Yugoslavia (Serbia and Montenegro) ¥

Introduction: As it is already known, the spectra of many Oe and Be stars g
present Discrete Absorption Components (DACs) which, due to their [
profiles’ width as well as the values of the radial velocities, create a
complicated profile of the main spectral lines (Bates. & Halliwell,” 1986). In
this poster paper we detect the presence of this phenomenon (DACs or
SACs) in the C IV, N IV and N V spectral lines of the star HD 93521 which “§:
is a relatively bright, very rapidly rotating 09.5V star (Conti & Ebbets, §
1977; Hobbs et al., 1982; Lennon et al., 1991). ¥

Method: In our study we apply the method proposed by Danezis et al.
(2003, 2005) on the spectra of the star HD 93521, taken with .U.E. from
1979 until 1995 and we examine the timescale variations of the physical
parameters, stated below.

Results: As a first result we detect that the above spectral lines consist of :
one or more Satellite Absorption Components (SACs or DACs, Danezis et
al., 2005). With the above method we calculate the time scale variation of .
the apparent rotational and radial velocities, the Gaussian standard -
deviation of the random motions of the ions, the random velocities of
these motions, as well as the optical depth, the column density, the Ful
Width at Half Maximum (FWHM), the absorbed and the emitted energy of
the independent regions of matter which produce the main and the
satellites components of the studied spectral lines.

Discussion: We point out that the new and important aspect of our studyis ‘g
the values’ calculation of the above parameters and their time scale :JE
variations, using the DACs or SACs theory. Qur results are a successful §.
test of this theory and of Danezis et al. (2003, 2005) proposed method. §&
This study is a part of a Ph. D. Thesis. ‘

JD04-5 Poster
Hyper lonization Phenomena In The C IV Region Of 20 Oe Stars

A. Antoniou', E. Danezis’, E. Lyratzi', D. Nikolaidis', L. C. Popovic?, M. S. :
Dimitrijevic

"University of Athens, Faculty of Physics, Department of Astrophysics, :
Astronomy and Mechanics, I_’anepistimioupoli, Zographou 157 84, Athens,



. Greece, ‘Astronomical Observatory,

Volgina 7,
‘ Yugoslavia (Serbia and Montenegro)

11160, Belgrade,

" Introduction: As it is already known, the spectra of many Oe and-Be stars
.present Discrete Absorption Components (DACs) which, due to their
- profiles” width as well as the values of the radial velocities, create a
complicated profile of the main spectral lines (Bates & Halliwell, 1986). in
this poster paper we detect the presence of this phenomenon (DACs or

kSACs) in the T IV resonance lines of 20 Oe stars of different spectral
. subtypes.

- Method: In our study we apply the method proposed by Danezis et al.

(2003, 2005) on the spectra of 20 Qe stars, taken with |.U.E. and we
-examing the variations of the physical parameters, stated below, as a
- function of the spectral subtype.

Results: As a first result we detect that the C IV resonance lines consist of
- one to five Satellite Absorption Components (SACs or DACs, Danezis et
al, 2005). With the above method we calculate the values of the apparent
rotational and radial velocities, the Gaussian standard deviation of the
random motions of the ions, the random velocities of these motions, as
well as the optical depth, the column density, the Full Width at Half
Maximum (FWHM), the absorbed and the emitted energy of the
independent regions of matter which produce the main and the satellites
components of the studied spectral lines.

. Discussion: We point out that the new and important aspect of our study is
- the values’ calculation of the above parameters and their variations as a
- function of spectral subtype, using the DACs or SACs theory. Our results
- are @ successful test of this theory and of Danezis et al. (2003, 2005)
- proposed method. This study is a part of a Ph. D. Thesis.

JD04-6 Poster

Hyper lonization Phenomena In The N IV Region Of 20 Oe Stars

A Antoniou’, E. Danezis', E. Lyratzi', D. Nikolaidis', L. C. Popovic?, M. S.
. Dimitrijevic
¢ 'University of Athens, Faculty of Physics, Department of Astrophysics,
. Astronomy and Mechanics, Panepistimioupoli, Zographou 157 84, Athens,

Greece, ‘Astronomical Observatory, Volgina 7, 11160, Beigrade,
- Yugoslavia (Serbia and Montenegro)

~ Introduction: As it is already known, the spectra of many Oe and Be stars
present Discrete Absorption Components (DACs) which, due to their
profiles’ width as well as the values of the radial velocities, create a
complicated profile of the main spectral lines (Bates & Halliwell, 1986). In
. this poster paper we detect the presence of this phenomenon (DACs or
SACs) in the N IV spectral line of 20 Oe stars of different spectral
subtypes.

* Method: In our study we apply the method proposed by Danezis et al.
(2003, 2005) on the spectra of 20 Oe stars, taken with LU.E. and we
examine the variations of the physical parameters, stated below, as a
function of the spectral subtype.

Results: As a first result we detect that the N IV spectral line consists of
one or two Satellite Absorption Components (SACs or DACs, Danezis et
al., 2005). With the above method we calculate the values of the apparent
- rotational and radial velocities, the Gaussian standard deviation of the
- random motions of the ions, the random velocities of these motions, as
well as the optical depth, the column density, the Full Width at Half
Maximum (FWHM), the absorbed and the emitted energy of- the
independent regions of matter which produce the main and the satellites
- components of the studied spectral lines.

Discussion: We point out that the new and important aspect of our study is
. the values’ calculation of the above parameters and their variations as a
;- function of spectral subtype, using the DACs or SACs theory. Our results
. are a successful test of this theory and of Danezis et al. (2003, 2005)
- proposed method. This study is a part of a Ph. D. Thesis.

JDO4-;I Poster
: Hyper lonization Phenomena In The N V Region Of 20 Oe Stars

5 A Antoniou’, E. Danezis, E. Lyratzi', D. Nikolaidis', L. C. Popovic?, M S.
-~ Dimitrijevic

"University of Athens, Faculty of Physics, Department of Astrophysics,
Astronomy and Mechanics, Panepistimioupoli, Zographou 157 84, Athens,
Greece, ‘Astronomical Observatory, Volgina 7, 11160, Belgrade,
Yugoslavia (Serbia and Montenegro)

Introduction: As it is already known, the spectra of many Oe and Be stars
present Discrete Absorption Components (DACs) which, due to their
profiles’ width as well as the values of the radial velocities, create a
complicated profile of the main spectral lines (Bates & Halliwell, 1986). In
this poster paper we detect the presence of this phenomenon (DACs or
SACs) in the N V resonance lines of 20 Oe stars of different spectral
subtypes.

Method: In our study we apply the method proposed by Danezis et al.
(2003, 2005) on the spectra of 20 Oe stars, taken with LU.E. and we
examine the variations of the physical parameters, stated below, as a
function of the spectral subtype.

Results: As a first result we detect that the C IV resonance lines consist of
one to four Satellite Absorption Components (SACs or DACs, Danezis et
al., 2005). With the above method we calculate the values of the apparent
rotational and radial velocities, the Gaussian standard deviation of the
random motions of the ions, the random velocities of these motions, as
well as the optical depth, the column density, the Full Width at Half
Maximum (FWHM), the absorbed and the emitted energy of the
independent regions of matter which produce the main and the satellites
components of the studied spectral lines.

Discussion: We point out that the new and important aspect of our study is
the values’ calculation of the above parameters and their variations as a
function of spectral subtype, using the DACs or SACs theory. Our results
are a. successful test of this theory and of Danezis et al. (2003, 2005)
proposed method. This study is a part of a Ph. D. Thesis.

JD04-8 Poster

High resolution spectroscopy of halo stars in groundbased UV.
V.Klochkova, G.Zhao, S.Ermakov, V.Panchuk.

V.G. Klochkova', S.V. Ermakov', V.E. Panchuk', G. Zhao?

"Special Astrophysical Observatory, Nighnij Arkhyz, Russia, ‘National
Observatories of CAS, Beijing, China )

For the first time an atlas of high spectral resolution (R = 60000)

CCD-spectra in the low studied wavelenghth range 3500-5000AA is
presented for 4 stars with values of metallicity -3.0<[Fe/H]<-0.6,
temperatures 4750<Te<5900K and surface gravity 1.6<log g<5.0. Based
on these spectral data we determined model atmosphere parameters and
calculated abundances of 29 chemical elements or their ions.

JD04-9 Poster
Study of Ha regions in 120 Be-type stars

E. Lyratzi', E. Danezis’, A. Antoniou’, D. Nikolaidis', L. C. Popovic’, M. S.
Dimitrijevic?
"University of Athens, Faculty of Physics, Department of Astrophysics,

Astronomy and Mechanics, Athens, Greece, 2Astronomical Observalory,
Belgrade, Yugoslavia (Serbia and Montenegro)

Introduction: As it is already known, the spectra of many Oe and Be stars
present Discrete Absorption Components (DACs) which, due to their
profiles’ width as well as the values of the radial velocities, create a
complicated profile of the main spectral lines (Bates & Halliwell, 1986). In
this poster paper we detect the presence of this phenomenon (DACs or
SACs) in the shape of Ha line in the spectra of 120 Be-type stars.

Method: In our study we apply the method proposed by Danezis et al.
(2003, 2005) on the stellar spectrographs of 120 Be stars, which were
taken by Andrillat & Fehrenbach (1982) and Andrillat (1983) (resolution
5,5 and 27 A) with the telescope of 152 cm in the Observatory of Haute
Provence and we examine the variations of the physical parameters,
stated below, as a function of the spectral subtype and the luminosity
class.
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Results: We found that in the Be-type steliar atmospheres, there are two
regions that can produce the Ha Satellite Absorption Components (SACs
or DACs, Danezis et al., 2005). The first one lies in the chromosphere and
the second one in the cool extended envelope. With the above method we
calculate: a) For the chromospheric absorption components we calculated
the optical depth as well as the rotational and radial velocities of the
independent regions of matter which produce the main and the satellites
components. b) For the emission and absorption components which are
created in the cool extended envelope we calculated the FWHM, the
optical depth and the radial velocities of the independent regions of matter
which produce the main and the satellites components.

Discussion: We point out that the new and important aspect of our study is
the values’ calculation of the above parameters and their variations as a
function of spectral subtype and luminosity class, using the DACs or SACs
theory. Our results are a successful test of this theory and of Danezis et
al. (2003, 2005) proposed method. This study is a part of a Ph. D. Thesis

JD04-10 Poster

The complex structure of the Si IV AA 1393.755, 1402.77 A regions of
68 Be-type stars

E. Lyratzi', E. Danezis', A. Antoniou’, D. Nikolaidis®, L. C. Popovic?, M. S.
Dimitrijevic?
"University of Athens, Faculty of Physics, Department of Astrophysics,

Astronomy and Mechanics, Athens, Greecs, Astronomical Observatory,
Belgrade, Yugoslavia (Serbia and Montenegro)

Introduction: As it is already known, the spectra of many Oe and Be stars
present Discrete Absorption Components (DACs) which, due to their
profiles’ width as well as the values of the radial velocities, create a
complicated profile of the main spectral iines (Bates & Halliwell, 1986). In
this poster paper we detect the presence of this phenomenon (DACs or
SACs) in the Si IV resonance lines in the spectra of 68 Be-type stars of all
the spectral subtypes and luminosity classes.

Method: In our study we apply the method proposed by Danezis et al.
(2003, 2005) on the spectra of 68 Be stars, taken with 1.U.E. and we
examine the variations of the physical parameters, stated below, as a
function of the spectral subtype.

Results: We found that the absorption atmospherical regions where the Si
IV resonance lines originated may be formed of one to five independent
density layers of matter which rotate with different velocities, producing
one to five Satellite Absorption Components (SACs or DACs, Danezis et
al., 2005). With the above method we calculate the values of the apparent
rotational and radial velocities, as well as the optical depth of the
independent regions of matter which produce the main and the satellites
components of the studied spectral lines.

Discussion: We point out that the new and important aspect of our study is
the values’ calculation of the above parameters and their variations as a
function of spectral subtype, using the DACs or SACs theory. Our results
are a successful test of this theory and of Danezis et al. (2003, 2005)
proposed method. This study is a part of a Ph. D. Thesis.

JD04-11 Poster

A New Approach For DACs And SACs Phenomena
Atmospheres Of Hot Emission Stars

D. Nikolaidis', E. Danezis', E. Lyratzi', L. C. Popovic?, M. S. Dimitrijevic?,
A. Antoniou’, E. Theodossiou'

In The

"University of Athens, Faculty of Physics, Department of Astrophysics,
" Astronomy and Mechanics, Athens, Greece, ?Astronomical Observatory,
Belgrade, Yugoslavia (Serbia and Montenegro)

Introduction: As it is already known, the spectra of many Oe and Be stars
present Discrete Absorption Components (DACs) which, due to their
profiles’ width as well as the values of the radial velocities, create a
complicated profile of the main spectral lines. This fact is interpreted by
the existence of two or more independent layers of matter, in the region
where the spectral lines are formed. Such a structure is responsible for
the formation of a series of satellite components (DACs or SACs) for each
spectral line (Bates & Halliwell, 1986, Danezis et al. 2003, 2005).
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Method: In this paper we present a mathematical model reproducing the
complex profile of the spectral lines of Oe and Be stars that present DACs -
or SACs. This model presupposes that the regions, where these spectral
lines are formed, are not continuous but consist of a number of
independent absorbing or emitting density layers of matter and an extemna§
general absorption region. In this model we assume that the linefe.
broadening is due to the random motion of the ions and the rotation of the -

density regions that produce the spectral line and its sateliite components.

With this method we can calculate the values of the apparent rotationa

and radial velocities, the Gaussian standard deviation of the random §
motions of the ions, the random velocities of these motions, as well as the’
optical depth, the Fuil Width at Half Maximum (FWHM), the absorbed andf

the emitted energy and finally the column density of the independent?’

regions of matter which produce the main and the satellites components g.
of the studied spectral lines.

Results: In order to check the above spectral line function, we calculated §
the rotational velocity of Hel A 4387.928 A absorption line in the spectra of i
five Be stars, using two methods, the classical Fourier analysis and our §
model. The values of the rotational velocities, calculated with Fourier §
analysis, are the same with the values calculated with our method. 3

Discussion: We point out that the new and important aspect of this method ;
is the values’ calculation of the above parameters using the DACs ok
SACs theory.

JD04-12 Oral presentation
High mass stars: starbursts E

R.M. Gonzalez Delgado
Instituto de Astrofisica de Andalucia, Granada, Spain

Starbursts are the preferred place where massive stars form; the main §
source of thermal and mechanical heating in the interstellar medium, and §-
the factory where the heavy elements form. Thus, starbursts play anf
important role in the origin and evolution of galaxies. Starbursts are bright
at ultraviolet (UV) wavelengths, and after the pioneering IUE program, §
high spatial and spectral resolution UV observations of local starburst E
galaxies, mainly taken with HST and FUSE, have made relevant}:
contributions to the following issues: a) The determination of the initiaf §
mass function in violent star forming systems in low and high metallicity
environments, and in dense (e.g. in stellar clusters) and diffuse
environments. b) The modes of star formation: Starburst clusters are an §
important mode of star formation. ¢) The role of starbursts in AGN. d) The
interaction between massive stars and the interstellar and intergalactic k
media. e) The contribution of starbursts to the reionization of the universe. |

Despite the very significant progress obtained over the past two decades

of UV observations of starbursts, there are important problems that stil f
need to be solved. High-spatial resolution UV observations of nearby }:
starbursts are crucial to further progress in understanding the violent star §
formation processes in galaxies, the interaction between the stellar§
clusters and the interstellar medium, and the variation of the IMF. Thus, a |
new UV mission furnished with an intermediate spectral resolution long-slit
spectrograph with high spatial resolution and high UV sensitivity is §
required to further progress in the study of starburst galaxies and their
impact on the evolution of galaxies. .

JD04-13 Poster

Eta Carinae: What we have learned from HST/STIS in the UV
TR Gult

NASA/GSFC/EUD, Greenbelt, United States

The Luminous Blue Variable, Eta Carinae is revealing many answers to its £
mysteries by high spatial resolution in the visible and the uitraviolet. E
Studies with the STIS from 1998.0 to 2004.3 show major changes in the §
stellar and nebular spectra that track with the 2024-day period first noted
by A. Damineli in the visible and followed by M. Corcoran via RXTE X-Ray §
monitoring.

We will show examples of the stellar and nebular spectra indicating
changes in the central source, likely a massive binary system and }

indicating the response of the nebular ejecta, which is the >12 solar mass §.
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07P01

——u——
The “Changeling” UV Spectrum of Mira B

M. KAROVSKA, B. WooDp, & J. RAYMOND

The Mira AB system belongs to a class of detached binaries in which a compact object accretes mass
from the wind of a cool giant or supergiant. The emission from Mira B is generally assumed to be
from a white dwarf surrounded by an accretion disk fed by Mira A’s massive wind. Mira B dominates
the UV emission from the Mira AD system.

We report here the results from our long-term (>15 years) study of the UV emission from Mira
B. The spectra of Mira B show significant changes, especially in the past decade. The most recent
HST STIS observations of Mira B (1999) showed that the UV spectrum is dominated by numerous
narrow H2 lines which were not detected in the previous HST observations from 1995, or in any of the
numerous observations of Mira B by IUE from more than ten years ago. In addition, the continuum
fluxes of our HST/STIS spectra are well below those detected by IUE and previous HST observations.
These dramatic changes in Mira B’s UV spectrum suggest a possible disruption of the accretion disk.

Future UV observations of this and other interacting binaries are critical for determining the ori-
gin of the significant UV variability and for understanding the accretion processes in wind accreting
systems.

07P02

———
Broadening of Ga I UV Lines due to Collisions with Charged Particles

D. S. MiLaN, D. MI1oDRAG, C. ZORICA & S. ZORAN

Neutral Gallium spectral lines are significant for CP star spectra analysis, where the influence of
collisions with charged particles on spectral line shapes should be taken into account. Moreover, with
development of space born spectroscopy, good quality high resolution spectra of trace elements like Ga
I become more and more available increasing interest for the corresponding line broadening parameters.
We analyze in this contribution, the influence of collisions with electrons and ions on UV Ga I spectral
line shapes. Analysis has been performed within the semi-classical perturbation approach and line
broadening parameters for astrophysically important spectral lines have been provided.
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07P03

R

Importance of Collisions with Charged Particles for Stellar UV Line
Shapes: Cd III

N. MiLovaNovic, M. S. DIMITRIEVIC, L. C. Popovic & Z. SiMIC

Influence of collisions with charged particles on Cd ITT UV stellar lines has been disscused along HR
diagram. Within the modified semiempirical approach line broadening parameters have been obtained
for most important Cd III UV lines of interest for stellar spectroscopy. Since with the development
of space born spectrographs, like Goddard High Resolution Spectrograph on Hubble Space Telescope,
even data for trace elements become more and more important, we hope that new data on Cd III UV
lines will be of interest for spectroscopy of hot astrophysical plasmas.
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ION-ATOM COMPLEXES AND THE RECOMBINATION IN STELLAR PLASMA

A.A.Mihajlov' “and M.S.Dimitrijevic®s?

;Institute of Physiecs, P.0O.Box 37, 11001 Beograd, Yugoslavia
Astronomical Observatory,Volgina 7, 11050 Beograd, Yugoslavia

¥We will demonstrate in this contribution the significance of
the combined study of the following processess

x
A;+9-A>A(n) (1a)
*
A+ A (n)
A+ At v e x (1b)
A (n) + A
L
in the study of the recombination of ions and electrons in
weakly ionized stellar plazmas, andg will provide the
corresponding rate coefficients for the I and He case.Here A

. . *
denotes atom, at and AE atomic and wolecular ions, A (n) atom

excited to the level of principal guantusm number n, and e
denates electron.

In the present work the rate coefficients for processes
(la) and (1b) for the case n¥ ! are determined using resonant
energy transfer model within electronic components of the atomic
systems considered (Mihajlov andg Janev, 1981} for the hydrogen
and heliusm case for conditions in stellar atmospheres. In the
hydrogen case we provide data for T4 1000CGK. [n the helium case
the rate coetfficient: are calculated and analysed for T £ 30000K
what is of particular interest Sor aon DA white dwarfs with
helium deminated atmospheres.

REFERENCES

fiithajlov, A A., and Janov. K.R.- (301, J . Phys B 14, B33
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STARK BROADENING PARAMETERS FOR SPECTRAL LINES OF
MULTICHARGED IONS IN STELLAR ATMOSPHERES:
C IV, NV, O VI LINES AND REGULARITIES WITHIN AN
ISOELECTRONIC SEQUENRCE

H.S.Dinitrijeviél, and S.Sahal-Brachot®
lAstrononical Observatory,Volgina 7, 11050 Beograd, Yugoslaviad

2 . " .

Laboratoire "Astrophysique, Atomes et Molecules" Departement
Atomes et Nolecules en Astrophysique Unite associee au C.N.R.S.
No 812 Observatoire de Paris-Meudon, 92190 Meudon, France

For the investigationsof hot star atmospheres it . is of
interest to know Stark broadening data for multiply charged ion
lines as C IV, N V, QVI (see e.g. Werner, Heber and
Hunger, 1881). In order to¢ provide a method for quick
interpolation of new data along an isoelectronic sequence it is
of interest to investigate if a sufficiently regular behaviour
of Stark broadening parameters along such a sequence exists.
Horeover, Stark broadening of spectral lines has been taking a
nevw interest in astrophysics (Seaton, 1887), owing to the recent
development of researches on the physics of stellar interiors:
in subphotospheric layers, the modellisation of energy
transport needs the knowledge of radiative opacities and thus,
certain atomic processes must be known with accursacy. -

The present paper ‘concerns C IV, ¥ V-and O VI 1lines.Beyond
the interest for the stellar atmospheres investigation and the
modellisation of stellar interiors, the knowledge of C IV  Stark
broadening parameters is of great importance for a nusber of
problems in astrophysics and plasma physics, since carbon has a
high cosmical abundance and is present as impurity in many
laboratory plasma sources. In order to provide reliable data
for the mentioned lines broadened by collisions with all
important charged perturbers in stellar plasmas, we have
calculated electron-, proton—, and ionized helium~impact line
widths and shifts for 38 C IV (Dimitrijevi¢ et al, 1991ia), 39 Si
IV (Dimitrijevi¢ et al, 198ib) and 30 O Vi multiplets
(Dimitrijevic< and Sahal-Br<chot, 1982), using the

"semiclassical-perturbation Fformalism (Sahal-Brechot, 1868ab).

The obtained results were used to investigate the behaviour
of Stark broadening parameters within the isoelectronic
sequencee in order to examine the use of such behaviour for the
interpolation of new data of interest for the stellar plasma
investigations.
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On the Stark Broadening of Mg 1 lines from Solar and
Laboratory Plasmas

M. S. Dimitrijevi®, S. Sahal-Bréchot?

! Astronomical Observatory, Volgina 7, 11050 Beograd, Yugoslavia
2 Observatoire de Paris-Meudon, 92190 Meudon, France

Lines of neutral magnesium are present in the solar spectrum and the corre-
sponding Stark broadening parameters are of interest for their analysis as well
for the diagnostic of solar plasma. Especially the infrared lines of Mg I have
been observed in the solar spectrum at Kitt Peak and during the Atmos ex-
periment on Spacelab (Brault & Noyes 1983, Farmer & Norton 1989, Jefferies
1991). Due to the suitability of these lines for the solar atmosphere investi-
gations (see e.g. Van Regemorter & Hoang-Binh 1993), and to the fact that
with the increase of the principal quantum number increases the importance
of the Stark broadening as well, the corresponding Stark widths and shifts are
of importance for the structure of the solar atmosphere diagnostics. Moreover,
Stark broadening parameters of the neutral magnesium lines are important for
the diagnostics of laboratory plasmas as well.

By using the semiclassical-perturbation formalism we have calculated elec-
tron-, proton-, ionized helium-, ionized magnesium-, ionized silicon- and ion-
ized iron-impact line widths and shifts for 267 Mg 1 multiplets, in order to
continue our effort to provide to astrophysicists the needed Stark broadening
data. A summary of the formalism is given in Dimitrijevié et al. (1991). Here,
we present and discuss the obtained results, and also the comparison with
other, approximate calculations (Van Regemorter & Hoang-Binh 1993).

Brault, J., & Noyes, R.W. 1983, ApJ 269, L61
Dimitrijevié, M. S., Sahal-Bréchot, S., & Bommier, V. 1991, A&AS, 89, 581

Farmer, C. B., & Norton, R. H. 1988, A High Resolution Atlas of the Infrared Spectra of
the Sun, NASA Reference Publication 1224

Jefferies, J. T. 1991, ApJ, 377, 337
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jump at the CMB and CMB flattening, excitation and maintenance mechanism of
the free libration and free core nutation, core-mantle different rotation).

ONPENEJEHME HETEILJIOBbIX CKOPOCTE¥ B COJIHEYHOH
KOPOHE IO SMHUCCHOHHBIM JINHHUAM 5303 Y 6374 A
COJIHIIE ¥ NJAHETBI
Henoue A.B., [Topoupbesa I A, Axynuna [.B.
Tocydapcmeensoti GCMPOROMULECK UL UH-M UM. I1.K llimepr6epza, Poccus

lpo6rema HCCAEAOBARUA HETEMIOBEX CKOPOCTeR B colHeYyHOH KOpOHe B NpH-
MYIO CBsi3aHa ¢ OnpefiefeHueM TeMNepaTypsl usaydawoied obaacty. [lpu scex Bos-
MOMHHX IPUHUMaeMbIX TeMIIepaTypax Bcelfia CYWeCTBYIOT HEeTeNI0Bhe CKOPOCTH.
PaccmatpuBaeTcs CBA3b KX BEJMUMH ¢ MATHUTHBIM NIOJEM.

HUCHOJIL30BAHME PE3YJIBTATOB,
TIOJYYEHHBIX HA KOCMHYECKOM TEJIECKOIIE,
JJI9 HASEMHBIX CIHEKTPAJIbHBIX HCCJEJOBAHUH
Jlenuciok 2 K., AQHP, Kasaxcman

O6cyxpaeTcs npobreMa HCCAeOBAHHS IEPEMEHHOCTH WHPOKOR KOMIOHEHTH
aunur Hy B ceiibepToBCKOMA TanaKTHKe NGC 4151. [lns oTheseHHs HATOXKEHHBIX
Ha Hee Y3KMX SMHCCHOHHBIX JHHHA Hy n [NII} 6548 u 6584 aur. ucnonbaynTCs
peayabTaTH HaGAOAEHHUE 3T0rT0 06bexTa Ha OPGHTANLHOM TeJecKone HM. Xab66aa.
[pusiexaTes Kak NpAMbie H306paXkeHHus, NOJyUeHHbIE C BRICOKHM YIZIOBBM pas-
pellleHHeM, TaK H AaHHbE CIEKTPabHbiX HAGTIOLEHUH, BHITOIHEHHBX ¢ yaxon {wu-
punoil 0.1 cex.nyru) menso.

JIUHHHU HHOPAKPACHOIC TPUIIJIETA KAJNBUKA CAII
HA COJHUE M XPOMOC®OEPHO AKTHBHBIX KAPJUKAX G8
Jusnexees M.H.
locydapcmeennoui acmponomuseckud un-m us. [1.K Himepnbepea, Poccus
Uccnenosaust npoduan aurui UK rpuniera kaasuus Call B pasauuHbIX o6pa-
a0Banusx ua ConHue. OCTATOYHAN HHTEHCHBHOCTb B SAPAX 3THX JHHHUMA Bo (JOK-
KyJaX CHJBHO 32BHCHT OT aKTHBHOCTH (PJIOKKYJOB. Kak 5uisno0 nokasaHo Linsky
(1979), sanonxende siipa AHHuY 8542E B 3Be3/aX NO3AHEro Kjaacca MOXeT 65ITh
HCIONb30BAHC KAK Ka4eCTBEHHbIH MHAMKATOP XpOMOCQepHOi aKTHBHOCTH. TaKkuM
o6pasoM, ocTaToyHas HHTeHcHBHOCTh auHui MK rpunsera Call moxer CRYHKHUTH
unmrKaTopoMm aktisHocTH CoaHua. '

SPECTRAL LINE SHAPES IN ASTROPHYSICS
Dimitrjevic Milan S. Astronomical Observatory, Belgrade, Serbia, Yugoslavia

Stark broadening research in Yugoslavia is a developed research field, which
has a critical mass of scientists. Spectral line shapes, investigations in Yugoslavia
and Serbia within 1962—2000 period has been reviewed in this contribution, with
the special emphasis on the results of collaboration with colleagues from Russia,
Belarus and Ukraine and with an analysis of the astrophysical applications of
results of Serbian authors, and the use of their results by colleagues from Russia,
Ukraine, Belarus and Eastern-European countries. Such analysis might shew not
only obtained results but also possibilities and common interest for future collab-
orations. Particular attention has been paid to the semi-classical method and the
modified semi-empirical method as weli as to the use in astrophysics of results
and achievements in Stark broadening research of the Belgrade school.

22
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CTH 3Be31006pasoBanus B TymanHocTH OpHoHa ¢ YTJIOBBIM paspelieHHeM, COOTBET-
creyowmnM 0.05 ae. O6napyxenn CTPYKTYPBI, COMYTCTBYIOUIHe HOPMUPOBaHHIO
8Be3: aKKpeUHOHHble AWCKH H MKertl. B AGN o6vekrtax 1803+784 u 3C 345
HCCaeIoBaHbl 06/1acTH siep, YCTAHOBAEHO TOTJOWEHUe CHHXPOTPOHHOIO H3nyde-
HHUA PENATUBHCTCKHX HaCTHIL JUKETOB B OKPYXX2MollUel HOHM3OBAHHON Cpefie.

THE INTERNATIONAL COLLABORATION OF BAO
IN THE FIELD OF ACTIVE GALAXIES
Mickaelian A.M., Byurakan astronomical Observatory, Armenia

Since 1997, an international cooperation between the Byurakan Observatory
and Observatoire de Haute-Provence (France) scientists is active in the field of
extragalactic astronomy. 9 scientific tri ps have been carried out in the framework
of this collaboration. On the basis of new quasars of the First Byurakan Survey
(FBS), the most complete sample of bright QSOs has been constructed and their
surface density is re-estimated. More than 1200 new galaxies from the IRAS PSC
catalog have been revealed and investigated. On the basis of fine analysis of the
emission spectral lines profiles, work on revealing of narrow lines and classification
of broad-line AGNs is conducted. This was impossible before because of presence
of broad component emission lines. A new subtype of AGNs has been separated.

THE INFLUENCE OF CHEMI-IONIZATION AND CHEMI-
RECOMBINATION COLLISION PROCESSES
ON THE CHARACTERISTICS OF PLASMA IN THE LOW
TEMPERATURE LAYERS OF THE SOLAR ATMOSPHERE
Mihailov A.A!, Ignjatovic LM, Popovic L.C.2, Dimitrijevic M.S.2
!Institute of Physics, Beograd, Yugoslavia
*Astronomical Observatory, Beograd, Yugoslavia

In this work we studied a group of chemi-ionization and chemi-recombination
processes as a factor of influence on the electron density and population of Rydberg
states of hydrogen atoms in low temperature layers of solar atmosphere
(photosphere and a part of chromosphere). The chemi-ionization processes occur
in collisions of two hydrogen atoms, where one of them is in the ground, and the
second is in high excited state, while the chemi-recombination processes occur
during the free electron scattering on collisional hydrogen ion-atom complexes, as
well as on hydrogen molecular ions in weakly bounded ro-vibrational states. These
processes have been treated in the frame of semi-classical approximation, which
were developed in several previous papers. Their influence on parameters of solar
atmosphere has been investigated using of complex modeling procedure.
Comparison of results of calculation, performed with inclusion of chemi-icnization/

recoiiv o dor o o therd o Cem AR 2
very impoitant, eng aave (o o2 iaken ints account in modeling oi low temperature
layers of solar atmosphere. o

ACTPOHOMHS B PODOHU: TUHAMHKA PA3BUTHS 3A 10 JET
Musun B.A., POOH, Poccus

PacemoTpeHa fHaMuKa pasBHTHA acTPOHOMHYECKAX UCC/eIOBaHHE, BHITOJIHEH-
HbiX no rpadtam POOH. fano 6ubnuorpaduueckoe onucanne acTpoHoMun (Ha
ocHoBe AaHHbX POOH). Uccaenosano MEeXOYHapOfHOe COaBTOPCTBO POCCHHCKHX
aCTPOHOMOB.
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T AL II"F L USHCE GF THE RIESCNAJT [HON-ELASTIC ATOM-RYDBE RG
ATIM COLLISEOr ?RCCESSES ON THE CHA "ACTERISTICS
OF VW LAKLY 1ONIZED “LACIA

A. A. Mihajlov', Lj. M.. g acovi © D, Jevremovié?, M. 3. Dimitr jevié?,
A.N. <lycaar-v?, A. A. Matveev’
Ynstitute of Fhys.c.: (PO Eox 57, 11001 Belgrade, Serbia)
2 dstronomical Observatory (Volgina 7, 11160 Belgrade, Serbia)
V. A. Fock Institute of Physics St-Pete sburg, University, Ulianovskaya 1, 198904,
$ Peterburg, Russia)

Introduction

[n this work the chemi-ionizatizn proc 2sses in symmetric atom-Rydberg atonr coll sions,
.=1" as the inverse chemi-recombir at'on v-ocesses, there are in the centre of attention. Here
«2p in mind the atc m-atom coilision ionization processes

Am)- A>e +A4"+4 (1)
A+ A—>e + 4 )

- corresnonding electron-ion-atom =corsib ne iion processes

e, +A +A—> A (n)+4 (3)
e, +A4; > A(m)+ 4 (4)

ire A'(:») is an atom ‘n the highly =xcited (Kydberg) state with the princinal quantum numbe:

>1, 4 and A" - the correspondin y paren's atom and its positive ion in their ground states,
— tae moleculér ion in the grounc. electroric ctate, and e, — the fee electron witk ensrgy ¢, .
he previous . >r'od primari y the processes 1) and (2), in the zases wwhen £ is an alkali atom,
-2 invec:igated [1-16]. Apart of tha. t'e processes (1)-(<), in the cases when 4= H anc Fe,
e investigated a’so [17-19]. Al" ck>m? ‘or ization processes were treater’ by means of semi-
ssical “iethod based on the m=chanism of “.:2 resonant energy exchange witain the electron
npoaent of tie considered collisica system, introduced into consideration in [20]. This

-hanism is illustrated oy Fig. I, »27e U, arnd U, denote the potentia. curves of the ground

d the first excited electranic state of riolecu e - ‘'on A . Firs*® of all, the mentioned papers were

svotel to ceiermination of thz crosz-sectior s and the corresponding rate-coefficients for the

icesses 1)—(4).
Beside of chemi-ionizatior ar< rhemi -2combination processes, the processes of (n-n’)-

ing in symmetric aton.-Rydberg atc collisions, namely

. A (n+p)+ 4,

, 5
A(n)+/—){A+A*(n+p), )
A )t —>{A (n=p)+4, (6)

A+ A (n-p),



where p 21, were investigated in previsus period, but only sporadically. Here we will mention

only two papers where the mentior.>d resors 7t nechanism was introduces and studied [20, 21].
The main aim of these papers was also deterraination of the corresponding cross-sections.

(a) (b)

Fig. 1. (a) Schematic illustration of A (n)+ A collision (the region of the inter-nuclear
distance R where the outer electron is collectivized is shaded); (b) Schematic illustration of
the simultaneous resonant transitions of the outer electron from the initial bound to the final

free state and the sub-system A" + A from initial excited to the final ground electronic state

In the last few years significant attention was devoted to the investigation of processes
(1)—(6) from the aspect of their influence to inner-plasma kinetics and optical characteristics of
weakly-ionized laboratory and astroiysics zaseous plasmas. Just from such an aspect these
processes are considered in this work

Fl2zu.'s aad discussion

Recertly, in [22] was presenie? the ¢ gnificance of processes (1)~(4) with 4= Na for
different estrcphysical plasmas and fo so called photo-resonant plasmas (see also [23]). In [2Z]
it was suggested that for the applica’-ns of processes (1)—(4) in the cases of alka.. atoms one
should use the rate coefficients detern -~ =1 in [12] and [16], while in the case of 4= H and He —
the rate coefficients determined in [1' and [1-]. In connection let us draw attention that the rate
coefficients from [18] and [19] we e alreacy applied for the solar photosphere and for
photospheres of some B white dwrirs, where it was noticed that the processes (1)-(4) with
A=H and He dominate in compariso « with other relevant ionization-recombination processes
[24, 25]. Because of that, the influence of that srocesses with 4= H on H'(n) atom populations
was investigated by means of code FF DENIX in the case of photosphereM dwarfs [26]. Major
result of this work is that including of ‘he proresses (1)-(4) in the model changes the calculated
values of the mentioned populations u» :0 50 %. This is illustrated by Fig. 2 which shows the
behavior of the quantity ¢(n), i.e. the ratio of the populations calculated with and without
inclusion of chemi-ionization and ceir i-re ;ombination processes. Since these processes,
influence also to the electron density in the considered photosphere, they should influence
simultaneously to the intensities and ~..c shaves of hydrogen spectral lines. This impressive
confirms “he results shown in Figs. 3/ zr¢ 3b, which relate to the shapes of H, and Pa, lines
determinec with and without of processes (1)—(4).
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Apart of above mentioned on< sho :d acd t1at in the last time are obtained first results in
connection "with thz prosesses (5) and (5 of (=-n”-mixing in H (n)+H collisions, which
suggest that theze rocesses could sign “ 2arly inflience to the distribution of excited states
atom populations in weak’y ionized hyd«g=1 ;" s5vas [28]. Come ate, this was confirmed for
t1e cacz of solar shotospuere [29].
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Hip 38684 (CL Lyn) is a short period variable (P ~ 1.59 days). classified as Algol-type
binary star.

In the absence of spectroscopic observations a ¢-scarch was made and the obtained
values were adopted in our subsequent analysis, performed with the latest version of the W-D
code. Moreover, taking into account all available information (spectral tvpes, color indices B-V
& V-I) for the system, the value of the temperature of its primary component was assumed.

THE ECLIPSING SYSTEM AW UMa: OBSERVATIONS AT KRYONERION AND
BUCHAREST

P. Rovithis (1), A. Dumitrescu (2), G. Oprescu (2). H. Rovithis-Livaniou (3). M. D.
Suran (2)

(1) Institute of Astronomy & Astrophysics, National Observatory of Athens, Greece

(2) Astronomical Institute of the Romanian Academy, Bucharest, Romania

(3) Section of Astrophysics, Astronomy & Mechanics, Department of Physics. Athens
University, Greece

In this paper photoelectric observations of the contact binary AW UMa are presented.
analyzed and discussed.

The observations were carried out with the 48-inch Casscgrain reflector at the
Kryonerion Astronomical Station of the National Observatory of Athens, Greece, as well as
with the 50cm Cassegrain telescope of the Bucharest Observatory.

From the individual observational points normal ones were calculated and the
corresponding light curves were analyzed using the Binary Maker program.

P s

STARK BROADENING IN S IIT SPECTRUM OF INTEREST FOR STELLAR
PLASMAS

M. Dimitrijevic (1), A. Srec¢kovicé (2). S. Djenize (2), S. Bukvic 2)

(1) Astronomical Observatory, Belgrade, Serbia, Yugoslavia

(2) Faculty of Physics, University of Belgrade, Serbia, Yugosiavia

Stark broadening data are of interest for abundance determination, stellar spectra
synthesis and interpretation, stellar atmospheres modeling, opacity calculations etc. Spectral
lines of Sulfur in various ionization stages are of interest for e.g. CP stars research. In this
contribution, Stark widths and shifts of four doubly ionized Sulfur (S 1) spectral lines in the
4s-4p transition have been measured in a SF¢ plasma created in the lincar. low pressure. pulsed
arc discharge at about 35 000 K electron temperature and 2.8 107 m™ electron density.
Mentioned parameters have been calculated using semiclassical perturbation formalism (SCPF)
taking into account new atomic data. Our new data are compared to the existing experimental
values and theoretical predictions made on the basis of various approximations.






TRANSITION PROBABILITIES IN Kr II SPECTRUM, OF INTEREST
FOR HIGH RESOLUTION STELLAR SPECTRA ANALYSIS

M. Dimitrijevi¢ (1), V. Milosavijevié (2). S. Djenize (2)

(1) Astronomical Observatory, Belgrade, Serhia, Yueoslavia
2) Faculty of Physics. Universitv of Belgrade. Serbia. Yugosiavia

For the analysis and modeling of stellar spectra. abundances determination and stellar
plasma analysis, gf values related to the transition probabilities are essential. Maoreover. duc to
development of space born astronomical techniques and devices like Goddard High Resolution
Spectrograph on the Hubble space telescope the spectral lines of trace elements like krypton. arc
observed and the corresponding atomic data are of the increasing interest. On the basis of the
relative line intensity ratio (RLIR) method transition probability values of the spontancous
emission (Einstein's 4 values) of 14 transitions in the singly (Kr IT) ionized Krypton spectra have
been obtained relatively to the reference 4 values related to the 435.548 nm. belonging to the
most intensive transitions in the Kr Il spectra. Mentioned A values have heen calculated also
using the Coulomb approximation (CA) method taking into account new atomic data for Kr 11
energy levels. The linear, low pressure, pulsed arc operated in krypton discharge has been used
as an optically thin plasma source at 17 000 K electron temperature and 1.65 10°° m™ electron
density. Our experimental and calculated relative 4 values have been compared to the existing
ones. We hope that our results will be of interest for the research of krypton abundances and
analysis of its spectra and transitions in astrophysical conditions.

ON THE STARK BROADENING OF Ne Il SPECTRAL LINES OF INTEREST
FOR STELLAR ATMOSPHERES RESEARCH

M. Dimitrijevic¢
Astronomical Observatorv, Belgrade, Serbia, Yugoslavia

The Stark broadening data of Ne Il spectral lines are of interest for diagnostic.
modeling and investigation of stellar plasma. Namely. from such data, it is possible (0 abtain the
basic plasma parameters, such as the clectron temperature and electron density. Morecver. neon
is the most abundant element in the universe after H. He. O and C, and it is for example one of
products of hydrogen and helium burning in the orderly evolution of stellar interiors. Also. after
H-, He-, and C-burning periods end in massive stars, ncon burning starts. Consequentlv, Ne {11
Stark broadening data are of interest for abundance determination, stetlar spectra synthesis and
interpretation, stellar atmospheres modeling, opacity calculations etc. Five experiments deal
with the Ne III Stark width measurements and eight papers contain results of theoretical
calculations. Due to significance of neon for stellar, but as well for laboratory and technological
plasmas, it is of interest to provide corresponding Stark broadening data. especially for
resonance lines and for lines originating from low lving energy terms. In this contribution we
present the results of our calculations within the semiclassical — perturbation formalism
electron-, proton-, and ionized helium-impact linc widths and shifts for 6 Ne 11} multiplets. The
obtained results have been compared with available experimental and theoretical data.






CHEMI-IONIZATION AND CHEMI-RECOMBINATION PROCESSES IN
HELIUM RICH WHITE DWARF ATMOSPHERES

A A Mihajlov (1), M. S. Dimitrijevié (2). 1. lenjaiovic (1)

(1} Institute of Physics, Belgrade. Serbia. Yugosiavia
(2) Astronomical Observatory, Belgrade, Serbia. Yugoslavia

The influence of the chemi-ionization processes during the collision of Rvdberg helium
atom with the helium atom in the ground state. and the inverse chemi-recombination processes
on the populations of the helium atom Rydberg states in DB white dwarf atmospheres (with the
effective temperature from 12 000 K up to 20 000 K and log ¢ = 7 and 8) has been considered.
In order to do so, these processes have been considered paralelly with the known ionization and
recombination processes, namely the processes of the electron-electron-ion recombination. the
Rydberg helium atom ionization by free electron impact, and electron-ion photorecombination.
As the quantitative characteristics of the influence of the above mentioned processes one takes
ratios of their contributions to populations of the helium atom Rydberg states. The analysis of
the obtained results shows that the symmetricai chemi-ionization and chemi-recombination
processes should be treated as factors of the significant influence on the populations of the
helium atom Rydberg states in the considered DB white dwarfs atmospheres. and must be taken
into account for their modeling.

PMS VERSUS POST-MS
M. D. Suran
Astronomical Institute of the Romanian Academy, Bucharest. Romanic

Close to the main sequence the HR diagram is confusing, as stars of similar ¢lobal
properties but with different stages of evolution occupy the same position. Both binaries and
pulsating stars with different evolutive stages were discovered in this area.

In some cases the young PMS stars are recognized through specific characteristics — for
instance the presence of nebulosity or high degree of activity. These phenomena must be
applied to discriminate between binary systems.

An alternative is to take advantage of seismical information whenever it is possibic. In
this case the discrimjnation between PMS and POST-MS is possible using differences in their
oscillatory frequency distributions in the low frequency range.

THE LOCAL STELLAR VELOCITY DISTRIBUTION OF THE GALAXY
M.D. Suran (1). A. Popescu (1), I Mihaila (2)

(1) Astronomical Institute of the Romanicon Acadenv, Bucharest. Romaniu
(2) Faculty of Mathematics and Mechanics, Bucharest, Romanic

In the solar-neighbourhood. older stars have larger random velocitics than voungor
ones. It is argued that the increase in velocity dispersion with time (the heating processy i
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[TPUPOOHE HAYKE Y CPBUIX JO 1914. TOOAMUHE
NATURAL SCIENCES IN SERBIA UNTIL 1914

CAXETAK: ¥V paay je npukasaH pa3Boj NPUPOLHMUX HayKa y
Cp6uju y XIX Bexy u npeum roguHama XX Bexa, no [lpsor ceer-
CKOF para. Hajnpe cy ce pa3Buie ,,HallMOHAJTHE HAayKe”, HayKe KOpH-
CHE 3a JIp)KaBy, OHOCHO HayKe Koje Cy cé OLHOCHJIE Ha YIO3HaBarba
3eM/be M HEHUX MpUpOIHUX BorarcraBa (GOTaHMKa, 300J70THja, MU-
Hepasoruja, reosoruja), Ocrtane Hayke (xemuja, (hU3UKa, MaTEMaTH-
Ka, acTPOHOMMja) pa3BHJIE CY Ce KaCHMje M IbHXOB Pa3BOj TEKao je
CTIOpHjE jep C& CMATPAIo la HUCY KOPUCHE 3a 3eMJbY M Ja 33 HbHUX He
Tpeba wmKonosatu sehu OGpoj JbyaW M TPOLIMTHU 3HATHMja MaTepHjan-
Ha cpeactBa. HayyHu pamoBu M Opyre KapakTePUCTHKE Hay4HOT pas-
BOja BPEOHOBAHU CY jeIHAKUM KpUTEpUjyMHUMa (pagoBu 00jaB/bEHU Y
HAYYHUM YacomyicHMa, MOoCTOjarbe HayYHHMX MHCTUTYLMja U Yacoru-
ca, LIKONOBamhe MAAIMX UCTPaXKuMBaua).

Kwyune peuu: mpuponHe Hayke, pasBoj y 19. Bexy, GoTaHuka,
300JI0THja, MUHEPATOTHja, TEONIOTHja, METEOPOJIOTHja, reorpaduja, xe-
MHja, MaTeMaTHka, HU3MKa, MeXaHHUKa, aCTPOHOMHUja

SUMMARY: This paper gives an outline of the development of
natural sciences in Serbia in the nineteenth century and at the begin-
ning of the twentieth century, up until World War L. First, there was a
development of ,national sciences”, the ones that were useful to the
country, i.e. sciences which referred to exploration of the earth and its
natural resources (botany, zoology, mineralogy, geology). Other scien-
ces (chemistry, physics, mathematics, astronomy) developed later and
their progress took more time as it was considered that they were of
no use to the country and that therefore not many people were neces-
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MMPUPOAHE HAVKE Y CPBUJU N0 1914. TOOUHE

6poj MIanuX /bYOM C HAjBUIIIMM JUTUTOMaMa (PpaHLYyCKUX, HEMAYKMX W IIBaj-
LAPCKUX IKOJIA, BEJTUKOT 3Harba, CHEPrje U KPEeaTMBHOCTH, MPEIyHU HAUU-
OHAJTHOI 3aHOCAa M TMATPUOTHU3Ma. Tpymwid cy ce Ja Y 3eMbM 0e3 HaydHe
TpaIVLMje pas3BUjy HAyKy, OCHYjYy HEOIXOOHE MHCTUTYLHME, OKYIEe MCTPaKM-
Bayke TWUMOBE U ypale OHO LITO Cy y IPYI'MM 3eMjbamMa TolWHaMa paiuiuv
OpOjHM HayyHHLIK U CTPY4YHAlM KpO3 LUKOJEe M oArosapajyhe ycTaHOBe.

OBO jeIMHCTBEHO pa3no0/be y UCTOPHjM Hallle HayKe HUje Lyro Tpajaio
jep ce, MoxKma 300r partoBa W Opyrux forabaja, MCUpIIA WHTENEKTyajlHa
eHepruja, caMoroy3Namke M CaMOCTAJTHOCT, Tala KapakTepUCTUYHU 3a CBAKOT
Halller HayuyHHKa.

3alITo cy rnojennHe Hayke Ouiie pa3sBUjeHHUje O OPYTHUX M Kako Cy y I10-
jemMHMM 06JNacTMMa HacTajajie IIKOJNE W Hayke OudepeHuupaie, IOK Cy Y
JPYT¥M HayyHUM 00;1acTMa paauiiv caMo MMojequHIHM, 6e3 moMohHuka u 6e3
BEJIMKUX cpeacTana’?

On npuponHux Hayka Ha JIMnejy je Hajmpe, y3 MaTeMaTUKy, NpeJaBaHa
¢dusuka. Ipeu npodecopu Ghr3KMKe U MaTeMaTUKe HUCY ce€ OaBUIM HAYYHUM
pa’moM, Hamucaiu ¢y noOpe yuGeHHKe, a Pa3Boj HayKe MoYeo je TEK KpajeM
Beka. C npyre cTpaHe, GuojoliKe Hayke (OOTaHMKa, 300JI0THja), 3aTUM Teo-
JorMja U MUHepaioruja, yreMebeHe cy gonackoM Ilanuwha Ha Jlmuej 1853.
roguHe. CBe TIOMEHYTEe HayKe, IION HAa3WBOM jectacTseHuUa, ITanumh je mpe-
JaBao 0 OCaMAECETHX TOIWHA, KaAa Cy MUX INPEy3e HETOBU YUCHULH.

Paznora 3a HeyjenqHaueH pa3Boj Haykd OO je BUIIE, ajlM HajBUILE YTH-
Laja UMaIM ¢y OIILUTH Momienn U atMocdepa y 3eMJbU Koju €y (aBOpH30Ba-
JY TojenMHe 00J1acTH, a 3aHeMapuBau Apyre. Tpebajo je HCTPaKUTH 3EMIbY,
diopy, dayHy, KIAMy, U CBE LITO je OWIO HETO3HATo U IUTO je Tpebayso oT-
KPDUTU U C TUM YII03HATH Haul cBeT W EBpony. TlpBu yyeHu JbyIu OKYIJbEHU
y dpywutBy cpricke cioBecHocTH M CpricKOM YYEHOM JPYIUTBY CMaTpatud Cy
Ja Tpeba pasBUjaTH ,,HALIMOHAIHE Hayke”, a He HEMOTPeOHO TPOIIMTH eHEep-
TUjy Y HOBALl Ha HayKe Ol KOjuX 3eMJba HeMa kopucTu. Hu kacHuje 0Baj cTas
HHMje MHOro M3MerbeH. [lpen kpaj xuBota, gebpyapa 1888, y TecTtameHTap-
HOM TIMCMYy ynyheHOM unaHoBHMa AkameMmuje Hayka, [Tanunh je npenopy4uo
aKaZeMULMMa [a ce OrpaHuue ,Ha OHe Hayke koje ce Cprctea M JyHOT
CIOBEHCTBA, a4 HAPOYUTO 3eMaba OaJIKaHCKOT TIONYOoCTpBAa TUYY .

BUOJIOIIKE HAYKE

BOTAHHMKA

Pa3Boj 6uosowkux Hayka yremesbuo je Jocugp Ianuuh (1814—1888) me-
geceTHx W mesnecetux roomvHa XIX Beka. I'maBHa o0sacT HETOBUX MCTpamKH-
Bama 610 je 6WwbHU cBeT CpOuje ¥ OKOIHUX 3eMaba. M npe momacka Ha JTu-
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Ipo¢. np CHEXKAHA BOJOBUR

uej 1853. ronwHe OH ce 6aBMO GOTAHMYKUM HCTPAKHMBABHMMA, 4 IMTOCTABIIN
npodecop OGOTaHMKE, 300JI0THjE, TEONIOTUje, MUHEPANIOIUje U arpOHOMUjE TOT-
MYHO CE€ OZAa0 HAaylW, OMHOCHO HMCTPAXWBaky NPUPOIHOr GOTraTCTBa 3eMJbE.
OcuM GMIBHOT CBETA, OH je MPOYYaBao MHCEKTE, MEKYIILE, NTHUE, pube, MU-
HepaJie, CTeHe, MUHepaiHe Boe.'

CpbOuja je 6vna HeucTpakeHa y moreny dbJope ¥ ¢dayHe, U Ha Kaprama
Esponie 3a Cp6ujy HemocTajanu ¢y oBM nomamu. OBakBy ciuky Ilanuwh je
KENeo Ja M3MEHW M Ja €BPOIICKO] HAYYHO] jaBHOCTW TIPMKa)Ke TPOYUYEHY
¢pnopy CpbHje M Tako je YK/bYYM y €BpOICKe GOTaHMYKE HaydHe TOKOBE.

dnopucTHYKa U TAKCOHOMCKA WMCTpa)KMBarba MONpasyMeBajy TauHy Ha-
YYHY UACHTU(DUKALMUY U PETUCTPOBAE CBMX OUJBHUX BPCTa, jep je TO OCHOB
33 KaCHUWja MOJICPHUja U KOMIUICKCHMja UCTpakuBamba. ITaHyuh je 6mo cucre-
MaTH4YaH M €r3akTaH HayyHWK W J1a OW UCNIYHWO CBOj 3aJaTak Mopao je na
obube cBe kpajeBe Cpbuje 1 OKOMHUX 3eMasba (riaHuHe Byrapcke, Lpue To-
pe u Ilpumopja). Ha cBoOjuM myToBakMMa CaKymbao je¢ U MIAEHTHHUKOBAO
(hriopy, Hanazuo Kbyd 3a BEeHY MICHTUDWKAIIA]Y U 00jaB/bUBAO pamoBe B MO-
Horpaduje Ha ocHOBY Kojux je Cp6uja Bpo Op30 cBpCTaHa y 3eMibe ¢ Oora-
TOM M pa3HOBPCHOM (JIOpOM.

IlpBe pesynrate CBOjUX (JIOPUCTHUYKMX HCTPaKMBaltha 00jaBHO je Tex
1856. romMHe, v CBOjoOj 42. rOOVHU, AeCeT TOAMHA IO Hosacky y Cpowujy. Beh
y OpBOM pany obyxBaTno je 1806 BpcTa caMOHMKIMX OM/baKa Koje pacty y
Cpbuju, Mehy KojuMa meT HOBHX BPCTa (TPU C€ U JAaHAC BOJE KAO CaMOCTaJ-
He OusbHe BpcTe) M 31 HOBU TAKCOH Ha HUBOY Bapujeteta U dopme (22 je mo
JaHac 3alpKallo CBOjy CUCTEMAaTCKY BPEIHOCT).

Ca uranujanckuM 6oraHnyapeM Buswmjanujem (Roberto de Visiani) oGja-
BMO je y Beneuuju cryaujy on tpu aena Plantae serbicae rariores aut novae
(1862, 1866, 1870) koja campxm 30 HOBUX OMBHUX BpCTa OTKpUBEHUX ¥ Cp-
6ujn (19 je 3agpxano cucTeMaTcKy BPENHOCT, 7 je CTEKIIO HMXKY CUCTEMATCKY
BPENHOCT, & YETUPU CY CUHOHMMHU ca Beh NMO3HAaTUM BpCTAMa).

Kusehn u panehin y Beorpamy Hajbome je rmo3Hasao Giopy merose
oxonuHe. ['onuHe 1865. o6jaBuo je mpBo usngamwe Daope y okoaunu 6eoipad-
cKoj Koje je cagpxkaBano 1057 uBeTHUUA pa3BPCTaHUX y 427 GUBHUX POIOBA.
Jo Kpaja HeroBor XKMBOTA M3AlIO j¢ jOIN IeT M3aarba, a 1892. m 1mecro u3-
Jame y KojeM je 6uio 1156 6uBHUX BpCTa.

! Huxona Jduknuh, Jocudp Manuuh, y: JKueomi u deno cpiickux nayunuxa, ypealnuk M. Ca-
puh, CAHY, Buorpaduje u 6ubnnorpaduje, Kibura 1, Beorpan, 1996 (name: JKueoii u deso
cpickux naysnuxa), 1—63; Bynucnas Tatuh, bomanuxka (1854—1904), y: Hayka u dexnuxka y
Cpbuju dpyze tionosune XIX sexa, Kparyjesau, 1998, 789—803; bynucnas Tatuh, Bomanuyke nay-
ke y Cpbuju moxom Opyée ionosune XIX sexa, y: 145 2o0una 6uonoiuje u 25 Zoduna monexynapme
6uonozuje y Cpb6uju, beorpaa, 1998, 75—93.
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MPUPOOHE HAYKE Y CPBEMUIK OO 1914. TOOMHE

Y kwusu Llymcko dpsehie u wubme y Cpbuju (1871) ommucao je 189 Bpcra
apseha v wnbmba, Mehy kojuMa Tpu HoBe BpcTe (15 cTpaHoOr mopekna).

Y Die Flora der Serpentinberge in Mittel-Serbien (1895) w3ppummo je
aHaJM3y [eJIOKYITHE CeprieHTUHCKe driope.

Y kwu3n Kueu idecax y Cpbuju u bume wifio Ha rwemy paciiie 0Opanauo je
Beretalujy 1 GJopy *KUBOT Tecka y cprickoM [MomyHarmwy, on Pama no yroka
Tumoka y JlyHas. Hapenene cy ykymHo 262 Bpcre 6usbaka, of KOjux 58 uBer-
HUlLIA.

CHHTe3y CBOJUX UCTpaXKuBarba 120 je y Paopu Knemcesune Cpbuje (1874,
Looaimax 1884). OBa kwura, ca 2422 6wbHe BpCTe, 1UTaMIlaHa X Ha JIATWH-
CKOM je3uKy, mnokasana je na je Cpbuja 3em/ba ca 60OTaTOM M KOMILIEKCHOM
dbropoM. Y mpBoM meny mao je 16 HOBUX BPCTa KOje je caM OTKpHO, 0Opaauo,
OTMCA0 U Ja0 MM Hasuse, a y Jodaixy jomr 12. lo obumy ¥ 3Havajy oBa
MOHOrpaduja MOXe ce YIIOPEINTH Ca KJIACUYHUM €BPOINCKUM (GIOPUCTUYKMM
JeaMa ca KOjuMa ce M JIaHaC paBHOTPaBHO LIMTHUPA, OJHOCHO TOHAlM U3 e
KOPHCTE Ce Y paJoBMMa Koju ce ogHoce Ha daopy bankaHa, a 6uia je OCHOB
n 3a Qaopy CP Cpbuje y nzmary CAHY (1970—1986). Jloxkusena je wiect
U3arka W CAYKWIA je U Kao Hauku yIIOEHHUK.

Jenno on ITanuuheBux Haj3Havajuujux otkpuha jecte omopuka (1876),
HOBa YeTHHAPCKA BPCTA KOja MPEACTaB/ba PEJIMKT U3 TepLUjapHOF 100a, eH-
JIEMCKa BpCTa 3a KOjoM je HeyMOpHo Tparao 20 roauHa.

[yryjyhu no Lphoj F'opu n mo Byrapckoj ITanuuh je cakynuo marepu-
jan 3a ¢diaopy Lipue Tope (1874) u dnopy byrapcke (1883, 1886).

lomnHe 1887—1888. [MaHuyuh je HAYMHUO CITMCAK Ha CPIICKOM M JIaTHH-
CKOM je3MKy CBUX OWBHUX BpcTa Hahenmx no Taga y Cpouju, ykymHo 2393, u
pasacjao wkonama y CpOuju M cTpaHuM OOoTaHMYaprMa M OOTAHWUYKUM HH-
CTUTYLHjaMa.

TTanyuh HeMa BeNMKM Opoj HayuHuUX pagosa: 15 pamosa u 10 kwura mMo-
Horpadckor Kapaktepa. Behuna pamosa 1+ KibuTa mraMmnada je y Cpoujn, amm
cy NMHUcaHa Ha HEMayKoM WM JIATUHCKOM Je3MKy Kako Ou Owia HOCTynHa
CTpaHoj jaBHOCTH. MelyyTnM, cBaka merosa mybaukanuyja je oOMMHOr u Gora-
TOT cazpykaja U NpPeACTaB/ba 3Ha4YajHO Neyo 3a 6oranuky Cpouje. Hberosu pa-
JOBM OMJIM CYy OCHOB 34 CBa KaCHHMja MCTpakMBaka W Pa3Boj pasjMuuTUX 60-
TAHWUYKUX ¥ 300JI0IUKMUX HUCLUIUIMHA.

VY toky 4ertpaeceroroauinber paxa [laHuuh je otkpuo 121 HOBY OUIBHY
Bpcty, 50 HOBUX Bapujeteta U 7 HoBux opmu Ommmaka. On 121 spere 11 je
MPHKa3aHO 0e3 HEONMXOMHMX oTvca (3060r yera HUCY HAy4HO BepU(MUKOBaHE).
64 cy merpamypaHe y CUCTEMaTCKOM CMMCIY U oApeheH UM je HMKM CHCTe-
MATCKH CTATyC Ha HUBOY IMOABPCTE, BapHjeTeTa M (popMe WM Cy U3jeIHAYeHS
Ka0 CHMHOHMMM ca Beh Mo3HaTMM OWJbHUM BpcTama, a HEKOJMKO BpCTa <2
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Mpod. 1p CHEXAHA BOJOBHUh

BPEMEHOM , U3ryOuno” jep HUCY MyOnMKoBaHe Y (DIOPUCTUYKUM DPALOBMMA.
Taxo je 10 JaHAac CBOjy CUCTEMATCKy BPEAHOCT 3ampxano 46 Bpcra, Mehy Ko-
jUMa HEKOJIMKO 3HAYajHUX PEIMKTHHUX W EHIEMCKMX BpCTa. Y TOC/Helme Bpe-
Me Heke Of AerpagupaHux BpCTa cy HOBMM MCTPOKUBAYKUM METOaMa MOHO-
BO aHaMM3UpaHe M BpafieHe HA HUBO BpCTe Kako je To IlaHumh ycraHOBHO.

[Manumhes pan npeacTaB/ha MpBa MpaBa HayyHa MCTPaKMBarba KO Hac,
a cam [MaHunh NMPBOT KOMILIETHOT HayYHHMKa Koju je menao y Cpbuju. Obja-
BJ/bUBAO j€ PafoBe M Ha CTPAHOM je3MKY U Y CTPaHUM YaCOMHWCHMA, YIeCTBO-
Bao Ha MehyHApONHMM CKyTOBMMa, OMO YjaH CTPaHMX ApYIUTaBa W akaaeMu-
ja Hayka, OIpKaBao Be3e C TIO3HATHM HaydHMIMMA (ayCTPHJCKUM, HEMAUKNM,
WTaIMjaHCKUM, MahapCKUM), BPILIMO pa3MeHy MaTepujajia ca CTpaHUM KoJe-
raMa, y 36Mpkama eBpOIICKHUX TIPUPONAYKMX U OGOTaHWYKMX My3eja MpoBepa-
Bao cBoja (nopucTnuka otkpuha, obwiazno 6oTaHUuKe GallTe 1 yro3HaBao
ce ¢ mUX0oBUM ypehemeM u oipkaBarbeM. Y beorpany je OCHOBao eKcrepy-
MeHTasnHy Jabopatopujy — boraHuuky GawmTy, a y 60TaHMYKA MCTPAaXHUBara
yBeO je jenaH 6poj cBOjuX Daka, kacHHje mpodecopa Cpearbux LIKOMa, KOjU Cy
HACTABWIM MCTpaxxuBama gaope Cpbuje 1 objasbuany pagose (M. Cumuh,
J. Karuh, H. Panojesuh, B. Wauh, Jb. dasunosuh, A. Josanosuh, M. bo-
ouh).

JKusojun Jypuwuh (1863—1921), npodecop cpenme mkone, 6uo je [an-
ypheB cienbeHuk. BaBUO Ce UCTPAXKUBAHLEM LIBETHULA, MCIUTHBAO (JIOpy
Byrapcke, Boche u MakenoHuje, a Jao je M JOTIPUHOC UCTPaiMBarmy Maxo-
BuHa. OG6jaB/bUBAO je pagoBe y HAIIUM Yacomucuma.’

Jdexap Casa Iemposuh (1839—1889) ucrtpaxusao je (iopy OKOIUHE
Huma ¥ Hamao HEeKOJIMKO HOBWX LBETHHIIA.S

Dyjo Adamoeuh (1864—1935), jeman on HajOobMX TO3HaBaNala Halle
dnope W Beretaumje (HekH HaBole Ia je mocne [Tanumha HajsaciyHUU 32
CHCTeMaTHKyY OIUbaka), KpaTKO BpeMe je mpeaaBao Ha Bemmkoj wkonu (1901—
1903), au je M TIpe M mocTe Tora o6jaB/bMBa0 PalOBe Be3aHe 3a MCTPAXKUBA-
tha Hallle 3eM’be. HajBaxHuje 1610, 0 Beretauuju 6anikaHckux semasba (Jajm-
uur, 1909), UMaTo je BETMKM 3Hauaj 3a TIO3HaBare (JIOpe U BEreTalujc OBOT
nena EBpore. Jeqan 6poj BpcTa Koje je OTKPHO IO IaHac je 3aapao CBOj CTa-
Tyc (13), 10K je M3BecTaH Opoj BPCTA MPETPIIEO PEBU3NJY U MIPOMCHY CTaTyca
(15). Jo Tpsor cBeTckor pata o6jasyo je 44 paga u nse MoHorpadwuje. Lu-

2 b. Tatuh, bomanuxa, 797.
3 Hosuua Panhenosuh, Caea [lemiposuh, y: JKusoii u deno cpiickux Hayunuka, Krura 3,
1998, 73—92.
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NMPUPOAHE HAYKE ¥ CPBUIJN A0 1914. TOOAUHE

TUpa C€ y CBUM pagoBuma M3 objactu ¢urtoreorpaduje U GIOPUCTHKE KOjU
ce ofHOce Ha basikaHCKO MOIyocTpBO.?

Hedewxo Kowanun (1874—1934) on nonacka Ha YHusepsurer 1906. ro-
IVHE 00aB/bdo je OMCexHa, caBpeMeHa (hJIOPUCTHUKA, TAKCOHOMCKA, CHCTe-
Matcka M (QUTOreHa UCTpakuBarba. Pam y ob6actu ¢iopucTke 3amodeo je
WUCTpaXXMBarbeM aJITH U MAaXOBMHA, a HACTABUO ITPOYYaBarbeM BUILUX OWIbAKA.
Orucao je 265 TakcoHa anrd, mehy mHMa aBe HoBe BpcTe. Onucao je u mpo-
yano 11 BpcTa LIBETHMLIA HOBMX 3a HayKy, O KOJUX CE€ 0CaM OApPXalo A0 Oa-
Hac. CBOjUM paJoBMMa YIIOTIYHHUO je ca3Hara o (JIOpH Halle 3eMibe U ba-
KaHa M oMoryhuo ycrocrasbare (GIOpPUCTHUKHUX Be3d u3Mmelly OalkaHCKe
¢nope u apyrux obaacT, rpe cBera rpearbe Asuje 1 Meautepana. Y cucTe-
MarcKka M ()JIOPUCTHUYKA MCTPAXKHWBaFa YHOCHO je ¥ (DU3HMOJOWKM M €KOJO-
KK acrnekT. baBuo ce n guroreorpadckuM rpoyuasameM jyxxHe Cpbuje kao
U MHOTUM IPYTHUM KpajeBUMa 3eMJ/be.

Hberosu pagosu cy decto uuTHpaHu, capahuBao je ca cTpaHUM HayJHH-
MMa U OMO WIaH HEKOJNMKO CTPaHMX GOTAHWYKMX ApYyLUTaBa.

On yxynno 43 HayuHa pana, no ITpBor ceeTckor parta o6jaBuo je 19 pa-
IoBsa, on tora 10 y crpaHuM yacornucuma.’

300JIOIIKE HAYKE

IMpBu Hayunu 3o00n0mku pag y CpOuju o6jasuo je 1847. ronnHe Ahum
Menosuh, siekap, Koju je Mo HaJOry BJIACTW TeT Mecenu nposeo y Bepaamy
npoy4yasajyhu ronybayxky mymuiy. M3BeluTaj o 0BOM HCTpaxkuBamy 06jaBUoO
je vy Cpackum nosunama, any Cy pe3yaTaTH NOCHEIH y €BPOTICKY jaBHOCT Ipe-
KO MpHKasa y beuxoj axameMuju Hayka.®

MehytuMm, nmuoHMpckn pan y GayHMCTHYKMM KCTPaXKMBaH-MMa 3arodyeo
je Manyunh. CacTtasBuo je mpBe K/byveBe 3a JeTEPMUHALMjy CKakaBalla ¥ Kud-
Meraka CpOuje, OTKPHO je HEKOMKO HOBHMX BPCTa )KMBOTHIbA. 3HAUAjHO JAe-

4 Bymucnas Taruh, Jyjo Adamosuti, y: JKugo@ u deno cpicxux Hayunuxa, Kwura 2, 1997,
209—235.

> Munoje Capuh, Hedewko Kowanun, y: JKusoiii u deno cpickux naywnurxa, Kieura 2, 1997,
437—467; Bojucnae [lerposuh, Mutopan Jankosuh, Uso Casuh, Cpicka axademuja Hayka u
ymemnociau u paseoj buonoduje, CAHY, 1989, 163.

® Muonpar Joparosih, Ahum Medosuh, Gucay Apeos wayunod 30010wkoé pada y Knexcegu-
uu Cpbuju, y: Ilora sexa nayke u @lexnuxe y obHoémenoj Cpbuju 1804— 1854, Kparyjeaw, 1996,
178—182; Munoje Capuh, Hdodpunoc 4ranoea dpywitica cpicke crosecrociu, Cpickoé yuenoé opy-
wilea u Cpicke xpamegcke akademuje y obraciiu domodpuspede u buonoiuje y XIX eexy, y: Havss
u mexnuxa y Cpbuju opyse donosune XIX eexa, Kparyjesau, 1998, 605—607; Muoxapar Jopano-
Buh, [lpasyu paseoja buonoduje xod Cpba y dpeoj Gososunu 19. eexa, y: Mpupodne u mafemains-
ke Hayke y Cpba y 18. u idpeoj donosunu 19. eexa, Hosu Canm, 1995, 331—337.
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Mpod. ap CHEXKAHA BOJOBHUh

no Ipaha 3a payny Knencesune Cpbuje (1869) camprkasano je cTyaujy CBEy-
KyITHUX JKMUBOTUHCKMX BPCTa U HUXOBY pacrpocTpameHocT y Cpboujn. Mo-
Horpaduja Pube y Cpbuju (1860) obyxBatuna je mpexko 90 Bpcra, cryauja
Higuue y Cpbuju o anasufivucom meifiody (1867) obyxsaruna je 303 Bpcre,
nok je y nemy Opioiitiepe y Cpouju (1883) omucao 137 BpcTa, OO KOJUX IBE
HOBE.’

HMako ce 300/10LIKMUM HCTpaXKUBarbMMa 0aBHO YCITYT, y3 GOTaHMYKA MC-
TpaxuBawa, ITaHuuh je npunpemao ydyeHuke 3a oBaj nocao. I'oguHe 1878.
wera je Ha Benukoj mikonu Hacneawo Jjiekap Jlasap okuh, mocie kora ce
cMemyjy jomi jaBa Jyiekapa, bophe Joanosuh u Bojucnas hophesuh.®

Tex monacxom 3oomnora JKugojuna Bophesuha (1896), mkonosaHor y e-
HeBU, bepnuny u Tlapusy, mounwy MoaepHa dayHMCTMYKA WCTPAKUBalha.
THophesuh je 06jaBuo pagoBe O MpPOTO30aMa, LIPBMMA, 3IIaBKApHMa, MEKy-
LIIUMa U KMYMERALMMAa, je3ePCKOM TUTAHKTOHY MakenoHuje, XUApaxuHapa-
Ma ¥ rojybauykoj MYIIMLM. Y CBOjoj Oyroj Hayynoj kapwjepu (1898—1957),
o0jaBuo je suiue on 70 HaydyHHUX pagoBa, a A0 IlpBor ceerckor para 12. Pa-
noBe je objaBmuBac y [aacy CKA M MCTOBpEeMEHO Yy HEMAdykuM M ¢paHIy-
CKMM yacorucuma.’

‘bophesuh je moceGHO MpurnpeMao BpeaHe U JAPOBUTE CTYIEHTE 33 UC-
TPaXXWBayYKY paj, a HUXOBe pe3yitare objaB/bMBao y nmyonnkauuju Padosu uz
Soonowkoé 3a600a. Hekn on HUX OCTAIM Cy HA YHUBEP3UTETY U HACTAaBWIM
Ja ce 0aBe HAYYHUM paioM.

T'EOJIOIIKE HAYKE

[TpBa reonouika Uctpaxkupamwa y CpOuju 06GaBWIIM CY CTPAHU CTpyYiba-
uu. bapon Xepnep je Ha rmo3uB kHe3za Muyomia 1835, ronuHe mecer Heneba
mytoBao 1o Cpbuju McmUTYjyhn TIO, pyOHMKE, W3BOpE, CTEHE, MUHepaJe.
loanHy naHa xacHMje CIVMYHA UCTPAXKUBAtha, ajd 00/be TMPUITpeMIbeHa, H3BEO
je Amu bye.!® Pe3yntaT meroBOT pafa AyTo CY CIYKWIH Kao OCHOB 34 Jajba
Te€0sI0LIKA UCTPaKHBaHba.

7 boxupap hypumnh, 3oorowxe nayke y Cpbuju dpyle ionosune XIX eexa, y. 145 éoduna
buoaoeuje u 25 éoduna monexyaapre buoaoduje y Cpbuju, beorpan, 1998, 47—75.

8 Hcro, 68.

9 Bojucnas Ilerposuh, Mwunopan Jankosuh, WMso Casuh, Cpiicka axademuja nayka u
ymeifinociu u paseof 6uonoiuje, CAHY, 1989, 170; boxunap hypuuh, JKueoili u denro axademuka
Kusojuna bophesuha, Monogr. Inst. Zool. Fac. Biol. Univ. Belgrade, 5 (y wrammn).

10 Bunojko Josuh, leoaowka uciumueara y obroemenoj Cpbuju (1804—1854), v: Mona ge-
Kxa Hayke u fiexnuxe y o6Hogmenoj Cpbuju 1804— 1854, Kparyjesau 1996, 182—192; 3opan Iler-
kouh, C@are u paseoj pydapciiea y obnosmwenoj Cpouju (1804—1854); y: IMoaa eexa nayke u
mexnuke y obnogvengl Cpbuju 1804— 1854, Kparyjesait, 1996, 404—414; Anekcaxnap I'py6uh, le-
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Ha csojuM nytoBawyma mo Cpbuju Jocud flanumh je ucrpaxubao M
TEONOIIKU CacTaB, PYAOHOCHE I10jaBe, MUHEpaJTHE BONE, CaKyIUbao U obpalhu-
Bao ocmire, cTeHe U MUHepane. MHOTe MogaTke YHOCHO je Yy CBoje OOTaHuY-
Ke pajgoBe, a y YUOEHUKY U3 MHUHepaioruje u reonoruje (1867) Hapeo je me-
JeceTaK Halllux MUHEpasa, ABAJIeceTaK CTEHA W HEKOJIMKO MpUMepa U3 Halle
crpaturpaduje. OcHOBao je MHHEPATOIIKO-TEOJOMKN KaOMHET y KOjeM ce
1880. nanazuno 4086 nmpumepaka, ca 1600 mMuHepana, cTeHa M docuna u3
Cpbuije, ITo je 6HJIO HEOIMXOJHO 33 KacHHWja reoJIOLIKAa HCTpa)MKMBarba.

CucTeMaTcKd Hay4HM pal y oBoj obmactv mpenyseo je Ilanuuhes yue-
HuK Joean Kyjosuh (1856—1936) 1880. rommue.'! CsecTpaHo 0Opas’oBaH y
TMapu3y ¥ TPUTIPEM/bEH 3a 030W/bAH M CBEOOYXBATaH HayuyHM pal OH je 3a
JeceT TOAWHA OKYITMO capalHMKe 33 TEPEHCKAa MCTPaXKMBaKkha M OCHOBAO CBE
notpe6He uncrtutyuuje: CryneHTcku cemuHap (1883), reonomky 6ubmmorpa-
dujy Bankanckor momyoctpsa (1886), I'eonomku 3asonm (1889), Teonouwke
anane Banxanckoé doayocitpea (1889), Cprcko reonowko apywrso (1891), a
1893. je mokpeHyo umejy o ¢dopmuparmy KOMHUTETa 33 OETa/bHY IEONOHIKY
kapTy Cp6uje. TTopen OpraHM3allMOHOT pala W PpaHoOr carjieaBara IMoTpeda
3a CBEYKYITHO HaydHO nenarbe, KyjoBuh je Kypvo na oOyduu Milaiec UCTPaXu-
Bauye M yTeMeJbU TeOJIOLIKY HayKy, Kako Ou yrmo3Hao nomaly M CTpaHy jaB-
HOCT ¢a OCHOBAaMa reofiomwKor cacrasa Cpouje, mITo 61 JONPUHENTO Ja 3€MIbY
ocnoboau chepe aycTpoyrapcke HayJdHe TOMMHaLMje.

V Teosowxum anasuma Baskanckos Hoayoc@iped, jeAVHOM TeOJOLIKOM
4yacoNnncy Ha BalkaHCKOM MONyOCTPBY, IITAMITAHM CY PE3YJATATH TCOJOLIKUX
UCTPaXKMBAK-A, OPUIMHAIHM HAyJYHW PaJOBU HeroBux ydeHuka. sKyjoBuh je
EJIeo fa 00aBecTH eBPONCKY HAyYHY jaBHOCT O pesyjiraTuMa pana 6eorpan-
CKE TeOJIOLLKE IIKOJIE M MPBUX TeT OpojeBa yacomuca y UEJIMHHU je MPEBEAeHO
Ha CTpaHeE je3WKe.

oaoduja y Cpéa y 18. u peoj Gososunu 19. exa, y: [pupodne u maliematiuuxe nayxke y Cpba y 18.
u ipeoj Gonoeunu 19. eexa, Hosu Can, 1995, 127—135; Bunojko Josuh, leosozuja y Cpba y dpeoj
donosunu 19. eexa, y: Hpupoorne u mamiemadiuuxe nayke y Cpba y 18. u fpeoj doaoeunu 19. eexa,
Hosu Can, 1995, 229—233.

It Anekcanpap T'pybuh, Josan Kyjosuh, y: Kusow u deao cpickux Hayunuka, Krbura 1.
1996, 291—359; TMetap Cresanosuh, Paseuiiax ceosowxux nayka y CplAckoj axademuju nayka u
ymemnociu, CAHY, 1989, 100—159; Anekcannap I'py6uh, leosoéuja y Cpbuju d@oxom dpyée fo-
108une XIX eexa, y: Hayka u @exnuxa y CpOuju dpyse ionoeune XIX eexa 1854— 1904, Kparyje-
Bal, 1996, 77—87; Bunojko Josuh, [leosowxa uciuifiuearwa y Cpbuju 1854—1904, y. Hayka u
@exuuxa y Cpbuju opyée fosoeune XIX eexa 1854— 1904, Kparyjesau, 1996, 237—239; Anexcan-
xap T'pyéuh, Teosoéuja y Cpba 1850—1918, y: Hpupooune u mafemaiauure nayxe y Cpba 1850—
1918, Hosu Can, 2001, 35—59; K. INetkosuh, JKyjosuheso doba u doba weiosux caepemeruxa —
dpopmuparee cpicke Seonowke wkoae u Hayke, y. leonoduja Cpbuje, ucmopujcku passoj, 3aBol 3a
PETMOHAJIHY TeOJIOTHjy W flaneoHTonorHjy Pynapcko-reonomikor ¢akynreta, beorpan, 1977, 35—
57; Bunmojxo Josuh, H3 uc@mopuje eonoiuje y Cpbuju, Beorpam, 2003.
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Mpod. np CHEXXAHA BOJOBUR

[Tpso ucTpaxkusame 06aBno je y merporpadcekoj maboparopuju College
de France Ha komekuuju creHa u3 AHma u oGjaBwo pan y beorpamy 1880, a
3atiM MoHorpadujy y Ilapusy 1884. romune.

Kao ITanuuh, u oH je obunasuo Cpbujy 0Gasbajyhl UCTpaykMBama Ha
TEPEHY, ajJii UCTOBPEMEHO U y sabopaTopuju. 3aroueo je ca HOBUM OKpY3U-
Ma Ha jyry Cpbuje (1884), HacTaBWO McTpaxuBama no uenoj Cpbuju, na u
CYCEIHUM Jp)KaBama.

JKyjoBuheB HayuyHWM paxm je pa3HOBPCTAH W 3ajla3M y BHIUE IpaHa reoJso-
ruje: merporpaduja, perMoHasHa Wi Tonorpadcka reojoruja, MUHEpPaToTy-
Jja, crpaturpaduja, ONIITa reoyioruja, TEONOLIKO KapTuparke. Ilopen reoso-
IIKUX KapaTa W BeJMKOr Opoja caomutewa y Saduchuuuma Cpickod Zeono-
wkoZ dpywimea, no IlpBor cBeTckor para o0jaBMO je 0CaM paloBa Y U3IarbH-
Ma Akanemuje Hayka, 13 pamoBa y leonsowxum anaruma Bankauckos ioayo-
c@ipsa M ABa pafa y CTpaHMM 4yaconucuma. Pasznor 3a Hesenauku 6poj panosa
jecTe merosa kpaTka HayyHa kapujepa: on 1900. roanHe oH ce nperexHo 6a-
BUO TMOJTUTHUKOM.

Hajsnauajuujn panosu cy My reonouke xapte Kpamesune Cpbuje (1886,
1887, 1893) u leosoéuja Cpbuje, npsu u apyru neo (Toidoipacpcka seonoduja,
1893; Epyaimuene cimiene, 1900). Y 0Boj 0GUMHOj MOHOTrpadMju OMUCaH je Te-
OJIOWIKKU cacraB TepeHa Cpbuje 1o reorpadckuM o0NaCTUMa U TEOJOLIKUM
(dhopmaumjama, OIHOCHO [PHUKA3aHU Cy CBU PE3YJITATU O PETMOHANTHO] reoso-
TUju Cprickux ruiaHuHa. Ha oBaj HaumH CpOuja je yina y Manu 6poj eBpor-
CKMX 3eMaba Koje Cy reoyiolwku 6mre mpoyuere y XIX Beky. ¥ apyrom meny,
KOJM TNPENCTaB/ba NOMYHY W MMOTBPAY TeONOTHjC INPUKA3AHE y TNPBOM eIy,
Kyjosrh je n1ao metabHU MaKPOCKOTICKUM OIMTUC CBUX TaJa MO3HATHX €PYNTHB-
Hux creHa Cpbuje, ka0 M HUXOBY KiacuPUKaLujy.

Y crymuju Jamipogpupu y Cpouju (1888) XKyjosuh je ommcao sammpo-
¢bupe, K1UyHe cTeHe U3 okonuHe beorpanma u Bucoke Lllymaauje (Punam, Pe-
cHuk, [nHocasa, bawuua, mianuHa Pynuuk), najyhiu BUXOBE MUHEPAIOIIKE
W CTPYKTYDHE OCOOWHE.

Hobap opraHM3aTop M HaJeKOBUI Y carjefaBaiby HaydHMX MMoTpeba, OH
Je 3a KpaTKO Bpeme WMIIKOJIOBAO MJIAle CapamgHUKe, CJa0 MX Ha CrelMjain3a-
liMje y eBpOICKEe LEHTPE W TNPHUMPEMUO MX 3a HOBE AMCLMIUIMHE. 3aTHM je
W3BDIINO BEJUKE OPraHM3alMOHEe NMpoMeHe Ha Benukoj 1KOIM Koje cy ce,
CBaKaKo, opaswie W Ha HayyHU passoj. Beh 1889. rommHe oaBojuo je roce6-
Hy Kareapy 3a MuHepanorujy v nerporpadujy, KOjoM je PYKOBOIMO H-ETOB
yyeHuk Casa Ypomesuh, a 1891. usnsojuo je u Karenpy 3a maneonronorujy,
KOJOM j& PYKOBOIMO HeroB yueHHk Caetonvk PagoBanosmh. Tako cy ce mo-
CJIe FCTOBMX MperyiefHUX, 00YXBaTHUX M ACTABHUX paloBa yOop30 TOjaBWIN
PAIOBH FETOBUX YYEHMKA KOJU CY C& ONHOCWIIM Ha clielujaliHe nerporpad-
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CKC, MAJICOHTOJIOLIKE, TEKTOHCKE CTYIHMje O MOjeNMHUM obnactuma win Gop-
Maiyjama.

Melyy merosum yuenuimma HajsHauajHuju cy JosaH Lsujuh, nmurpu-
je Antyna, Anekca CranojeBuh, Casa Ypowesuh, Jenenko Muxawnnosuh,
Bnamumup Iletxosuh, Muxauwio Kuskosuh, Lisetko ITorosuh, Cserosmx
Panosanosuh, XKusko Jokcumosuh, Miian ITetkoBuh, Caeronnk CreBaHo-
Brh, Munowr Juxnh. Ca wum cy capahusaiu u PYIAPCKU CTPYUHhallM KOjU
Cy pesyJTaTe CBOjMX panoBa caorraBanyd y CpPIICKOM Te0jOIIKOM JIPYILTBY
wm y Cemmnapy Katempe reonoruje.

Ceedionux Padosanosuh (1863—1928)," 3ajenrio ca CaBom VYpoiesnhem
n Iletpom [laBnosuhem, mpunama npaoj reHepaumju JKyjosuheBux Daka.
Hajnpe je panno kao apsxasHu reosor, a 1897, 13abpaH je 3a npodecopa Be-
Jmke mkone. baBuo ce QyHIAMEHTATHMM U MPUMCHEHMM TeOJOLIKHUM HC-
TpaxxuBamnMa. Hberosa nokropcka mmcepraumja onGpareHa y beuy 1891,
YjeIHO HErOB MPBU Pal U3 reoyoTHje U MaJIeOHTONIOrWje, jecTe cTpaTUrpad-
Cka ¥ MaNeoHTOJIOIIKa CTyAWja Nujaca koxm ProTune y ucrounoj Cp6uju. U
KaCHMje je UCTIUTUBAO yCKe cTpaTurpadcke JemnHuLe, Kao 1ITO je mjac Kon
Hobpe Ha [dyHaBy, morep u kenosej y okoauHu llpHajke u Bpuike uyke, je-
naH HoBu Genemuut U3 LipHajke u ca peena u ap. Tlopen ctpaturpadcekux
ACTa/ba, HErOBU PaNoBU CalpiKe M MAJICOHTONOLIKE omuce (hocuna Koje je oT-
KpHO 1 CaKynbao y UCTPaXWBAHUM JIoKanuTeTuMa. OBKM PajioBH, Ko U TIPBH
onucH TepurjapHux docuna I1. TTasnosuha, MPEACTaB/bajy MOYETKE pa3Boja
MaJIEOHTOJIOTH]E,

300r M3IBajarba MEOTCKOT KaTa M CJIaTKOBOLHE TOPH:E OJIMTOLIEHCKE TBO-
PEBUHE, Ka0 W jOIIl HEKUX TEKTOHCKUX UYUHLCHUIA Koje nmoapwasajy moryh-
HOCT MOCTOjatbd BEJIMKMX HaBjlaka (Iapujaxa) y npeaeauma uctouHe Cpbu-
je, C. PanoBaHoBuh je mpuxsatao TEOPHjy LIapWjaska M TIPBU MyT je NMpuMe-
HUO (IO y30py Ha pyMyHCkor reonora I Myprounja) y TyMauemwy TeKTOH-
CKOT ckiomna ucrouHe Cp6uje. PamoBanosuh je o6pahao MOCEOHY MaXkry Ha
YIJbOHOCHE TEpPEHE y TMM 00sacTiMa, KIacU(UKOBAO WX je W YTBPAMO fa Cy
pas/iMunTe reooike cTapocTy. [ao je W NpBy KIaCH(MUKALMjy MUHEPATHUX
Boga y Cpbujm.

Mapna cnana y Hauie HajsHavajHuje reojiore, Huje 00jaBUO MHOTO pafo-
Ba: 1B€ MoHorpacdwuje (jemna ca I1. [Tasnosuhem) u aBa pana y uznamy Cpii-
Cke KpasbeBcke akanemuje, 10 panosa y leosowkum anasuma Baakanckos io-
Ayociipea, jelaH pag y dpaHLyCKOM 4Yacommucy (Kao W 37 caollluTerba y Cpn-
CKOM TICOJIOLLUKOM APYIITBY, WITAMIMAHUX Y 3aduchuyuma Cpiackoé ceorowkos
opywitiea).

12 Anexcannap Tpybuh, Ceeimioaux Padosanosuh, y: XKusoz u deso CPUACKUX HAY4YHUKA,
Kmura 2, 1977, 105—149.
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Heiwap Hasnosuh (1864-—1938),13 rumMHa3MjcKu npodecop, TyroroaUllbU
ynipaBHUK Tlpuponmaykor Myseja, KycToc [‘eonomkor 3aBoga U aCUCTEHT 3a
MaJICOHTOJIOTHjy, OMO je Teojlor M Tajieo3oosor. Hajsehu mompuHoc nao je y
YCKUM 0OJ1acTMMa MaJCOHTONIOTH]E W reojloryje yonute. baBuo ce MUOHUP-
CKUM HUCTpOXUBambUMa (OCHIIHE U pelieHTHe dayHe U onvcao Behu Opoj HO-
BMX TAKCOHA W OAPEAMO UM HaydyHE HA3MBE.

CucreMaTCKU je CakyIbao M NpOoydyaBao MY»EeBE U HAYMHUO 30MpKY ca
450 noxannrera y Cpbuju 1 MakemoHHjn koja campxku 183 Bpcre. Ha ocHoBy
Mpoy4yaBarba Te KoJiekuuje objaBuo je mBa obmmHMja pama (1911. u 1912) y
Kojuma je omucao 10 HOBUX BpcTa, TIET BapHjeTeTa M jenHy HOBY dopmy. 3a-
™M je 1913. ronyHe onuMcao jedaH HOBW CaBPEMEHU POJ €4 HOBOM TUIICKOM
BpctoM. Hajsehu mompuHoc Aao je mo3HaBawy ManakodayHe, oOOTaTUBIIH je
ca 75 Bpcta HOBHX 3a CpoOujy.

Y TANeOHTOJIOrMjU OTIHMCA0 je TpU HOBe BpcTe (opaMuHubepa, 57 ka-
CIMOpPaKMYHUX BpPCTa MEKylIalla M3 MaHOHCKOT KaTa M 87 CIaTKOBOIOHUX je-
3epCKUX BPCTa MeEKylualia,

IMopen Benukor Opoja caonmmutTewa Yy Jafduchuyuma Cpickoé 2eonowrod
opywiiea, 1o Tlpsor ceerckor para 00jaBUO je TPUAECETaK PaaoBa, Hajsenun
opoj y lTeonowxum anasuma bankanckoz [oayoc@ipea M WECT y H3OArbUMa
AkaneMuje Hayka.

Humuiipuje Aniiyaa (1870—1924),'* mopen paga Ha OPUMEHEHO] U DYI-
HUWYKOj TeoNoruju, obaBuo je GuocTpaTUrpadcka mpoydyaBama (popmauuja jy-
pe n kpeae. OH je pamoBe 00jaB/bMBA0 HAa HEMAYKOM je3UKY, Y U3LambUMa
6eyKUX MHCTUTYUMWja. HapouuTo cy 3HauyajHU HETOBM pagoBU O paspuhy
KpenIHUX TBopeBWHa Ha Kapkasy.

Ilo ymyrcrBuMa XKyjoBuha mnpobGreMHUMa CITCUMjaTHUX TpaHa reooTuje
b6aBunu cy ce B. TletkoBuh (pamoBm Ha mpoydaBamy JOHE U TOPHE Kpele
ucroune Cpbuje), A. CraHojesuh, M. IletkoBuh U ap.

Casa Ypowesuh (1863—1930)'5 Hajsuie ce 6aBuo netporpadujom, u TO
TPAaHHTA M KPUCTAIACTUX HIKpWUJbala. [Ipoydymo je CKOpO CBe TpaHUTOUHE
MmacuBe y CpOuju, KOHTaKTHO-MeTaMOpdHE MPOMEHE Koje Cy TPaHUTOUIA
WU3a3BaJTM Ha OKOJTHUM CTeHAaMa, MHOTE KPUCTANACTe IIKPUIBIIEC U HEKe peTKe
MHUHepae.

13 Huxona MNantuh, Bojucnas Bacuh, MHemap C. Hasaosuh, y: Kueoid u deao cpiackux na-
yunuxa, Kwura 2, 1977, 151—207; Topaana Josavosuh, 3uauaj Wepuujapne 36upke [ledpa Ila-
erosuhia, y. [Ipupoone u maliema@iuuxe nayke y Cpba 1850— 1918, Hosu Caxn, 2001, 109--115.

14 Anexcanpap I'py6uh: Jumuiipuje Anigyna, y. XKueoli u deno cpickux nayunuxa, CAHY,
Kwura 7, 2001, 121—168.

15 Bunojko Josuh, Josan Kapamara, Caga Ypowesuh, y: JKueomi u deao cpiickux HayuHuxa,
Kmura 4, 1998, 67—90.
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Y npsum pamosBuma o merporpaduju Lepa (1899), Benuaua, byxy:be.
Barana (1900) u Bopatse (1903) mpuka3ao je 0cOGMHE TPaHUTOMIA HA OBMM
TUTaHMHAaMa W, HApOYUTO HETA/bHO, KOHTAKTHO-MeTaMopdHe T0jaBe U3a3BaHe
IPAHUTOUIHOM HHTPY3MjOM. 3aTHM je MCTPaXKMBao KOHTAKTHO-MeTaMopdHe
nojabe Ha Komaonwky (1908). McnutuBama je NMPOIIMPUO Ha CEBEPOUCTOY-
Hy Cp6ujy, ITopeuko-meuxy, Tekujcky U Curncky obnact (1909). Kacuuje je
VICITUTHUBAO KpHcTatacTe wWKpwbile W rpanute Lipror spxa, Jyxopa (1911,
1912), Cranahkux Gpma, Bynuckux Bucosa, bykosuka, Poxma u Jactperua
(pamoBe objaBuo mocie para). Y JKyjopuhesoj leosoduju Cpbuje Harmicao je
NOMIaB/be O IPAaHUTOMIUMA M ceprieHTHHUMa y CpOouju.

VY NpUCTYIHOj aKameMcKoj Gecefr Jao je CUHTE3y CBOT BUINETOMUIIIFHET
paza v U3JI0KUO MOIEPHO CXBATAHKE O MOCTAHKY METAMOPGOHMX CTEHA M KPHU-
crajlacTux Hikpwbaia (1911).

O6wnasehin pynHuke y CpOuju Hamao je MHOTe MUHepasle HenosHate
kon Hac. YcrmuTyjyhy onTHuke OCOOMHE METPOr€HUX MHHEpaia y Tonapusa-
MoHOM MUKpockory (1889) mpoydmo je w omumcao ,,IpOAOPHE OnuzaHue”
Kol 6MOTUTa M3 rpaHuT-nopoupa y Llermy u aHnesura U3 bpecroBauke barbe
(1897) u Ha3Bao WX ,,CPIICKMM OnM3aHLMMA”.

Ilo TIpBor cBeTcKor para 00jaBHO je MeTHaeCTaK paloBa, U TO TET y U3-
JarbuMa AkaJeMuje Hayka, IBa y HEMAuyKOM Yacolucy U AEBeT y [eonowkum
anaauma Banxanckod foayociipsa. Taxohe, uma Behu Gpoj caommrema y 3a-
aucruyuma Cplckoé ceonowkoé opyuiiea.

Ocum C. Ypomesuha, u C. CreBaHOoBMI je KpucTalorpacku mpoy4a-
BaO Heke MUHepajse ca Hammx TepeHa, M. IletkoBuh je mpoy4yaBao CTeHE
[lap-IutaHWHE W TEONOTHjy KpylleBaukor OaceHa M oboga, M. duuuh je
Npoy4yaBao BYJIKaHCKe cTeHe M3 oxonnHe Coduje M KpUCTalacTe IIKPHIbLE
BPankaHa, a A. CraHojesuh je McnuTHUBAO epynTHUBHE cTeHe Pajua, Gurpa u3
I'papanrHmie. '

Csemionux Ciiesanosuhi (1869—1953)2 mpBu ce 6aBHO KpHcTajgorpag-
CKUM MCIUTHBamMMa MuHepana. OGjaBuo je meceTak panoBa U3 MUHEPAIOTH-
je u kpucrangorpaduje y HeMaukuM dacormvcuma, Behuny mnpe [lpsor cBet-
CKOI' paTa.

Bnadumup [eiwxosuh (1873—1935)," mpBM Teosor KOjU je HOKTOPHPAo
Ha Beorpanckom ynusepsutety 1908, GaBuo ce cTpaTUrpadCKUM, TEKTOHCKAM

16 AnekcaHuap I'py6uh, leonoduja y Cpbuju moxom dpyie fonosure XIX eexa, y. Hayka u
dexuuxa y Cpbuju dpyze Gonosune XIX eexa 1854— 1904, Kparyjesau, 1996, 82—83.

162 Bupojko Josuh, Ceemonux I1. Claesanosuh, y: JKusoim u deao cpickux nayunuka, Krbu-
ra 8, 2002, 107—127.

17 Mpenpar Huxonwuh, Bradumup K. [lemkosuh, y: Kueoidl u deao cpiickux naywnuxa, Krou-
ra 3, 1998, 375—415.
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M TIAIEOHTOJIOMIKMM MpoOIeMIMa, IToceGHO M3yuaBarbeM KpeIHMX (PopMaLK-
ja. Y moktopckoj Te3n 6aBHO ce reosomikum npodiemMuma TyMKHULE, a Ka-
CHMje je pal MPOWMPHO Ha apyre TepeHe uctoune Cpouje. [Ipen [psu ceet-
cku par y pany foaiwi y Cpouju (1913) nao je cMHTe3y TepeHCKUX, YIIOPEIHUX
npoy4asara Buule Joxkanturera y Cpbuju. On Tpunecerak pagosa (25 panosa,
IBe MOHOrpaduje ¥ 7 JUCTOBa reoyomKkUX Kapata, 1903—1935), no ITpsor
CBETCKOT paTa 00jaBHO je wecT panosa (mBa v Jeosowkum aunasuma Baskan-
CK0Z Honyocwpea, NBa y u3narmbuMa AkageMuje Hayka, jenaH y Inachuxy Cpa-
cKo2 Zeogpacpckoé dpywitiea M jenaH y oksupy Lisujuhese crymmje).

IMpa MMHepayouIKa UCTpakuBarba O0aBbaNM cy M xemudapu. Cuma
JMozanuh (1847—1935)'® aHanu3upao je W OMMCAO0 HOBU MUHEpAN aealuili
(1884), a mecer ronMHa KacHMje aHaTU3MPa0 M M3BEO XeMMjcke (GopMmyie 3a
MHUHEPAIE MUAOWUH U anrekcandpoaui. PotorpadCKUM orieIuMa UCITUTHBAO
J€ pamuoakTUBHOCT MMUHepaia y CpOuju M YyTBPOMO [a CAMO WBMHE pyJe ca
ABajie MMajy paguoakTUBHe npumece. Muaopad Josuuuh (1868—1937)'° aHa-
JIU3UPA0 je U ONKCA0 MUHEpaJle XpoMa M TUTAHA ¥ Ha OCHOBY XEMHJCKOT ca-
ctaBa ne(UHKMCA0 HOBY DYAy XpoMa xpomuigui. JoBuuunh je ommcao M rojase
MonubneHa u xpoMa y Cpbujm.

Y obnactu reoxemuje Cuma Jlozanuh je aHanusupao Georpaacke nujahe
BOE W MHWHEpaJHE BOAE CPIICKMX 0Oamba, a K4ACHHUje €y Taj pal HacTaBWIH
Mapko Jlexo (1853—1932),%0 Mapko Huxonuh n Anexcanmap 3era (1860—
1926).2' V Hekum crmydyajeBdma je yrBpheHa pammoakTuBHocT Boma (JIexo,
1911), wak y GeorpanckoM BoZOBOLY, INTO je JIeKO MOBE3a0 C BYTKAHCKUM
CTeHama Ha ABany M paamMoakTHBHOWNY aBasickor uuHabapura. Jleko je yTBp-
oo u paguoaktusHocT Tepmu Humke Bamwe, Pubapcke Bame, a Hapounto
Coxobame (IpUCYCTBO PaTMOAKTUBHUX eMaHalluja).

Y xemujckoj naboparopuju Bemuke wikone aHamusze MHUHepana, pyda U
MUHepanHux Bofa obaebanu cy Cuma Jlozanuh, Munopan Josuuuh, Ilerap
Wmmh, Muxauno brnarojesuh, a y JpxaBHoj xeMujckoj abopatopuju Mapko
Jlexo, Anexcannap 3era, BpaHko AHosih, Mapko Hukomwh, Pagomup Maj-
croposuh, H. TlpmeBuh u gp.2

18 Crexana bBojosuh, Cuma Josanuh, y: JKueo@ u deso cpickux Haywnuka, Kwura 1,
1996, 199—261.

19 C. Bojouh, Muaopad Josuuuh, y: JKueo@@ u deao cpiackux wayunuxa, Kmura 2, 1997,
371—-396.

20 C. bojosuh, Mapko Jlexo, y: XKueo u deno cplickux nayunura, Kwvra 4, 1998, 33—65.

21 C. bojosuh, Asexcandap 3eéa (1860—1926), y: JKusoi u deno cpickux naywnuka, Krsura
3, CAHY, 1998.

22 C. bojosuh, Heimopuja xemuje y Cpbuju do Apyioé ceedickoé paima, y: Xemuja u Xemujexa
unodycilipuja y Cpbuju, CXJ1, Beorpam, 1997, 1—72.
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METEOPOJIOTHJA

Tomvne 1848. Baadumup Jaxwuh (1824—1899), BpaTHBILM CE€ Ca LIKO-
7oBarba U3 Ayctpuje u Hemauke, 1moyeo je y CBOjOj kyhu Ha Cemaky Ia Bp-
M CBaKOOHEBHA MeEpPEHa TemIleparype Basfyxa, 3aTUM IHEBHE KOJIMYMHC
NagaBWHA M, Haj3al, KIMMaTcke kapaktepucTike. OBa Mepersa 00aB/bao je
myHe 52 rommHe, cBe A0 Kpaja xxmBora 1899. romune. IMpee pe3syarare pana
o6jaswo je seh 1851. y Inacnuky Apywiiea cpiicke CA06€CHOCHU, A 3aTUM Ha-
cTaBuo 1a obGjaBbyje pesyirate (1851—1856). ¥V cBojuM IHEBHMLIMMA OCMa-
Tparba, KIMMATOJOWIKUM W CTATUCTMYKUM DPanoBUMa, Jakurmh je ocraBHO
JparolieHe Geslelke O KIMMATCKUM, (PEHONOWKMM U XHUAPOIOLIKUM rojaBa-
ma. OcTaBHO je TpBe rnonaTke o xonmebary Hupoa peke Case kon beorpana.
Takolie ce TPyIMO @ MPUHOCE Y TOJbOTIPUBPENH IOBEAE Y BE3y € METEOPOIO-
[IKMM YMHMOLIMMA U YKa3UBao je Ha 3Hadaj METEOPOJIOTHje 3a ITOJbONIPUBPENY
W Jpyre NENaTHOCTH, W Beh Tama yCTAaHOBHO OCHOBHE LPTE Hallle KINME.

IMopen Mepewsa y beorpany, Jakumh je OpraHM30Bao METEOPOIOLIKE
CTaHMIEe ¥ Mo IpyriM Mectuma. Foauue 1857. y Cpbuju je pamuno 27 mere-
OpOJIOLIKMX CTAHWLIA, & OCMATpayy Cy OWIN YHUTEIbH. IMpermocTaBmba ce da
je Tama To OWiIa Hajrymha METEOpOJIOLIKa Mpexa y Esponu. MHCTpyMeHTE
oCTaB/beHe Ha cTaHmiiama Jakuuh je HabaBuo on 6eukor LieHTpasHOT MeTe-
OpOJIOIIKOr 3aBOJA, KOjU je Taja pacroarao Hajoo/buM METEOPOJIOUKNM HH-
CTpyMeHTMMa Yy cpenrboj Eponu. Jakiruh je Hamucao W ymyTcTBa 3a pal Ha
CTAHWIIAMA U TO je OMJIO TPBO TUMCKO €KCTIEPUMEHTATTHO MCTPAXKMBAME U3-
seaeHo y Cpbuju. OpurdHaiHe Kmure JakimheBUX Meperha ¥ ocMaTpama
yyBajy ce y Xuapometeoponolkom 3asoay Cpbuje.

OGjaB1o je BMILIE PafoBa M3 KIMMATOJOTHje M CTATHCTUKE Y Tnachuky
CY/Jl y xojuMa je OnMUcao OCHOBHE OCOOWHE BpPEMEHa W KIUMC Y Cpbuju.
HberoBMM OMJIACKOM HA APYTY AY)KHOCT IOJAKO C€ OBa MpeXa racuijia ¥ npo-
najgaa.

YeTBpT Beka KacHMje, TMOHUPCKH pal Birammmupa Jaxmyha HacTaBuo je
Muaan Hedewxosuh.?*

23 enop Mecunrep, Meidieopoaoeuja y 100 éoduna axiiusrocmiu Cpiicke akademuje Hayka
u ymemnociu, CAHY, 1989, 55—63; Haranuja JaHu, Bradumup Jaxwiuh — ocnueay meiieopono-
wikux cmanuua y obnoemenoj Cpbuju, y: [lloaa eexa HayKke u MHexHuke y obroemernoj Cpbuju
1804— 1854, Kparyjesau, 1996, 169—178; Munan Iumutpnjesuh, Aciiiponomuja u gusuxa y Cp-
6a y 18 u apeqj dososunu 19. eexa, y. Ilpupodne u malemaliuike nayke y Cpéa y 18. u y apsoj
dgonosunu 19. eexa, Hosu Cam, 1995, 31.

24 Wcro; Jbepka Onpa, Musan Hedewxoguh, y: JKueoli u 0ea0 CpUCKUX HAYHHUKA, Kwura
3, 1998, 131—174; Munopan Bokuh, Ocrusaie u dpee 200une pada Oicepealiopuje Beauxe wxo-
ae v beospady, y: Hayka u mexnuxa y Cpbuju Opye fonosune XIX gexa, Kparyjesaw, 1998,
133—148: Hatanuja Janu, Paseoj meilieoposowke cayxcoe y Cpbuju fokom OpyZe donoguse 19. ge-
xa, y: Hayxa u @exnuxa y Cpbuju opy2e ionosune XIX sexa, Kparyjesau, 1998, 166—178; Munax
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Munan Henemkosuh (1857—1950) kao mpaBHu ctunenmvcta y ®pan-
LIYCKOj CTYOMpao je acCTPOHOMMjY M bU3MKY (METEOpONIOTHjy), a 3aTUM paguo
HEKONMMKO roauMHa y BomehuM (paHIyCKUM acTPOHOMCKUM W METeopOJo-
k1M ycraHoBama. Ha Benukoj mxonu je ox 1884. mpemaao mereoposorujy
M acTpoHOMHMjy. Fberosum 3anaramem oCHoOBaHa je 3a Benmky mrkomy Orncep-
BaTOpWja 3a acTPOHOMMjY M MeTeoponorujy 1887 (rpuBpeMeHa), OIXHOCHO
1891 (cranna). Tako je Kartenpa 3a acTpoHOMuUjy M MeTeoposnorujy mobuma
CBOJy PalMOHMLY — MWCTPOXMBAYKM IIEHTAD M CTBOPEHM Cy YCJIOBH M 3a
CKPOMHHU acTpPOHOMCKH pall. Mehyrum, HenemkoBuh ce mocseto meTteopo-
Joruju, a OncepBatopyja je CIyXHaa caMO 3a METEOPOJIOLIKA MCITHTHBAKbA.

Henemkosuh je mpoupruo Mereoposnouwrky mpexxy Cpbuje Ha Buure of
200 cranuua. M3 Mapusa n BepanHa HabaBuo je xoMmeraH mpuGop 3a 12
CTaHMIa ¥ U31a0 MeTeoposonika yrmyTcTBa 3a Mepera.

[Touetkom 1902. moyeo je ca cneuMjaTHUM MepermUMa TeMIlepaType Tia
no ayOuHe on 24 MeTpa U MHUKDPOKIMMATCKOT CJIoja Ba3fyXa JO BUCHHE O 2
MeTpa M3Hax 3embrHe moppuinHe. OBa Mepera Cy obaBbaHa Ha 34 pasHa
HUBOA W JAJIEKO CY MpeBa3uia3uia OKBUPE U Hajoobe BODEHHX METEOpOso-
LIKKMX OTICepBaTopuja y CBETY.

Fomune 1907. 3a momeHTa 3a KIMMATONOTH]Y U METEOPOJIOTH]Y Ha YHH-
Bepsutety y beorpany wsabpan je [lasse Byjesutri (1881—1966).25 On je cry-
IMpao 1 nOKTopupao y beuy, a 3atum je Ha YHuBepaurtery y Bepavny u Me-
TEOPOJIOIIKOj OTICepBaTOpHju y [loTciamy YITOTIIYHMO CBOja 3HaMa U3 MeTeo-
poJioruje.

Ha ocHoBy pesysnTaTa ocMaTparsa BpLIEHMX MOA PYKOBOACTBOM Hemern-
koBuha ByjeBuh je Hammcao HEKONMKO paloBa O TOIUIOTHOM CTarby TIA U W3
00;1aCTH TeMIEpaType HajHMKUX CojeBa Basmyxa. TW pagoBH Cy MOCTAIH
KTACUYHHU Y CaBPEMEHO] METEOPOJIOIIKO] JUTEPATYPH.

Y cBojuM npBUM pazoBUMa 06pamKo je ¥ aHanusupao Henemkosuhesa
Mepera M Jao je NMprkas v o6jallibera 3a HEKOJIUKO 3HAYajHUX MUKDPOKIH-
MaTCKMX IojaBa. 3aTuM je 3a MehyHaponHy reorpadcky yHUjy CKYTHO M 06-
jaBro 293 3ammca M3 UPKBEHHX M IPYTMX PYKOIKMCA O BPEMEHY Y HAIIUM W
cyceAHMM KpajeBuMma y nepuony on XIV no XIX Beka.

[Mape Byjesuh je mao 3HauajHe mpustore Xuaporpadujd, HApOIHUTO CTy-
aujom o Tucu. IIpoyyaBao je KpyrHe KITMMaTcke MPOMEHE Y Cpbuju, ma u Ha

Hwmuntpujesuh, Acimiporomuja y Cpba 1850~1918, y: Tpupodue u mamiema@uuxe nayke y Cpba
1850—1918, Hosu Can, 2001, 61—64; Bypo Pamurosuh u demop Mecuurep, Meimieoposoiuja,
Tpupodno-matemaiiuuxe nayxe danac u y 6ydyhnociu, CAHY, TIM®, Beorpan, 1989, 65—87.

25 Tomucnas Pakuhesuh, [lasae Byjesuh, y: JKueoi u deno cpiickux nayunuxa, Kmwura 4,
1998, 139—174; Jbepxa Onpa, [lagae Byjesuhi — fpeu eepoiicku xudpoaod u 6aaxancky KAumaiio-
102, y: [lpupodne u mamenaiiuuke nayke y Cpba 1850—1918, Hoeu Cap, 2001, 199—209,
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uesoM bankaHckoM monyoctpsy. McmuTBao Je ¥ yTuuaje OKOJHUX MOpa Ha
TOILIOTHE NMPUINKE y YHYTPAIIOCTH MOJNYOCTPBA, MOCEGHO y MakxenoHuju.

TEOI'PA®CKE HAYKE

Cse mo XIX Beka reorpadcko To3Hapame CPIICKUX 3eMa’ba OWIO je
OCKYIIHO, Malla Cy BeJWKe Cuiie Giite 3aMHTEPECOBAHE 3a OBE TepeHe. Y MpBoj
nosoBMHM XIX Beka 06jaB/beHO je BUINE ayCTPHjCKHX Kapata 1 cnuca; Byk
Kapaynh je npuxasao Hexe menose 3emibe, y Thacnuxy dpywisiea cpicke cao-
6€CHOCIHIY W3ALLIO j€ TPUAECETaK TPUJIOTA €A OMUCUMA MAalbhX JIOKAJIUTETA,
&M je CBe TO OMJIO HEMOTHYHO, YeCTO C MYHO HETAYHOCTH, jep Cy ayropu
MU OWIIM HECTPYYHU WM HUCY NOBOJHHO MO3HABATH 3eMiby. Y Ipyroj IMoso-
BUHH BeKa 00jaB/beHe Cy ABe Behe MoHorpaduje o Cpbuju (M. Munuhesuha
1876. u B. Kapuha 1888), amu u To Cy OMIM caMo OITUCH W KOHCTATOBAHLE
MOjENMHUX TeorpadCKUX YMHEHULIA W rnojapa.

Mana je reorpadwuja 6una BakHa IUCUWTUIMHA, 34aTO IUTO je Tpebano
EBpony yrosnatu ca Cp6HjoM M HeHHM HapOIOM, a MCTOBPEMEHO CTAHOB-
HuMMa CpOuje NIPY)KUTH OCHOBHA 3Harba O 3eMJBH H EbeHOM ITOJIOXKAjy Ha
bankanckoM momyocrpsy, reorpaduja Huje nMpenaBaHa Ha BenKOj [WIKOAM U
BOM Cy ce CBe N0 mnojase JoBana llBujuha yrmaBHOM Gaswin amarepu (Tu-
CLH, JICKapu, BOjHA JHLA).

HonackoMm Josana Ilsujuha (1865—1927) Ha Benuxy mkony 1893. reo-
rpaduja je Beoma 6p3o0 mocTasa JemHa on Hajpa3BHjeHHjUX Hayka, a OH, Mo
MUIBEIbY MHOTHX, Haj3HAYAjHMjH HALl HAYYHWK. 3a KpaTKo BPEME CaCTaBUO
je mporpam 6ymyhux KOMIUTEKCHUX HCTPaXKNBarba, OKYITMO WM OOyYMo capan-
HHUKE, OCHOBAO WHCTHUTYLIMje, MOKPEHYO mybiukaluje. 3a HajTaJIEHTOBAHHje
YICHHMKE OPraHM30Ba0 je CeMMHAp, ONHOCHO IOMNYHCKE CTyauje (naHaLImbuM
JE3UKOM peYeHO MOCICAUIIIIOMCKE CTyAuje), rae je obyyaBao mmane Jbyae W
YBOLMO MX y Hay4YHW pajl, M0y4aBao MX y MHUCarby pamoBa M IMOACTMIEO MX Na
00jaBibyjy pesy/rare CBOT UCTPaKMBAYKOT pana. Panosu cy oGjasmupanu y
Cpickom ef@inocpagpckom 360pnuxy Cpricke Kpa/beBcke akamemuje.?’

26 Nywan Jdykuh, Paseoj zeoipadickux Hayka y CAHY (1886—1984), CAHY, 1989, 204—
249; Tomucnas Pakuhesuh, 3acuusarse 2eoépacpuje kao rayke o obrosmenoj Cpbuju, y: Hoaa eexa
Hayke u mexnuke y o6Hoemenoj Cpbuju 1804— 1894, Kparyjesaw, 1996, 444—455; Tomucnap Pa-
kuhesuh, leozpacpera nayka y Cpbuju dpyze donosune XIX eexa, y: Hayka u mexnuxa y Cpbuju
dpyee doaveune XIX eexa, Kparyjesau, 1998, 566—576; Tomucaas Pakuhesuh, Teozpacpuja y Cp-
6a y 18. u dpeoj doaoeunu 19. gexa, v: llpupodne u mamenamuure nayce y Cpba y 18 u apeoj io-
aoeunu 19. sexa, Hosu Can, 1995, 99—109; Musnopaa Bacosuh, Camwe u depciiekidiuse nawe Ze-
ozpadpuje, y. [lpupoono-mamemaimiuuxe nayke oanac u Y 6yoyhrociau, CAHY, TIM®, Beorpan,
1989, 119—131.

27 Munopan Bacosuh, Josan Lsujun, y: XKusoiii u deso cpiackux nayunura, Kroura 2, 1997,
235—322.
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Beh cBOjOM JOKTOPCKOM TE€30M Y K0joj ce 6aBro MopdoJIorHjoM Kpaca
LIBujuh je mpU3HAT y eBPOTICKOj HaylW. Y 061acTH Kpaca (MIM KapeTa) U3Bp-
MO je NEeTa/bHY KIacU(PUKALMjy MOBPLIMHCKMX KPAaILKWUX OOJMKa (uIKpamna,
BpTaya, yBaja M I0Jba HACTAINX PACTBAPAEM KPEUHadKUX CTeHa, Na U [ej-
CTBOM TEKTOHCKUX NOKpeTa). L[BUjuheBe KapcTosolliKe CTyAMje MMase Cy Be-
JUKA YTHIA] ¥ €BPOTICKOj HAyLY, Ma Cy CPICKU U3pasH yBasia, NOJbE, XYM,
MTOHOP U ApYyr¥ mpuxBaheHW Kao OMIITH HaydHW TepMuHU. Behuny pesynra-
Ta U3 obnacTy xpaca UTokuo je jomr 1893, y crymuju Das Karstphdnomen,
KOja ce M JaHac cMarpa 3HayajHUM JIEJIOM CBETCKEe KapCTOJNorvje. Y HuU3sy
IPYTHX pagoBa pa3MaTpao je MOCTAaHaK W PasBUTAK HaIMX KpPalKUX M0jba,
MOA3EMHY XUIporpadujy ¥ TUTIOBE KPEUHadyKHWX TEpPeHa, MocTas/bajyhu HU3
HOBUX M OPUTHHAJIHUX MPUHIHKIA.

U y obnact rnaumjaiiMje yHeo je 3HayajHe HoBuHe. IIpe mera ce TBpAM-
JI0 Ja Ha OATKAHCKMM IUTaHMHAMa HMje TTocTojano jeaeHo noba. Mehytum,
IIBujuh je jowr 1896. ronnHe OTKPUO IMalUjajIHE Tparose Ha Oyrapckoj Iuia-
HUHU Punum. 3aTuM je HacTaBMO UCTpaXKMBarba Ha IulaHuHaMa bocHe m Xep-
uerosuHe, Llpue Tope, Makenonuje, I'puke # PymyHuje, rme je takohe Ha-
1a0 TparoBe Diauujaivje. Ha OCHOBY THMX UCTpaxuBama 00jaBHO je BUIIC
panoBa (Tpadosu ciiapux énewepa na Puau, 1897; Itayujasne u mopcponowke
citiyouje o ananunama Bocne, Xepueiosune u Llpne Tope, 1899; L’époque glaci-
aire dans la Péninsule des Balkans, 1900).

ToKOM CEeIMOTONMIIILET UCTpaXkuBarba 1o I'pukoj, Makemouunju, byrap-
ckoj u Crapoj Cp0uju momao je 10 3aK/byyaka O NMOCTAaHKY IUIaHWHA Ha Bai-
KaHy Ha OCHOBY KOjUX je M3IBOjUO TIoceGHe TUIaHMHCKe cucteMe (Die tekio-
nische Vorgéinge in der Rodopenmasse, Die dinarische Scharung, Cupykiypa
u fodeaa Baskanckoz foayocimpea, 1901, 1902).

Ha nyrosawuMa 110 BankaHckoMm monyoctpsy LIeBujuh je mpuxynuvo no-
JIATKE Ha OCHOBY KOjHX j€ 3aCHOBAO XUIOTe3y O I1aHOHCKOM je3epy U Hhero-
BOM OTHLAHY MpeKo hepmama Ha UCTOK. ¥3 TO je YCTAHOBHO 1A CY Yy HEOTeHY
nocTojajla MHOTOOPOjHA je3epa MO KOTAMHAMA CPEAMLIBUX M jy)KHUX IEI0Ba
TOJIYOCTpBa Koja cy otekina y Erejcko mope Bapmapom kao CpeIMIIHOM Of-
BOJXHULIOM.

IIBujufieBo 106pO T03HABake MPUPOIHUX HayKa, ajii U Pago3HaIM AyX
M HAyYHUYKA OMITPOYMHOCT OMOTYRWIM Cy My JAa CIIOju IPHUpPOIHE U ApY-
mrBeHe Hayke. Ofu:aazehu memmue Wi Ha Komy CpOMjy M OKOJIHE 3eMJbE
OH je 3amakao W objallbaBao TMojaBe Koje HUKO OO Tala HHje Ha Taj Ha4MH
o6jenubaBao ¥ CHHTE30M (PM3WYKMX W IPYLITBEHMX €JI€MEHaTa W IojaBa 3a-
CHOBAo je aHTpomoreorpadujy kao Hayky. M3 oBe oGmactu 00jaBHO je HU3
pamoBa y KOjUMa je pasMaTpao KyJTypHe 30He, reorpaCky pacropel U MH-
rpalyje CTaHOBHUIITBA, OOJIUKE NMPUBPEIHOT KUBOTA, IOJI0XKA] W TUIIOBE Ha-
cesba, TUINOBE Kyha M eTHOTcUxUuke ocobuHe Jyxuux CrosBeHa.
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[Toyetkom XX Beka 1MOYeo je MPUIIPeMe 3a NMUCAKE BEIMKUX CUHTETHU-
KHX CTyAuja U3 reoMop@oIoTije ¥ aHTpororeorpaduje Koje je 06jaBuo mocie
para.

Kaxko je IIsujuh HeroBao u ¢usnuky reorpacdujy (moceGHO reomopdo-
Jorujy) M aHrporioreorpadujy, CBOje y4eHUWKE je M ycMepaBao Ha Te IBe
obnactu. Tako cy ce IMerap Jankosuh, Muxamwno Boruhesuh u Cuma Mwio-
JeBuh ompenenunn 3a reomopdonorujy, Josan EpnesaHoBuA, Cserosap To-
muh, Panomup Wmuh, Tomop Pamusojesuh, Mmuxauno JIparuh, bopuBoje
Hpobmwaxosuh, Ilerap lo6ajuh u nupo Conmo 3a aHTponoreorpadujy
(xacuuje EpnessaHosuh u [JlpoGmwakosuh 3a eTHonorwjy), dparyrun Hepoko
v Panoje JlemvHan 3a kaprorpadujy, a AHToHuje Jlasuh 3a Kaprorpadcko
WITyCTpOBahe, 28

Y T'eorpadckom 3aBony Cy jeNaHIyT HENEHHO ONDP/KABAHYM CEMHUHAPU Ha
kojuMma je LIBujuh CBOjUM yyeHMINMa JaBao YIYTCTBA 33 HAYYHO-MCTDPAKMU-
BaYKM pall ¥ Ha KOjUMA Cy OHM CaOTMILTABAIM PE3YJITaTe CBOjUX MCTPaXKMBa-
ha Ha TEPEHY O KOjUMa ce 3aTUM IucKyToBajio. LIBujuh je mmao MHoro ca-
pamHvika ¥y Hapody. Ha OCHOBY meroBux IUTaMMaHUX YITyTCTaBa GHCTPU W
crnocobHu mojenuHuM u3 untase Cpbuje u LpHe Tope, nenom u u3 BocHe u
XepuerouHe ¥ MakeooHMje, NTPUKYIUBATA CY W CIanu My IOoJaTKe O cTa-
HOBHMIUTBY, TIPUBpPEIM, HACE/bUMA.

Y nepuony 1894—1908. Lieujuh je u3mao mer cBesaka IMPBOT reorpadp-
CKor yaconuca Ha bankanckom nonyoctpsy [lpecned ceodpacpexe auitiepaiiype
0 baakanckom dosyocitpsy. Tonnne 1910. ocHoBao je Cpricko reorpadcko
ApywITBO Koje on 1912. usnaje c¢Boj Irachux v Opyra u3marba.

XEMHWJCKE HAYKE?

Muxauno Pawxosuh (1827—1872), Haul npBu xeMU4ap U mpodecop Ha
Jlvuejy U BenMkoj KoMK, CPENUHOM IENeCeTUX TOAMHA OCHOBAO je 1 nobpo
OTIPEMHMO XEMHJCKy J1abOpaTOPHjy y KOjoj ce GAaBMO MPUMEEHOM XEMHUjOM.

M3 oBe naboparopuje, kojy je Hacmenno Cuma Jlozanuh (1847—1935)
1872. ronune, noreknu cy JlozaHnheBr HayYHM pagoOBH U3 CKOpPO CBUX 00Jia-

28 Munopan Bacosuh, Josan Llsujubi, 249.

29 Xemuja Huje pasMaTpaHa y Behoj MEpPH jep je ayTop O XeMHjCcKoj Hayuu Beh THcao Ha
OCHOBY KpUTEPHjyMa MPHUMEEHUX Yy 0BOj cTyaju. O Xemujckoj Hayuu suaetd v: C. Bojosuh,
Xemuyja y Cpbuju y 19. eexy, HaydaHa xrura, Beorpan, 1989; C. Bojosuh, Cuma Jozanuh, Mpun-
uun, beorpan, 1996; C. bojosuh, Cuma Jozanuh, y: XKueoi u deao cpiickux Hayunuka, Kwura 1.
1996, 199—261; C. Bojosuh, Musopad Josuuut, y. JKusoi u deno cpiackux nayunuka, Kibura 2.
1997, 371—396; C. bojouh, Mapko Jlexo, y: JKusoid u deso cpickux nayynura, Kroura 4, 1995,
33—65; C. Bojouh, Muxauso Pawxosuh (1827—1872), yv: JKueo@ u odeno CPUCKUX HAYHHUKS.
Kmura 1, 1996, 65—96.
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CTU XEMHjE, TIpe CBera M3 opraHcke xemuje U enextpoxemuje. o Tlpsor
CBeTCKOTr para o6jaBuo je Bulle of 50 HayuyHuX panoBa y Bonehum eBpor-
CKMM YacomicuMa. Hexku oA Tux pamoBa ce M gaHac LIMTUPA]y.

Jlozanuh je mpeu HayuyHuk y CpOUju KOjuU ce GaBHO HCTpPaXKMBambMMa
KOja HUCY MUMajla HEMOCPEIHE KOPUCTH 3a 3eMJby, KOjUMa Hallla UHTEJEKTY-
aJHa jaBHOCT HUje OuMja HaKIIOWkeHa M HUje UM MpUIaBaJia BEJIUKH 3Hayaj. ¥
Hauloj cpenyHU Jlo3aHuh je 6MO IMO3HAT MO CBOjUM aHAIM3aMa MWHEPATHHUX
1 nyjahux Boma, arpHKyJATYPHUM panoBMMa, aHAIM3aMa MUHepasa, pyda |
Mereoputa. HberoBM HaydyHU pajioBM MMald Cy MaJio oljeka Mel)y HeroBUM
CaBpEMCHHWLIMMA, UAKO CYy OCTaBUJIM BMOHOI Tpara y €BpOIICKOj Hayly.

Hpyru 3Hauajan xemnuap Mapro Jexo (1853—1932) mo monacka y Cp-
Oujy 006jaBHO je HEKOJMKO paJoBa U3 OPTaHCKE XeMHje 3HauajHUX 3a CTPYK-
TYpHY TE€OPHjy, KOjU C€ HABOIAE Yy MUCTOpHjaMa XeMuje. AJIM, ITO NONacKy y 6e-
orpancky Hp:kaBHY XeMMjCKYy NaGOpaTopHjy OKPEHYO Ce IMPUMEHEHO] XeMUju
1 00jaB/bMBA0 DANOBE y YacolMCUMa 3a NMpUMeHeHY XeMHjy. Heke merose
AHATUTUYKE METONE YIUIE CY Y HeMauyke YIIOCHWKe W TPUPYYHHKE.

Munopaod Josuuub (1868—1937), hak Cume Jlozanuha, o6jaBuo je oko
CTOTUHY PaloBa M3 OPTraHCKE M HEOPTaHCKE XeMHje, YINaBHOM y CTpaHUM ya-
conucuma. Hekn on merosux pamoBa AyTro Cy IWTHPaHU, aiu je Josmamh BU-
ute 6MO MO3HAT M TPU3HAT Y MHOCTPAHCTBY HETO Y 3€MJBbH.

MATEMATHUYKE HAYKE

Maremartrka je KOHTUHYHpaHO TpenaBaHa Ha Jluilejy, kacHuje Bemuxoj
IIKOJIM, ONl camor OCHHUBawa. IlpBu mpodecop mMaTeMaTuke, AtaHacuje Hu-
Konuh, Hamucao je M IpBe YIIOEHWKE MaTeMaTHKe, OMO je M TIpeaceTHHK
HpymTBa cpricke CIIOBECHOCTH, aju je cMarpao da ce He Tpeba nocsehusarn
HayyHOM paly M IryOMTH BpeMe OaBehiu ce HEKOPMCHUM cTBapuma.’d

IlpBu kBanudukoBaHU HacTaBHUK MaTeMaTuke Kocra Ankosuh npena-
Bao je TPUAECET FOAMHA MareMaTUKy, alu ce HHUje 0aBHO HayKoM.’!

30 Muonpar Tomuh, Ma@iemamuuke nayke, y: Cpiicka axademuja Hayka u ymeimiHOCTU U
paseogj nayxe u ymemnocwmu y Cpba, Kibura 1, Crorogumimbuua Cpricke akaneMHje Hayka M yMeT-
HocTH 1886—1986, Beorpan, 1999 (name: CAHY, 1999) 13—35; Josan Keukuh, Mamemaimiuuru
yybenuyu Amanacuja Huxoauha, y: Ionra eexa nayke u fexnuke y obnoemenoj Cpouju 1804— 1854,
Kparyjesau, 1996, 217—227; Tlaene [Nepuminh, Mafiemaiwiuka y o6nosmenoj Cpbuju, y: fonra sexa
Hayke u @exnuxe y obHoemwenoj Cpouju 1804— 1854, Kparyjesau, 1996, 386—404; Munena Jopa-
HoBuli, Adwanacyje Huxonuh xao dapaduéma, y: Ipupoone u mamemamuuxe nayke y Cpba 1850—
1918, Hosu Can, 2001, 115—123; Munoje Capuh, 3opa Capuh, Amanacuje Huxonauh, y. JKusoim
u deno cpiickux naywnurka, Kwura 7, 2001, 1—-27.

31 Karnua (Cresanosuh) Xenpux, Koncitianiiun Kociia Aakosuh, y: Kueoili u deno cpickux
Haywnuka, Kwura 3, 1998, 33—70.
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[1pBy MaTemaTuuky pacrpaBy y liaachuxy Cpickoé yuenol dpywitiea o6ja-
BHO je nmkemep dumurpuje Crojanosuh 1869. ronuxe. OBa, Kao U joiur gBse
KacHuje pacripaBe (1870, 1878) HuUCY opurnMHaJIHM HaydyHHM pamoBu Beh ce y
IbUMa pacripaB/ba 0 00jaB/beHMM pe3ysiTatiMa.’? CemaMaeceTMX W ocaMiece-
TUX TOJWHA jOII HEKOJMKO pacripaba objaBwiu cy Jbybomup Kinepuh (1874,
1877), dumutpuje Hewruh (1878, 1882, 1883, 1885, 1888) u Iletap XKusko-
puh (1883, 1884, 1885, 1889. m kacHuje), O6e3 Beher 3Ha4yaja U 6e3 HaydIHUX
pesysTata jep cy OWIM ,,BaH TOKa MaTeMaTH4yKe Hayke oHora jo6a”.’

Humuimpuje Hewuh (1836—1904), mkonosan y beuy u Kapicpyey, npe-
JaBao je MaTeMaTUKy Ha Benwxoj mikonm Buie on 30 romunHa (1862—1894).
3a To Bpeme oOjaBuO je neceT pacnpaBa y Tnachuxy CYI w Inacy CKA,
VIJTABHOM U3 MateMaTuuke aHanu3e (1878—1892); nmocnenmsrx HEKOAUKO pa-
J0Ba Cy HEWTO Behe BPEAHOCTH HEro INMPEeTXOOHM, alu U OHU 0e3 OpUrHHaji-~
HMX pesdyarata. CBU palOBU IITAMIIAHHM CYy CaMO Ha CPIICKOM je3WKy.*

IHeiwap Kuekosuh (1847—1924), ruMHa3ujcKu Npodecop, LIKOJIOBAH Ha
ITonutexHuykoj wkonu y Lupuxy (mMatremaTuka, MexaHUKa U (U3MKA), ¥
Inacnuky CYIA v Taacy CKA 06jaBHO je YKYITHO AeceT pamoBa, Ao [IpBor
cBeTcKor para cegaM (1883—1898). basuo ce penaTUBHO eJleMEHTApHUM TU-
TakbUMa U3 OONACTH CUHTCTMYKE, aHAIMTHYKE U eJIEMCHTapHe AudepeHLn-
jarHe reoMmeTpuje. PanoBu cy 00jaB/eHM caMO Ha HAIllEM je3UKY U HUCY WMa-
Ju Beher ofjeka y jaBHOCTH.>?

bosdan T'aspusosuh (1863—1947) uszabpaH je 3a nmpocdecopa Bemmke mniko-
nie 1887. roguHe. Ctyaupao je M IOKTOpupao y bymuMiieinTd, a ycaBpliaBao
ce Ha yHuBep3uretuMa y Hemaukoj, IlIBajmapckoj n ®paniryckoj. O6jaBbu-
BAO je padoBe U3 alrebpe, reoMeTpuje U Teopuje (PyHKUMja. ¥ OKBUPY aire-
0apcKHX UCTpakMBarba 0aBMO ce KOMOWHATOpUKOM, TeopujoM GpojeBa U JIH-
HeapHOM ainrebpoM. HamomeauBao ce Ha palloBe HajllO3HAaTHjHUX MaTteMaTuya-
pa u 32 pax Oupao akTyeiaHe TeMe. MehyTum, CBM panoBU Cy 00jaB/beHU Ha
CPIICKOM jE€3UKY, Ma Cy TaKO OCTaJM HETTO3HATU CTPAaHO] jaBHOCTH, a HUCLY
OCTaBWJIM BEIMKOI Tpara HM y 0eorpajickoj MaTreMaTH4kKoj IIKoau. Panose je
006jaBUO y KpaTKOM BPEMEHCKOM Mepuoay oa cenam romuHa (1900—1907). Ho
ITpBor cBeTckOr paTa, y3 Te€3y W ABe Kibure, 00jaBuo je jowr 15 pamosa (Tpu y
Pady JA3Y w 12 y Inacy CKA).*¢

32 Mwoapar Tomuh, Mamiemaiiuuxe nayke, 14.

33 Muonpar Tomuh, Mamlemaimuuxe nayke, y. Cplcka axademuja Hayka u ymei@HOCTIU U
paseoj Hayke u ymeminocwiu y Cpba, CAHY, beorpan, 1989, 14.

34 Bowko Josanosuh, Jenenka Tetkosuh, Jumuidipuje Hewuh, y: XKusoimi u deao cpiickux
naywnuxa, Kmwyra 3, 1998, 1—-31.

35 Nywan Anamosuh, [Temap JKuekosuh, y. XKusoii u deno cpickux nayunuxa, Kbura 1,
1996, 181—196.

36 YKapko Mujajnosuh, bosdan laspunoeuh, y: JKuseoili u deao cplckux Haywnuxa, Kwura 2,
1997, 71—102.
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Tek gonackoM Muxauna Hediposufia (1868—1943)%7 moveo je pa3Boj Ma-
TeMaTuke kao Hayke. IleTpoBuh je HajIUTOMHMjH, Hajpa3HOBPCHUjK U HajOpH-
[MHATHUjA Hall MaTeMaTWyap, IPBUM MaTeMaThdap 4YWju Cy DPamoBU WUMAU
ofljeKa y €BPOIICKO] jaBHOCTU. baBHO ce pa3HOBPCHUM 0OIacTHMa U CBOjE pa-
JIoBe 00jaB/bMBAO jeé Y CTPAHWM YaCOIIMCUMA.

VrnaBHOM ce 0aBUO KJIACUYHOM aHajau3oM (y OHO Bpeme To je buia Mo-
JEpHa aHaATU3a) Koja ce MOXKe Pa3BPCTaTH y AM(epeHLMjaNIHe jeHAYUHE, Te-
opuje GyHKUMja M anrebpy (MHTErpaiHU M AW(pEepeHLMjaIHA PadyH).

[MerpoBuh ce mkonoBao Ha CopbOHH, KON HAJIIO3HATHjUX MaTeMaTuya-
pa OHOT BpeMEHA KOjH Cy ce GaBWIM KJIACHYHOM aHamu3oM. Kao hak Te mxo-
ne, TlerpoBuh je HacTaBMO Na ce 6aBU UCTOM MPOOIEMATUKOM, ajlM 300T Fbe-
He 3aBplLIHe (a3e U FBEroBW pe3ynTaTd, Mako JOOPU M KPeaTUBHH, IIpe CY Ce
HaZOBE3UBaNU Ha IocTojehie pamoBe Hero IUTO cy y Behoj Mepu oTBapain HO-
Be IMpobieMe.

[MetpoBulieBe OpUTMHATHE MaTeMaTHYKe OIMCLIMIUIMHE OcTaje Cy 06e3 Be-
her yruuaja, jep HU GeHOMEHONOTHja HHM TeOpHja CrieKTapa HUCY 030WbHHUje
3aMHTEpecoBajle MareMarndape. ¥ cBakoM Opojy [raca CKA Hanaswio ce 1o
HEKOJIMKO HbETOBMX paloBa Koje je Beh 00jaBMO y WHOCTPAHCTBY, LITO je Y
OHO BpeMe OMIIo yobuuajeHo.

Beh pe3ynTaT¥ H-eroBe IOKTOpCKe Te3e, objaBbeHe Ha Copbonn 1894. u
ITaMMany xao noceban pan (Comptes rendus, 118, 1894), xoju ce onHoce Ha
ndepeHUIMjanHe jefHaurHe, OWIM Cy 3allaKeHH U YLIIM Cy Y MTO3HaTH yLiGe-
nuk E. Muxapa (E. Picard, Traité d’Analyse 1II, Paris, 1896).

IerpoBuh HUje UMAO CTPIUBEHLA 33 AY)KU U CUCTEeMaTUYHMjU pal. OTsa-
pao je mpobGieMe, and ce Ha FUMa HMje OYTO 3aIpXKaBao, HECTPIULMBO je
MIPEa3suo Ha HOBE, OCTaB/bajyhy ApyrvMa a UX Aajbe pellaBajy W yoIlTaBa-
jy. Tako 1 EroB NpBU pal, KOju OH HUje IyOse paspahuBao, 6o je mpen-
MET TIpoyYaBathba MHOTHUX MaTeMaTHuapa W KacHHje je pelleH y OMNIITEM CIy-
qajy.

O6acT pana y Kojoj ce HajBUIlIe 3aapiao jecTe Teopuja IvudepeHLnjal-
HUX jenHaynHa. M3 Tor meprona Haj3HayajHUja je Herosa MoHorpadwuja Inté-
gration qualitative des équations differentielles, oGjaB/beHa y (PpaHLIyCKOM va-
comnucy y Ilapusy (Mémorial des Sciences mathématiques, Paris, 1931), y ko-
joj cy camp)KaHW HajBaXHWjU DPE3yNTaTU O MpobieMuma IudepeHLUjaTHUX
jennaunHa. [MetpoBuheB pag O CHHTYJIapHUM pellerbnMa AU(epeHLMjATHUX
jeNHAYMHA TIPBOT DElla HABOMM C€ y HEKOJIUKO KHbHra M YLOEHMKA.

V o6nacti Teopuja GyHKLMja TOCTHTAO je Haj3Ha4yajHWje pe3yaTare, Nnpe
cBera 110 OPUIMHATHUM HIejaMa M OKa3uMa, pe3ylTaTMMa HW3BeIeHUM Ha

37 Jopan Keuxuh, Muxauno [Mefiposuh Anac, y. Kueom u Oeno cpiickux nayunurxa, Kmura
2, 1997, 325-370.
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JEMHOCTaBaH M eJIeTaHTaH HAYKMH. YBEO je BHIE HOBHX CIIEUHjaTHUX (DYHK-
1Mja Koje MMajy pasHe MPHMEHE Y aHAIN3H, NOCeOHO MPUIIMKOM OMMCHBAMbA
pelema HeKUX Kiaca anbepeHurjanHux jenHaurHa. Y ose TTetposuhiese pa-
A0BE NONYH-aBaIH Cy, MPOIIMPUBAIN M YOIILUTABAIU MO3HATH MaTeMaTUYapH.

IeTpoBuh je mokywao fa 3acHyje IBe HOBE MaTeMATHUKe MUCLMILIMHE!
MareMaTtuyKy (EeHOMEHOJIOTH)y U HyMmepudke criektpe. [logerkom XX Beka
TOYeOo je [a pa3sMHIba O IPUMEHAMa MAaTeMaTUYKUX NPUHLMIA HA MHOTO-
6pojue npuponHe dheHomeHe. To je MoyeTak HEroBe MaTeMaTHuKe dheHoMe-
HOJIOTHJE KOjOj je ITOCBETHO BEJIMKM JE0 CBOjE HAyYHE aKTUBHOCTH. YV KH-H3U
Enemenmiu mamiemamuuxe penomenonozuje (1911) mocrasuo j€ OCHOBe HOBeE
Hay4YHe IUCUMTUIMHE — OMNIUTe (GEHOMEHONOIHjE M, MOCce6HO, MaTeMaTHuKe
(eHoMeHoOTOTHjE.

M3a mera je octano ykymHo 527 GMOGIMOrpad)CKUX jeNMHUIA, OXHOCHO
393 pana, He pauyHajyhu MoHOBbeHa 00jaB/bUBamka. OI YKYIHO 257 pagoBa,
oxo 200 cy HayuHu, on Tora je oko 60 oGjaBmeno g0 ITpBOTr CBETCKOr para.
Kao wito je Beh nmomenyro, BehuHy panosa je 0GjaB/bUBAO M Y CTPAHUM W y
HalllMM YaCOITUCUMA.

ITetpoBuh je yuecTBOBao Ha MehyHapOOMHHMM KOHIpecuMa (OKO 40), mwe-
TOBE pagoBe UMTHUPIH Cy HajBehn OHmalmu Maremardyapy, capahusao je
Ca CTpaHUM HayYHUUMMA, OHO je YiIaH BMIIE CTPAHWX aKaJeMWja HayKa U Be-
JUKOTr Opoja HayyHHX JIpYIITaBa.

Kpo3 cemunape yuno je cBoje hake ma ce ciyxe JHTepaTypoM (cHabne-
Bao je OMOIMOTEKY aKTYeTHNM 4YacolucuMa) M Hajbosbe Melly muMa YBOIHO ¥
HAayYyHM pal, YMME je OTIIOYEO CTBapame MareMaTuyke mkose. o ITpsor
ceerckor para kox M. IlerpoBuha cy onbpamena asa goktopara: MiameH
bepuh (1912) u Cuma Mapkosuh (1913). Taxo je oH Ha Bpeme ITPUIIPEMUO
CBOje HACJeqHHKe (MIPOM cilydyaja o6ojula Cy paHO HAIYCTIIIH YHuBep3u-
TET).

OU3INYKE HAYKE

Kao u maremaruka, u dusuka je npesasana Ha JInuejy ox 1839. roavue.
I1pBu npodecopu 6um cy 106po 06pa3oBaHu WHTEJIEKTYaNU, alu HEKBAIH-
¢vkoBanu ¢usudapu. Ilpeu, nouexne crpyyan npodecop Kocra Asnkosuh
(1836—1909) 3aBpumo je IMTosrmrexnuky y Beuy, amy 3a TpuzeceT roauHa pa-
na Ha Bennkoj mkomu (1862—1892) Huje o6jaBuo HujenaH HayaHu pag. Tako
ce Gu3MKa PaHO pa3BWIa Kao IIKOJCKA AMCLMIUIMHA, HAMMCAHU Cy yiIGeHk-
UM W OCHOBaH (PM3MYKK KaOWHET, alli Hayka ce HHje pa3BHjaa.

bophe Cimanojesuti (1858—1921), wkonosan y Bepruny n Tapusy. rmp:=
Jdonacka Ha Benwky wkony paavo je y acTpodu3Mukum JlabopaTtopujamz -
Hemaukoj u PpaHiyckoj u 06jaBHO je HEKOJUKO pamoBa U3 acTpoduzi=s
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ITo nonacky Ha Benuky mkony 3a mpocdecopa eKCriEpUMEHTATHe (BU3MKe
(1893) mokymrao je na o6jaBy acTpodu3MUKe pamose y AKaieMHUjU HayKa, aTu
Cy panoBu onOujeHM. TUMe je YIJIaBHOM TIPeCTalo HeroBO MHTEPECOBAME 3a
byHIaMeHTaIHy Hayky. Y obnactu dusuke ,,TIpAKTHKOBAO je ornede w3 ¢Go-
Torpaguje, ONTHKE U BUCOKOGMPEKBEHTHHX cTpyja”. BaBno ce dusmomoukom
GOTOMETPUjOM M LICHTPATHUM CHJIaMa Y MPUPORN.3

CreBan Mapkosuh (1860—1945), npBu DOKTOp (PU3MUKUX HAayka KOJI
Hac, HHje ce 0aBHO HaykoMm.¥

Munopan IMorosuh je 0GjaBHO HEKONMKO pagoBa M3 (DUBMKE.

MEXAHWKA

Jbybomup Knepuh (1844—1910), pynapcku MHMXeHeEp M MpPBH Mpodecop
TEOPHUJCKE MEXaHMKe, CEeNaMIECeTHX W OCaMIECETMX TOOMHa 06jaByo je MpBe
panoBe U3 MexaHuke y laacwuxy CYII.

IlItammao je TpumeceTak pagoBa, YIJIABHOM Yy M3larsuMa AKaleMuje Ha-
YKa, HajBUIIE U3 KMHEMAaTHKe, HEKONIMKO M3 CTATUKE, a MMa M OIMUCA KOH-
CTPYKILIMja Pa3sHMX MHCTPYMEHATa 3a MaTeMaTUKy ¥ MEXaHUKY.4

On 1889. roamHe pannoHamHy MeXaHUMKY npenasao je Mujanko Fhupwuh,
amk ce HUje O6aBUO HAYYHHUM DAaIOM.

Hexonuko pamosa o6jaBuo je moyerkom XX Beka Kocra CrojanoBuh.*

[Ipen n3bujarbe GanKaHCKMX paToBa Ha YHHUBED3UTETY je MOYEO Aa Mpe-
naje Munymun Munanxosuh (1879—1958), nrerbep, MeXaHN4Yap, MaTeMaTH-
4ap, actpoHoM U reocusnyap. Ha Texnuukoj Beaukoj wkonn y Bewy cryau-
pao je rpalieBUHCKY TexHUKY M Aoktopupao 1904 (nmpeu CpOGUH Koju je cre-
Kao NOKTOpaT TeXHWYKHUX Hayka). Y TpBUM panoBuMa objaBjbeHMM y bBeuy
U3BEO je OCHOBHE jeHa4YMHE 3a ofpehuBarbe apMarype GETOHCKMX HOcaya, a
on 1911. nmoyeo ce uHTepecoBaTH 3a MpoGAEMe CONAPHUX KIUMATCKUX YTHLA-

38 Cresan Kouuku, Paseoj pusuxe kod Cpba, CAHY, 1989, 63—74; Munan dumutpuje-
Buh, Acmiponomuja y Cpba 1850—1918, y: Mpupodne u masmemamiuuxe nayxe y Cpba 1850— 1918,
Hosu Can, 2001, 64—67; Mapwuja Wewnh, Metap Muwbauuh, JKusodi u deao bopha M. Ciaano-
Jesuha — aciiponom, Pusuuap, enexilipourcersep, y: Ipupodne u maiemamiuuxe nayke y Cpba
1850—1918, Hosu Can, 2001, 271—285; Mapuja Llewmnh, IMerap Mubanuh, bophe Cimanoje-
euh, y. JKusoii u deno cplickux nayunuia, CAHY, Kwura 7, 2001, 29—67.

3 Bophe Mywmuku, Paseoj Pusuke na Beauxoj wxoau y beoepady u doueyu naciase meo-
pujeke pusuxe, y: Paseqj u mexnuxa y Cpbuju Opyze Gonoeune XIX eexa, Kparyjesau, 1998,
400—401.

40 Karuua (CreaHosuh) Xempux, JbyGomup Kaepuh, y: JKueomw u deso cpiickux nayunuka,
Kwnra 1, 1996, 129—178; Taromup Anhenwh, Paszeoj mexanuke y okeupy CAH, CAHY, 1989;
Anexcangap Iletposuh, Kociwa Ciiojanosuh, y: JKueod u deno cpiickux nayunuxa, Kibura 7, CA-
HY, 2001, 69—118.
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Ja W TeMmIeparypa Ha TUtaHeTama u 00jaB/bMBA0 je pamoBe M3 MaTeMaTHKe W
MCXaHMKe, a npe cBera reo@usMke U acTpodu3smke.*!

Y wucro Bpeme y Beorpan je nomao u UBaH ApHoBmesuh U Moueo na
o0jaBibyje pamoBe Ha HEMayKOM jesuky.+

ACTPOHOMMJIA4

O paHoM wHTepecy 3a aCTpOHOMHjy, jouwr cpenrHoM XIX Beka, cBemoye
TIPEBONIN aCTPOHOMCKHX WJIaHaKa y 4acONMWCHMa, KaJleHIapuMa XM NOCEOHUM
Bpoiwypama. Anu, 3a Pa3Boj OBe Hay4yHe AMCUMIUIMHE GUITO je jowr paHo, a, ¢
ApYre CTpaHe, aCTPOHOMCKM MHCTPYMEHTH, HApOYUTO OITCEPBATOPH|CKU, OU-
JU Cy BeOMa CKYIIN.

Munan Heneskosuh, koju ce YTIaBHOM GaBHO METEOPOJIOTHjOM, Haba-
BHO je LIECT MawbhX MHCTPYMeHATa TNIOTIOXKajHe acCTPOHOMMjE M IIBA YACOBHU-
Ka, am, CeM TIOBPEMCHHX W DPETKUX onpehUBama TaYHOT BpEMEHA, APYror
4CTPOHOMCKOT paja Huje Ouo.

ACTPOHOMCKHU Jeo TPUaHTynauuje 3emsbe, kpajeM XIX u nouetkom XX
BeKa, M3Beja je BojcKa.

bophe Cmanojesun (1858—1921), xao nuroMall MuHuCTapeTBa BojHOT,
610 je Ha crieLjau3aUMin Y HEKOIUKO HajITO3HATHjUX EBPOIICKMX acTpo-
HOMCKMX oncepsatopuja (ITorcmam, Xam6ypr, Menon, I'punny, Kjy, IMynko-
BO, 1883—1887) u yuectBOBao y excrienuuujama, y Pycuju (1887) 3a mocma-
Tpare MOTIYHUX CyH4eBUX MoMpaversa, n Caxapu (1889/90) 3a nmpoyuaBame
TMHHUja Y CTIEKTPY 3eMJbUHE atMocepe. Hberosu npsu panosu, oGjasmenu y
usnawnuma Ilapucke akagemuje Hayka, jecy mM3 obnactu actpodusuke. To cy
YJeIHO M FbETOBHU jeIWHM PAZOBH M3 Te OGIACTH.

IIpBe panose u3 actpoHoMuje (HeBecke mexaHuke) y Inacy CKA o6jasuo
je 1909. ronune Muayiiiun Musanxosub. Ho TIpBoOr cBETCKOT paTa mTamIao je
HEKOJIMKO panoBa U3 HebecKe MEXaHUKE W 3all0¥e0 UCTPaXKUBAHA W3 acTpo-
HOMCKE KJIMMATOJIOTHj€, HAYKe KOjy jé OH CTBODHO TOKOM HapeIHWX deleHHja
H TIe je AOCTHTao CBETCKY CIaBy.

41 Hukona IManruh, Munyitiun Munanxosuh, y: XKusoid u deso cplckux nayunuxa, Krbirs
“. CAHY, 2001, 171—223.

42 Haranuja Haepstoeuh-Bemkxosuh, Hgan Aproenesuh, y: JKusoli u deno CPUCKUX HAw .-
<a, Kmura 2, 1997, 397—435.

43 JoBan CumonmeBuh, Actiiponomuja y Cpiackoj axademuju Hayka u ymedinociuu. CAH
1989, 45—55; Jparytun Byposuh, Mupjana Bykuhesuh Kapabun, Aciliporomuja jyue, dgnz: :
spa, y: [Ipupodno-mamemaimuuxe nayke danac u y Gyoyhuociwu (npupenvnn: K. Yekosyr i .
ypuh), CAHY u [IMO, beorpan, 1989, 47—57.
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3AK/JbYYAK

360r notpede ymosHaBarba pyaHor 6oratctBa y CpOuju cy u npe 1853.
TOOMHE BpILIeHa TeojIolKa UcTpakuBarba (6apon Xepaep u Amu bye), upra-
He reorpadcke Kapte, n3BoheHA METCOPOJIOLIKA Mepea. Y CTpaHUM My3eju-
Ma TIOCTOjaJIe Cy KOJEKUMje MUHepana U CTeHa NPUKYIJbEHUX O CTpaHaua
KOjU Cy NpBHUX lelleHHWja Beka Mmpoiasuiu kpo3 CpOujy, UM OO CTPy4YH-aKa
KOjY CY UCTIMTHBATU 3eMJby Ha TNMO3UB CPIICKUX BJIACTH.

IMenecetux roaHa [Nanuuwh je 3amouyeo GOTAHUYKA MCTPAXKMBaHha KOjU-
Ma ce G6aBno no kpaja kusorta (1888). Taj pam HacTaBWIM CY HETOBU hauu
Kojux je 6uso v Ha Benukoj mkonu v y cpearuM inkonama. ITanuuh je Bp-
ITHO W 300JI0LIKA, TeoJOIlKa ¥ MHHEPANOIKa UCTPaKHWBatha, & IOCTOjHO CY
ra nacnenuau Kusojun ‘bophesuh, Josan Kyjosuh n Casa Ypouwesuh.

[eorpaduija, BeoMa BaxkHa He camo 3a Cp6ujy Beh u 3a EBporty, HUje ce
pa3BMjajsia Kao HayKa CBE 10 JeBEAECETHX TOOWHA, 10 nojaBe JosaHa LlBujuha.
MehyTuM, OH je 3a HEKOJIMKO rofiHa HaIOKHAIWO CBE OHO WITO jeé M30CTalIo
y TIPETXOIHOM TIepHoay W rnodeTkoM XX Beka LlBujuh u cpricke 3eMipe Ounmn
¢y Beh go6po mo3HaTh HayyHoM cBeTy EBpome. Tako cy 60oTaHuka, 30010TH-
ja, reojoruja, MUHepasoryja, reorpaduja kpajem XIX m modetkom XX Beka
Ouie pasBHjeHE HayKe, MMaje Cy OAroBapajyhe UHCTUTYLHje, CTpy4Ha Ipy-
IITBA, YaCOTIMCE, THMOBE UCTpaKuBayad.

Kpajem uverpmecetux rogmuHa XIX Beka Bmamumup Jakimiuh noueo je aa
ce OaBu xuMaTtonorvjoM Cpbuje, a pe3yiarare CBOr paxa objaBMO je menmece-
X romvHa. Hberos pan HactaBumo je MusnaH HenebkoBuh ocamaeceTnx ro-
JIWHA.

Ocrane Hayke, (U3MKa, XeMMja, MaTeMaTHUKa, aCTPOHOMHja, MOpayie Cy
IIa 4YeKajy HacTaHaK WHTEJIEKTyaJlHe KJIMMe, /0Ja3ak jegHor Opoja COMMIHO
06pa3oBaHKX MIAIUX JbYAW KOjU Cy Ce TPYAWIM [Ja HayYHWUM DaioM MOAUTHY
yrien v 3Hauaj CpOuje y CBety.

Hajnipe ce xemuja pa3Buia kao Hayka. lomackom Cume Jlozanuha Ha
Benuky mikony 1872. HacTaB/beH je pa3Boj MpUMeErbeHe XeMuje, 3anouer ¢ M.
Pamkopuhem 1853, anu je Bpyio Gp30 3acHOBaHA U Hayka, 3aTo 1To je Jlo3a-
Huh 00jaB/bMBA0 PajJOBE Y HAIIUM U CTPAHMM 4YacOINMCHUMa M3 CBUX 06jJacTv
xeMmuje.

HeseneceTux romnHa Ha Benuky uikomy nmoimrao je Muxauno Iletposuh
Anac. ¥ npBux OeceT roavHa objaBUO je TeaeceTak pajoBa U3 pasIuuUTHUX
0ONACTH MAaTeMAaTHKE y €BPOIICKMM dYacolucuMma W TuMe yBpctuo Cpbujy y
3eMJbY C Pa3BUjEHOM MaTeMaTH4YKOM HayKOM.

¥ ucro BpeMe ¢BOj pan y Cpbuju nodeo je pusmuap hophe CraHojepuh.
Mana je y TTapuckoj akageMuju Hayka 00jaBMO HEKOJIMKO panoBa M3 acTpo-
HoMmuje, y Cpbuju joml HUje OWJIO pa3yMmMeBama 3a TaKBY BPCTY MCTPaKMBarba
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M OH je CBOj pal KaCHHje YCMEpPHO Ha WMHIYCTPUjaU3aLMjy U eJeKTpuduKa-
uujy 3emibe. Tako cy du3mKa U acTpoHOMMja GWIe jearHe 06NaCTH y KOojuMa
y TO BpeMe HMje OMJIO 3HAYAjHMjUX HAYYHMUKA.

Hakne, y XIX Bexy pasBujane cy ce Hayke BaxKHe 3a Mpoy4YaBame U YyIo-
3HaBarbe 3eMJbE, HAayKe O KOjUX je 3eMsba MMana KopucTu. Takse Hayke cy
TMONCTUIIAHE, 33 KHX je M3IBajaH HOBAL, aHTAXXOBAHM MJIAAM MCTPAXWBAUM,
HayYHULU Cy nobujany HajBehia Tpu3Hama W noxsane. OCTAIUM HaykKaMa
HHje ToKIaaHa Beha Maxma, a M Kala je MHMCaHO O HayYHWIMMA KOjU Cy ce
0aBUIN XEMHjOM, aCTPOHOMHjOM, (DU3MKOM HaIMalIaBaH je HUXOB pax y
PUMEEHUM 00NTacTMMa, a 3aHeMapuBaHa (YHIAMEHTATHA MCTPAXKUBAIA.

[
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JJOTIPUHOC ATAHACHUJA CTOJKOBHU'hA
CTBAPAHY CPIICKE TEPMUHOJIOTHUIE ¥V OU3SULN
WU JPYTUM EI3AKTHUM HAYKAMA

CONTRIBUTION OF ATANASIJE STOJKOVIC IN THE
CREATION OF SERBIAN TERMINOLOGY IN PHYSICS,
BUT ALSO IN OTHER EXACT SCIENCES

CAYKETAK: Ipsu ayTopu HaydHHX [ena Ha jesuunma Gpojua-
HO MaJWX Hapona MOCTajy, UMIUIMLKUTHO, U TBOPLUM HayuHe TEPMU-
HOJMIOTHje Ha JOTHYHOM je3UKy. Y OBOM paiy nokyuahemo ja yo4u-
MO Heke on gompuHoca AradHacuja CrojkoBuha, ayropa fpBor yL6e-
HMKa (bU3MKE Ha (CIABEHO)CPIICKOM jE3WKY, CTBapamy CpICKe Tep-
MUHOJIOTHje Y TIpBOM pefy Y QM3UuM, aliu W Y JAPYTMM €r3aKTHHM
HayKama.

Knyune peuu: Atanacuje Crojkosuh, ucropuja dusMke, HayIHa
TEPMHHOJIOTHja

SUMMARY: The first authors of the scientific works on different
languages corresponding to the smaller nations, automatically become
the creators of the scientific terminology for the language spoken by the
respective nation. In this paper we try to outline some of the contribu-
tions that Atanasije Stojkovic (the author of the first student book in
Physics written in Slav-Serbian language) had in the creation of the Ser-
bian terminology mainly in Physics, but also in other exact sciences.

Key words: Atanasije Stojkovic, history of Physics, scientific
terminology
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1. ITPUCTVYII

[Ipe HO WITO Ce ITPUXBATHO MTHCAaba NMPBOT yiibeHMKa GU3MKe HaA (ClaBe-
Ho)cprickoM je3uky,! Aranacuje CrojkoBuh ce Cyouuo ca jeAHWM HUMAIO Ja-
KuM 1pobseMoM (credMUYHUM CBUM TMMHOHUPUMA y HEKOj Hay4dHoj olfa-
CTH): ca HEJOCTATKOM CTpyYHE TEPMWHOJOTHjE YV IHOMEHY ecllieciligeruye, jep
je ,,(ucuKka Hayka BCjeX CBOJCTB M CWUJI COTBOPECHUX BelllMEj W BCjeX MX II¢j-
creuju” (I11. 272).2 Ho, cBecTaH OBOI' UMbeHUYHOT cTawa, CrojkoBuh Huje
YCTYKHYO, Beli ce jyHaukKu JaTho I10Cia, M3MaBUIM 3a TPU IOAUHE MO jelaH
TOM KHbUTE.

Beh n3 camor Hacnopa TpoToMmHe Kibure CrojkoBuha BUAM ce 1a je Ha-
Mepa ayropa Ousia He caMo 1a NpUKaxke W objacHU (hU3UUKe MOJMOBE WU 3aKO-
He, Beh U [Ha MX YYMHM IITO Pa3yM/bUBMjUM W TIPUCTYNMAYHUjUM TalalllkbUM
JUTA0UUMa, KOpUCTeNU MPOCT HAPOAHU jE3UK.

Y llpenucioBnjy Kk 4yuTaTC LY MOPBOT TOMA (,,4aCTHU’ WU ,,9aCTHLIE”)
Qucure, Ha 1. cTpaHu OH Kaxe: ,,MHOTM Ol HAIIMX YYEHHUX, jecy y Bpemja
objapeHnja DUCHKe UyIMIUCE, KAKO CaM ja OBAaKOBO €0 Ha cebe y3eTH
MOrao: Buaelim 1a y HAC MHOro pedej He uma xoe cy y Ducukd norpedHe”
(moasykao — . J. T1.)

3aTUM Yy HACTABKYy W3Ja)Ke W CBOjy CTpaTerujy nucarba ope Krbure: ,,Yu-
TaTenu he MOW MHOre pjeuu Hoee Y 0BOj KHUTM Hauhu. OBO ¢ Hyxcoro OUA0 U
dompetHo. Bcjaka HOBa Bellld MMa HOBO CBO€ HaMMEHOBaHWe. Ja caM ce Tpy-
IMO CHOCOOMEjIIa U3peUeHHWja TPAKNUTH U BCJaKOe TAKO jaCHO MCTOJIKOBATH,
KOJMKO € y Moux cunax Ouno. Crucarteld BcCjeX HapogoB ceOM TO TpaBo
MIPUCBOJUJIN €CY, ¥ OCKYAIHOCTH OHAKOBHX pjEYEHH], KOja OM MICHUEC UX CO-
BepLIECHO WMCKa3aja, HOBa Koeadiu. Ja cam o1 oBora IpaBa — HO KOJMKO caM
MOTao MeHIlle — yroTpebiieHue TBOPHO. 3aTO ja yBepeH ec(a)M, Aa HU €dHO
HOBOE MMja, Ype3 TeUeHUE IIjesie KHhUre, HAUTUCE Heve, Koe OM OHOM HeBpa-
3YMMUTETHO OWJI0, KOW O BEUIYM CO BHMMaHHeM pascyxlIaBaTu Oyme. Mexmy
TUM, NpU3HaBajyhu crabocT¥ MOjy ¥ 3Hajyhu, 1a y poly HallEMy MYXKej 10-
BOJLHO WMa, KOU OW 33 €IHO WIM IpYyTO MOmaTHe Jiyullee U yaobopasyMu-
TejHejlllee pjeueHMje HalUIW: Tpolly, 1a 6M OHAKOBO MEHU MpeUIOKWIU. Ja
Ry Bcerna ¢ GAaroJapHUM cepllieM OHO MPUMUTHM U OT HETo yroTpebieHue
TBOPUTH. M3 NpUIOKEHUX HEMEIKUX W JTATUHCKUX DjEUYEHUH BCjaKM] MOKE
pa3yMjeTH, 4To caM ja kaszatu xoho.” (Ilpeaucnosuje, ctp. 8—9).

OBae HaM, JIOHEKJEC M yKadyje Ha MOPEKIo JUTepaType KOjOM ce Ciy-
U0, & TO CYy YIIABHOM KHMIE€ Ha JJATMHCKOM M HEMauKoM je3WKy, Koje je

I Artanacuje Crojkosuh, Qucuxa — dpociwium jazuxom ciducana 3a pod Caaeeno-Cepbekuf,
Byaum, INMuemenn Kpanesckaro YHusepcutera, [lepsaja uact, 1801; Opyraja uacr, 1802; Tpetja
yact, 1803.

1Y obenexasary uurata U3 Pucuxe xopuctuhiemo CrojkoBuhes HauMH, KOJU je OH o6pa-
3nouuo y Pecucipy (., Tlepsoe Pumcko unucio 3Hauut yact Pucuke, Bropoe Apabekoe, JHCT™).
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CBAKAKO MMAO0 Ha pacrionarawky y TOKY CBOT o0Opa3oBarka, TOYEB 0N POIHE
Pyme, na npexo Lllonpona, Cerenuna u bparucnase, cBe 0 YHUBep3uTeTa y
T'eTuHTeHy, roe je M IOKTOPHPAO.

On mnperxonHuka, ydyeHux Cpba, cBakako jga je CtojkoBuh, Mako »aju
IITO HUje ,,cuity Pauueea v cnanoct Obpadosuuesa je3vika COENMHUTA MOrao”
(Mpenucnosue, ctp. 9), Mopao no3HaBati Beuuiiiu kasendap 3axapunja Opde-
JMVHAa® KpUra Koja caapxu U 182 crpanuiie nocseheHe du3nuM,* na je, Bepo-
BaTHO, U3BECTaH OpOj CTPYUHUX PeuM Tpey3eT M3 Te Kibure. YwHu ce na je
AtaHacnje CToOjkOBMA neTa/bHO ITPOYYHO OBY KHMIY OBOT ,,cepOckor duore-
Ha”, YMM ce yNylITa y Hay4yHy TIOJIEMHKY OKO HEeKMX TeMma u3HeTux Tamo (.
140).

YrnaBHOM, HOBOYBeNleHE pPeuy Aate Cy Kyp3ueom, a y 3arpaiu je Jat Jja-
TUHCKW, HEMAuKU WIW, Hajuelnhe, oba HaszuBa. MehyTUM, KaO METOMOJIOLIKHU
npuctyn, CTojkoBUh KOPHUCTH KYp3WB M lla OM IMOABYKAO JIPYTe pedd Koje OH
CcMarTpa BaKHUM 32 U3IJIOKEHY TEMATHKY.

Y ynorpebu HoBe TepmuHoiornje CrojkoBuh HUje arconyTucra, Beh 4u-
TaoLly OCTaB/ba M3BECHY CJI0O00Y JUHIBUCTUYKE HAATpamdibe, Kao, Ha NpUMep,
KaJa Kaxe: ,Ja MHUCIMM 1a TOH Ha HalleM je3HKy 3HAYuT Zrac. Mexay ThM,
BCjakoMy OCTaeT cBoOoia BMECTO Iiaca YMTATU TOH, aKO BUIHM, 14 MY je TaKo
paszymureibHuje” (I1. 270).

[Tonekan, npu ysoherby HOBUX TEPMHMHA, OH Jlaje M CBOje 00pasiioKerme:
»CKaKajyllauju ucToNHWLM” ... . Ja BOJMM OBaKO Ha3BaTH OHA XYIOMXECTBA
BO/HAa, [lle BoAa y BUCUHY ckade (Springbrunnen) Hexenu OyHap, U3 KOEro
BOjJa Y BUCHHY u3ouja” (II. 295).

NUma cutyauuja kaga Hexu nojam Hu caM CrojkoBuh He 3Ha Kako na
NpeBele, Al UNaK Hekako Tpeba mpecynutH: ,,Haxomuce emmrh kaMerb, Koe-
ro I'peun Enexrpon, Jlatunu EnektpyMm, Hemun Brenstein mwiu Agatstein Ha-
puuy. Kako ce CepGeku 30Be ja He 3HaM. UMHM MU ce [1a IO call O HheMy HH
pasrosopa OWjiIo HUje, a 0 YeMy JbyIu He pa3roBapajyce, OHOMY U MMeHa He
3Hajy. Ja hy ra Hasusatu Enextp” (II. 317) n name ... ,Typuu (ra) Hasusajyr
"hunpubap” (Perucrap, ctp. 5).

3 3axapwja Opdenun, Bewuimiu kasendap, Beu, 1783.

4 Munan C. Aumutpujesuh, Aciiponomuyja u pusuxa y Cpbuju y XVIII u dpsoj fososunu
XIX sexa, 360pHMK panoBa HayyHor ckyna ,IIpupomHe u MmarteMaruyke Hayke y Cpba y 18. u
npsoj nojosuHu 19. Beka”, Hosu Can, 26--27. jyuu 1995, ctp. 27.
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JOTMPHUHOC ATAHACHIA CTOJKOBURA ...

Ito ce TepMHUHONOrHje U3 (U3MKe THYe, NMPaTHNEMO YBONEHE U KOPH-
mhewe OCHOBHMX NMOjMOBA (U3MKe, OCHOBHUX 3aKOHa (PU3NKE M Ha3uBE 3a
MEpHE WHCTPYMEHTE.

A. OcHoBHu nojMoBU (hu3uke

Qucuxa win ecimiecieenuya (1. 6) poyvaBa cywueciiea (substantiae), KO-
ja mory 6utu aBoryba: Jyxoeu (spiritus) ,Koja CIIOCOGHOCT MUCIUTH MMajy”,
ONHOCHO Maiiepuje (materia), a CrojkoBuh he panmuje ymnorpe6/baBaTH CilO-
BeHcKy ped gewweciieo (1. 5). Teaa wnu @eneca Mory 6uty fdpociia (simplicia)
win croncena (composita) (I. 6). ,,OBo cBe ecilleciigero VIV Ha@lypasto OU-
Ba.” (L. 8).

Kao ormira ¢BojcTBa Tena UCTUYY ce: dpoilijaxceruje (Tj. TIPOCTOPHOCT),
Hedporuuaemocili (HEMPOHMIUBMBOCT, HEMPOOOJHOCT), cxeaxcHoci (TIOPO3HOCT),
Oeaumociti (IEJLUBOCT), cojy3Hocili (KOXe3uja), deuxcroc@i (TIOKPETBUBOCT, MO-
ounHocr), @jaxceciw (texkuna) (1. 15).

CBako TeJio ¥Ma CBOjY ,,pusypy (to ject obpa3z)” (1. 16) u macy (1. 19), a
36or aejctea cuie cojysuociau (1. 24), tena mory 6uTH yipyéa (elastica) win
neyipyea (1. 26).

Kperame wnu ,,08uxcerue ect MpeMjeHeHUE MjecTa”, IITO MPETNOCTaB/ba
pazMaTpatbe M APYruX Teja ,,¢ KouMa MM OHO cpaBHWBamMo” (I. 29), mrro ou
IaHac peknd — pedepeHIMjalHu cucTeM. Kperame je penaTMBHO, TO jeCT
,,0808y00, ucifiunoe u sudumoe”. ,TIpu BUINMOMY IBWXKEHHjY OHO TENO €CT Y
MOKOjy, KoeMy MM IBkeHHje mpunucyjemo.” (I. 30).

[pu kpetaiby, TeNO Npena3u Fyid UMW HadpaeneHuje (JAHAC KaXKEMO: ITy-
Tamba WK TpajeKTopHjad), jep ,,Teo Koe ce ABvbke dyili umaTt Mopa.” (1. 55).
AKO ,,dusudupamo” , dpociiop ¢ epemenom” (1. 38) mobuhemo ,,cxopocii” (Op-
suny) (I. 31).

BaxHO cBojcTBO Tena jecte muxoBa ,4exocd (inertia)” (1. 39), a takohe
u ,eaxncecm” (pondus, Gewicht), Tj. ,,pasmnyHoe nMpuTHckuBaHue Tesec” (I
57), a Tesna y IMOKPETY TMOCENY]Y U ,,Koauueciigo deuxceHuja” VW ,,6eAUHUHY
dsuxcenuja” W ,,eeauyuny ydapa” (1. 52), mto 6W JaHac peKiIu — HUMITYJIC.

VY cBakoM cCiydajy, KpeTame Moxe OutH ,,pagHoobpasxo” (uniformis), a
OHO ,,nepasroobpasno” (diformis) nenu ce Ha ,,ckopjawueje” (acceleratus) u
., do30mawueje” (retardatus) (I. 48). Takohe, Moxe GUTH ,,4pocilio” WIH ,,cA0-
aceno” (1. 45).

8 Jby6o Muhynosuh, Caepemenu sexcukox cilipanux pewu u uspasa, 3aBol 3a ylUOEHUKE W
HacTaBHa cpenctpa, beorpanm, 1991.
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Mpod. ap AYILIAH J. [TOITOB

,,OT 1Ba Tena (paBHe BEIMYMHE) OHO je djajxcejue, KOE BUILC Mace uma”
(I. 57), a ,,cpedoimionuje mjamecmu eCT OHa TOYKa y TeJly, OKOJIO KOE BCE 4Ya-
cti Tena y pasHoBecujy ecy” (I. 68).

Y npyrom Tomy, Aranacmje Crojkosuh ce 6aBM ,oamurxom” (11. 60) y
K0joj cy BaxkHe TojaBe ,ombudiue” (I1. 53) (ombujamse, pednexcuja) u ,,apeno-
maenue” (11. 50) (npenamarbe, pedpaxiuja), IOK ca TayKke IJIEAMIUTA ONTHKE
MOBpIUWHE U ,,087edana” MOTY OUTH ,pasHa”, ,,y3euuena” (VUCITyIYeHa, KOH-
BEKCHa) WM ,,u3é1yomena” (N30yOIbeHa, koHkasHa?) (11.58). 3a coyuBa KOpI/I—
CTH TIOjaM ,,3axcuéaiiesHaja cmakaa” (Brennglas) wiu, nak, camo ., ciiakaa”
(II. 57). A ,,... OHa cTaKja Koja cy ol 0be CTpaHe y3suwena NPEAMETE yeenu-
yaeajy. OHa Ha TIPOTMB TOTO, KOja Cy Ha KpajeBU Jebaba HEXENU y CPel, TO
eCT Koja Cy uzénybmena oT 00e CTpaHe, NIPENCTaBIbajy HaM TpeaMeTe Mmerwe.
(I1. 57). Taxkohe, KOPUCTH U TIOjaM ,,ygesunuiiestoe CHIaKA0 U Mukpockoi”
(If. 57).

. [Tpumeuanuje. O cBjeTje U 3aKOHAaxX €ro, O NIpesIOMIEHUU, U OTOUTUH
cBjeTa pasiM4YHMje KpacHe, HO BECMA TjaxKe MaremaTHuecke Hayke IjejcTBY-
jyr.” (I1. 60).

Kana ce omHocH Ha w3sop Toruiote, CTojxoBUR KOPUCTH ped ,,dledno-
nux (Warmestof, caloricum)”, y ¢cMHUCHY ,, TSIIOTBOPHOE senryectso” (I1. 110),
a TeMIepaType TeJia U3paxeHe Cy y ,,CTelIeHNMMa TOIIoTe”, OMHOCHO ,,CTene-
HMMa CTyeHH”. 3a cTereHe KOpWMCTH joul M ped ,rpamycu” (II. 124). Ilpe-
HOC TOTUIOTE, ONHOCHO 3arpesarbe, je 3a CTojkoBuha ,,cOO0IIYEHHE TETIOTH
(communication caloris)” (IL. 134), nox Tena Mory 6uTH MOABPrHYTA ,,pacTo-
TUIEHHUjy”, TIa TAaKO PAasjUKYjeMO , TjaKKOTeuHa” Of ,JerkoreyHux” Ttema (I1.
130).

TacosuTa Tena cy ,,Bosayxornono6Ha” (II. 129), a ona ,,u3 KojuX je M3Ba-
HeH Basmyx”, Tj. ,,pa3mHa ox Basmyxa” jecy ,BosmyxorpasaHa” (I 167). To
ce mocTHke KopucTehy ,,Bo3mymHnu Hacoc (Luftpumpe)” (1. 166) u ,craxie-
Ho 3BoHO” WM ,peumnujent” (I1. 168). Unaue, ... ,,Bo3myx je TakoBo Teso
Koe ce Jale BecMa TPUTUCHYTH (CTHCHYTH, CXKMMaTH, zusammendrucken,
comprimare)” (I1. 170). Baszxyx Moxe f1a Oyne YMCT WK Jkuciaorsopyj (oxyge-
nius)” (II. 225), 3a pa3nuKy O 3aITaJbMBOT Ba3lyxa Koju ce ,y HOBOj XUMUU
Hapuue” ... ,,6000podnuj win BoxotBopHuj (Gas hydrogenium)” (IL 229). ...
.OBe npocTe M TepBe Hepaspylnme dacTule Hapuuyce Cruxuje Xummde-
ckuje (Elementa chimica).” (II. 220). IlTetan mo xusa 6uha je ,,yTJbCHOKHU-
camj Basayx (aer fixus, acidus cabonicus)” (II. 229).

Jdedunuumja 3syka y Qucuyu tnacu: ,Bcjakoe fjejcTBMje Koe Ha Hall
cityx 6uBa Hapudece 36yk.” (II. 266), a 3a mojam ocuuianmje CrojkoBrh Ko-
DHCTH pedn ,Tperurdyjyurde gsuxenuje (oscillare)” (11 268). ,,Ako Tpemne-

9 Jby6o MuhyHouh, xas. deio.
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dyuIdeje Teia ABIDKEHHWje TpaBWIHO OMBa, TO €CT: BCjaKoe [HBIDKEHHjE Y
paBHOM Ho4iliu BPEMEHY, TO Ce 3BYK Hapuie 360t (Klang)”, ... KOj\ c¢ pasiu-
Kyje On ,,wyma” WM ,ayide (trepitus, tumultus)” (I1. 269). ,,3BOH 3BYyKa MO-
KeT OUTH pasmuhuyj, @oacimyj, To ecT aedenmj, cpednuj, Wonkyj” , IOK ,,0THO-
[IeHHWje BUCOTM M HUCKOCTH 3BOHA ecT &rac (ToH, Ton, tonus).” (II. 270).

YV eNeKTPULNTETY TOBOPU O ,,eJIeKTPHUECKO] MaTtepuju’” (II. 318) u o
eNEeKTPUYHOj CHJIM Koja NejcTByje U3Mely Teaa MOABPrHyTa ., TpeHUjy” U Koja
 Hapuuyce @eaa eaeximpuueckaja” (11. 318). Kon taksux Tema ,,eCT €JIE€KTPU-
yecKa MaTepHuja [epeoHauaiHa WIN CE0jclieena’. Kana taxBa Tena ,y COjy3
[OJy CO eNEeKTPUYECKUMU Tejlecu”, Taja je HHUXoBa ,,EIEKTPUUECKaja MaTe-
puja” ,,cooburyeHa” (I1. 319). Osa rtena ,,mpoBone jy mamuie u# 3aTo e Hapu-
gy dpoeoduideru” (11. 320).

[Mo ,,MaTepuju €JIeKTPUYECKOj”, Tejla e MOTy HAla3UTH ,,TpojakuM obpa-
som”. TIpBO, y ,,€CTECTBEHHOMY COCTOjaHMjy”, Kajia Teo ,TOJUKO Marepuje
eJIeKTpUYecKe y ce6U MMa, KOJTHKO eMy TTPUCTOUT . ,,BTopoe cocTojaHHje Ha-
pyray OucHKN Fosoxcuidiento (positiv), TpeTje OTPULIATETHO (negativ)” (II1. 51).

Takobe, y 84. nmaparpadyy roBopu ce O ,MarHeTHYECKO] Marepuju” U o
,Maraeruma” (I1. 327).

B. ®opMyancame OCHOBHHX 3aKOHA (u3nKe

Hako ArtaHacuje CrojkoBuh He MpeLM3Upa KOM C€ Y3pacTy FberoBa Kibi-
ra obpaha, U3 NMpeAroBopa, aJid U [0 CIUCKY NpeHyMepaHaTa BUIN C€ 1a jy je
HAMEHWO IIMPOKOM Kpyry uwrasaua. Ha caMOM MO4YeTKy OH Kawe Aa je To
HayKa ,,Koja Ce TIONepBe Y OCMOj LIKONMM npenaje” (ITpeaucnosuje, cTp. 3), Ma
ce [a 3aKby4MTH da ce obpaha ¥ MarUM y3pacTuma yIeHHKA. ¥ npusor oBoj
TBPHIGM CTOjM KaKO TopeHaBeneHO [lpumevaruje 'y BE3M Ca OTITUKOM, TaKO U
YUILCHULA 1a Y CBAa TPU TOMa KHUTE C¢ YOITIITE HE nojas/byje HUjenHa pu-
suyka opmyna. Yak 1 Kaga je MpUMOpaH, aa 01 MOTKPEnuo CBOjE& U3JArame,
na TTpuberHe MaTeMaTHIKOM payyHy, OH TO paau AETa/bHO omnucyjyhn Kopake
pauyHarba, 0€3 yrnorpebe MaTeMaTW4KMX dopmyna (Buau, Ha mpumep, (1.
48) n (I1. 64—67)).

3aTO HHWje HAOAMET JAa Pa3MOTPUMO HEKOJIMKO IpuMepa dopmynucama
OCHOBHUX 3aKOHa GU3MKe (KOjUX, LONYIIC, Y KHBU3N HEMA MHOro), yropehy-
jyhn ux ca maHaimboM (GopMyTalmjoM.

Kao wiycTpauujy TepMuHonordje y roaunu 1801 JajeMo ,,ITIepBHj 3aKOH,
Mo xoemy OBIKeHWe OwBa”: ,,Bcjako ieno, Koe e edaw Ayl y Hokojy, mopa
doimine y fokojy bumu, 00K oill Kakoee OpyZe @reuHe cune y deuxceHujy He do-
cimasuce.” (1. 40).
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,bapometap” (I. 23), (II. 179), ,Hacoc Bo3mymeyj” (1. 62), ,Terromep-
Huk” wiu ,tepmomerap” (II. 120), koju moxe 6GutH ,,JApebGesicknj uin BO3ay-
muuj” (1. 121), ,,Papenxajmickuj” (1L 126) wim ,,Pomypckuj” (I1. 126),
»MmaHoMmeTap” (II. 210), ,macumMerp (ryctuHomeputesms)” (I1. 210), ,,BiIaxkHO-
meputess” (I1. 213) win ,xurpomerp” (Perucrap, ctp. 17), ,,BjeTpPOMEpPHUK
(anemometer), opyaue KOUM c€ CKOpPOCT ABMKeHMja BjeTpa mepu” (I1. 261),
»ujeB rnaronanuja” (I1. 278) u ,ujeB ciumanuja (tuba auditoria)” (II. 279),
Srpusma” (II1. 91), mpeacTasbajy caMo HEKOJIMKO ON MEPHUX (OMUTHUX) WH-
cTpyMeHaTta kopuitheHUX y Gu3uIM oHora [o0a.

3. ITIOPEKJIO HOBOYBEJIEHHNX PEYU

Nmajyhu y Bumy kako HauMoHanHy TnipunaznHocT ayropa (CpbuH, a y
mupeM cMucay CaoseH uau ,,Cra-
BEH”), TAKO U CTPYYHO ycaBpIIaBambe

y IOMeHy NPUPOIHUX Hayka (Iipe cBe- Z /99
ra Ha YHWBEP3UTE l'eTnHreny), mo A04HACIA CTORKOB HEA
. p Ty‘ y y ’ s Crobodnuxbh xysoucemsh u Pirocodin JLoxmops
rI/IqHO _]e U_ITO, y O6JamH)e}by CTap”}I/IX 1 lenokaro cCMECMBOMCAIMAMEANATY CD,ZP)“
. . MCCMBA 4AcHa ghiicmenmeanaro.
MOjMOBa U Tpamewy HOBUX, CTOjKO-
BUO KOPUCTH pey WIM KOBAHUILY y AY- d® Y CIEK A

Xy CJIaBEHO-CPIICKOT je3uka. Y Behu-
HU clydajesa OH 1g)c (y 33Fpaﬂl/[) " npocmunb azmkoud cnucata sa posb
HEMauyKHU Ha3uB, ald MU JJATUHCKU (KO- Chasemio — Cepbxiti

j¥ je jolI yBEK, y TPUPOAHWUM Hayka-

Ma Tajalimbe ernoxe, 6Mo ,,3BAHUYHU” e

Hay4yHH jesuk). MHaue, Atanacyje Croj-

koBuh je 106po 3HAO JIATUHCKM U Tp4-

KM, 3aTUM HEMauKH, UTIUjaHCKU U MMeppas vacms &0 (4‘-?‘??“?
MaBapcKH, HEIITO CTOBAYKH M YEIIKH, “"%\‘féf'g;‘; '

a BepOBAaTHO M jeBPEjCKU, IO TBpArba-
Ma HayyHMKa KOjU Cy MCTpaKuBaIu
HEroB KUBOT U HeJ10.'0

Tamo Toe HUje Halllao 3TOJHY ped
Yy HapoOAHOM TOBOpY, OH jy jé CKOBAao
HAJIMK Ha HEMAauKy, JIATHHCKY WIX 4YaK

PYCKy ped, MOLITO je CBE T€ je3MKe @ucuxa Atanacnja Crojkonuha
no6po noszHabao. Kao mpumepe HaBo- (wramnana 1801, 1802. u 1803. roauHe)

o>
B EyAumty

Tlacuennt  Kpaacscxkaro  Yauiscpcimenia

P 801

16 Pucro Kosujanuh, Cpidcxu ducyu y Bpamucaaeu u Modpu XVIII eexa, 36opunk Matuue
CPIICKE 3a KHMKeBHOCT # jesux, Hoesu Can, 1973.
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mMmo: L, Haiypasno” (npuponno) (I1. 64), ,dusudupaimiu” (nonenutu), ,keo-
Uujenm’” (KOIUYHUK), ,.1emoc@l” (MHEepUUja), ,,doilejecho WM GepiienouKyaap-
Ho”, ,paenuitien (Gleicher)” (exBartop) (1. 184), ,@pjacenuje 3emmu” (3eMIbO-
tpec) (L. 292) ,nadpima” (1. 301), ,dpuaue” (rmmma), ,oisue” (ocexa) (II.
16), ,,6uxp (sujop)” (Bpmior) (I1I. 260), ,,cydmusna” (11. 291). Huje Temxo yo-
YUTH JE3UYKO TIOPEKIIO OBHUX PEeYH.

Hexm cy on oBux HasuBa M JaHac y YIOTPEOH Y CPIICKOM HayuHOM je3u-
Ky, MTpETpNEBIIN Majie (GOHETCKE M3MEHE, Y CKJIaNy ca MpaBWiNMa Cadalllkber
CpIICKOT je3uKa. [pyru ce, mak, CTPYYHM Ha3sMBH Y HEU3MEHEHOM OOIMKY U
JaHacC KOPUCTE Yy PYCKO] TEPMUHOJIOTWjU (DU3MKE: ,,deumcenuje”, ,.ckopociu”,
»Koauvec@eo Osumxcenyja”, ,nacoc”, ,dAposoduienu”, ,,8030yx0d0006Hy)”, TITO
JaCHO TOBOPH O HMXOBOM MOpeKTy y ciay4ajy CTojkoBrheBe KbuTe.

Yarpen na HanomeHemo 1a ce y c¢Bojoj Pucuyu Crojkosuh 6aBHO U Ipy-
TUM Haykama: aCTPOHOMHjOM, METEOPOJIOTHjOM, MUHEPATOTHjOM, reorpadu-
JOM, 300510THjOM (HEKe On HHX Cy Ce, HCTUHM 3a BOJbY, TEK KACHHUjE UCKPH-
CTajMcale Kao nocebHe Hayke), Mma je NMPHPOAHO & je OH MOpao U y TUM
obrnacTMa JbyJICKOTa Ca3Hama ja CTBOPU U yBele Heke peyn. Ha mpumep, n3
acTpoHoMuje (,,36e3de Heldodsuscne u HodguxcHe”, ,300ujax”, ,ekaudmuka”,
wpasnodencigeuje”, ,3aliammwere CYHUa”, ,0pu3oni@”, , Goaydennux” (TOoHe-
BaK, Mepuaujan'?), ,,cjena wiu cenka”), U3 meteoponoruje (,,6apomeap (,,Cna-
BCHCKM OM MOWIM @jaxceiiomjepruxom Ha3BaTH.”)”, | diuck”, 2 BAAHCHOMEDU -
men”, Aapoxkpyxcue WM aiimocdepa”), u3 reorpaduje (,komidac”, ,opu-

e

30HT").

4. 3AKJbYYHE [NTPUMEJBE

AHanu3a Tako oOMMHOr Aena Kao 1To je Pucuxa AraHacuja CTOjKOBH-
ha, ca Tauyke MIEAMINTAa MOpeKiIa KOpUillNeHe TEPMHUHOJOTHE, jeCTe KOIMKO
CIOKEH MOIYXBaT, TONUKO W 3aHUMIBUB. CIIOKEHOCT TIpoblieMaTHKe cacToju
C€ Yy TOME LUTO je TEWKO (MOroToBY Hama W3 aMjacriope) Aohu 10 ApyTHX
KHBbHTa U3 TOT IOMEHA M TOT MEPUOoJa, fa OU ce MOTJIO MPATUTH KPeTame, Oll-
HOCHO Mpey3nMarme, HEKUX PeYM U TEPMHUHA CMELUU(PUYHUX, V HALIEM cayda-
Jjy, dusuum.

Hako He y moTnyHocTH Ha oxarosapajyheM HuUBOY, Kwura Pucuxa, Gobe
pehu meH aytop, AtaHackje CtojkoBuh MMa Ty 3aciyry ma je xpabpo KpeHyo
Ia TIPOKPYHM I1yT (PE;IaTUBHO) KACHMJUM ITOKYILIajUMa TaKBe BPCTe, CTBapajyhu
WIN ananTHpajyhu cpricky TepMUHOIOTHjy GU3UKe (M APYrMX CPOIHUX er-
3aKTHHMX Hayka) MOXIa y NMepuoly Kala je CPIICKOM Hapody TO GumIo Hajmo-
TpebHMje. Caakako na je CTojkoBuheBa KIBbWTa, ca CBUM HEHHM HE TAKO Be-

17 Jby6o MwuhyHoBuh, Has. de:o.
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JUKMM HeOOCTalliMa W ITIPOTIyCTMMa, 6uia KOPMCHAa MHOTMM TeHepauujama
yaeHVKa. 3abenexeH je MojaTak ga je y nepvofy ol Aeuembopa 1839. roaune
1o centem6pa 1841. mpodecop AHTOHMje APHOT APHOBILEB ITPENABA0 (PH3N-
Ky Ha Taja ,HajsulieM HaydyHoM 3aBony” — Jluuejy, Mo KrbHU3M AraHacuja
Crojkopuha.'$ To caMo WIyCTpyje BPEMEHCKY HETPEBa3v)EHOCT OBE KHMTE,
cBe 10 obGjaBbuBama Hauena ¢pusuxe Byxa Mapunkopuha 1851. romune.

V HeloCTaTKy aleKBaTHE TEPMWHOJOIYjE Ha CPIICKOM JE3UKY, MPUPOAHO
je nmaxne 6uno na ce CrojkoBuh CHaNasm Kako ce Hajoosbe pasyme, pudera-
Bajyhu cTpaHoj (PYCKOj, HEMA4Koj, JAaTUHCKO]) TEPMUHOJIOTU]M M, anantupa-
jyhu je DyXy Hawier HapomHOT je3uka. CMarpaMo 1a je y TOM ITociy y BEJINKO]
MepH U ycreo. BepoBaTHO je M TO pasfor reorpadcke pacrmpoCTPameHOCTH
OBe KHUTE.

CrojkoBuh je y cBOjoj KHUM3M yBeo W gocTa koBaHuua. Heke ox Tux pe-
YU Cy ce cadyyBaje y MCTOBETHOM (DOHETCKOM OOJIMKY, HEKE Cy BPEMEHOM
afanTupaHe y AyXy CaBPEMEHOT CPIICKOT je3MKa, a Heke ¢y, MPUPOINHO, Bpe-
MEHOM HecTasie ¥ HUCY BUIIE y yIIOTpeOH, HUXOBO MUIO3BYYje MMa CaMoO 3a-
CNYTy @ HaM [JovapaBa HEKO IaBHO IIPOXYjaJlo BPEME.

[Mo3MTUBHO je, MO HAlleM MULUbeHyY, YIOPHO HacTojare ATaHacuja
CrojkoBrha 1a 0CAMOCTaIN CPIICKY TePMUHOJIOTH]Y Y IOMEHY (bU3MKEe U CPOXi-
HUX eT3aKTHUX Hayka, Aajyhu joj, tamo rae je 6mno moryhe, HallMOHAJTHU Te-
qaT. Y BeJMKOj MEpM OH je TO ¥ ycrieo. Yak W Na je caMo TO jeAWHM AONPH-
Hoc Qucuke AtaHacuja Crojkosuha 6uno O6u TOBOJbHO, UMajyhu y BUIY €KO-
HOMCKH, TIONMTUUKM, HAYUYHM M KYJITYPHM HMBO Halllera Hapoia IpH Kpajy
XVIII Beka y OBUM KpajeBHAMA.

Cge y cBemy, CrojkosuheBa Qucuxa, HAcyrnpoT BMILIE OA ABa BEKa OX
HEHOr 00jaB/byBalba, OCTaje W Oabe HE CaMO JIAKO U UHTEPECAHTHO WMITHBO
3a LIMPOKM CITEKTap YuTaiaua, seh ce MOXe cMaTpaTd M KaMEHOM-TEMEILLEM
HacTase ¢usuke y Cpba.®

18 Muran C. OvMuTpujesuh, #as. deao, crp. 30.

19 Jywan J. Tonos, Kamen-w@emenay dpupodnux wayka y Cpba: ,Pucuxa” Amanacuja
Cimojkosutia, 360pHuK pamoBa |. MehyHapoaHOr HAayYHO-PasBOjHOr CHMINO3MjyMa ,,CTBapaia-
LITBO K0 YC/IOB NpUBpeIHOr pa3soja Hose TexHosoTHje U TEXHHUKE Y cnyx0On dyoBeka”, beorpai.
10—11. okTobap 1996, ctp. 1.159—1.166.
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ACTPOHOMMIJA ¥V CPBA 1850—1918.
ASTRONOMY BY SERBS 1850—1918

CAXETAK: V pany je mar npernen pasBoja acTpoHOMMjE y
Cp6a on 1850. mo 1918. romune. Cpakako LEHTPAJIHO MECTO Yy OBOM
TIEPHOLY MMa OCHHBAHE ACTPOHOMCKE M METCODONOLIKE ONCEpPBATO-
puje 1887. romune, U ocHHBamE Karenpe 3a acrpoHoMujy ca Mereo-
ponorujom, wro je noce6Ha sacnyra Munana Hemebkosuha, Topen
Tora, noce6Ha naxmwa je nocsehena Bophy CraHojeuhy, npeoM
CPICKOM acTpoGu3nyapy, KOjU y IeBeTHaeCTOM BEKy NpBU OGjaBibyje
TpaBe HayuiHe panose U3 ¢usuke CyHIA U CHeKTPOCKOMuje y Jaco-
nucy DpaHiycke akazemuje Hayka. Pasmarpajy ce Takofie Tekcrosu
3 aCTPOHOMHje Y KalleHnapuMa, aTMaHachiMa M YacoNHcHMa, nomny-
JapM3aliija aCTPOHOMMje, Kao W TMOKYyILaju 3a pedopmy Jynujanckor
KajJeHaapa.

Kuyune peuu: actporomuja, ACTpoHOMCKa OINCepBaToOpHja, acTpo-
(usnka, ucropuja acTpoHomuje, Munan Henemxosuh, hophe Cra-
Hojesuh, nonynapusaumja acTpoHOMHje, pedopMa KaneHaapa

SUMMARY: A short review of the development of astronomy
among Serbs from 1850 up to — 1918 is given. Certainly the central
place within this period has the foundation of the Astronomical and
meteorological observatory in 1887, and the foundation of Department
of astronomy and meteorology, with the particular merit for this of
Milan Nedeljkovié. Moreover, a particular attention has been paid to
Djordje Stanojevié, the first serbian astrophysicist, who is the first
Serb in the nineteenth century publishing the astrophysical scientific
papers in the journal of French academy of science. Texts on astro-
nomy in calendars, almanachs and journals, popularization of astro-
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nomy and attempts to reform Julian calendar, have been considered as
well.

Key words: astronomy, Astronomical observatory, astrophysics,
history of astronomy, Milan Nedeljkovié, Djordje Stanojevié, popula-
rization of astronomy, calendar reform

1. ZEBETHAECTU BEK

Y npyroj mojlloBUHU JEBETHAECTOT BEKa CTBOPEH jé KaJap M IpYLUTBEHA
KJIMMa KOjU cy oMoryhwinm ma acTpoHOMMja Ha OBHUM IPOCTOPHUMA ITOCTaHe
TpaBa Hayka M Halje CBOje MECTO y CpelrbiM IlKoMaMa ¥ Ha Benukoj mkomu.
Y oBOM TlepHoldy OCHMBA Ce ACTPOHOMCKa M METEOPOJIONIKa OICepBaTOpHja
1887. ronuHe, kao u Karempa 3a acTpoHOMMjY ca METEOPOJIOTHUjOM, jaB/bajy
ce MPBU HAYYHU H TIOMYJApU3aTOPCKM PAagOBH y JAaHAIIkEM CMHUCIY, TIPBH
LIKOJICKY VIIOCHHMIIK M HacTaje aMaTepCKa acTpOHOMHMja Ko Hac.

Tomune 1849. monasu 1o nos3uBy 3a npodecopa Jinieja Byk MapuHko-
Buhi (1807—1859). OH npenaje dusuky on 1849. mo 1859. romvHe U npPBH O
npodecopa pusuke Ha Jluiejy e ¢Boj yybeHnk Hauena ¢pusuxe, Koju 06-
jaBibyje 1851. romuHe, The ce Hajlase U aCTPOHOMCKM campxkaju. OH acTpoHO-
MHjy BepoBaTHO Beh on 1849. romMHe mpenaje y3 dusuuky reorpadujy.

Mely nucuuMa Koju cacTapibajy YIIOCHHKe 3a TUMHa3Mje ca YK/BYYCHUM
aCTPOHOMCKMUM caapikajeM Hanasu ce EMuimjan bepOeposuh (1849—1889),
KOjH je y cBojoj Kanendapoépacpuju unu nayyu o xasendapy otjasuo 1881. ro-
IVHe KOpUCHA YMyTCTBA O cacraBbamby KajeHnmapa'. IIpoGneme y Be3u ca ca-
CTaBJ/balbeM KaJleHIapa ca HM30M TaOJMIIa M YITyTCTaBa 3a MPaKTU4YHYy NpumMe-
Hy u3naxe u JoBas [lparamesuh (1836—1915) y yubenuxy Kpownozpacbuja
oGjasmeHoM 1874. ronuHe. On 1875. ronmuHe oGjaBibyje ¥ yubeHUK Kocmome-
@ipuja y KOMe ce orucyje Kako ce onpelyje BpeMe, reorpadcke KoopauHate U
MarHeTcKa AeKJIMHAalIMja, a HaMekbeH je cnymaounma BojHe axanemuje u Tex-
Huukor akynreTa. ACTPOHOMCKH OypOMH Koju on 1847. romuHe ITOCTOU Y
30upuM GU3MYKMX HMHCTPYMEHAaTa Ha JIuiejy? BepoBaTHO je kopuiuheH 3a
M3ydaBarbe aCTPOHOMCKHX campiKaja.

Y Opyroj MoJIOBHHYU JEBETHAECTOT BeKa M3HABayKa IEaTHOCT Ce LIMPU U
HU3 KaJIeHJapa, aiMaHaxa ¥ 4acomuca JOHOCH IPWIOre U3 acTpOHOMH]E, KO-
j1 UMajy eAyKaTUBHY M IIONYJIapu3aTOpPCKy (PyHKLH]Y.

3aHMMILMBO je Ia ce M jemaH cBeluteHuk, bophe (Faspuio) [lomosuh
(baja, 1811—beorpan, 1871) GaBuo nomnynapucameM acTpoHOMHje. I'omuHe

! Henan 'b. Jaukosuh, Ipe2red uc@iopuje aciwmponomuje y JyZocrosenckum semmama, y: bpa-
Hucnas M. Wlesapnuh, Hcidlopuja acliponomcke nayke 0d Fbyminoeos doba 0o Hawux Oana, YHU-
Bep3uteT Yy bBeorpany, Beorpan (1986), 143.

2 Josan Cumosmesuhi, Aciiponomuja, y. Yempdeceis Zoduna Ipupodno-mailiemaiiuukoé a-
xyaifieiia y Beoépady, beorpan (1987), 166.
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1850. u3mao je KUY Aciiporomuja uau Hayka 0 36e3dama. JankoBuh® HaBOIM
Ja ce ,,JI0O KOjU aCTPOHOMCKM WiIaHaK Moxxe HahM ¥ y TOMyJdapHUM neauMa”
Oénedu ymne nayxe on JoaHa IletpoBa u Obwifia 3Hawa C6aKOM H08eKy
nyxmcona on Ilerpa PanosaHoBwha. Y IpHoj I'opu, v yaconucy Jlyua (janyap
1896, rom. 11, cB. II, ctp. 32—35) Hyman B. Tomoposmh, ctymeHT Ilerpo-
TpafCcKoOT YHMBEp3WTeTa, o0jamibyje unaHak Hekxoaukxo pujevu o scusoilly na
dpyéum cejediuauma.

Y pa3smatpaHOM TepHofy MojaBibyje ¢ kon Cpba v amarepcka acTpoHO-
Muja. Kao jenqHor oI mpBHX acTpOHOM2 aMaTepa y HallMM KpajeBuMa MOXEMO
cMmarpati Josana (Jyamjana) Yoxopa (Baja, 21. I/2. II 1810—Cpemcku Kap-
JgouM, 10. mimm 13. VI 1871)% OH je y Cpemckum KapmoBumma HanmpaBHO
Maly OTCepBaTOPHjYy, a M3pahuBao je M CyHUYaHe caToBe. AMaTepcKH Cy ce
6aBunu actponomMujoM u hophe Makcumosuh (1838—1881), nekap, Iletap
Mamnojnosuh CenuM, opuump 1 aursioMata, Jlasap Komapuuh, KibmxeBHUK
M TIHCAll HallleT TIPBOT HayYyHO-(aHTAaCTHYHOT poMaHa Jedna yZaweHa 3ge3da,’
Cperen Xanuh, meparor U mpyrue.

2. OCHUBAIBE ACTPOHOMCKE U METEOPOJIOIIKE OIICEPBATOPHUJE
N KATEIPE 3A ACTPOHOMMUMJY CA METEOPOJIOTHJOM

Munan Hepemxosuh (beorpanm, 27. IX 1857—beorpan, 21. XII 1950),
Kao ,,lIpUnpaBHUK 3a GH3UKYy ¥ MaTeMaTMKy Ha Bejukoj mkomu” TOXHOCH
16. VIII 1878. ronnHe MuHKCcTapcTBY MpOCBETE MOJIOY Ia CTyIHje 3aBpILEHE
Y 3¢MJbM HaCTaBM Y MHOCTPAHCTBY ¥ TO (PU3NKY M aCTPOHOMMjY, a OCUM Tora
AHANVTUYKY WM PAlMOHANIHY MEXaHHKY M MareMatuky. Munucrap boiuko-
Buh Tpakm OI pexTopa MHIBEHE Koje crike 12. VI 1879, IlnaH crymmja
rpeMa OBOM MHIIIBCHY je caenehu: ,,1) na y Ilapusy ciyma nBe roquHe Ipe-
JaBarba W3 MHOHMHUTE3MMAIHOT padyyHa, padyHa BepoBaTHOhe, MaTeMaTH4Ke
du3nke, METEOPOJIOTHje, pPAaLIMOHATTHE M aHATUTHYKE MEXaHWMKE, BHIIE Teofe-
3uje ¥ acTpoHomuje; 2) Tpehe roguHe na ce Beliba Ha ITapuckoj acTpoHOM-
CKOj U METECOPOJOIUKO] ONCEePBATOPHIM W CHYLIA CHNEUYjaHA TpenaBara U3
acTpOHOMMje U METEOPOJIOTHje, TIOTJIABUTO O TEOPHjA M ynoTpeOU acCTpOHOM-
CKHX M METCOPOJIOLIKUX WHCTPyMeHaTta, 3) MpBY MOJNOBHMHY YETBPTE TOIMHE
Ia npobasu y JIOHAOHY, a ApYyTy IMOJOBUHY Yy IyToBawy, obunmasehu HajBa-
WHHUje aCTPOHOMCKE Y METEOpOJNOIlKe CTaHule.” OBO MHULIBEHE Cy MOTMH-

3 Hewnan Jaukosuh, Aciponomuja kod Cpba, Enunxionenuja Jyrocnasuje I, Jlexcukorpad-
cku 3aBon PHPJ, 3arpe6 (1955), 223.
4 Henan Janxopuh, wag. dero, 223.

5 Nazap Komapuwh, Jedna yzawena 3eesda, Wlltammapmja O. HdumutpujeBuha, Beorparn
(1902).
6 Henan Jankosuh, was. deso, 223.
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camt Jocud TManuwh, Kocra Anxosuh, Cuma Jlozanuh, Jbybomup Knepuh,
OuMurprje Hemmh um Jdumutpuje CrojaHoBuh’. TuMe ra OBO MMIUBEHE
yCMEpaBa y CTBapM Ha CTYIHUje aCTPOHOMUje ¥ METCOPOJNIOTHE U paly HHUX je
Kao Ip)KaBHH muTomal riocnar y ®paHirycky.

Tonune 1863, 3akOHOM 0 yCTpOjcTBY Benmke 1iKojie, acTpOHOMMja je 3a-
0opaBlbeHa, AN je U3MeHaMa M JoNyHaMa oBor 3axoHa 1880. romuuHe yBene-
Ha Kao moce6GaH mpeaMeT Ha TIpHPOXHOCIOBHO-MaTeMaTUYKOM oncexy POu-
Jno3odckor ¢paxkynTeTa Benvke nikone, a Tpebano je Aa je cnyiiajy ¥ CTYAEHTH
texHuKe. OBa omiyKa je cripoBeneHa y geno Tex 1884. romuue, xama ce Mu-
naH Henemxosuh Bparuo ca IIKonoBarba y PpaHIYCKOj, HA XKOMe je OMo on
jyHa 1879. mo jyma 1884. Vnpaso 17. VII 1884. romune, MUHUCTAp TIpaBle
Humutprje Mapunkosuh (1835—1911), y CBOjcTBY 3acTymHHKa MHWHHCTpA
MPOCBETE M LIPKBEHHWX JeJia, CAOMIITaBa OMTYKY I JTaBHOT IPOCBETHOT CaBETa
»Ia ce KkocMorpaduja y CTPOXKUjeM, HAYYHOM CMHUCIY OIBOjU on reorpaduje
¥ TIpeHece Kao 3ace0aH TIpeoMET y CelIMHM paspel TMMHa3dja U peaitaka”.
Mmunan AxnoHosuh, npodecop Benuke mwkone (1849—1926) u Josan hophe-
puh, podecop Yumrtebeke 1KONE, 3alyeHU Cy Aa cactae nporpam. [omu-
He 1888. Mmunan AxnmoHoBuh je Hamucao Kocmozpacpujy, yiibGeHUK 3a OBaj
npeaMeT. OHA je y jemHOM Tiepuomy Owsia HajIOTIYHUjU YIIOCHUK 3a OBAKBO
TpaIanBo.

Ilocne moBpaTka ca IIKonoBarba, MunaH Henmemkosuh je KpabeBUM
ykazoMm oxm 21. X 1884. romMHe TIOCTaBBECH 3a CYIUICHTA 3a acCTPOHOMHjY U
MeTeOpOJIOTHjy M TIoBepeHa My je KaTempa 3a acTpOHOMHjy ca METCOPONOTU-
joM Benuke 1IKoMe, KOjy Ip)KM IIYHMX YETPAECET TOAWHA, IO CBOT APYror
neH3uoHucara 1924, rogude. JeayHu npexuna 6o je xana je Munan Heness-
koBuh MpBU MyT 6MO y TEH3UjK on 5. jyna 1899. no 31. oktobpa 1900. rogu-
He?, kana je KaTempa 3a acTpOHOMMjY €a METeOpOJIOTHjOM moBepeHa bhophy
Cranojesuhy. Hememkosuh je no Ypen6u uz 1896, romwHe mpenaBao acTpo-
HOMHjY Kao CTpyYHU IpeaMeT y MaTeMaTH4KO-(pU3UYKOM OICEKY. ACTPOHO-
MHja je CBeIeHa Ha IMOMOhHY HayKy M M30CTaB/beHa U3 MPOdecOpCKUX UCTIU-
ta u3MeHoM Ypenbe on 30. IX 1900. rogune. Humrra ce He Mema HU OCHU-
BarbeM YHuBepautera 1905. rommnae. Onx 1906. acrpoHoMuja je mMoMohHH
npeaMeT TpBe cTyaujcke rpyne Pumnosodckor daxkynrera, a M. HegemmkoBuh
je BanpenHu npodecop. F'omune 1909. 3a BaHpenHor npodecopa NPUMEHECHE
MaTeMaTHKe, MO TIO3WBY HOJia3d u3 beya NOKTOp TeXHHKeE, rpajeBUHCKU WH-
wewep Munytud Munankosuh (Jam, 28. V 1879—bBeorpanm, 12. XI 1958),

7 Henan 'b. JaukoBuh, Musan Hedewkosuh, apocpecop Beauxe wixone u ocnusay wene Od-
cepeaiiiopuje, y: Cilio Zoduna Ac@iponomcke oiicepeaiiopuje y beozpady, Publ. Obs. Astron. Belgra-
de, 36, (1989), 107.

8 Tepo Bypkosuh, Cedamdeceiii el 2oduna pada Aciliponomcke olicepsaitiopuje y beozpady,
Publ. Obs. Astron. Belgrade, 12, (1968), 15.
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KOjU je TIPBU KOI Hac, Y OKBHPY OBOTI TIpeIMETa, 3all0Ye0 HacTaBy M3 Hebecke
MEXaHHUKe.

Henemkopuh HUje Hamucao yiiGeHMK 3a acTPOHOMM]jY, Beh Cy CTymeH-
TH xopuctunu Kocmopadujy Munana AnpoHoeuha®. ¥V pykomucy je ocranma
IHpak@wiuyna aciponomuja 3a yuenuke Beauke @xose, VI TIDEBOIU METEOPOJIO-
ruje on Ban bebGepal®, actrpoHomuje on Bonda!!, Teopujcke aciliporomuje Oxn
Yorcona (Watson)!? u Teopujcke meiieoponoiuje on B. @epena (W. Ferrel)!3,
Kao ¥ nennmMugHy npeBon CekujeBe (Secchi) KbUTE O 3BE3MaHOj aCTPOHOMM-
ju'*. 'V oKBHpY Menarolikor U TMomnyjapu3aropckor pama MwunaHa Henmemko-
Buha cBakako TpebGa MOMEHYTH U HeTOBY MonynapHy Kmbwkuny Ceeili u Xa-
Aejesa komeida, nznatry 1910. rogune.

Ilocne moBpatka M3 MHOCTpaHCcTBA, HenemkoBuh mounme u 6opOy 3a
OCHMBaHe€ ACTPOHOMCKE M METEOPOJIOHIKE OIICEpBATOPHjE, MOAYXBAT KOJH je,
VOUYMBIIH 32 HeTa MMOBOJbHE OKOJHOCTH, KPYHHUCAO YCITEXOM. AKT O OCHUBAIbY
MOTITHCA0 je MUHHUCTAp MpocBeTe W LpkBeHUX mena Kpamepune CpoOuje Mu-
naH KyjyHuuh A6epnap, 26. mapra (7. anpuna) 1887. ronune, a Munan He-
nespkoBuh je ompeljeH 3a TIpBOT yIIpaBHHMKa ACTPOHOMCKE W METEOPOJIOIIKE
oncepBaropuje. OBaj 1aTyM y3uMa ce Kao JaTyM OCHHMBamba ACTPOHOMCKE OII-
cepBatopuje y Beorpany, jemHe on HajcTapujux HaydyHMX ycTaHoBa y Cpbuju
H jeIMHOT CaMOCTAJTHOT aCTPOHOMCKOT MHCTHUTYTa y JyrociaBuju, a McTopHja
ICHOT pa3Boja je BaykaH €0 MCTOPHjE HAyKe M KYJTYpe Ha OBUM MPOCTOPH-
Ma. OCHHMBamEeM OBE YCTaHOBE!®, KOja je TipelcTaBbajia OCHOBHY 0a3y 3a pas-
BOj aCTPOHOMCKE Hayke KO Hac, JaT je cHaxaH TMOACTPEK U TOCTaBJbEHE CY
OCHOBE 3a pa3BOj OBe Hayke.

ITpsor maja 1887. romnHe Hepesbkosuh mouMmse ca pamom y IlpoBuzop-
HOj OTCEPBATOPHjHN Y 3aKyIUBeHOj Kyhin noponmile Iajanep. Opae je Oncepra-
TOpHja pamwia A0 npBor Maja 1891. roguHe, Kana ce mpeceiuia y 3a TO Bpe-
M€ JOBpIIEHY COTICTBEHY 3Tpaly, AaHallllby MeTeopoJoIKy OICEPBAaTOPHY ¥
KapahopheBoM mapky, y UHjeM ce MambeM MY3€jCKOM IPOCTOpY, O MpOCiIaBe

9 Henan B. Jankosuh, [lpezred ucillopuje aciliporomuje y JyZocioseHckum 3emmama, Y.
Bbpanucnas M. Wlesapnuh, Hciwopuja aciiponomcke nayke 00 Mbydinosoé doba do wawux daua,
Yuusep3nrer y beorpany, Beorpax (1986), 143.

10 'W_ J. Van Bebber, Handbuch der ausiibenden Witterungskunde, Stuttgart (1885—1886).

11 Rudolf Wolf, Geschichte der Astronomie neuerer Zeit, Miinchen (1877).

12 J, C. Watson, Theoretical Astronomy, Philadelphia (1868).

13 Henan 'B. Jaukosuh, Musan Hedemkoeuh, dpopecop Beauxe wikone u ocHueay wene Oid-
cepsaimopuje, y: Cilio 2oduna Aciiponomcke oiicepeaitiopuje y beozpady, Publ. Obs. Astron. Belgra-
de, 36 (1989), 107.

14 A. Secchi, Les étoiles, Essai d’astronomie sidérale, Paris (1879).

15 OcHuBame 1 pa3soj cy onucanu y pany: Munan C. Jumutpujesuh, 110 Zoduna Acipo-
HoMmcke ofcepeaiiopuje, Y. Paseqj ac@iponomuje xod Cpba, ypennuuu M. C. Iumurpujesuh, J.
Munorpanos-TypuH, JI. Y. [Tonosuh, Publ. Astron. Obs. Belgrade 56 (1997), 9.
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CTOTOAMIILULIE OCHUBama 1987. romuHe, Hajasu jemHa coba rrocBeheHa Mo-
YyellUMa acTPOHOMCKE Hayke y JyrociaBuju.

Henemkosuh je Ha yeny Oncepsaropuje on 26. mapta (7. anpuna) 1887.
rogune mo 30. janyapa 1924. ronunHe. M3y3eTak mpencrasba caMO NEPUON OX
5. jyna 1899. mo 31. oxtobGpa 1900. romuHe, Kana je 6uo y neH3uju 360r Io-
JIMTHYKHUX pasnora, Tj. 306or MBanpamCKOr ateHTaTa Ha Kpajka MunaHa, KojH
j€ Kpajb AJleKcaHIap MCKOPUCTHO 3a O0payyH ca CBOjUM ITOJIMTHYKUM IIpO-
THBHHIIMMA. Y TO BpeMe Ha HeroBoM Mecty 6mo je hophe CraHojeuh (He-
rotuH, 7. IV 1858—Ilapus, 24. XII 1921), npsu cpricku actpodusuyap, apy-
TM PYKOBOOWJIAL ACTPOHOMCKE H METEOpPOJIOIIKE OTCEPBATOPHje, PEKTOD YHU-
Bep3uTeTa y beorpaxy, BeNIHKHM MONyJapU3aTop acTpOHOMMje M Hayke YOM-
LT, YOBEK KOjH je YBEO eJEKTPUYHO OCBET/hCH¢ y Beorpanmy, Yxkuuy, Jle-
ckoBly, Yauky, mapyjyh Tako THMM TrpagjoBHMa CBETJIOCT, IpaguTelb MHpBe
CPIICKe XUAPOIECHTpaie, MMOHMP HHAYCTPHje pacXiagHuX ypehaja, MHULUja-
TOp OpraHM30Bakha KOMHTETa 3a XJiIagHohy M MeljyHapogHe opraHu3aluje 3a
TexHUKy xnahewa y Ilapnsy 1903. romure. OH je w muoHup doTorpaduje y
6oju y Cpbuju.

OcuM CBOT 3Hauaja 3a METEOPOJIOTH]Y, ACTPOHOMCKa M METEOPOJIOUIKA
ofncepBaropyja MuynaHa Hene/mpkoBuha KOJeBKa je X CEM3MOJIOLIKUAX U Ieo-
MarHeTCKuX McTpaxnBamwa koo Cpba. Kpajem 1903. ronune Hememkosuh no-
3ajMJbyje HHCTPYMEHTE 3a TeoMarHeTcka Mepewa on Tere Muxinom Konkosma,
OCHHBa4Ya ACTPOHOMCKE ONcepBaTopHje Y bymummeinTu, U rpanyd 3¢eMHOMar-
HEeTCKM maBu/boH. 3axsBabyjyhu Konxospy, Henemkosuh 1903. romuse mo6u-
ja ¥ ceusmorpad, koju crenche roguHe nocraBma y nocebaH maBuboH. [lo-
cMaTpama ce 00aB/bajy PeIOBHO M 3a OBe NMOTpebe momxe ce Ha TamMajna-
Hy 3rpaza maHaumser CeusMmonoluxor 3asoma 1906, romuHe. OBY akTHBHOCT
npeysuMa HenemkoBuhes nmomohHuk Jenenko Muxajnosuh (BpOuua, 11. 1
1869—Beorpan, 10. X 1956), xoju on 1896. ronyue pamy Ha OricepBaTOpHjH.

3. BOPBE CTAHOJEBUR, ITIPBH CPIICKH ACTPODPU3UYAP

‘bophe CraHojeBuh, NpBH CPICKU acTpo(U3N4ap, APYTH PYKOBOAMJIALL
ACTPOHOMCKE M METEOpOJIOUIKE oIcepBatopHje, poheH je y Herotuny 7.
ampuna 1858. romuHe. Y pooHOM rpanmy, Tie je 3aBpILIMO OCHOBHY IUKONY W
HIKY TUMHAa3Hjy, JaHac MOCTOjH HeroBa crioMeH-coda. Kao nmuroman MuHm-
cTapcTBa BOjHOT y mepuony on 1883. mo 1887. Guo je Ha crymmjaMa, crienuja-
JNU3aLMjH ¥ pally Ha HajIIO3HATHjUM ACTPOHOMCKMM W METCOPOJIOIUKUM OI-
cepBaropujama EBporne: y bepmuny (YHusepsureT), [Torcaamy (actpodusuy-
Ka omcepBaTopuja), XaMOypry (Mereoposomka nenrtpaia), Ilapusy (Copbo-
Ha), Memony (Ilapucka orcepBaTopHja 3a (pHU3HUIKY acCTPOHOMMjY), ['puHUTY,
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Kjyy u IlyakoBy!'s. ¥ oBoM nepuony, CraHojeBuh ce omnpenebyje 3a actpodu-
3UKy ¥ Oupa ¢usuxy CyHIa 3a CBOjy Hay4yHy oOmacT.

Y MenoHy pagy Kol OCHHBa4a OBE OICepBaTOpHjE, YYBEHOT acTpoU3U-
yapa XKaHceHa ¥ Ty ITOYHHE Ja ce OaBM 030M/bHUM HaydHHMM paJioM Ha IOJbY
dusnuke CyHua u crektpockonuje. I'ogyHe 1885. obGjaBsbyje CBOj MpBU MpaBu
Hayuuu pan Ciexipaina ananusa esemenaiia y 3emmunoj aimocghpepu'’ y Ya-
coitucy IMapucke axademuje nayxa. Cnenehe 1886. ronuHe, y OBOM peHOMMpa-
HOM HAyYHOM YacOIIMCy H3Jla3e HeroBU panosu O fdopexay dpoiiocgpepcke
Mpexce Ha Cynuy'® m O cidexitipy aiicopiiyuje xuceonuxa’. T'omune 1887. uana-
3W HaydyHH pan O oupekifinoj gpoiioépadpuju 6apomeiiiapckos cliara ammocde-
pe Cynua®. OBH HeroBM HayYHH PaloOBH M3 acTpodu3uke o6jaB/beHU y M3ha-
wuMa [lapucke akameMyje Hayka Cy TIPBM TIPaBM Hay4YHU DaJOBH U3 OBE
obnactn kon Cp6a?'.

ITpu kpajy ceora Gopaska y Ilapu3y, aBrycra 1887, ydyecTByje Kao M3a-
cnanuk Ilapucke oncepparopuje?? y eKCIeIHLHUjH 332 MTOCMATpame MOTIMYHOT
noMpauera Cynua 19. asrycra 1887. rommue y Pycuju (Iletposck), o yeMy
oGjaBibyje u3seurraj y Yacoiucy Ilapucke axademuje’. BpeMeHCke TpIIHKE
My HHCY HUUIE Ha DYKY, IIa C€ MOTIYHO ITOMpavyeHe¢ MOIJI0O BUIETH CaMO
20—25 cexyHnom.

Fonune 1887, mo moBpatKy y 3eMJby, nocTaje rpodecop (usuke U Me-
XaHuKe Ha BojHoj akagemuju. ITapucka oficepBaTopuja ra 1o3uBa Ia y4ecTBy-
je v dpaHnyckoj ekcnemuumji koja he wcnuruBatd CyHue y Caxapu, rae
octaje Tpu Mecena (1891—1892). T'onuxe 1893, mocne mensuoHHcama Kocte
AinkoBuha, mocraje mpogecop ekcriepuMeHTaTHe Gu3Kke Ha Bemnkoj mkomn
rae nocraje nupekrop Pu3H4Kor MHCTUTYTa. Y mepuony on 1909. mo 1913.
6uo je mekaH Pwrosodckor dakynrera a on 1913. mo 1921. roauHe pexTop
VYuusepautera. Ha ymumm y ITapu3sy, rae GopaBu pamu mpoydyaBarba HEKHX

16 Josan Cumonmesuh, Aciporomuja, y. Yeiipdece@ 2odura Ilpupodno-mafiemaimiunkos da-
kyameifia y Beozpady, Beorpan (1987), 166; Bophe Myumuku u Bophe Bacapuh, Qusuka, y: Ye-
@ipleceit 2o0una I[Tpupodno-mamemamuukoé daxyaiielia y beozpady, beorpan (1987), 196.

17 Djordje M. Stanojevié, Analyse spectrale des éléments de I'atmosphére téréstre, Commu-
nication 2 I’Academie des Sciences de Paris, 100 (1885), 752.

18 Djordje M. Stanojevié, Sur Iorigine du résau photosphérique Solaire, Communication 2
I’ Academie des Sciences de Paris 102 (1886), 853.

19 Djordje M. Stanojevi, Sur le spectre d’absorption de 1'Oxygéne, Communication 2
I’Academie des Sciences de Paris, 102 (1886), 1024.

20 Djordje M. Stanojevié, Sur la photographie directe de 1'état barometrique de I'at-
mosphére Solaire, Communication 2 1’Academie des Sciences de Paris, 104 (1887), 1263.

2l Henan 'B. Jaukxosuh, Illpesned uciiopuje aciliporomuje y JyZocnoeenckum 3emwama, Y.
Bpanucnas M. llesapnuh, Hcidiopuja aci@iponomcke nayke o0 Fbyianoeoé doba do nawux Oana,
YHupep3urer y Beorpany, Beorpan (1986), 143.

22 Nparan TpudyHosuh, Jero Bopha M. Cliangjesuha y ceeitiny oiikpuha Hukxose Tecne,
y: Bophe M. Cranojesnh, Huxosa Tecaa u weiosa oiaxpuha, Beorpan (1976).

B Djordje M. Stanojevié, L’éclipse totale du Soleil du 19 aout 1887, observé en Russie
(Pétrowsk), Communication a 1’ Academie des Sciences de Paris, 106 (1888), 43.
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pelllera y Ba3OyXOIUIOBHO] TEXHHLM, YMHpPE H3HEHAma ycjel CpYaHOr ymapa
24. neuem6bpa 1921. roagune.

Kama je Munan Henemkosuh npsu nyT 6uo y neHsmju on 5. jyna 1899.
o 31. okrobpa 1900. ronuHe?*, ynpaBHUK beorpajacke orncepsaropHje MmocTaje
Hophe Cranojesnh. Hbemy je nosepeHa u Kateapa 3a acTpoHOMHjY ca MeTeo-
POJIOTHjOM.

HberoBd HayyHU pe3yATaTH Cy TOJMKO HM3HAX HUBOA TaJallllhe HaydHe
jaBHoctH y Cpbuju, ma tek ocHoBaHa CpIicka KpameBCcKa akajeM#ja onbuja
Ia ImyOnuKyje merose pamoBe U3 ¢u3uke CyHna?, Pa3ouapaH OH NMPaKTUIHO
HarylrTa HaydHH pan Ha Iojby acTpodusuke. Y usnamuma [lapucke akane-
Myje objaBibyje joll caMo mpernenHy wiaHak Cadawre ciliawe cboiioipagpuje
Cynya®.

VY KacHHjeM pany ce olpenembyje 33 (PU3UKY W INIPaKTHYHE IpobieMe
enekrpudukaluje U1 MHIycTpUjau3auuje Cpbuje. OH U3BoAM eeKTpUdHKa-
unjy beorpana, ¥Yxuna, JleckoBua, Yauka, 3ajeyapa... YdecTByje y U3rpammbH
npee xunpoueHtpate y Cpbuju kon Yxkuna. Ha Benukoj koW opraHuayje
PEMOHTHY ciy*k0y 3a eIeKTpOMOTOpe. ¥YBOOW Kom Hac (ororpadujy y 60ju u
o6jaBbyje KUy ca oBakBUM ¢ororpadujaMa Cpbuja y cauxama?. HacrtaBma
Ia ce 6aBU O36WBHUM HAYYHHUM paaoM y GH3MIIM, ITa My HOCae IMpeKuaa oI
ZIEBET FOAVHa TIOHOBO TTOYMELY A M3Jia3e HaydYHM panoBu y Yacoiucy Ilapu-
cKke axademuje Hayka, aJld U3 €KCTIEPUMEHTaIHE (pU3MKe,

OuapaH nenoramMa HohHOr Heba IMULIE HAYYHO-IIOMYIAapHY KEBHTY 3Jee-
30ano Hebo Hezasucne Cpbuje.® Y mnpenrosopy mnanyd CraHojeBuh, Hall NpBU
BEJIMKH TOIMYIApHU3aTOP aCTPOHOMMjE Y MOIEPHOM a HE Y IMPOCBETHTEIHCKOM
»IOCHUTEjeBCKOM” IyXy, H3Naxe cBoj credo peuuma: ,HuinTa HHje rpeurHuje
HEro 3HaTH HEKY UCTHHY & He XTeTH je Ka3aTW U APYroMe, KOjH je He 3HA U Y
CBOM HE3Hamwy JyTa TamMo0-aMo, Mauajyhu ce 4yecto M 3a Hajsehy morpe-
WKy.”3 Tlomymapu3andjoM acTpOHOMHje MOYMILE A4 ce 6aBH joll Kao CTy-
IeHT ma y nepuony on 1880. mo 1883. romwHe oGjaBibyje IeBeTHaeCcT Hay4d-
HO-MONYJNapHUX WiaHaKa U3 acTpoHomuje vy Ilpoceeiiinom Zaacnuky (9), Bac-

24 Tlepo Bypkosuh, nas. deno, 15.

25 'hophe M. Cranojesuh, Cynuese dpolochepcice mpexce iped Kpamescko-Cpiickom Axade-
Mujom dpupodnux Hayxka, Beorpan (1888).

2 Djordje M. Stanojevié, L'état actuel de la photographie du Soleil, Communication 2
I’Academie des Sciences de Paris, 108 (1889), 724.

27 Bophe M. Cranojesuh, Cpbuja y cauxama (poiospacpcku cnumyu), Beorpan (1901).

28 BubnuorpadMja HEroBUX PafoBa Y aCTPOHOMCKMM Haykama je y: Jparan TpudyHosuh,
Ciasapanawitico Bopha Cilianojesuhia y aciiponomckum naykama, Bacuona, XLII, 6p. 1—2 (1994),
23; a uenoxynHa 6ubnuorpaduja y: 4. Tpudynosuh, M. Qumuh, bubauoipadbuja padosa Bopba
M. Cianojesuha, y: Bophe M. Cranojesuh, Huxona Tecna u wedosa oiwikpuha, Beorpan (1976),
Kkao M y: lparan TpudyHosuh, Bophe Cianojesuti dpogpecop u pexitiop Yuugepsuimeina y beoepa-
dy — wueoili u deno, Ceecke, Ki. 1, Beorpan (1997).

29 Bophe M. CraHojesuh, 3sesdano nebo nezasucne Cpbuje, Beorpan (1882).

30 Bophe M. Cranojesuh, nae. dero, ctp. VI.
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aumauy (5), Ilobpammumcimsy (3), Cpbaduju (1) n Omaybunu (1)*. Tomune
1887. oBjaBsbyje HaydHO-TIONyNAapHY KHIDKULY Bacuowcka ewepiuja u modepha
dusuxa,? a 1888. ronvHe y OWaybunu Benuky wiaHak He6o u wes08 ckaoi®.
YV lllemamusmy Kpanesune Cpbuje 3a 1891. u 1892. ronuHy nuiue onesbaxk He-
6o y éodunu, xao u 'y lpxucasnom kanendapy Kpamwesune Cpbuje 3a 1894. u
1895. ronuHy. Y oBoj mybnuxauuju y neprony on 1901. mo 1914. romune pe-
nosHo numie nipunor Cillapu u Hoeu Kanendap u 2oduna.

‘Hophe Cranojesih, npBu cpricku acTpodu3nyap, APYTH IMPEKTOP ACTpPO-
HOMCKE OITICEpBATOpHje, PEKTOp YHHUBep3uTeTa y Beorpamy, Beauku momyna-
pHU3aTOp aCTPOHOMMjE M HayKe YOILUTe, TpaiuTe’b MPBE CPIICKE XUIPOLIEH-
TpaJic U MHOHUP ¢oTtorpaduje y 60ju UMa BEIMKO M 3HAYAJHO MECTO Y MCTO-
PMjU Hayke, TEXHMKE M KyJIType CPIICKOT Hapoga.

4. PEOOPMA KAJIEHJIAPA

Buure nperanana Ha mosby acTpoHOMUje GaBUIIO CE Y pa3sMaTpaHOM He-
puony u pedopmoM JynujaHckor kameHnapa. IlpasocnaBHu Cpbu, HamMme,
HUCYy ycBojund I'peropujaHcku KaneHmap, koju je y Aycrpujy m Mahapcky
yBeo uap Pymond Jpyru, kao HM Opyre MpaBoOCIaBHE 3eM/bE CBE A0 ITOYETKA
JBAIECETOT BEKA. Y CPElbeM BEKY Cy TOIMHE pauyHaTe Mo LIapUIPAACKOj epH,
Ol CTBapama CBeTa, a Mouynmbaie cy 1. centemGpa unu pehe 1. mapra. Tato-
MUD MunoByk y KeWxutm Ilnan wajuoeuju u obwiiu jedan ceéujy xpuciujana
écenencku Kanendap, Hosu Can, 1865, npemnaxe na ce y JynMjaHCKOM KaieH-
Japy MeceunMa ca 31 maHoM omy3Me jemaH JaH a Meceumma ca 30 maHa y
I'peropujaHckoM KaneHmapy oxa Mo jenaH daH — ¢ebGpyapy aBa, ma 61 pas-
JMKa Koja MOCTOjM HecTana. OBaj HAUBHHU IUTaH ocTaje 6e3 ofjexa, anu Moj-
cuje Tlajuh y Tpu npenasamwa y Beuy 1866. roauHe npemnaxe Aa rogdHa Imo-
YHIE PABHONHEBHUIIOM, CBaKe FOAWHE Ha MOAHEBKY Koju je 87 wmu 87,2 cre-
NeHa 3amafHuje Ol OHOT OJ NMPETXOAHE TOAMHE, TAKO Na CBaKa TOAMHA WMa
366 maHa, any MOCHEOM JaH Tpaje camo 5 9 48 M win 5 4 49 m¥,

Kpajem XIX Bexa y Cp6uju npemnaxe pedopMy Jynmjanckor kaneHmapa
hophe CraHojeBnh 1892. rogmHe’, anu je mweros Npemwior na ce cBake 128.
TOIMHE U30CTaBM IO jelaH HaH ocTao 6e3 moapiuke. Y KiM3d 00jaB/beHoj Y

31 Nparan TpudyHosuh, Cileaparawimeo Bopha CillaHojesuhia y aciipoHoMckum Haykama,
Bacuona, XIII, 6p. 1—2 (1994), 23.

32 Kophe M. CraHojesuh, Bacuoncka enepzuja u modepna dpusuxa, Beorpan (1887).

33 Bophe M. Cranojesuh, Hebo u mwezos ckaoh, Oraubuna, 7, kb, 19 (1888), 1.

34 Hewnan Jankosuh, Ciias Cpba apema pedpopmu xanendapa, 360pHUK panosa VII Hauyo-
HajiHe KoHGepeHuuje acTpoHoMa Jyrocnasuje, Ily6nukaumje AcTpoHOMcKor apywTsa ,Pyhep
Boukosuh”, 6p. 4, Beorpan (1985), 103.

3 Djordje M. Stanojevi€, Le calendrier normal, (1908); Bophe M. Cranojesnh, Hemiauno
apasnosare Backpcera y dpasocrasnoj upkeu u pepopma xanendapa, Beorpan (1908).
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Beorpany 1898. romune Ilpednos 3a uspasnarwe Jyaujanckoz u I DeZopujanckoé
Kanenoapa u cmeilive Home, Jby6omup Y3yH-Mupkosuhi ( 1832—1905) npen-
Jaxe U3jefHaYaBame I'peropujaHckor M JyNMjaHCKOT KaleHOapa, TAKO INTO
61 ce y Toky 1898. u 1899. on jyna omysena 2 naHa, a Ox aBrycra, cenreMoOpa,
okToOpa M neuem6pa MO jeoaH daH, WITO 6GM YKIOHWIO Pa3MKy Koja je y To
BpeMe U3HOCHWIA 12 maHa.

Tonune 1900. Hexesmkosuh o6jaBbyje cBOj pan Projet de réforme du ca-
lendrier (Ipemror 3a pedopMy kanengapa)®. Ocum yckraljusama KaJieHapa
€a TPOTICKOM TOOMHOM, OH XKeNM M jAa nponehe yBek mouume 21. Mapra, a
YKOJIUKO GM OHO TMOYMEbano 22. MapTa OH 6W Ty TOAMHY YIMHHO TIPECTYITHOM
M Tako moderak nposieha BpatHo Ha 21. TakBMM pauyyHOM m06Mja HU3 mpe-
CTYmHMX roguHa: 1900, 1904, 1908, 1913, 1921... On yBuba MaHy OBakBOr
PayyHama, 1a MPECTYIIHE FOAWHE HMCY Yy NMpPaBUJIHUM pa3MalliMa, Ta Jaje W
JpYTH TMpEUIOTr Yy KOME je CBaKa YeTBPTa roAMHa mpectymnHa. Jla 64 To mocT-
Ta0 OH MpeTBapa M3 NPECTYIIHUX Y MPOCTe IOAWHE KOje Ce 3aBplIaBajy ca ABE
HyJIe, OCUM OHMX Koje je u3pauyHao mo 12000. romuHe, anv cafa IOYETaK
nposeha He nana yeek 21. mapra.

On 1900. no 1921. rommue, mpodecop IMMHasnje Makcum Tpnxosuh
(Opnanum xom Kuuesa, 15. X1 1864—Beorpax, 3/16. XII 1924) o6jarmyje
HM3 paZioBa Y KOjUMa YCTaHOB/baBa Ia CE Pa3ivKa W3Mely jyIujaHCKe M TpOI-
CKe ToIMHe (BpeMe M3mely [Ba y3acTONHa Mponacka 3emibe Kpo3 mponehiHy
WM Tama Tayky) noseha 3a 7 naHa y Toxy 900 romuna. {a 6¥ ce OBaj BHILAK
llaHa eTMMUHHUCAO0 OH Mpeiaxe Oa MnpecTymHe GYAy caMo OHE TOAMHE ca JIBe
HyNIe Ha Kpajy Koje mojemeHe ca 9 majy ocrarak 0 win 4. Makcum Tpnkosuh
1900. ronune wramna y Beorpany kwury Pegpopma karendapa. Taxohe y Jo-
Ouwrwem useewimajy Peaske 3a 1894— 1895 (Beorpan, 1895, 25—40) o6jasmyje
Hewilio o damunama 36e30a (nexpe@inuya) u cxaody eacuone. Tpnkouhes Ka-
JIEHIap, KOjU je nopanno u ycasplino Mwtytun Munankosuh, ycBojeH je on
CTpaH€ npaBociaBHe UpkBe 1923. rogune y HUctambyny.

3AKJBYYAK

Y nepuony ox 1850. no 1918. actpoHoMuja je Ha HamuMm MpOCTOpUMa
JOXHBENA BEJIMKM YCIIOH M HOCTala MOIEPHa HayKa, Koja ce Heryje Ha YHHU-
BEP3UTETY M Npejiaje Y CPelrUM WIKOJMaMa ¥ Ha (akynTeTy, HayKa Y OKBHDY
Koje ce Bpllle HayYyHa MCTPaXHBarba U 06jaB/byjy HayuHH panosu. OcuM Ha-
yaHuX pamosa Bopha CraHojeBnha, Tpe6a nomeHytn u panose: Coko-Bawa,

3 Milan Nedeljkovié, Projet de réforme du calendrier, Imprimerie Royale de Serbie, Bel-
grade (1900); Munan Henemkosuh, O kazendapy, omuramnano u3 Hoso? wcusodia, HaponHa ca-
MoyrpaBa a.i., Beorpan (1923).
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apeu memeopuiti y Cpbuju on Jocuda Ilanunha (Inackux Cpiickoé yuenoé opy-
winea, 1880, XLVIII), Jesuuxu meiwieopuiti, on Josana Xyjosuha (leosrowxu
anaau, 1890), ka0 M WIaHKe O CNEKTPOCKOMHjH, boToOMeTpHju U doTorpadu-
ju y actpoHoMuju oxn JereHka Muxajnmosuhia’’. Ha kpajy osor mepuona, ca
ACTpOHOMCKOM orcepBaropHjoM y beorpany, Karenpom 3a actpoHOMHjy M
MeTeoposioryjy Ha beorpanckoM yHMBEP3WTETY M CTBODEHMM KaapoM M Ipy-
IITBEHOM KJIMMOM, aCTpOHOMMja j¢ y HIBaJeCeTOM BEKy MOIJa Ja HacCTaBu
CBOj YCITOH Ha OBMM IIPOCTOPMMA, TaKO [a Cy CTBOPEHH YCJOBHM Ja U Cpbu
y3My ydeurhe y MyHBEBHTOM Da3Bojy OBE Hayke Koja je oMmoryhmia Aa 4oBek
CTYIIM HOrOM Ha Mecel M TaKO 3aKopayM Ka 3Be3/aMa.

37 N. Banjac, Scientific and professional activity of Professor Jelenko M. Mihajlovi¢ (1869—
1956), Serbian Astronomical Journal, 160 (1999), 75.
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ACTPOHOMUIJA M ®U3HKA Y CPBAIHU VY XVIII
IIPBOJ ITOJIOBUHH XIX BEKA

MUJIAH C. JTHMHTPHIEBHR
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Kpatak caapxaj: V pady je oati Kpaitiax Upeined paséoja acitipoHomuje u
dusuxe y Hawum Kpajeeuma y XVIII u Gpeoj Gonroeunu XIX eexa, ca
ocepiliom u Ha ioveilike meiieoporoiuje.
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JIordje

ASTRONOMY AND PHYSICS WITH THE SERBS IN THE
18™ AND THE FIRST HALF OF THE 19™ CENTURY

Abstract: A short history of the developement of astronomy and physics in Serbia in the
18% and the first half of the 19* century as well as a short account of the
beginning of meteorology is presented .

Key words: history of astronomy, history of physics, history of meteorology.

OcaMHaecTH BekK

Y ocamnaecroM Beky kox Cpba ce jenuHo Pybep Bomkosuh 6aBu kao
Hay4yHHK (pU3UKOM U acTpoHOoMHjoM. Ocraym mperaouy 6aBe ce OBHM HayKaMa
Y NpocBeTUTEILCKOM JlocHTejeBCKOM CMHMCITY, IOK Ce Y NPBOj MOJIOBHHH JicBe-
THAECTOT BeKa IOCTaRJbajy OCHOBE 33 pa3Boj (PH3HKe, aCTPOHOMHjE H METEOPO-
soruje kox Cpba. Y To BpeMe pa3Boj acTpOHOMHjeE je Ol TPeBacXOJHOI" MHTEpeca
npe cBera 3a NOMOPCTBO I1a HUje YyAHO Ja HajIo3HaTHje OIcepBaTOpHje I'pane
YNpaBo M BEJIHKe IIOMOPCKE CHIIE, 11a Ce, Ha MPHMEP, jeHa Off HajIIO3HaTHjUX Y
Awmepui M 308e ITomopcka oncepsaropyja. Y HaliuM KpajeBMMa MOJCTHIIA] 3a
HHTepec NpeMa aCTPOHOMHJH H METECOpOJIOTHjH IpyXKa IOJLONpPHBpela H KOI,
Halller Hapoja, KOjH Ce y OBOM CJIOKEHOM HCTopHjckoM nepuony 6opu 3a
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MHJIAH C. THMHUTPHIJEBHR

OIICTaHaK, ocobobere U CTBapame CBoje ApiKaBe, aCTPOHOMCKHU CafipiKaj HOMH-
HMpa Meby pa3MaTpaHUM HayKaMa, HapO4HTO Y OCaMHAaeCTOM BEKY ynpaso 360r
HHTepeca TNOoJLONPHUBPENHO OPUjEHTHCAHOT CTaHOBHHIITBA 3a KaJlleHAap, CMEHY
roavinmHX Boba u nojase Ha Heby.

Y oBoM nepuody Yy HallUM KpajeBHMa o0aBjba acTPOHOMCKa IIOCMarpara
Gonowcku rpod Jlyubn [Anojsuje] Pepmunann Mapcumu (Luigi [Aloysius)
Ferdinandus Marsigli) (1658-1730)". Bojurk no npocpecju a HayYHHK MO BOKa-
LIHjH, U3Y3€THHM YOBEK YHHMBEP3aHOr XyXa, IUIONOBE CBOjUX HCTPaXKMBama 00-
jaBmyje v AMcrepnamy 1726. roguHe y MOHYMEHTAJIHOM ILECTOTOMHOM JEJTY
Danubius Pannonico — Mysicus, observationibus geographicis, astronomicis, hydro-
graphicis, historicis, physicis. IIpsu ToM je mocserro Mabapckoj, Cpbuju 1 ocra-
JUM 3eMjbaMa Koje Jiexke Ha obanmama oBe peke; Apyrd ToM obyxBara
apXeoJIOTHjy OBHX 3eMaba; TpehH reollorujy; YeTBpTH, IEeTH U IecTH pubde,
NTHLIE W OCTalle XXKHUBOTHH:e. Y MOCIEM-EM TOMY JAaje W Karalor Ombaka
NpUKa3 npuroka2. Y ApyroM geiry NpBOI' TOMa OINHCYyje, y3 noapobHe Lprexe,
CBOje aCTPOHOMCKE pajoBe objaribeHe Ko Hac Y jyHY H jyny 1696. roouse. Ha
yiuhy JIpase y JIyHas u y TBpbasu y Tureny onpemmo je ~ kopucrehu actpo-
HOMCKe MeTofle — MecHe reorpadcke mupuHe, Bucune CyHila Y MepuUIMjaHy,
nocMarpao Jynurep M HEroBa YETHPH CaTelJINTa, CKMLMPAo TaJallly H3rJeh
Meceua. Ca Mocta Ha LlpHoj Bapu, kon Bauxor I'paguurra je nocMarpao Jymu-
TEp U HEroBe MpaTHOLIE, HAlpTao KapTy Taja BUIBMBOr gesa Mecena. Kox
CeHTe je mocMatpao, omer, Jynurep H Herose npaTtvone, ook je y 2Kabmy
THIOHOBO HalpTao KapTy Mecena vy dasu’. Jeno rpoga Mapcumsyja, doBeka
CHLHKIIONEANjCKE MIHPHHE, CBPCTaBa I'a Y pell IMYHOCTH Of U3Y3€THOI' 3Havaja
3a HCTOpHjy HayKe Y XVIII BeKy Ha HalllUM NPOCTOpHMa.

Kao npBo ,,actpoHOMcKO” 3aHmMalse Y Beorpany, MoXe ce HaBeCTH I10cao
MYBEKHTa, BEpCKor cy>KOeHNKa KOjH ce cTapa 0 TaY4HOM BpPEMEHY 3a MOJIMTBE H
onpebyje npapan ka Mexu. Y MyBeKHUTXaHaMa (caXaTHHLIaMa) KOje CY OCHHBAJIU
WM BakycdH WM 6oraTd CyJlITaHOBM HaMECHHIIM, Ta4YHO BpeMe ce oapebusano
MepemeM BucuHe CyHla moMohy acTponaG-ksampanra (py6'taxra).! Mysekur
pamu y Beorpany ox 1741. y uamuju cysraHa Maxmyna y I'opweM rpany y3 kojy
je 6ma Menpeca ca GHOHOTeKOM, a KacHHje OHBa npeMelteH Y XyceuH hexa-
jumy namujy.®

! Dr Constant von Wurzbach, Biographisches Lexikon, 17. Thell Wien (1867), 16

2 Dr Constant von Wurzbach, nav. delo, 17-18

3 Boxmmap JI. Jopanomuh, Astronomy in Vojvodina, Publ.Obs.Astron. de Belgrade, No. 33
Beograd (1985), 96

4 Jacmurko MynaoMeposuh, Mynexmxaue - IipBe acTPOHOMCKe MHCTHTYIHje Y BocHH M
Xepuerosutu, 360pHnK pazosa VII Halponamie xoHcepeHije acTpoHOMa Jyrocnasuje, [Ty6m-
Kaije AcTpoHOMCKOr ApymiTsa , Pybep Bomxosuh® No. 4, Beorpaz (1985), 25.

5 Paymuna Tpuuxosuh, Bapom mocne 1740. romune, Mcropuja Beorpama 1, ypemsnk B.
Yy6punosnh, I1pocsera, beorpan (1974), 668.
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ACTPOHOMHMIA N ®HN3HUKA Y CPEMIH Y XVIII K1
ITPBOJ IIOJIOBHMHU XIX BEKA

Y wucro BpeMe, y natuHckoj koM y CpemckuM Kapnopuuma, BenHKu
IyTHUK, IIECHUK K Oorocsos a Ha Kpajy apxumaHapuT Josan Pajuh (11.XI 1726
- 11.XI1 1801) npenaje acrponomn]y on 1749 no 1768. romuse, a cauyyBaHa cy U
H,erOBa CKPHIIT 32 Taj NpeaMeT. I/Imepecamno je HaOMEHYTH Jia Y TO BpeMe
Pybep Boikosuh npenaje actpoHoMHjy y PuMckoM konerujymy H Iia je pyko-
MUC NpelaBakha OAPXKAHHX IIKOJICKe 1754/55. rogute cadyBaH H Ha.na:m cey
[eHTpantoj HaumoHanHoj bubnmiotenn Buropuo EMaHyeno y Pumy.” YV cpn-
CKOj IpaBOC/IaBHO] BeJMKOj rmMHa3uju y CpemckuMm Kaprnosuuma npenaje ce
acTpoHOMHja oz 1798. no 1825. romune no BanxosoM yubenuky ua 1794. roau-
He, HAalHCAaHOM Ha HEMA4KOM je3HKY, a €JIEMEHTH acTPOHOMHje Hajlase ce H Y
MaTeMaTHuKoj reorpaduju v ¢pusnum.’

Kanengapn

O wunTepecy 3a acTpOHOMH]Y, (PH3MKY M METEOPOJIOrHjy CBeNOYe pa3HHU
NpeBOAM WIH Ipepajic TEKCTOBa M3 OBMX Hayka. OcuM Tora, acTpOHOMCKH
cafipkaj Halla3H Ce ¥ Y KalleHIapHMa KOjH Ha CPIICKOM jE3UKy NO™HIBY Ha ce
LITaMIajy Yy npyrq noJyiopusHu XVIII Beka. [Toyes ox 1765. na no kpaja XVIII
BeKa HMMa MX jelBa JBAHAECTAaK, JOK C€ CPeIUHOM XIX BEKa €aMO Y jelHOj
FOJMHH IUTaMIa TOJIMKH GpOj pasIMuMTHX KajeHaapa.’

IIpBu cpricku KajleHAapH, MecelloC]IOBH, luTaMnajy ce y MuerwpMa, Beuy,
Bymumy u TemumBapy, a Tek TpugeceTux roguHa XIX pexa Munomesa Cpbuja
Jo6uja 1rraMIapHje, ra ce Ha HaCJIOBHUM CTpaHaMa KaJleHZapa IOYMIbY jaBibaTH
u Beorpan u Kparyjepan. OBakBy KajleHIapH Cy HIHPHIM H IOIYJIApHCAIH
acTPOHOMCKa 3Halba Y HallleM HapoJy, o6jarbyjyhu He caMo BpeMeHa H3Jlacka ¥
sanmacka CyHua, OyXKHHY OaHa, MecedyeBe MeHe, NOYeTaK FoAMIIBNX xoba H
BUIUBHBOCT ILTaHETa, HEro U WiaHKe 0 He6eCcKUM NnojaBaMa U JpYTHUM aCTPOHOM-
CKMM TeMaMa KOjH ce Ha JApYyroM MECTY HHCY MOIJI HahH Ha CPIICKOM je3HKY.

YV Mieuuma ITasne Comapuh mramna ceoj kanengap 1813, ronm{e a
3axapuje Opdpemn (1726-1785) o6jabmyje Beuntn kanennap 1783. rogune® y
Beuy. ITopen actpoHoMckor nena oH cagpxxy ¥ 182 ctpaumue nocseheHe ¢pusm-

- 6 Henaxn Jankoeuh, AcTpoHoMHja y aemMa Josana Pajiha, 36opanx pagosa VII Haimonan-
He KoHcepeHimije actpoHoMa Jyrocnasuje, Ilybmikaimje AcTpoHoMckor ApymuTsa ,,Pybep Borko-
suh“ No. 4, Beorpax (1985), 77.

HBmia Mapranosuh, Bunemxke BomkoBuheBHX npefaBaiba W3 acTPOHOMHje aKaleMcKe
roguse 1754/1755, 36opuuk paxosa VII Haimoname xoHcepenipje actponoMa Jyrociasnje, Ily-
6maxamuje AcTpoHOMCKOT ApyuTsa ,,Pybep Bomkosuh“ No. 4, Beorpaxn (1985), 91.

8 Boxwunap Josanoruh, Hehemo kopauarn y XVIII sek, JInesnuk, 14, VII (1990),2.

9 Henan B. Jauxosuh, ACTpoHOMYja y CPICKMM IITaMIaHMM KalleHaapuma Jo 1900., CAHY
ITocebna Hagama DCXXVIIL, Ozxeivetbe Ipipomio-MaTeMaTHUKHX HayKa, Kib. 70, Beorpax (1994).

10 Boxwumap [, Josanosuh, Bojsomma u Bojsobany y molynapusalmjy acTpoHOMHje IO
1941. ronuse, 36opHrk panosa VII Hammonaime KoHcbepeHinje actpoHoma Jyrocnassje, IlyGmika-
1mje AcrpoHoMckor JpymTBa ,,Pybep Bomxosrh Ho. 4, Beorpax (1985), 117.
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M. ACTPOHOMCKH M (PM3HYKH Jeo MHCaH je npema yubeHuky Apnama Jlauujena
Puxrepa, mvpexropa ruMHasuje y Llurasy, Lehrbuch einer fiir Schulen fasslichen
Naturlehre, zum Gebrauch bey Vorlesungen, Fulda 1776.""? Y Beuy 1792. ronuse
cBoj KaneHgap objassyje u Crepan Hopaxosuh.”

Bemiku Opoj kajleHmapa Ha CpIICKOM je3WKy INTaMInaH je u y Byaumy,
noyesiy o1 1799. xana je CnaBeHocepbckuja mevatnu npu Kpasesckom YHH-
BepcHT., wiramnad Mecjanocnos. Y BymuMy je mramnan 1801. Kanenpap wm
IIpornocrikoH y npesoay I'ocymapa Jamujana Kaymauuja, Mecjanocnos Mu-
Tponosura Crpatumuposrha (1807) u apyru

Meby npsum kaneHaapuMa y Beorpany Hanase ce 3abapnuk (1833) Humu-
Tpuja [JlaBumonha u Beorpancka mupa (1833). Jlaeumopuher 3abaBHMK ce
1ITaMIIa y pasHHM MeCTHMa ca npekuauma ox 1815. no 1836. rogure. OH npeu
Meby KaneHmapuMa ynoTpebibaBa (1815) HapomHe HasMBe 3a Benepy ([Januua,
3opwava, Beuepmaua), a y jerHoM ox n3pama (1820) japmsa ce wiaHak ACTPOHO-
MHja, Y KOMe je JaT KpaTak nperjen Hebeckux Tema.”

Aranacuje Hukomuh (Bauku Bpecrosan 1803 — Beorpan 1882.) moxpehe
1831. rogune xanenaap Pyxuiry, a ox 1831. mo 1837. romune nanaje JJoMmoBHH B
obwrenonesny Kaneunap.® Ox 1836. roaune na go 1850., ,,npu Kmaxecko —
Cpbckoj Tumorpacduju” mrramna ce Mecenocnos, a y Hosom Cany ce mojassyje
»liedaTad KoxA r. Ilarnma Jankosuha“ a mociie koA Herose yAOoBMIE, PyxxudHu
Benay (1839).7

On 1826. no 1834. ca npexunom ox 1830. po 1833. roaune Byk CredpaHo-
suh Kapanuh nspaje Jlanuny ca 3aHMMIBMBHM KaJIeHAApCKHMM JeJioM. JJUMuTpu-
je INanreneon Tupon (Hakoso 1793 — Temumnisap 1857) oGjasmyje 1837. 1 1838.
roguue y Beorpany Ypauujy 3ajenHo ca ,coTpymumuuma“ JosaHoM C. Ilono-
BuheM, JoBanoM Crejuhem u CumMom Munyrunosuhem. Y Temumsapy, Tupon
objasmyje Banarcku anmanax (1827 u 1828). OcumM Tora, oH objaribyje 1 Mece-
tocsose 3a 1836, 1837. u 1842. roguny.'® Anexcanmap Anmpuh og 1846. mo
1859. romgune ypebyje u usnaje kareHnap 3uM3eneH y KoMe caomiirasa rae he
ce Koja IUT1aHeTa HaJla3uTH.

Ha Herny, Aumurpuje Munakosuh u3snaje xaneraap I'pipmy 1835-1839,
¢ TuM o je 1837. romune ypemuuk 6o IMerponuje Jlyjanosuh. Y npeoj KibH3K
oBor kajieHmapa 3a 1835. roauHy Hamasu ce caonuuTere 0 XanejeBoj KOMETH.

11 Boxuuap JI. Joanornh, Has. xeno, 117.
12 Henan B. Jankosuh, Has. fieno, 6.

13 Henan B. Janxosuh, Has. aero.

14 Henan B. Jankoruh, Has. selo.

15 Henan B. Janxosuh, Has. felno, 6.

16 Boxwupap JI. Jopanoenh, Has. gexno, 117.
17 Henag B. Jankosnrh, Has, Aelo.

18 Boxupap 1. Jopanosuh, Has. gexno, 117.




ACTPOHOMHMIA 1 PU3HKA Y CPEHJH VY XVIII K
HPBOJ IIOJIOBUHH XIX BEKA

OcuM Tora, y 6ubimorenu Ilerpa I kojy je Hberom Hacnemuo Hamase ce U
HACJIOBH M3 3eMJBOITHCA, (PHIHKE, MaTEMaTHKE U FeOMETpHJE.

Mazna MHOrH KalleHnapH He npare YBEK HOBOJBHO Pa3BOj aCTPOHOMCKHX
3Hatha, MIMa M MHOTO CYNIPOTHUX NpHMEpa KOjH CY OMOryhHIM HaliMM JbYIHUMa
Jia NpaTe Hampeaak acCTpOHOMHje ¥ Oyay npaBoBpeMeHO 0OaBelITEHH O 3Hayaj-
HUM nojaBaMa Ha Heby. Tako je monasak Xamejere xoMere HajaBmmeH 1835.
roavHe Ha BpeMe. Cpricka jaBHoct je 1836. roguHe ynmosHara u ca ExkeosoM
KOMETOM, Kao H ca oTkpuheM Henryhna 1848. romune.

IIpocBeTHTEILH

HayyHu )XHBOT Ha HallIHM IPOCTOpHMa Ha Kpajy 0CaMHAECTOT ¥ TOYETKOM
JEeBETHAaeCTOI BeKa oOelie)keH je MpocBeTHTEILCKHM ayxoM Jocureja Obpano-
suha, 3a Kora je Hayka 6miIa NPBEHCTBEHO CPEACTBO KOj€ je KOPHUCTHO Y LIbY
npoceehmBama Hapolia U cy30Hjarka cyjeBepja M pa3IHUYHTHX 3abiyaa.

HajsHavajHuju Meby nuclMMa KOjH Cy CIeIIM OBaKaB AOCHTEjCBCKH AYX
6uo je Artanacuje Crojkosuh (1733-1832), mokrop chunosocHje M 4iaH He-
MavKHX YYeHMX ApyiuTaBa. Maja je Ha HameM HoApy4jy Aenao BeoMa KpaTko,
on 1799. xana ce spaha ca cryanja y Hemaukoj o cBor oanacka y Pycujy 1804,
rae mocraje npocdecop YHuBepauTera Y Xapkopy', ocTaBHO HaM je mopex
HEKOJIMKO MOJNYKJIaCHYHMX 0fla M YETHPH Npo3Ha aena (KaHnop WM OTKPOBEHH-
je ervmerckux Taut, Apuctiun 1 Haramaja, CepGeku cexperap U @ucHka), meby
KOjHMa je Haj3Ha4ajHHja U HajIio3HaTHja TpoToMHa PucHka.

OBO KaNnMTAJIHO AEJIO IHCaHO CJIaBEeHOCEpOCKMM je3HKOM OCTallo je OyTo
BpeMeHa HenpeBa3ubeHo M JoHeyo CTojkoBHNY cllaBy M ayTOPHUTET KOje HMje
MoMpa4uyia HH Heroba 6opba npotus Byka. PucHka Haje CHCTEMaTCKO H3Ja-
rame o MPHPOJHKUM ITojaBaMa M 3akoHMMa. OcuM ¢pustke obyxBaTa M CBe Apyre
NpHpPOAHE HayKe OCHM XeMHje, Ila ce Y H0j Hajase M MorJyasiba focseheHa
aCTPOHOMHjH U METEOPOJIOLIKUM I10jaBaMa.

TexkcroBe U3 acTpoHoMHje, bH3MKe U MeTeopoliordje objasmbyjy Ilasne
Conapuh (HoBo rpaxjaHcko 3eMiieonucanuje, 1804), Baciwmje bymuh (3em-
sseonmcanuje — 1824), IMTasne Kenreman (Kuxumga 1766 ~ Temumsap 1834)
JecrectBocnosuje (Byaum 1811), Eycraxuja Apcuh (Mpur 1776 — Apan 1843)
IMonesHaja pa3sMAIIIIEHHja O YSTUPHX FOXMIIHMX BpeMeHax Bymium 1816), Ilan-
TenejMoH Muxajnopuh, Enxuxnonemyja (Byanm 1818) u apyru. 3aHMMIBHBO je
Ia ce ¥ jemaH cBemrTeHUk, Bopbe (I"apuno) ITonosuh (Baja 1811 — Beorpan
1871) 6asmo mnomynapucasmeM actpoHoMmuje. I'omuHe 1850. M3mao je KmMry
AcTpoHOMHja WM HayKa O 3Be3JaMa.

19 Jopan Jlepernh, CnaseHocepbckn cnmcaren AtaHacuje Crojkosuh, Artanacuje Crojko-
suh: Apucrux u Haramsja, ducnxa, Homr, Beorpax (1973).
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Hpna NOJIORMHA JICBETHAECTOr BEKa

IIpa monosuHa HeBeTHaecTOr BeKa je NMEPHOA Y KOME CY IOCTaB/bEHE
OCHOBE 32 pa3Boj MeTeopoiioryje H ¢usuke y CpOuju U cTBOpeHa KiHMa Koja he
OMOTYhHTH M KaCHHjH pa3Boj aCTpOHOMH]E.

Hacraga ¢dusmke y Cpbuju nounsse ca nNpBoM reHepalyjoM yueHuka JIu-
ueja 1839. romuue. YV Toxy ABe roguHe Ha JHMUEjy cy baud CJyIIand AEBET
TpeAMeTa ¥ Meby HHUMa off IPHPOIHHX HayKa jeqHHo (pH3MKY Ha ApYroj rogu-
Hu. Ilpsu npuepemenu npodpecop cusuke Ha Jlunejy 6uo je Koscrantnn
Bpankosuh KojH je (pH3NKY NpejaBao caMo ABa Mecela, of OKToOpa o neueM-
6pa 1839. romune.”

Ilpsu craysmu npodecop husuke 6uo je AHroHHMje APHOT ApPHOBIBEB
(1798-1841). Ox meuem6bpa 1839. romune no cerrrem6pa 1841. on npenaje ¢usu-
Ky mo Kib3H Pucuka AraHacHja CrojkoBuha. OH 3anmouHibe H NPHKYIUbabe
¢u3HIKHX anapaTa 3a cBOja peliaBana I1a je Ha Taj HauKH 3ano4yeo (hopMHUparse
36upKe (PH3MUKHMX MHCTPYMEHATA, IIpBe LIKONCKe 30upke koA Hac.”! [Tocne mera
HacTaBy ¢H3uKke cy dpxanu Josan Pajuh, camo oko Meceu aaHa, u I'eopryje
Mymruku, ox okTobpa 1841. no Mapra 1843.%2

IIpBu npuBpeMenu npodecop ¢usrke Ha smuejy Koncranrun bpankosuh,
MIOHOBO Ha HEKOJIMKO MeCELIH Npey3HMa HacTaBy ¢busmke nocie ocraske I'eop-
ruja Myomukor. ITocne wera, npodgecop ¢usuke nocraje Janko Illacapux,
npodecop CIOBEHCKe (PIIONIOrMje W MCTOpHje, KOjH INpefaBala M3 (pH3HKe
apxcu ox 1843. mo 1849. romune a y weroso BpeMe, ox 1847. rogune y 36upuu
(PH3MYKHX MHCTpYMEHaTa Ha JIMLIEjy IOCTOjH H acTpOHOMCKH ayp6uH.33 IN'omi-
He 1849. monasu mo nosuBy 3a npodpecopa Jmueja Byx Mapunkosuh (1807-
1859). On Ha Jluuejy npenmaje ¢pusuky ox 1849. mo 1859. romuxe u npBu of
npodpecopa ¢usmke Ha JIunejy, mume cBoj ynubenuk, Havuena ¢pusuke, koju
objanisyje 1851. ronune. OH je 3HaTHO yBehao (bu3MuKy 36upKy Ha JIuuejy, a
oJl noceGHOr 3Ha4aja je M HEeroB paj Ha CTBapaky CPIICKe Hay4He TEpMHUHOJIO-
THje 3a HpHpPOIHE HayKe.

Y HacraBHoM IwiaHy JIuneja u3 1844, rommHe HeMa aCTpOHOMHje U MeTe-
opoJioryje, anu ux BeposatHo Beh on 1849. romine Byk MapuHkosuh npenaje
y3 ¢u3muky reorpacujy. ACTPOHOMCKM cajpKaj Hajlasd ce y YIOeHHIIHMa
IIpBa movaTHja UCUHCIMTENHOrO jeCTECTBEHAro 3eMibelicaHHja, JopaHa Crepu-

% PBopbe Mymmxu, Bopbe Bacapuh, dusuka, Yerpmecer romma Ilpupoaso — Marema-
THYKOT ¢pakyirera y Beorpany, Beorpax (1987), 196.

21 Bopbe Mymmuuxy, Bopbe Bacapuh, Has. zeno, 196.

22 Jopan Cumosibenuh, Acrponommja, Uerpaecer romma IIpupomo — MareMariukor ca-
kyirera y Beorpany, Beorpan (1987), 166. TpeGa nanomenyry ma Bopbe Mymmmixu n Bopbe
Bacapuh, (Has. zeno, 196) y MCTO] KEH3HM KaXKy Ja ce Ipe Byka Mapunkosnha koju je nomao 1849.
¢buanuka 36upka Jluieja cacrojana ,,0ff CBera HeKONIMKO NPUMHTHMBHMX ypebaja M jeHOr Major
MHKpOCKoIIa“.
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ACTPOHOMHMIA M ®HU3HKA Y CPEMIA Y XVIII A
TIPBOJ IIOJIOBHHH XIX BEKA

je Tlomoruha u3 1845., ActpoHoMHja WM HayKa O 3Be3jgaMa, [ aspuna Ilono-
Buha u3 1850. u y HavemuMa dusnke Byka Mapunkosiha u3 1851. romuse.
ActpoHoMckH OypbHH Koju onx 1847. romuHe moctoju y 30HMpHM (PHIHHKHX
HMHCTpyMeHaTa Ha JIuuejy BepoBaTHO je xopumheH 3a M3y4aBake aCTPOHOM-
CKMX cafpiKaja.

CpeoHOM JeBETHaecTOr BeKa, Kao M y ApyruM mpkasaMa Espone, H y
Cpbuju nouumse ma ce pasBuja MeTeopolioryja. Bparusiy ce ca KojoBama y
Hemaukoj u Ayctpujy, Bnagumup Jakmuh (1824-1899), mpodpecop Jlumeja,
unaH JIpymrrea cepbecke CIOBECHOCTH M KacHHje Ha4YeNHHMK CTaTHCTHYKOT Ofie-
Jserha MuHHcTapcTBa (hHHaHCHja H OCHHMBay craTHcTHKe Y CpOmju, nousme
1848. pa BpmM penoBHa CBaKOAHEBHA METEOPOJIOLIKA MEpeHa H OcMaTpama Y
Beorpany (ox 1. janyapa 1848. o kpaja 1899. romiue).?

JakmpheBa MeTeopoJiolka CTaHMIA Halmaswia ce Ha Cewaky y 6M3pHM
Mapkaphune (zaHac yimua Kpama Bykamuna 6poj 8). OH Mepu Temneparypy
Basgyxa nmoMohy ,,cTopa3sfesHor Tomonuca“ 1 6enexu BpeMeHCKe YCJIoBe ,,co-
pasMmepHocT noroze“, a ox 1850. u aHeBHe KonMuMHe nanasuHa. omuae 1855.
IIpUKJbYYYje CBOME IporpaMy M Mepena ncuxpomerpoM. Eberose opurunanse
Genemke uyBajy ce y MeTeopoomIKoj oncepraTopHjH Ha 3anagHoM Bpauapy.

Beh mocne Tpu romuHe mocMatpama, Jakimuh 1851. romune y I'macHuKy
Jpyumrrea cepbeke ciioBecHOCTH 00jaBibyje mpBe pesynrare. Y OBOM M HH3Y
ApYTHX pagosa objaBmenux y ['nachuky dpyursa cepbeke cnoBecHocTH (1851,
1854, 1855, 1856) u depxasormcy Cpbuje (1863), Jakmuh gaje ,,4dTaBy cTy M-
jv o ,MecTHOj ximMMH“ Beorpana, mopeaehu je ca KIMMOM Y MecTHMa Oinke
IIONTyTapy, ofHOcHO Ombke CeBepHOM MOJY, ca KOHTMHEHTAJHOM M IIPHUMOp-
CKOM KJIMMOM H €a KJIIMMOM MeCTa KOja MMajy NMpHOMKHO HCTY TEMIIEpaTypy
»OICEKOM (IIPOCEYHY) FOMMIILY, OTHOCHO Y TOjeAiMHa MOAMILIEa 106a. >

Y oBoM neproay, Jakmuh 3anoyrie H ca OpraHH30BakeM IIPBE METEOPO-
nomke Mpexe y Cpbuju. Tako je Beh 1856. romune y Cpbuju panuno msanecer
D0o6po OpraHM30BaHHMX METEOPOJIOLIKUX CTaHMIla H To Y Tomumaepy, llanmy,
Bamesy, Tonomu, Hemenukyhama, ITananuy, [oxapesuy, Majnannexy, Hero-
THHY, Jaromunu, Kparyjesuy, Bpycaum, Yauky, Yxuuy, Panikoj, Kapanosuy
(manac Kpameso), Kpymesuy u Anexcuxuy.”

Ha kpajy pasmarpasor neproza y CpbujH je cTBOpeH Kalap M JIpYIITBEHa
KJIiMa Koja he oMOryhMTH Ja y Apyroj MOJNIOBUHM JCBETHAECTOr BEKa M3pacTy
NpaBHd HAYYHHULH KOjH he JaTH CBOj JONPHUHOC Pa3Bojy Hay4YHE MUCIIH.

B 3opan Ilomomuh, 100-romina Mereoponomke omncepearopuje y Beorpaiy, BacHoma,
XXXV (1987), 7.

2% Bopusoje Jlo6punossh, Henax Bophernh, Mereoponorsja, Yerpaecer roxuna Ilpupoaso
— MareMaTHuKor ¢axyirrera y Beorpany, Beorpan (1987), 252.

Z  Bopusoje Jlo6punosuh, Henan Bopbesuh, Has. zejio, 252.

2% 3opau ITonosuh, Has. xeno, 7.
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. 2 Results and discussion
o £ TLeSTULS anc

for the n>4 range. As a quantitative, characteristic of the relative influence of the {1a,b)

Tpyors xoug. «Hoawii syuxn axmusnocmy Connyay, Ilynxoso, 24 - 29 wong 1 998 2.

ROLE OF CHEMI-IONIZATION AND CHEMI-RECOMBINATION
COLLISION PROCESSES IN PLASMA OF SOLAR ATMOSPHERE

A. A. Mihajlov'?, L. M. Ignjatovi¢!, M.S. Dimitrijevié?

Unstitute of Physics, P.0O. Boz 57, 11001 Belgrade, Serbia, Yugosiavia
2 Astronomical Observatory, Volgina 7, 11050 Belgrade, Serbia, Yugoslavia

1 Introduction

In several previous papers [1-3}, chemi-recombination processes during the free electron
scattering on the gmasi-molecular collisional complexes H(1s) + H* and molecular jons
H} in the weakly bound rhovibrational states, have been introduced and investigated. It
was assumed that these molecular jons are in the ground electronic state X' 2T} (1sa,).
The mentioned chemi-recombination processes are Ceee

Hf +e= H'(n) + H(1s), (1a)
H(13)+H,++e=>H'(n)+H(ls), (18)

were H*(n) denotes bydrogen atom in a highly excited (Rydberg) state with the principal
quantum number n < 4. It has been shown that in partially ionized plasma the processes
(1a) and (1b) may be significant for the A *(n) atom populations.

In this paper we will consider the (1a,b) processes from the aspect of their influence on
H*(n) atom populations of solar photosphere and lower part of chromosphere. We point
out here that the taking into account of these processes Tay be particularly important
when the conditions of LTE, concerning the excited atom population distribution function,
are not satisfied. Such situation exist just for the above mentioned parts of the solar
atmosphere (due to their small optical depth). The principal aim of this paper is to show
that, for particular layers of the solar atmosphere, the chemi - Tecombination processes
(1a,b) could be comparable or sometimes even more important that the processes of the
electron - electron - ion recombination as well as with the processes of electron - jon
phozorecombination, which have a particularly important role in the solar atmosphere, so
that they also must be taken into account when modelling the solar atmosphere.

In accordance with Refs.[1-3) recombination processes (1a,b) will be treated as the result
of the energy exchange, within the electfonic component of the Hj + e or H + H* + ¢
system, which is caused by dipole interaction of the electron e with the jon - atomic
subsystem Hj or H + H*. .

In order to estimate the importance of the (1a,b) chemi - recombination processes, we
will compare them at first with the photorecombination processes '

HY Y e= H'(n)+ Ay, , - _:(2)‘

chemi - recombination processes and the' photorecombination processes (6) we will use -
‘ the quantity .
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. F(“")(4 s) (3)

Figure 1. The behaviour of the quantity F,f,':f’ (4;8), given by the Eq. (3), as a function
of height A. . :

where I,,,.,(n T) denotes the photorecombination flux conditioning the process. (6) for
givei A and J*(n; T) the total chemi-recombination flux. In order to determine the
F&(4; 8) values, the Eqs (2-4) from Refs. [4] have been used for £31*9)(n; T) calculations,
w}n]e S8 e (n; T) xs estimated on the basis of data from Ref. [5] Flg 1 illustrates the
behavior of the F e (4 8) quantity for 350 km < h < 905 km. We show only this height

range, since for h >905 km the values of quantity F(“)(4 8) decrease below 0.01, while
for A <350 km these values continue to increase monotomca.lly One can see in Fig.
1 that above arround 700 km the influence of the (la,b) processes is much smaller in
comparison with the photorecombination processes (F( )(4 8) <0.1). For 650 km < h <
700 km the influence of both processes is compa.ra.ble and for A < 650 km the (la,b)
chemi - recombination processes are dominant tn comparison with the photorecombination
processes (2) for n > 4.

This conclusion is not connected with our choice of the n = 8 as the upper limit of
the considered n values region. Namely, our estimates performed in order to check this
conclusion show that if we change even only L8, (n; T) with the sum for all n > 4, which
have sense for given T and N(e), the ratio values on the Eq. (2) right side will.be changed
around 20 percent. It is clear that this change will be even smaller if $37(#)(n; T) in the
Eq. (3) will be changed in the adequate way.

In the next step we will compare the (1a,b) chemi-recombination processes with the

" electron - electron - ion recombmatxon processw
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for the same n > 4 range. As a quantitative characteristic of the relative influence of the

(1a,b) chemi - recombination processes and the electron - electron - jon recombination

processes (4) we will first of all use the quantity
Z(n; T)
i (n T)’
where If%(n; T) denotes the electron - electron - ion recombination flux conditioning the
process (4) for given n, taken here in the form

F4;8) = (5)

I7%(n) = of"(T)N(e)*N(H*). (6)

00 1 1 I 1 2 1 Py N
o 108 2000 200 48 S0 08 N0 KO 00 W08

Wik}

Figure 2. The behaviour of the quantity F{%(4;8), given by the Eq. (5) as a function
of height h.

For determinatidn of the F;(: )(4;8) values, the a?(T) rate coefficients have been calcu-
lated here by using the corresponding expressions in Ref.[6]. The behavior of the F\*)(4; 8)
quantity for 0 km < A < 1065 km illustrates Fig. 2. This Fig. shows that around 450 km,
the (1a,b) chemi - recombination processes become even more influent than the electron

- electron - ion recombination proceesm {3}, while withifi 0 ki < <750 km range both—————————

processes are comparable (F%(4;8) > 0.2). For h < Okm and h > 750km, the influ-

ence of the chemi - recémbination procwsa becomes small in comparison with electron -

electron - ion recombination processes (F, (, (4;8) < 0.1 for A < —25km and h > 850km).
Besides the F(“) (4; 8) quantity, we will introduce also the quantities

S — cha:act.enzmg the. teIatmzmﬁyence of the (la b) chemx kY recombm_atlon proc&ss&s incom-

ba.nsdn witlr the electron - electron - ion recombination _procésses (4), on thé H*(n) atom
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populations for the given n. With help éf Eq. {4), where N{e) and N (H*) are the electron
and proton densities, we have that

ey KRR, T) NU) o
') = "oy N @

ST

eIy

ryy e L 1

hilkmi

Figure 3. The behaviour of the quantities f::f’ (n), given by the Eq. (7), as a function of
height h forn=4-8. [ . .

where N(1) is the density of H (1s) atoms and K| 2b(n; T) the total chemi-recombination

rate coefficient. Here, the ratio N{1)/N(e) may be replaced with [N(e)/N(H)]", for the

h < 750km range, practically without the decrease of accuraccy. The behavior of the

fg(:?)(n) quantities as a function of height h for n = 4 — 8 is shown in Figure 3. One

can see in Fig. 3 that for n values considered, the chemi - recombination processes are

coraparable with the electron - electron - ion recombination processes (for n =6 —8) or

dominant (for n = 4,5) within a wide h range which lower limit changes for different n

from -75 km up to 30 km and the upper one from 650 km up to 750km. Forn =4 and 5

the h range where the relative influence of the chemi - recombination processes remains

comparable, is up to around 1200km.
ific signi (89 () quantities ies-is in the-fact-that-they areim the "

same time ratios of the total fluxes I ,(::’ ) {n;T) and Itti(n; T) characterizing the influence of

the ionization processes inverses to the (1a,b) and the (4) récombination process. Namely,

in the partially ionized plasma, the (1a,b) chemi - recombination processes occure together

with the inverse chemi ~ jonization processes due to ‘H*{n) + H(13) collisions, while the

electron - electron - ion processes (4) occure together with the impact ionization processes

due-to H*(n) + e collisions. The influence of these inverse processes on the H*(n) atom

populations may be characterized by the corresponding ionization fluxes I,-("")(n) and

I¢5(n). The total fluxes 1 (n;T) and-Ifg(n; T) are than being expressed as

~—_;;_—;-—__—'——-:—-~——\;———-eﬁ‘—_-ﬂ"—'. T -
[ T) = FO(m T) = [ m ), I8 T) = 129 T) = [ (s T)-
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On the basis of Ref.[3], when T.'= T, = T, tﬁese total fluxes may be presented in the
form - . .

[ T) = (DD ), T T) = FEm T -t
where is g(n) = N(n)/Neg(n), N (n) is the density of the H(n)* atoms and Ney{n) is the
equilibrium density which corresponds to the electron density N, and the proton density
N(H*) from the same model. From here follows that for the considered Solar plasma is
valid that o T

" 11, T
e = )
I tot (ﬂ, T)

Obtained results show that the (1a,b) chemi - recombination processes evidently have
an important role in the large region around the temperature minimum in the Solar
atmasphere, where they are comparable or dominant in relation to the other recombination

processes. Withini this range they may be a quite significant factor contributing tothe -

smaller decrease from LTE. Consequently, this shows the necessity of the inclusion of the
(1a,b) processes in the modelling of the weakly ionized layers in the Solar atmosphere.

For Solar and stellar atmosphere models where T, = T, = T, the expressions (2-4) from
Ref.[4] for the (1a,b) chemi - recombination processes total rate coefficient X (¥ (n, T) may
be used. However, for atmosphere models where the equality of T and T, is not assumed,
the corresponding tables and the general expressions for partially ionized nonequilibrium
hydrogen. plasma are given in Ref.{3].
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NOJIADHBIA Apefid rpanun soranbHOMN CTPYKTYDHI HavaJjcA B cepemune 1996 rona u ero za-
1aJI0 COBIAJIO C HAYAJOM HOBOIO IMKJIA IATEH. Cpennmsas cropocts apeiida ¢ 1996 mo 1998 r.
COCTaBJANA-5 M/C U He OTHIMYAZach OT CpenHell CKOpOCTH IONAPHOTO apeida B nepuon ¢
1880 mo 1990 r. O6cysxmaerca cBA3L U COOTHOLICHIE MeXIY NOJAPHBIM U 5KBATOPHAJILHEBIM
ApeipOoM KpyTHOMACHITAGHBIX MAaTHUTHBIX noJjei.

CBOHCTBA KOJIEBAHUH B IIPOTYBEPAHIIAX
I'. II. Manmrawy, B. C. Bamxkupres
Hrcmumym Coanewno-3emnot dusuxy, a.7.4026, Upxymcex

llo pesynpratam HabiI0MCHMI TyUeBBIX CKOPOCTe#l B mpoTyGepaHNaX HOJNydYeHbI Bpe-
MEHHBIC U IPOCTPAHCTBEHHBIE XaPAKTePUCTUKY KoTeGanui, Ha OCHOBE KOFPOPLIX BBLIEJIEHBI
TPU Tula KosebaEuil B 9TuX 0GbeKTaX. ABTOpEI NOJIaratoT, YTO HCTOYHUK KBa3M4aco-
BBIX KOJleOaHMI HaXOAMTCA B HIDKEIIKAIUX CIOAX COTHEURON arMmocdepsl. [IpasmasrrocTs
TaKOTO IPeANOIOKEHUA NOKA3BIBaeT HAIMIME BRICOKOH KOD Py TeJIMOMKUPOTHOM 3aBU-
CHMOCTH BEJIMUMHBI KBa3UIacOBOT0O Neprona B poTochepe, XpoMocoepe u nporybepaHnax.

PaBora BrImoNHEHA NpH noznnep:xxe Poccuitckoro Porna PynnamenTanpEBIX Wccneno-
BaHMY rpaHT 960216647 u I OCyINapCTBEHHOTO GOHAA MNOINEPKKM BEIYIIMX HAYUHBIX HIKOJT
rpasT 961596733.

ROLE OF CHEMI-IONIZATION AND CHEMI-RECOMBINATION
COLLISION PROCESSES IN PLASMA OF SOLAR PHOTOSPHERE

A. A. Mihajlovl, Lj. M. Ignjatovic!, and M. §. Dimitrijevic?

1 Institute of Physics, P. O. Bpz 57, 11001 Belgrade, Yugoslavia .
2 Astronomical Observatory, Volgina 7, 11050 Belgrade, Yugoslavia

Influence of atom-atom chemi-ionization and electron-ion-atom chemi-recombination Colli-
sion Processes on the population of excited states of hydrogen atoms in plasma of solar
photosphere is studied using some of standard models of the solar chromosphere and photo-
sphere. These processes are treated within a framework of semiclassical theory developed earlier.
It is shown that these processes are significant for plasma kinetics under conditions typical for
solar photosphere, and are important for coming close to equilibrium distribution of population
of excited hydrogen atoms.

COJIHEUHBIN IIUKJ KAK CJEOCTBVE HEPA TV AJBbHBIX
IIYJbCAIIU COJIHIIA

B. II. Muxaitnyna
Lopnas acmponomuneckas cmanyug TAO PAH

AprymeHTUpPYeTCA CyINEeCTBOBaRMeE Hepa.Ma bHbIX nybcanuit Comnma ¢ a3UMy TaJbHBI-
MM TapMoRmyeckumu yuciaamu (I = 3;5,m = 2). D1u nysbcammu obpa3syror 22-x JeTHwuit
30HaJbHO- CEKTO PHBIH (mmonb-xsaapynonbﬁmﬁ) OUKJT GOHOBOI'O MArHUTHOTO IOJA U ABJIA-
FOTCA “TOUHBIMM YacaMu” COMHEUHON IUKIMUHOCTIL. lerepartop myascanuit — conmeunoe
A1po. YacTh HepamUaThHEBIX MO — MHEPIMOHHbIE BOJIHBI — 3aXBaTBIBAIOTCA B PaJUaTHUB-
HOU 30me CoOJIHIa W TIPOABIAIOTCA Ha MOBEPXHOCTH KaK: &) CeKTOPHO-TMOMYMAapHasA acHM-
METPUA 9UC/Ia TPYNT OATEH ¥ NONAPHLIX $pakesos; 6) IPOCTPaHCTBeHHO-BPEeMEeHHbIe MAaJlble
nepopmannu (+ 0,2 yriuossix CEKYHI) COJHEUHOTO pamuyca; B) MOy JIAIIMH MarHUTHOTO 110-
TOKa (OHOBOrO MAarHUTHOIO HOJNA. JIMNONb-KBaLDPYHOIbHbI LUKJI (pOHOBOTO MArHWTHOIO
II6JIsI — OCHOBA. IATEHHOI'O OUKJIa, o6pa3y¥omerou1, KaK " OGHIQHI)I/IHHTO, B OCHOBAaHUU KOH-
BEKTHBHOM 30HBI.
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have fallen? In the Siberian camp, nearby the northern pole, where he executed his sentence, my
uncle was preaching first to the birds and to the beasts, then to the people. This was a sign that the
Church was with him, that it did not remain in Zloti. This was a sign that the Church is not a simple
building, but a living being. From the experience of the former USSR, of which the actual Republic of
Moldova was a part, | would find myself entitled to state that: | do not believe in the meaning of the
revolutions which stimulate the most the human vices and which animalize the human being, instead
of perfecting him. | believe too that thereis no point for a revolution if it could notimprove the inside
of the human being. The other ones are regrettable losses of time, human lives and hopes. | also
believe that it is not quite the society that should be changed, but rather the human being from
within, including with the help of scietific data.

It is not the economical differences between our countries and the Occident that is
frightening, but the interval between our mentalities. | see the unity of a forthcoming Europe into a
recovered harmony between religion and science, animportant step for its spiritual unity.

ORTHODOX CHURCH AND ASTRONOMY IN COMMON FIGHT AGAINST
ASTROLOGICAL SUPERSTITION

Milan S. Dimitrijevic

Serbia

In the fight against superstition and credulity Orthodox Church and Astronomical science
have a common adversary - Astrology. In this common task, the Orthodox Church and Astronomy
are partners which could help mutually to educate people and suppress superstition.

A number of cannons of the Orthodox Church as for example 24th canon of Ankir council
(314 AD), 36th canon of Laodice council (360 AD), canons of holy Basil the Great and of Gregory of
Nyssa condemn any fortune-telling and their techniques including astrology. In canons 65 and 72 of
holy Basil the Great fortune-telling, which is the destruction of human liberty, equals with murder.

Astrology attacks human liberty and free will. Decisions which a man makes himself are
ceded to an astrologer. A free man becomes in such a way astrologer's "client" without liberty to
make decisions according to his own free will, without astrologer. In such a way a man also throw
away the responsibility.

For example Holy Maxim the Greek says: "If by movements of stars and by their
conjunctions we receive the gifts of God, than our reason and the free will of our souls depend on
zodiacal properties, and by them are directed toward the virtue or toward the culpable life, and
than the apostolic sermon becomes needless, and our faith becomes needless...Nobody than
should care about virtue or to try to avoid vices... Such one should not have the fear of the Judge
since his justification will be that he is forced by the evil master who against his will forced him to
differentvices."

We will discuss here the disagreement of Astrology with modern science and with
Orthodoxy and review the arguments of Orthodox Church and Astronomy against this superstitious
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THE DIALOGUE BETWEEN
SCIENCE & RELIGION

ORTHODOX WORLD
belief i
KNOWLEDGE AS THE RESULT OF GOING BEYOND SCIENCE AND RELIGION
Liviu Drugus
Romania

What is beyond science and religion, after going between them and across them? In my opinion the
transdisciplinary resuits of these trips is knowledge, more knowledge and better and clearer
knowledge. The paper is a bit challenging one by wondering if "science" and “religion are the right
words we need to describe our attempts to more clear and precise knowledge. My hypothesis is that
underlining the links, similarities and differences between Science and Religion, we risk forgetting to
go beyond them. My proposal is to pick up the barrier between them and to start to think them
together, far beyond any institutional arrangements, group interests or individual ambitions. Of
course, many others are working to this project. | am describing here only some remarks and (new?)
proposals

THE UNCREATED ENERGIES AND THE MYSTERY OF CREATION
Victor Eugen Gelan
Romania

In the present paper, | will point out the importance of the doctrine of the uncreated
energies, as it is exposed in the writings of Gregory Palamas. The isihast theology is fundamental in
the orthodox thinking, which conceives the world as a creation of God. Even though this teaching is
explicitly exposed for the first time in the writings of Gregory Palamas, it was also a system of thought
and a way of life in the first centuries of the Christian era. The roots of this doctrine are to be found in
the Gospels and in the mystic experience of uniting with God. Understanding this doctrine of the
Church Fathers concerning uncreated energies implies on the one hand understanding the world, and
onthe other hand understanding the relation between the Creator and his creation.

Can the world as a creation of God be known by means of sciences? Is it possible for the
scientific thinking to pass beyond showing us how the world is and finally tell us what the world is?
The scientific activity is concerned only with the descriptive level or is it concerned with
understanding too? Is it concerned only with the "how" of the things or with their "why" as well? Can
the theological doctrine of the uncreated energies be at the same time of any interest for the
scientific understanding and explanation of the world?

The relation between science and theology can be reconsidered from the point of view of the
uncreated energies. Both theology and science are concerned with the reality humans are dealing
with, of which they are part and that they are trying to understand better. We can talk about many
realities or many levels of the same reality. The way the human subject experiences reality differs
from the different levels of the same reality as described by theology and science. Those levels are
parts of the same reality only because they relate to the same general human conscience.
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Nicolae Dabija

(B. 1948), writer, historian of literature and politician from the Republic of Moldova, a honorary
member of the Romanian Academy since 2003. As chief editor of the weekly magazine Literatura si
Arta issued by the Writers' Union from the Republic of Moldova he took an important part in the
struggle for national renaissance within the republic. In 1988-1989 the weekly magazine led by Dabija
was the most important publication which sustained the return of the "moldavian language" to the
Latin writing, the acknowledgement of the identity between the moldavian language and Romanian
one and the proclaiming of the latter as an official language in the SSR of Moldavia. In its glorious
times, the weekly magazine Literatura si Arta was crossing the issue border of 150,000 copies.
Nowadays, the same weekly magazine is forced to call for sponsors in order to survive.
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AN EXAMINATION OF REGULARITIES IN NEUTRAL ATOM BROADENING

M.S. Dimitrijevié
Astronomical Observatory, Volgina 7, 11050 Beograd, Yugoslavia

G. Peach
Department of Physics and Astronomy, University College London,
Gower Street, London WC1E 6BT, England

Regularities and similarities in the widths of spectral lines
perturbed by neutral atoms have been studied in order to find out
if they are apparent to such a degree that they can be used to
obtain data by interpolation and hence provide a tool for the
critical evaluation of new experimental results. The principal
results on the clearly identified regularities will be published
soont.

The Van der Waals result for the theoretical half-half width,
w(thecry), has been used in conjunction with the critically
selected data of Allard and Kielkopfz, w(experiment), to search for
reqularities in transitions along a spectral series and for
corresponding transitions in homologous emitters. The dependence
of line widths on the perturber properties has also been examined.

We define the quantity

£(Ce,p,T) = CX(T/pie,

where Cg is the Van der Waals coefficient, u is the reduced mass of
the emitter-perturber system, T is the temperature and all
quantities are in atomic units. Results for the resonance
transitions of the alkalis perturbed by rare gases are shown in
figure 1. The scatter of the data about the average value of
w(experiment)/w(theory) is less for larger values of f(Cg,u,T),
which corresponds to larger values of C, and hence to where the
longer-range part of the interatomic potential becomes dominant in
determining the width. Our results also show that better agreement
between theory and experiment is obtained if the Van der Waals
formula is multiplied by a factor of about 1.25-1.5. This can be
explained by studying figure 2 where accurate potentials, V(R), for
Na-Ne are plotted as a ratio to their asymptotic value, =C¢/R®. It
is seen that true convergence to the Van der Waals limit only
occurs for R > 50 a.u., a much larger value of R than is often
assumed, but that the curves have a maximum at much lower values of -
R. This behaviour is typical of ‘all alkali=-rare gas interactions.
Work is in prouress on the development of a new simple formula
for the lire wicth tnat is an improvement on the pure Van der Waals
formula. All the long-range polarisation terms in the emitter-
perturber interaction are included with the van der Waals potential
being regained in the limit of large R. Preliminary results are
shown in figure 3 for the data of figure 1 but with w{theory} being
the new simple formula. The results are very encouraging, since
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ON THE STARK BROADENING OF Cr I LINES IN STELLAR
ATMOSPHERES

M. S. Dimitrijevi¢', T. Ryabchikova®’, L. C. Popovi¢'™, D. Shulyaks, S. Khan®

As[ronomlcal Observatory, Volgina 7, 11160 Belgrade, Serbia, mdlmltruewc@aob bg.ac.yu
*Institute of Astronomy, Russian Academy of Science, Pyamitskaya 48, 119017 Moscow,
Russia
*[nstitute for Astronomy, University of Vienna, Tuerkenschanzstrasse 17, A-1180 Vienna,
Austria
Asrrophysﬂ(ahsches Institut Potsdam, An der Stemwarte 16, 14482, Potsdam, Germany
* Tavrian National University, Yaltinskaya 4, 330000 Simferopol, Crimea, Ukrame

1. Introduction

The Stark broadening is the most significant pressure broadening
mechanism for A and B stars and this effect should be taken into account in
investigation, analysis and modeling of their atmospheres. In our previous works
/1-3/ we have shown that the Stark effect may change the spectral line
equivalent widths by 10-45%, hence neglecting this mechanism, a significant
error in abundance determinations may be introduced. On the other hand, high
resolution spectra allow us to study different broadening effects using line
profiles.

Neutral chromium spectral lines have been observed for example in Beta
CrB (Coronae Borealis) chemically peculiar Ap star. This star shows strong
abundance anomalies and there is no a certain answer for this reason.

The aim of this contribution is to calculate Stark broadening of 9 Cr |
spectral lines from 4p’P°-4d’D multiplet using the semiclassical perturbation
approach /4,5/, include the obtained results in the synthetic spectrum of Beta
CrB, together with the proposed here Cr and Fe stratifications, and compare the
obtained results with observations.

2. Results and discussion

All details of the semiclassical perturbation approach /4,5 / used here for
the Stark broadening parameter calculations and the analysis of the obtained
results will be presented in /6/. Our results for electron-, proton-, and ionized
helium-impact line widths and shifts for the nine Cr [ spectral lines for a
perturbed density of of ],0)(10M em”™ and temperatures from 2,500 up to 50,000
K will be published elsewhere /6/. As a sample, only data for elerctron-, and
proton-impact broademng for three lines are shown in Table 1.

Model atmosphere calculations as well as calculations of the absorption
coefficients were made with the ATLASO code written by R.L. Kuruez /7/. The
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Table 1. Stark broadening parameters for Cr I 4p’P°-4d’D spectral lines. This table shows
electron- and proton-impact broadening parameters for Cr I, for a perturber density of
1,0x10" cm™ and temperatures from 2,500 up to 50,000 K. The quantity C, when divided by
the corresponding full width at half maximum, gives an estimate for the maximum perturber
density for which tabulated data may be used. The asterisk identifies cases for which the
collision volume multiplied by the perturber density (the condition for validity of the impact
approximation) lies between 0.1 and 0.5. For higher densities, the isolated line approximation
used in the calculations breaks down. Width denotes full line width at half maximum and
Shift line shift in 0.1 nm.

Electrons Protons
Transition | T[K] | Width Shift Width Shift
0.1 nm 0.1 nm 0.1 nm 0.1 nm
2500 0.890E-2 | -0.205E-2 |0.461E-2 |-0.379E-2
Crl 5000 0.772E-2 | -0.146E-2 | 0.551E-2 |-0.437E-2
4p’P°,- 10000 | 0.665E-2 | -0.104E-2 | 0.678E-2 | -0.505E-2
4d'D, 20000 | 0.548E-2 | -0.767E-3 | 0.832E-2 |-0.592E-2
527,750m |30 000 | 0.493E-2 |-0.660E-3 | 0.951E-2 |-0.651E-2
50000 |0.431E-2 |-0.559E-3 | 0.993E-2 |-0.719E-2
2500 0.193E-1 | -0.216E-2
Crl 5000 0.164E-1 | -0.155E-2
4p7P°2— 10000 | 0.136E-1 | -0.108E-2
,4d7D2 20000 |O0.111E-1 | -0.790E-3 | *0.717E-1 |-0.298E-1
527,720m | 30000 | 0.983E-2 |-0.675E-3 | *0.702E-1 |-0.273E-1
50000 |0.841E-2 |-0.569E-3 | *0.664E-1 |-0.239E-1
2500 '] 0.240E-1 | -0.939E-3 | *0.216E-1 |-0.138E-1
Crl 5000 0.210E-1 |-0.677E-3 | *0.253E-1 |-0.170E-1
4p7P°2- 10000 | 0.178E-1 | -0.473E-3 | *0.274E-1 | -0.193E-1
4d'D, 20000 |0.147E-1 |-0.401E-3 | 0.280E-1 -0.193E-1
527,6’Tnm | 30 000 | 0.131E-1 | -0.393E-3 | 0.283E-1 |-0.180E-1
50000 |0.112E-1 | -0.393E-3 | 0.289E-1 -0.155E-1

next step is the calculation of the outward flux at corresponding wavelengths
points using the given model. For this purpose we used SM, code written by
Khan /8/. This code allows to calculate synthetic spectra of early and
intermediate type of stars taking into account magnetic field effects and
stratification of chemical elements. We used a model of Beta CrB calculated by
ATLAS9 code with T,y = 8000 K, log g = 4.3, without convection. Magnetic
field is 8000 Gauss.

Stratification is determined from a number of intervals with more or less
strong Cr and Fe lines. The found stratification profiles are shown in Fig. 1. The
comparison of observed and calculated Cr I lines is shown in Figs. 2 and 3.
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Figure 2. A comparison between the observed Cr I line profiles in the spectrum of Ap star
Beta CrB (thick line) and synthetic spectra calculated with the obtained Stark widths and
shifts and Cr, Fe abundance stratifications (thin line), with the same Stark parameters but for
homogeneous Si distribution (dashed line), and with Stark width calculated by approximate
formulae for the same stratification (dotted lin¢). X- and Y-coordinates are wavelenghths and
surface fluxes (normalized to unity).

AN A

3. Conclusions
We have calculated Stark broadening parameters for Cr [ spectral lines
from 4p’P°-4d’D multiplet and investigated the influence of Stark broadening
effect in stellar atmosphere for these lines. From our investigation we can
conclude: (i) The calculated value of Stark widths as well of shifts can be quiet
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Figure 3. The same as in Fig. 2 but for the region around 5298 A.

different for the different lines, although these belong to the same multiplet. (11) ;
The contribution of the proton collision to the line width and shift are
significant, and it may be depending on the temperature comparable or .
sometimes even larger than the electron-impact contribution. (iii) The agreement
with observations is much better if Stark broadening and stratification are taken
into account.
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ON THE STARK BROADENING OF THE Kr II 469.4 nm, Ar I 476.5 nm
AND Ar II 480.6 nm LINES
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' Astronomical Observatory, Volgina 7, 11160 Belgrade, Serbia, mdimitrijevic@aob.bg.ac.yu
*Research Institute for Solid State Physics and Optics, H-1525 Budapest, POB 49, Hungary,
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1. Introduction
In this work, the full semi-classical perturbation approach /1,2/ has been
applied for the determination of Stark broadening parameters of the Kr Il
469.4nm, Ar II 476.5 nm and Ar II 480.6 nm lines, and a jointly laser physical
application of the results obtained; namely the role of Stark broadening on the
mode properties of hollow cathode excited noble gas mixture lasers is discussed.

2. Stark broadening parameters calculation

All details of the semiclassical perturbation approach /1,2 / used here for
the Stark broadening parameter calculations and the comparison of obtained
results with existing experimental and theoretical calculations (see /3/ and
references therein) will be presented in /4/. We note only that we checked the
influence of the missing Kr II 7p levels and found it not important. Determined
Stark broadening parameters for the Kr I 469.4nm, Ar Il 476.5 nm and Ar II
480.6 nm lines are shown in Tables 1-3 respectively.

3. Stark broadening in hollow cathode laser discharges

lonic lines can be effectively excited in a hollow cathode (HC) discharge
due to the presence of high energy electrons. It has been used since 1970 for the
excitation of a lot of noble gas-metal vapor and noble gas mixture ion lasers /5/.

An interesting feature of the HC lasers is that they oscillate usually in a
single axial mode without any optical selection. This property has been
attributed to the large homogeneous line-width due to the relatively large filling
pressures. Recent studies have shown, however, that - in several cases - pressure
broadening is not large enough to explain single mode operation /6/, and Stark
broadening has also to be taken into account /7/. Therefore it seemed to be
reasonable to study the role of Stark effect at the He-Kr* 469.4 nm and He-Ar"
476.5 nm HC lasers /8,9/.

3.1. The HC laser discharge.

For laser purposes the discharge inside the cathode is used for the
excitation. Different HC geometries are applied; most frequently “longitudinal”
or “transversal” systems /10/. The typical pressure in the tube is 10-25 mbar. In
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Table 1. Stark widths W (full widths at half maxima) and shifts d for the Kr II
469.4 nm line. Perturber density: 1,0x10' c¢m™. The perturbers are electrons,
protons and ionized Krypton.

Electrons Protons Ionized Krypton
Transiti- | T[K] | Width | Shift Width | Shift Width | Shift
on 10°nm | 10*nm |10°nm | 10°nm | 10°nm | 10°nm
1000 0,339 1,03 0,0492 10,159 0,200 0,147
2000 0,251 0,782 10,158- 0,313 0,348 0,245
KrlI 5000 0,167 10,622 0455 0,564 |0,546 0,370
Sp-6s 10000 0,118 10,564 10,755 0,771 0,654 0,443
20000 10,0921 0,452 10,998 10,924 10,765 0,525
50000 10,0788 |0,362 1,32 1,16 0,919 10,642

Table 2. Stark widths w (full widths at half maxima) and shifts d for the Ar Il
476.5 A line. Perturber density:1,0x10™ cm>. The perturbers are electrons,
protons and ionized Argon.

Electrons Protons Ionized Argon
Transiti- | T [K] Width | Shift Width | Shift Width | Shift
on 10°nm | 10*nm | 10°nm | 10°nm | 10°nm | 10°nm
1000 0,193 0,429 0,0348 |0,249 0,131 0,248
2000 0,132 0,362 0,0919 {0,520 0,250 0,497
Arll 5000 0,0859 |0,248 0,241 1,18 0,408 0,957
45°P- 10000 |0,0633 {0,195 0,370 1,82 0,482 1,32
4p’P° 20000 |0,0474 |0,149 0,485 2,50 0,544 1,61
50000 ]0,0368 {0,112 0,594 3,20 0,599 2,03

Table 3. Stark widths w (full widths at half maxima) and shifis d for the Ar II
480.6 nm line. Perturber density: 1,0x10" cm™. The perturbers are electrons,
protons and ionized Argon.

Electrons Protons lonized Argon

Transiti- | T [K] | Width | Shift Width |Shift | Width [ Shift
on 10%°nm {10°nm [ 10°nm |10%nm |10 nm | 10%nm
1000 {0,147 |0,161 [0,0250 [0,132 |0,0980 |0,132

2000 [0,110 |0,125 10,0669 10277 10,194 0272

Arll 5000 [0,0728 [0,103 [0,183 [0662 10,331 [0,567
4s*P- 10000 |0,0544 [0,0741 10,288 [1,10 0,399 0,810

4p'P°  [20000 |0,0410 |0,0571 [0,391 |1,54 0,452 1,03

50000 [0,0317 ]0,0453 0,470 [2,05 0,502 |1,31
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Table 4. Line-broadening data for the Kr Il 496.4 nm, Ar II 476.5nm and 480.6
nm lines in He-Kr and He-Ar hollow cathode laser discharges. Typical plasma
parameters at ~100mA/cm® current density and 23 hp pressure: Ne~6x10" ¢cm™
and T.~2300 K

Kr Il ArIl Arll

469.4nm [476.5nm |480.6nm Remark

[MHz] |[MHz] |[MHz]
Pressure broadened Stark line-width at
natural line-width at 23 {490 585 141 these experimental
hp (measured at conditions deduced
50mA/cm’® current (factor: 0.35)
density) /8,9/
Stark line-width at laser |{gg 101 33 Calculated from the
conditions present theoretical data

( 23hp, ~100 mA cm™)

Homogeneous (pressure | cqq 636 294
broadened natural +
Stark) line-width

Estimated value based
on experimental data at
fower current densities

/8,9/

Inhomogeneous 1400|2100 {2100
(Doppler) line-width at

laser conditions

Ratio of homogeneous ‘0_ 49 0.33 0.11
and inhomogeneous line-
widths

a HC discharge the electron energy distribution function has generally a nearly
Maxwellian low energy part with a high energy tail. The mean energy of the low
energy part amounts to £, = 0.1 — 1 eV, while the high energy tail can rise up to
the cathode voltage which is commonly several hundred V. For laser excitation
the high energy tail is of importance, but concerning Stark broadening the low
electron energy part is important: It was found experimentally that in a HC laser
discharge - in the middle of the cathode - the electron density amounts to N, =
5.10" - 10" cm™, about two order of magnitude larger, than that in the positive
column of a glow discharge /11/ Different model calculations and
measurements are available (see e.g. /12/). Gill and Webb /12/, however, have
found, that in noble gas-metal vapour systems N, is about a factor of two larger,
than that in pure noble gas systems. Therefore especially for the He—Kr and He-
Ar gas mixtures in a transversal hollow cathode discharge tube with 20 - 25
mbar filling pressure and at ~100mA cm™ current density on the cathode
surface, £, ~ 0.2 eV and N, ~ 6 x10"* cm™ can be assumed as a good estimation.
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3.2.Line broadening data for the Kr* and Ar" lines in HC laser discharges

Results are summarized in Table 4. The line-widths are given in frequency
units typically used in this field. Stark line-widths are calculated at a perturber
density N,~6x10" cm™ and electron temperature 7,~2300 K. The pressure
broadened natural line-widths given in row 3 had been measured earlier /8,9/
and have to be corrected now with the Stark line-widts at the discharge tube
used. (The smaller current density and off-centre observation direction together
resulted here in a decreasing factor of 0.35 compared to the Stark line-widths at
laser conditions.).

* 4. Discussion

For single mode operation of a laser - according to Troickij /13/ - the ratio of
homogeneous and inhomogeneous line-widths should be larger than ~0.3 — 0.32.
It can be stated that this condition is fulfillled at both laser transition. But while
for the He-Kr II 469.4 nm laser the earlier assumption remains valid, i.e. pressu
re broadening is enough large to explain the single mode operation of this laser,
at the He-Ar II 476.5 nm laser - like at the He-Cd II 537.8 nm laser /7/ - Stark
broadening also has to be taken into account to explain this property. At the Ar
I1 480.6 nm (not laser) transition both line-widths are significantly smaller.
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STARK BROADENING OF THE Fe II LINES IN THE SOLAR AND STELLAR ' PECTRA
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ABSTRACT. Recently developped mcdified semiempirical approz h
(Dimitrijevié and Konjevié, 1980, 1986; Dimitrijevié and Krs . janin,
1986) is applied to the Stark broadening calculation of Fe I: lines in
the Solar spectrum and the spectrum of Am 15 Vulpeculae.

t. INTRODUCTION

In stellar atmospheres calculations the collisiomal broadening
parameters for a large number of various elements are required and
they are often unavailable. Moreover, in O and B stars and white
dwarfs atmospheres the Stark effect is the main pressure br adening
mechanism. In A stars atmospheres its influence is very imp .rtant and
even in atmospheres of relatively cool stars as the Sun, wh:@:re the
line broadening caused by collisions with neutral perturber : is
dominant, for higher number of spectral series the Stark ef "ect may
compete with neutral perturber interaction with emitter (Viace et al,
1985). A convenient method for Stark broadening calculatiors in
astrophysics in the cases when more sophysticated calculations are
avoided (e.g. lack of atomic data, complex spectra, large scale
calculations or rough estimates) 1is the modified semiempirical
approach (Dimitrijevié and Konjevié, 1980, 1981; 1986; Dimitrijeviéd
and Konjevié, 1986). Tables of calculated Stark widths of prominent
lines of some doubly- and triply-charged ions are given by
Dimitrijevié and Konjevié (1981).

Recently, a detailed model atmosphere analysis of the Am 15
Vulpeculae star is carried out (Yo-ichi Takeda, 1984) in plasma
conditions where the Stark broadening is not negligible. or a number
of lines of more complex atoms, published Stark broadenin ; data have
not been found by the author of the mentioned article, He ‘e are given
the simple Stark broadening calculations of Fe II lines f -om the
spectrum of Am 15 Vulpeculae and Solar spectrum in order .o
demonstrate the aplicability of the modified semiempiricz . method for
such kind of the calculations in the case of more complex atoms and
to provide also the Stark broadening data for some Fe II iines of

-~
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212 M. $. DIMITRUEVIC

astrophysical insterest.

2. THE MODIFIED SEMIEMPIRICAL APPROACH

In order to reduce the input set of atomic data and to extend the
applicability of semiempirical method published by Griem (1968) to
higher stages of ionization, Dimitrijevié and Konjevié (1980)
separated the transitions with An = 0 and introduced for them
different Gaunt factor. Transitions with An # 0 are summed separately.

half-half width w and shift d of ion spectral line broadening by Stark
effect become now

4n ‘ﬁz Za ‘/27‘ b

veid 3T Silm) 73 e

2 -~
£,£(ik,k0|[“(xk,k0|) ¢

- +2 < -
"nguh(‘k,kol)]’kk,k—t[‘('k.k-l)"°j‘ch(’k.k-|)]} * "

+2 ’ . M
r (R , , ]-2i¢, i
TR D pnpol8lxydeie sy (xy)] ZiEJ[AzF..<0(R31')Anfog'h(xjj'”
i

Here k = 45, i and denotezthe initial and.final levels & =+1~if
j=1iand 21 if 3 = £ and Ro., = (¢JIP13B1* . Gaunt factors g, 8, &
and E; are given as a func fon gf X in the Table 1. Also
Xw = ng/2AEgv , X; = 3kTr"> /4Z%E, where E, is the hydrogen

Y ¥ & 3 H H

ionization energy.

sh

Table 1.

x 1 2 3 5 10 30 100

g 0.2 0.2 0.24 0.33 0.56 0.98 1.33

g 0.7 -1.1/2+g

gy, 0-2 ©0.25 0.32 0.45 0.66 0.82 0.87
z=2F, 0.35 0.40 0.47 0.58 0.70 0.82 0.87
Z =3 Esh 0.53 0.54 0.57 0.62 0.70 0.82 0.87

Z =4 gsh 0.62 0.63 0.63 0.65 0.70 0.82 0.87

Z 4 g;h 0.88 - 1.1/2+0.01+0.01x/Z; x £ 100
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For all cases when 3kT/2AEy £ 2 one can use the values g = g sh °

0.2 and ¥ =%, = 0.9 - 1.9/2. Furthermore, one can put in Eqs: 1 and
2 &%= 1 what®?s a reasonable assumption for4dn = 0 (s=2e e.g. Griem,
1974 p. 31) since the exact values of @% usually range between 0.8 and
1. If one performs summation in Eq. (1) it is easy tc obtain

B

v(g).g,zggs.'o's AfCem)N(em ") [ [( jj _tg.....,th .
T\/: i=i,f th
3 N 2
e R T (3)
Gz (a§2-1f - kg - 0]

Since the contribution to the total line width of tranaitions with
An # 0 does not exceed 25%, and it is compensated by assuming ¢%= 1,
we can neglect them and finally obtain

-8 L]
w(R)=1.1076-1078 A2 (“)’“/(2“ 2 (o, 5- Lht (g—g-—)z.
jei,f
cqnt2 2 _ -
" =ty =4 -0 (4)
With analogous simplifications for the shift from Eg.{1) one may
obtain
d(g)'l 1076‘10—s Az(cm)N(cm )(0 9 )y ¢
. —=n - _~_ . .
2172 S 4y —1-1—
a2 2
((2jon)lnj -(Ljol) |- ‘j(“;z - 1%y (53

If all levels L. + 1 exist, an additional summation may be performed
in Eq. (5) obtaining
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(6)

In order to test the modified semiempirical approach, selected
experimental data for 36 multiplets (7 different ion species) of
doubly-, and 7 multiplets (4 different ion species) of triply-charged
ions were compared with linewidths calculated according to Eq. (1).
The average values of the ratios of measured to calculated widths are
as follows: for doubly-, 1.06 + 0.31 and for triply-charged ions 0.91
+ 0.42 (Dimitrijevi¢ and Konjevié, 1980).

Furthermore, in order to test the equations obtained for low
temperature limit of modified semiempirical formula, comparison is
made between the linewidth result from Eq. (1) and (4) and previously
mentioned selected experimental results (Dimitrijevi¢ and Konjevié,
1980), in the cases when Eq. (4) may be applied. The average ratio
of experimental and calculated values from Egs. (1) and (4) are 1.01
and 1.04 respectively (Dimitrijevié and Konjevié, 1986).

Recently, the modified semiempirical theory is applied to the
most intensive lines of Ti II and Mn II observed in the Solar spectrum
(Dimitrijevié, 1982}, in order to test the applicability of the
approach to the case of more complex transitions and heavier elements.
The obtained agreement between this approach and more sophysticated
semiclassical calculations indicates that this method can be used for
estimation of electron width for heavier elements.

3. RESULTS

In Table 2, electron impact full halfwidths (wMSE) for 3 Solar
multiplets (a®H - =“F°, a® - 26D°, and b - 2z4F°) 3Ad 3 multiplets
observed in the spectrum of Am 15 Vulpeculae (Yo-ichi Takeda, 1984)
(b9P - z4F°, b% - 2z%0°, and b% - 2%D°) are given for different
electron temperatures (T) and for N = 17 cm™3,

We hope that the presented metﬁod will be useful for Stark
broadening calculations of Fe II lines especialy in the cases when
we need an extensive set of data with good average accuracy and when
the accuracy of ench particular value is not so important.
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STARK BROADENING OF THE Fell LINES IN THE SOLAR AND STELLAR SPECTRA

Table 2. Electron impact full halfwidths (wMS ) in Angstroéms for
selected Solar lines and lines from %he spectrum of Am 15
Vulpeculae (see the text) for differﬁgt temperatures (T)
and at the electron concentration 10 em 3.

Ion f;ﬁ?iftig?) . T(K) wMSE
wawelength (A) (k)
Fe II | a'H - 2 F° 5000 0.249
(32) 10000 0.176
A= 4300.15 A 20000 0.124
40000 | 0.0880
i
Fe II | a’p - 2°0° 5000 0.0856
(uv 1) 10000 0.0605
A= 2611.41 & | 20000 0.,0428
40000 0.0303
Fe II | b'F - 2'F° 5000 0.278
(37) 10000 0.196
= 4564.89 A | 20000 0.139
40000 0.0982
Fe IT | b'p - 2"F° 5000 0.250
(28) 10000 0.177
A= 4293.11 £ | 20000 0.125
40000 0.0884
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Fe II| b'F - z'D° 5000 0.277
(38) 10000 0.196
A = 4558.73 K | 20000 0.139
40000 0.0995
Fe II bp _ 2Mp° 5000 0.281
27) 10000 0.199
A = 4558.73 R | 20000 0.141
40000 0.0995
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Semi-Classical and Modified Semi-Empirical Impact
Stark Broadening Calculations of Singly lonized
Oxygen Spectral Lines

W. F. Mahmoudi', N. Ben Nessib', S. Sahal-Bréchot” and M. S. Dimitrijjevic’

" Groupe de recherche en Physique Atomique et Astrophysique, Faculté des
Sciences de Bizerte, 7021 Zarzouna, Bizerte, Tunisia

’LERMA, Observatoire de Paris, Section de Meudon, UMR CNRS 8112, Bdtiment
18, 5 Place Jules Janssen, F-92195 Meudon Cedex. France

I Astronomical Observatory, Volgina 7, 11160 Belgrade, Serbia

Abstract. Using the semi-classical approach by Sahal-Bréchot [1-2] and the modified
semiempirical approach by Dimitrijevic and Konjevic [3], we have calculated Stark
broadening widths and shifts for OII multiplets using the needed oscillator strengths from the
sophisticated atomic structure data base TOPbase. Then we have compared our results with

experimental data and those calculated by Gnem [4].

1 Introduction

The charged oxygen (OII) atoms, as emitters or absorbers, are especially important
due to their presence in many kinds of cosmic sources of radiation.

Using the semi-classical impact perturbation theory [1-2], we calculated widths and
shifts of singly ionized oxygen (OII) spectral lines and compared with experimental
results and those calculated by Griem [4].

Energy levels and oscillator strengths have been taken from TOPbase [5].

We also calculated modified semiempirical widths using the formalism of
Dimitrijevic and Konjevic [3], where the mean square radius is expressed in terms of
the oscillator strengths for the contribution of the collisional transitions with An=0
and hydrogenic approximation is used for An#0.

In this work the calculation of widths and shifts of some lines are obtained for the
first time [6-8].

'Corresponding author. E-mail address : Sylvic Sahal-Brechote upme.fr (S. Sahal-Bréchot)
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2 Semi-Classical and Semiempirical Formalism

WS(“ = 2w =J:: ‘.’/f(v)d‘{ E g, (v) + z U.f.i'(‘)) tO. ) (n
T 5r

d=Nf \yf(v)a’vjfu 2mpdp sin® @, o

In order to minimize the needed atomic data and to extend its validity to multiply
charged ion lines, we use the modified semiempirical formula of Dimitrijevi and

Konjevic |3].

For n=0
Sy lem™)
RUZ Sy s i (3)
303.7
Where f,.j is the oscillator strength between levels 7 and j, and for n#0, we use the

hydrogenic approximation.

I/Vline = [L)] W (4)

jne =(<jt—>) d ()

In the above expression, , d and <)L> are values for the multiplet, and W,

d

ine and A refer to a particular line within the multiplet.

3  Applications to OII spectral lines

Table 1. W, experimental Stark widths of del Val et al. [9]; W, is the electronic
width calculated by Mahmoudi et al. [6]; Wy is the semi-classical values
calculated by Mahmoudi et al. [6]; the semiempirical data Wyge calculated by
Mahmoudi et al. [8] and the semi-classical value of Griem [4] W g _ for the
transition array 2p*(1D)3p -2p*(1D)3d
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P T R LY I R T T S B R R NP . mwra s et

Ne(em™) W W, W Wuse Wea

Multiplet “(A_) ) ﬁT—c(lijk ) _L(}" (“\) " (,\) (/\) A) o

Ap Apt 434943 40000 t.0 0.253 0.249 0.287 0.263 (1219
4336.80 40000 1.0 (h.202 (). 248 0.285 (.261 0.218
4366.89 40000 1.0 0.248 0.251 0.289 0.265  0.221
4345.56 40000 1.0 0.258 0.249 0.280 0.2061  0.218
4319.63 40000 1.0 0.261 0.246 0.283 0.259  0.216

4317.14 30000 1.0 0250 0246 0283 0.259 0210

Table 2. Same as Table 1 for the shifts, d, 1s the electronic shift calculated by
Mahmoudi et al. [7]

ARSI TSI s 1 L i VR il LAOEARAUA T TSRl L MR L OO T T IR e g

_ , 4 dy d. deg
Multiptet  (A) T.(K) (cln(i)”) A) A) A)
*p_4p? 434943 40000 1.0 0.0084

4336.86 40000 1.0 0.0084
4366.89 40000 1.0 0.0085
434556 40000 1.0 0.0084
4319.63 40000 1.0 0.0083
4317.14 40000 1.0 0.0083
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French-Serbian Collaboration on the Stark Broadening
of Spectral Line Shapes

Milan S. Dimitrijevic’, Sylvie Sahal-Bréchot®

! Astronomical Observatory, Volgina 7, 11160 Belgrade, Serbia and Montenegro
! LERMA, Unité de recherche du CNRS 8112, Observatoire de Paris, Section de
Meudon, F-92195 Meudon Cedex, France

Abstract. The importance of having a large set of Stark broadening data is presented. Then, a
short review of French-Serbian collaboration on the theoretical calculations (within the frame
of the semiclassical perturbation approach) of Stark broadening of nonhydrogenic spectral
line shapes is presented, with a bibliography of results published in international journals.

1 Introduction and discussion of the interest for
obtaining a large set of Stark broadening data

Stark broadening research has been a developed research field in France and Serbia
for many years. Its often-interdisciplinary significance provides a good basis for
scientific collaboration. The aim of this paper is to display the results of French-
Serbian collaboration on the Stark broadening of nonhydrogenic emitter spectral
lines modelisation by using the semiclassical perturbation approach. Stark
broadening data are of interest not only for laboratory, laser-produced, fusion and
technological plasmas research, modeling and diagnostics, but also in astrophysics,
e.g. for the modelisation of white dwarfs and hot stars of B and A type,
determination of chemical abundances of elements from equivalent widths of
absorption lines, estimation of the radiative transfer through stellar plasmes,
especially in subphotospheric layers, and for opacity calculations. Stark broaden:: g
is also important for the study of radio recombination lines from molecular ar.d
ionized hydrogen clouds, radiative acceleration considerations, steilar
nucleosynthesis research and other astrophysical topics.

It is obvious that stellar spectroscopy depends on a very extensive list of elemeins
and line transitions with their atomic and line broadening parameters, and efforts (o
obtain as large as possible data set are additionally stimulated by the development
of space astronomy, since with instruments like Goddard High Resolution
Spectrograph (GHRS) on Hubble Space Telescope, an extensive amount of high

x
Corresponding author. E-mail address : mdimitrijevic@aob hg.ac.yu (M.S. Dimitrijevic)
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quality spectroscopic information has been and will be collected.

Development of computers also stimulates the need for a large amount of atomic
and spectroscopic data. A good example for the need of an extensive set of atomic
and spectroscopic data including Stark broadening is the modeling of stcllar
atmospheres. For example, PHOENIX computer code for the stellar atmospheres
modeling includes a database containing 42 millions atomic/ionic and molecular
spectral lines.

2 On the French-Serbian collaboration: Valorization of
the semi-classical perturbation computer codes for obtaining
a large set of data

This collaboration started in 1978 with a post doc stay of M. S. Dimitrijevic in
Meudon. This was the beginning of very fruitful collaboration in this research field,
resulting up to now in 60 articles in international journals listed here [1-26] and
several hundred publications in national journals and proceedings of international
and national conferences. Examples of obtained results are e.g. the first calculation
of Stark broadening parameters within the quantum mechanical strong coupling

method for a nonhydrogenic neutral emitter spectral lines, performed for Lil 2s S

— 2p P transition [1], the investigations of Stark broadening parameters
behaviour within spectral series (e.g. Refs. 5, 8, 9) and isoelectronic sequences [13],
or investigation of Solar Rydberg Mg I lines [17]. Also, in order to complete as
much as possible Stark broadening data needed for astrophysical and laboratory
plasma research and stellar opacities calculations we made and are still making a
continuous effort to provide Stark broadening data for a large set of atoms and ions.
Modelisation has been updated and improved several times [2,8,9,17].

For the development of French-Serbian collaboration in this research field, an
important contribution of Alain Lesage was also the donation of his shock tube to
Belgrade university. The collaboration with him resulted in the common
publications with one of us (MSD — Ref. 11), but also with Jagos Puric, Nikola
Konjevic, Slobodan Manola, Milivoje Cuk, Vida Knezevic and others.

In this collaboration participated also Truong Bach, Marie-Christine Artru,
Yves Vitel, Maurice Skowronek, Veronique Bommier, Marko Popovic, Miodrag
Dacic, Zoran Simic and Zorica Cvetkovic.

We also have plans to organize the obtained results in a database. This
project, the creation of the database of Belgrade Astronomical observatory
“BelData” started, and the Internet address of the “BelData” database is
http://www.aob.bg.ac.yW/BELDATA. Another project, the database MOLAT
(http://molat.obspm.fr), is under construction at the Paris Observatory and concerns
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atomic and molecular data of astrophysical interest. We are planning to join our
efforts in this domain.
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Importance of Collisions with Charged Particles for
Stellar UV Line Shapes: Cd Il

Nenad Milovanovi¢, Milan S. Dimitrijevi¢, Luka C. Popovié¢ and
Zoran Simi¢

Astronomical Observatory, Volgina 7, 11160 Belgrade, Serbia and Montenegro

Abstract. Stark broadening parameters, widths and shifts, for spectral lines of doubly-ionized
cadmium (Cd III) have been calculated using the modified semi-empirical approach (MSE).
Widths and shifts of the spectral lines are given for temperature range of 5 000 K - 60 000 K
and an electron density of 10° m™. The influence of collisions with charged particles on Cd
Il UV stellar lines along the HR diagram and in DA white dwarf atmospheres is discussed.

1 Introduction

Spectral lines of multiply charged heavy elements are present in the UV spectra of
early-type stars, especially in spectra of chemically peculiar (CP) ones. Investigation
of these lines is important for example for spectral lines synthesis, diagnostics and
modelling of laboratory and stellar plasma, abundance determination and opacity
calculation.

2 Method of calculation and results

We used the modified semiempirical approach (MSE) [1,2]. The accuracy of the
MSE calculations for spectral line widths is around 50% [1]. Error in obtained shifts
with MSE calculations is within 50% of the corresponding width values.
Doubly-1onized cadmium (Cd I1I) belongs to Palladium isoelectroni¢c sequence with
the ground state electronic configuration 4d'® 'S, and ionization potential of
302200+50 cm’’. Atomic data needed for our MSE calculation were taken from [3].
They observed Cd III spectra in UV spectral range from 50 to 210 nm with 6.65 and
10.7 meters normal-incidence vacuum spectrograph.

"Corresponding author. E-mail address : nmilovanovic@aob.bg.ac.yu (Nenad Milovanovié)
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The calculated Stark widths and shifts of Cd IlI spectral lines for 84 spectral lines,
where 22 belong to 4d° Ss — 4d” 5p and 62 10 4d’ Sp — 4d" 5d transitions are given in

[4]

3 Disscusion

In Fig. 1 Stark (FWHM) and Doppler widths for Cd 111 5p *F; — 5d ’G; (A=144.754
nm) spectral line as a function of atmospheric layer temperatures are shown. Stark
widths are shown tor 8 atmospheric models with effective temperatures T.g=7000 -
30000 K, corresponding to spectral classes (Sp) from FO to B0, logarithm of surface
gravity log g=4 and turbulent velocity v~=0 km/s. In Fig. 1 one can see that Stark
widths are larger than Doppler ones for stars with lower effective temperatures. For
stars with higher effective temperatures Stark broadening is more important than
Doppler one for deeper atmospheric layers (higher layer temperature T).

w (nm)
1 7000 K 30000K
9000 K 25000K
K 8 .. 15000 K 20000K -
10 {1 AOQQII,?,}./ 'OOOOK L /_/’...
wDoppler
1074 - -
] i la 5P
1 / 7000 K (F0)
] / ------ 8000K (A6)
/‘ .......... 9000 K ( Al )
10* ~ e - 10000K (A0)
——-= 15000 K (B5)
------------ 20000 K (B2)
— 25000 K (B1)
—— 30000 K (BO)
. T (kK)
10 T T 7 v T 1
0 40 60 80

Figure 1. Stark widths (FWHM) (thinner lines) and Doppler width (thicker line) for
Cd I 1=144.754 nm spectral line as a function of atmospheric layer temperatures.
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In order to compare Stark and Doppler broadening we have calculated spectral line
widths for Cd Il A=144.754 nm for DA white dwarfs atmospheres. Models were
taken from [5]. We note that DA dwarfs are helium and metal underabundant.

As one can see in Fig. 2 Stark broadening is by one or two order of magnitudes
higher than Doppler one. Also with the increases of the pressure, electron density or
effective temperature in DA white dwart models the importance of Stark broadening

increases as well.

4
10 v T T T v T v T T T

Figure 2. Stark and Doppler widths for Cd 11l A=144.754 nm spectral line as a
Jfunction of optical depth for standard wavelength A,=505 nm for DA white dwarfs.
Widths are given for 4 values of logarithm of surface gravity log g=6 - 9. Effective
model temperature is T. ey =10 kK.
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The Complex Structure of the MglIAA 2795.523,
2802.698 A Regions of 64 Be Stars

E. Lyratzi', E. Danezis', L. C. Popovic’, M. S. Dimitrijevic?, E. Theodossiou',
D. Nikolaidis', A. Antoniou' & A. Soulikias'

" University of Athens, School of Physics, Department of Astrophysics, Astronomy
and Mechanics, Panepistimioupoli, Zographou 157 84, Athens, Greece

? Astronomical Observatory of Belgrade, Volgina 7, 11160 Belgrade, Serbia and
Montenegro

Abstract. In this paper we present a statistical study of the UV Mgll resonance lines in 64 Be
stars’ spectra, using the method proposed by Danezis et al. (2003). With this method we can
study the velocity fields of the complex atmospherical regions of Mgll resonance lines AA
2795.523, 2802.698 A, which present SACs or DACs. We found that there exist three levels
of rotational velocity with the mean values of 143 km/s, 60 km/s and 31 km/s. The respective
mean values of the apparent radial velocity are -19 km/s, -13 km/s and -2 km/s.

1 Introduction

The MglI resonance lines present a peculiar profile in the Be stellar spectra and have
been studied by many researchers [1-15]. They have observed the existence of
absorption components shifted to the violet or the red side of the main spectral line
[2-5], [8-13], [15]. These components have been named Discrete Absorption
Components (DACs) [1] or Satellite Absorption Components [6]. When the
components are quite narrow, they cannot be photospheric, but of circumstellar or
interstellar origin [14]. In any case, the whole feature of the MgII resonance lines is
not the result of a uniform atmospherical region, but the components are created in
different regions, which rotate and move radially with different velocities. As de
Jager et al. [7] proposed, in the late B supergiants variable mass loss occurs, due to
“occasional stellar “puffs” superposed on a more or less regular wind”. They
proposed that “there are concentrations of low-ionization species in the stellar wind
as a result of the occurrence of significant density variations”.

* E-mail address : glyran@cc,uoa.gr
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2 Data and Results

The data we used are the Mgil resonance lines of 64 Be stars. The stars'
spectrograms have been taken with TUE satellite with the L.ong Wavelength range
Prime and Redundant cameras (LWP, LWR) at high resolution (0.1 to 0.3 A).
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Figure 1 : The Mgll resonance lines fittings of the star HD 45910, which presents
DACs and of the star HD 41335, which presents SACs.
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Figure 2 : Mean values of the apparent rotational velocities of the three SACs as a
Sfunction of the spectral subtype. Three rotational velocity groups are presented, with
the mean values of 31 km/s, 60 km/s, and 143 km/s. All these velocity groups do not
appear in all the studied Be stellar spectra.
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Figure 3 : Mean values of the apparent radial velocities of all the SACs as a
function of the spectral subtype. The apparent radial velocity of all the SACs present
the values of -2 km/s, 0 km/s and +9 km/s. In the case of the stars that present DACs,

the apparent radial velociny is about -227 km/s and -169 km/s.
[ ]

References

[ 1] Bates B. Halliwell D. R., 1986, MNRAS, 223, 673.

[2] Dachs J., 1980, ESA SP-157, 139

[3] Danezis E., 1984, The nature of Be stars, PhD Thesis, University of Athens.

[4] Danezis E., 1986, IAU, Colloq. No 92, Physics of Be Stars, Cambridge
University Press.

[5] Danezis E., Theodossiou E. & Laskarides P.G., 1991, Ap&SS, 179, 111-139

[6] Danezis E., Nikolaidis D., Lyratzi V., Stathopoulou M., Theodossiou E.,
Kosionidis A., Drakopoulos C., Christou G. & Koutsouris P., 2003, Ap&SS, 284,
1119

[7] de Jager C., Kondo Y., Hoekstra R., van der Ilucht K. A., Kamperman T. M.,
Lamers H. J. G. L. M., Modisette J. L. & Morgan T. H., 1979, ApJ, 230, 534

[8] Doazan V., 1982, B Stars with and without emission lines, NASA SP-456.

[9] Doazan V., Sedmak G., Barylak M. & Rusconi L., 1991, A Be Star Atlas of Far
UV and Optical High-Resolution Spectra (ESA SP-1147, Paris: ESA Sci. Publ.)

[10] Hutsemekers D., 1985, A&AS, 60, 373

[11] Lyratz1 E., Danezis E., Stathopoulou M., Theodossiou E., Nikolaidis D.,
Drakopoulos C. & Soulikias A., 2003, in 4th Serbian Conference on Spectral Lines
Shapes (IV SCSLS), October 10 - 15, 2003 Arandjelovac, Serbia

[12] Marlborough J. M., Snow T. P. & Slettebak A., 1978, ApJ, 224, 157

[13] Sahade J., Brandi E., 1985, Rev. Mex., 10, 229

[14] Slettebak A., Snow T. P., 1978, ApJ (Letters), 224, L127

[15] Underhill A. B., 1970, in Spectral Line Formation in Steady State Extended
Atmospheres, ed. H. G. Groth & P. Wellman, Nat. Bureau of Standards,
Washington, p.3

509



17*" international conference on

SPECTRAL LINE SHAPES

Paris - June 21 - 25

Edited by
ELISABETH DALIMIER



Proceedings of the 17th ICSLS Spectral Line Shapes
June 21-25. 2004 - Paris, France

Editor:

Elisabeth Dalimier

Physique Atomique dans les Plasmas Denses
Laboratoire pour 1'Utilisation des Lasers Intenses
Université Pierre et Marie Curie

4, place Jussieu
75252 Paris Cedex 05

Image de couverture: Claude-Max Lochu. “'La Seine vue de Jussien”

ISBN: 2-614601-14-X

© Editions FRONTIER GROUP - 2004 -



The Complex Structure of the SilVAA 1393.755, 1402.73
A Regions of 42 BeV

E. Lyratzi", E. Danezis', L. C Popovic’, M. S. Dimitrijevic®, E. Theodossiou',
D. Nikolaidis', A. Antoniou' & A. Soulikias'

" University of Athens, Faculty of Physics, Department of Astrophysics, Astronomy
and Mechanics, Panepistimioupoli, Zographou 157 84, Athens, Greece

? Astronomical Observatory of Belgrade, Volgina 7, 11160 Belgrade, Serbia and
Montenegro

Abstract. In this paper we present a statistical study of the UV SilV resonance lines in 57
BeV stars’ spectra, using the method proposed by Danezis et al. (2003). With this method we
can study the velocity fields of the complex atmospherical regions of SiIV resonance lines A\
1393.73, 1402.73 A, which present SACs or DACs. We found that there exist five levels of
rotation velocity with the mean values of 830 km/s, 492 km/s, 285km/s, 137 km/s and 51
km/s. The values of the apparent radial velocity of all SACs lic in the range between -306
km/s and +194 km/s.

1 Introduction

The ultraviolet resonance lines of SilV (A 1393.755, 1402.77 A) are usually intense
features in the spectra of early type stars and provides us with a useful tool for the
study of the stellar atmosphere's structure. Thus, it has been studied by many
researchers [1-33]. The profile of the resonance lines seems to depend on the
spectral subtype and the luminosity class [29], so it has been proposed that the
doublet may be a significant tool for the spectral classification [23], [33]. It has been
observed that the lines present decreasing strength from the earliest to the latest
spectral subtypes. Panek & Savage [22] and Henize et al. {11], [12] observed that
they disappear in the spectra of Be stars later than B3. However, Marlborough [20],
Marlborough & Peters [21] and Slettebak [26] pointed that the doublet may be
observed in stars as cool as B8. Many researchers have studied the existence of
Satellite Absorption Components (SACs or DACs), which accompany the SilV
resonance lines in the spectra of Be stars and which are of circumstellar or

* E-mail address : elyran@cc.uoa,gr
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interstellar origin [1-5], [7-10], [13-20], [24], [25], [29-32]. Finally, the SilV doublet
is an indicator of mass-loss effects in B stars, especially when asymmetries appear in
both of the resonance lines |13]. [17], [27], [28].

2 Data and Results

The data we used are the SilV resonance lines of 42 BeV stars. The stars’
spectrograms have been taken with IUE satellite with the Short Wavelength range

Prime camera (SWP) at high resolution (0.1 to 0.3 A).

colnponent

Rotation Velocities

b component

¢ colmponent

d commponent

e cornponent

el
Q
[}

1200 =
P ..

]

d L J
[ )

Vot (km's)
B
[}

A

D

B0 B2 B3 B8

]
B2 B25 B7 B2 B25 B5 Bl

Spectral Subtype

B2 B3 BS

B2 B25 B2

Figure 2 : Apparent rotation velocities of all the SACs as a function of the spectral
subtype. Five levels of rotation velocity are presented with the mean values of 830
km/s, 492 km/s, 285km/s, 137 km/s and 51 km/s.
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Collisions with Charged Particles for Stellar Four
Times lonized Silicon Line Shapes

Nenad Milovanovi¢l”, Nébil Ben Nessib? and Milan S. Dimitrijevic!

! Astronomical Observatory, Volgina 7, 11160 Belgrade, Serbia and Montenegro
? Groupe de recherche en Physique Atomique et Astrophysique, Faculté des
Sciences de Bizerte, 7021 Zarzouna, Bizerte, Tunisie

Abstract. Stark broadening parameters, widths and shifts, for 16 Si \% multiplets calculated
with energy and oscillator strengths obtained with the SUPERSTRUCTURE code have been
calculated using the semiclassical perturbation approach. Widths and shifts of the spectral
lines were given for temperature range of 50 to 500 kK and electron density 10”2 m>. The
influence of collisions with charged particles on Si V strong singlet spectral line 2p°® 'S, —
2p*3s 'P°; (A=11.7853 nm) along the HR diagram is discussed.

1 Introduction

We have computed Si V Stark broadening parameters within the semiclassical
formalism [1,2] by using oscillator strengths from SUPERSTRUCTURE code in
order to provide new Stark broadening data of astrophysical interest. Additionally,
we have performed the same calculations using for needed atomic data the Coulomb
approximation method [3], in order to estimate the error introduced in the Stark
broadening parameters due to uncertainties of oscillator strength values due to the
use of the Coulomb approximation. The obtained data have been used to investigate
the influence of Stark broadening effect on Si V spectral lines along the HR
diagram.

2 Method of calculation

The energy levels of Si V are calculated using the general atomic structure code
SUPERSTRUCTURE developed at the University College in London [4]. The wave

“Corresponding author. E-mail address : nmilovanoviciéaob.be.ac.yu (Nenad Milovanovié)
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functions are determined by diagonalization of the non-relativistic llamiltonian
using orbitals calculated in a scaled Thomas-Fermi-Dirac-Amaldi (TFDA) potential.
The relativistic corrections: spin-orbit, mass, Darwin and one-body, are introduced
according to the Breit-Pauli approach [5]. By combining the SUPERSTRUCTURE
code, calculating energy levels and oscillator strengths, and the code for
semiclassical perturbation Stark broadening calculations [[,2], we obtained
possibility to calculate Stark broadening parameters ab initio.

By using atomic energy levels obtained by SUPERSTRUCTURE code, we have
calculated also oscillator strengths with the help of the Coulomb approximation with
quantum defect of Bates and Damgaard |3]. If we compare results for Stark widths
obtaincd with oscillator strengths calculated with SUPERSTRUCTURE and by
using Bates and Damgaard approximation, the average ratio of Stark widths with
Coulomb and SUPERSTRUCTURE oscillator strengths is 1.09-for T = 50 kK and
1.10 for 500 kK.

3 Results and disscusion

w (nm)
7000K 25000 K 30000 K
9000
K /
10*
w
doppler
107 4 /
:
10" 5 —
]
T
10° . EK )

80

Figure 1. Stark widths (FWHM) (thinner lines) and Doppler width (thicker line) for

Si vV 2p%18y—2p°3s 'P° (A=11.7853 nm) spectral line as a function of atmospheric

layer temperatures. Stark widths are shown for 8 atmospheric models with effective

temperatures T,z= 7000 — 30000 K, corresponding to spectral classes (Sp) form F0
to B0, log g = 4.0 and turbulent velocity v, = 0 km s,
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Comparison of Stark and Doppler broadening for Si V 2p® 'S,  2p"3s 'pP°,
(A=11.7853 nm) resonance spectral line 1s illustrated in Fig. 1.

In Fig. 1. one can see that Stark widths are larger than Doppler ones for stars with
lower effective temperatures. For stars with higher effective temperatures, Stark
broadening is more important than Doppler one for decper atmospheric layers
(larger layer temperature 77).

Figure 2. Same as Fig. 1. but ratio of Stark and Doppler widths are shown for 7
values of model gravity log g =2 — 5, Toy= 10000 K and v, = 0 km s,

The Stark broadening in stellar atmospheres with higher values of surface gravity is
significantly larger than Doppler broadening (Fig. 2.). For stars with surface gravity
log g = 2, Stark broadening is comparable to Doppler widths only for deeper hot
atmospheric layers. For upper parts of stellar atmospheres Stark widths rapidly
decrease and for layer temperature 7' =~ 6000-7000 K Stark widths are several
magnitudes lower than Doppler ones for all shown values of surface gravity log g.
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Stark broadening of Gelll and Gelv lines

L.C. Popovié and M.S. Dimitrijevié

Astronomical Observatory, Volgina 7, 11050 Beograd, Yugoslavia

Abstract

Stark broadening with data for a large number of transitions in many atomic and
ionic spectra are needed for astrophysical and physical modeling of stellar and laboratory
plasma. Stark broadening mechanism is important in hot stars with T.;y 210000 K,
where it is the main pressure broadening mechanism. However, Stark broadening of lines
originating from energy levels with large principle quantum numbers may be important
even for cooler stars. Consequently providing of Stark broadening parameters for a
large number of transitions for many atoms and ions is needed. Spectral lines of ionized
germanium (Gell , Gelll ) are present in hot star spectra, as e.g. in the 8 Ori (Selvelli
et al. 1977) spectrum. Here we present Stark width calculations for several UV Ge1ll
and Ge1v spectral lines.

1 Calculations and results

For the calculation, the modified semi-empirical approach developed by Dimitrijevi¢ & Kon-
jevi¢ (1980) and Dimitrijevié & Kréljanin (1986) has been used. Atomic energy levels needed
for calculation have been taken from Moore’s tables (1971). For Gelv lines the oscillator
strengths from Migdalek (1977) have been used. In Table 1 we present results of our calcu-
lation of Stark widths for Gelll and Gelv lines. For these ions there are no experimental
Stark broadening data for comparison.
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Table 1: Stark full width (FWHM) of Ge1nt and Ge1v spectral lines. The electron density is
1022m~3. The averaged wavelength of the multiplet is denoted by A

transition ] T (K) l W (nm) ]
5000. .T98E-03
10000. .560E-03
45215 — 4p1 PO 20000. .391E-03
Ge1ll 30000. .316E-03
A = 108.8 nm 40000. .272E-03
50000. .242E-03
5000. .365E-02
10000. .255E-02
4p' PO — 4d'D - 20000. 177E-02
Ge1ll 30000. .142E-02
A =188.3 nm 40000. 122E-02
50000. - .109E-02
5000. 514E-02
10000. .359E-02
4p' PO — 5518 20000. .252E-02
Gelll 30000. ‘ .209E-02
A =132.3nm 40000. 187E-02
50000. 173E-02
5000. 532E-02
10000. .367E-02
4d'D — 4 f1F° 20000. 257E-02
Gell 30000. .218E-02
A =152.5 nm 40000. .202E-02
50000. 195E-02
5000. 919E-03
10000. .640E-03
4p3P° — 443D 20000. 442E-03
Gelll 30000. “356E-03
A = 100.3nm 40000. .308E-03
50000. 277E-03
5000. 221E-02
10000. .155E-02
4p3P0 — 5538 20000. .108E-02
Gell 30000. .882E-03
A =104.9 nm 40000. .T72E-03
50000. .T05E-03
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Table 1. {continued)

[ transition T (K) W (nm) |
5000. 122E-02
10000. .857E-03
45285 — 4p° PO 20000, .601E-03
Gelv 30000. 488E-03
A =120.2 nm 40000. 420E-03
50000, .374E-03
5000. .336E-03
10000. .236E-03
4s%8 — 5p? P° 20000. .165E-03
Ge1v 30000. 134E-03
X =44.0 nm 40000. .116E-03
50000. .105E-03
5000. .893E-03
10000. .626E-03
4p? PO — 442D 20000. 436E-03
Gelv 30000. .353E-03
X =929 nm 40000. .303E-03
50000. .270E-03
5000. .375E-01
10000. .263E-01
5528 — 5p? PO 20000. .184E-01
Gelv 30000. .149E-01
X = 359.5 nm 40000. .130E-01
50000. .118E-01
5000. .145E-01
10000. .102E-01
4d?D - 5p*P° 20000. .T09E-02
Gelv 30000. 575E-02
X =275.3 um 40000. .498E-02
50000. 448E-02
5000. .333E-01
10000. .233E-01
5p2P0 — 6525 20000. .165E-01
Gelv 30000. .138E-01
X =232.7am 40000. 125E-01
50000. .117E-01
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CHEMI-IONIZATION AND
CHEMI-RECOMBINATION RATE
COEFFICIENTS FOR STELLAR
ATMOSPHERES CONDITIONS

A.A. Mihajlov? M.S. Dimitrijevi¢?, Lj.M.Ignjatovié!, M.M. Vasilijevi¢!

! Institute of Physics, P.O. Box 57, 11001 Beigrade, Yugoslavia ‘
*Astranomical Observatory, Volgina 7, 11000 Belgrade, Serbia, Yugoslavia

Abstract
In this work a precedingly developed semiclassical theory for the chemi-ionizati-
on processes, during A*(n)+ A slow collisians, and the inverse chemi-recombination
processes, during e + A% ‘and e + At + 4 scattering, has been improved. Such
modified theory was applied for the calculation of the rate coefficients of these

. processés for plasma conditions relevant to atmos;;heres of helium rich white dwarfs
(A = He) and for Solar atmospheres (A = H).

1 INTRODUCTION

In several articles [1-7; see also 8-11], the following chemi-ionization and chemi-recombina-
tion processes have been considered in conditions relevant to weakly ionized astrophysical
and laboratory plasmas:

- the processes of 4*(n)+ A chemi-ionization (1-5]

A(r) + A= e+ A7, (o)

A(n)+ A= e+ A+ AT, (15)

- the inverse e + A] and e + A* + A chemi-recombination processes [3-7]

e+ AT = A*(n) L+ A, (22)

e+ At + A== A"(n) + 4, (26)

where 4*(n) is the atom in the highly excited state, n - the corresponding principal
quantum number (n > 1), and A, A* and A7 - atom, atomic jon and the molecular ion
in their ground electronic states.
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The considered chemi-ionization and chemi-recombination processes {1a,b) a.nd (2a,b)
are produced by the dipole interaction of the ipn-atom subsystem of the consxdere'd,system
with the outer electron (1, 2, 6 and 7). These processes have been considered using a
quasistatic model based on the semiclassical adiabatic approxirmation for heavy particle
collisions. Within this theory it was assumed that considered atomic svstem can change
its elecironic state only once during the collision and that the probability of this change
is small enough. These assumptions are corrett for sufficiently large principal quantum
number n, but theirs applicability decreases with the decrease of n. However, all excited
atomic states are important for the (1a,b) and (2a,b) processes in the conditions relevant
to weakly ionized layers of the star atmospheres. This is clearly illustrated by the results
presented in the recent paper regarding Solar atmosphere [12]. Because of that, we have
modified used theory so-it could be applied for all excited atomic states, except for the
states with n = 2,3, where one of the multichannel methods must be applied.

2 RESULTS AND DISCUSSION

The description of the previously developed theory is given in detail in previous papers
[1, 2, 6 and 7]. Because of that, here we have given only few necessary facts. Within this
theory processes (1a,b) and (2a,b) are considered in such conditions when it’s possible to
treat them in the following manner:

A(n )+A==>(A‘+A);’,‘,,=:>e+(A +A)fn = e+ A+ At/e+ A7,

c+A++A/e+A+==>e+(A+A+) = (A" + A)[7 = A(n)+ 4,

where the lower index gm denotes tha.t the corr&spondmv cellisional atomic system is
considered to be the quasimolecular complex, upper indexes in and fin denote that
the system is in its initial or final electronic state. All the necessary characteristics
are determined (with the help of this theory) for the ionization processes, while for the
recombination processes the corresponding characteristics are obtained from the princi-
ple of the thermodynamic balance. Let P/™(t) be' the probability that the trapsition
(A" + A)"‘ = e+ (A" + A)/ =, in the case of the considered chemi-ionization process,
has occured before the moment ¢, when the system is moving along the given tra.;ectory
Ir the previously developed theory pf I (t) was determined from the equation dF; Syt =

W{R(t)), where the W(R) is the number of transitions (4* + A)J, == e + (A‘ + A
per unit time, for the given internuclear distance R. Within this approach, which is vahd
for the n > 1, the amplitude of the initial elecironic state is considered to be constant.
This approximation is treated here as the Born approximation. Consequently, the chemi-
jonizaticm and chemi-recombination rate coefficients calculated in this way are denoted
by I’(B\(n) For the lower n it becomes necessary to take into account the change of
the mentioned amplitude along the given trajectory. In this work, this is accomplished
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Table 1: Chemi-ionization rate coefficients Kfs)(n){cms /sl

5(1997)

T1&]

3000

5000

7000

9300

W~ D AR

[oury

0.51271E-0%"

0.596390E-09
0.53318E-09
0.43109E-09
0.335TTE-09
0.23865E-09
0.19940E-09

0.12173E-08
0.10776E-08
0.82770E-09
0.60937E-09
0.44568E-09
0.32825E-09
0.24476E-09

0.18230E-08

0.14247E-08
0.10208E-08
0.71964E-09
0.51105E-09

0.36853E-09

0.23144E-08
0.16822E-08
0,11574E-08
0.79523E-09
0.55495%-09
0.39520E-09

0.27047E-09

0.28734E-09

Table 2: Chemi-ionization rate coefficients Ki(n)[em®/s):

TIE]

3000

5000

7000

3000

QW3 o af

\
s

0.052555-00
0.39825E-09
0.41996E-09

0.37209E-09

0.30544E-09

0.24280E-09

0.60058E-09
0.72875E-09
0.66062E-09
0.53161E-09
0.40872E-09
0.31002E-09

0.91285E-09
0.97886E-09
0.82431E-09
0.633338-09
0.47160E-09
0.34963E-09
0.26097E-09

0.11795E-08
0.11730E-08
0.94491E-09
10.70488E-09

" 0.5:466E-09

0.37624E-09

Table 3:

0.19089E-09

Chemi-recombination rate coefficients K, (n)

0.23539E-09

0.27794E-09

-

T[K]

@Hcmé/s]:

3000

5000

7000

5000

GO 3 O O pip

9

10 ~

0.55330E-27
0.30826E-27
0.20849E-27
0.155T2E-27

0.12319E-27

0.10107E-27
0.85037E-28

0.16396E-27

0.11150E-27
0.83857E-28
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by calculating the P/™(t) from the equation dPL™/dt = (1 — P/™)W(R(t)). The cor-

n

responding chemi-ionization and chemi-recombination rate coefficients are denoted here
by K;,(n). The necessity of such approach far lower n is illustrated in the Tables 1 -

4, where the values of K] B)(n) and K;,.(n) are given for the case of hydrogen plasma
with the 4 < n < 10 and the plasma temperature .T = 3000, 5000, 7000 and S000K.
One should pay attention that the rate coefficients K ( ) and K;(n) characterize both
the chemi-ionization processes (la) and (1b) together and similarly, the rate coefficients
KSB)(n) and K,(n) characterize both the chemi-recombination processes (2a) add (2b)
together.

References

(1] RK. Janev, A.A. Mihajlov, Phys. Rev. A 21, 819, 1980.
2] A.A. Mihajlov, R.K. Janev, J. Phys. B: At. Mol. Phys. 14, 1639, 1981.
[3] A.AMibajlov, M.S.Dimitrijevié, Z.Djurié, Physica Scripta 53, 159, 1996.

]
(4] A.A.Mihajlov, Z.Djurié, M.S.Dimitrijevié, N.N. Ljept‘)]eVlC Physica Scripta 53, ac-
cepted.

. [5] A.A.Mihajlov, Z.Djuri¢, M.S.Dimitrijevi¢, JQSRT 55, 141, 1996.

) (6] A.AMihajlov, N.N.Ljepojevi¢, Proc. Symp. on Physics of Ionized Gases
(Dubrovnik), 1982, (Zagreb: Institute of Physics of the University of Zagreb), Con-
tributed papers, 385, 1982.

(7] A.AMihajlov, N.N.Ljepojevi¢, MSDm:uthewc J. Phys. B: At. Mol. Opt. Phys
25, 5121, 1992.

(8] A.N. Klucharev, Uspehki Fizicheskikh Nauk 163, 39, 1993.

(9] M. Larsson, Proc. 5th ECAMP (Edinburgh) Vol.1 p33, 1995..
{10} J. Tennison, Proc, 5th ECAMP (Edinburgh) Vol.1 p34, 1995.
[11] M. Larsson et al, Physica Scripta 51, 354, 1995.

(12] A.A.Mihajlov, Lj.M.Ignjatovié, M.M.Vasilijevié¢, M.S.Dimitrijevi¢, Astron. Astro-
phys. in press.



SCIENCE
AND
ORTHODOXY

a Necessary Dialogue

International Congress
Bucharest and Constantza, Romania,
22-26 October 2005

editors
BasArRAB NICOLESCU MAGDA STAVINSCHI

Cote

Bucharest, 2006



Hexameron of Saint Basil the Great and
cosmological views of his time

EMMANUEL DANEZIS, EFSTRATIOS THEODOSSIOU
AND MILAN S. DIMITRIEVIC

1. Introduction

ne of the most important works of Basil the Great, Archbishop of Caesarea and

Saint of the Eastern and Western Christian Church (330-379 A.D.), consists of
his nine Speeches on the Hexameron!, where, using the scientific knowledge of his
time, accompanied by a brilliant theological justification, he tries to prove the truth
of cosmological events, described in the biblical book of Genesis.

2. The studies of Basil the Great

Basil the Great (330-379 A.D.), Archbishop of Caesarea and a Saint of the
Eastern and Western Christian Church, was born at Neocaesarea in Pontus, into a
wealthy family of intellectuals. His father was a rich attorney and a teacher of

1 Hexameron is a Greek word meaning six days, and represents a work with comments
on the description of the world’s Creation in six days according to the biblical book of
Genesis). :

Considering the Speeches of Saint Basil from the point of view of the history of science,
this work is one of the most important sources of knowledge concerning the dominant astro-
nomical, and general scientific, views of that epoch, written by someone (Saint Basil) who
had scientific and astronomical knowledge, formed in the wide region around the
Mediterranean sea.

In the present work, we will present and analyze some questions concerning the cosmo-
logical ideas and the notion of time during the time of Saint Basil, on the basis of Hexameron.
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rhetoric, while two of his seven brothers, Gregory and Peter, became bishops of the
Eastern Orthodox Christian Church at the cities of Nissa and Sevastea respectively.

Saint Basil started his basic studies at Neocaesarea and continued them at
Caesarea, where he became a close friend of Gregory Theologue. At Caesarea he
probably met Julian, the later Emperor of the Eastern Roman Empire. The cycle of
his basic studies was completed at Constantinople, where he was a student of the
famous orator Levanius.

For his great moral and spiritual virtues, as well as for his general contribution,
the Christian Church canonized Basil and his memory is honored by the Eastern
Orthodox Church on January the 15t and 30th, together with two other holy
Fathers, Gregory Theologue and John Chrysostom, and by the Western Christian
Church on June the 14th,

3. Saint Basil’s cosmological considerations

In the first one, as in all other Speeches, when the science, and especially
astronomy, of that epoch is concerned, the expressed views can be considered as a
harmonic match of the astronomical and, in general, the scientific views of the
ancient Greeks, the Babylonians and the Egyptians, also found in the ancient Jewish
literature. These views were prevalent in the Middle East and Mesopotamia,
regions visited by Saint Basil, when he was a young scholar.

According to views expressed in “Hexameron”, Basil the Great is aware of the
spherical shape of the Earth, and he identifies the north and the south geographical
pole. He also knows the star cycles, the zodiacal cycle, the existence of the fixed
stars on the northern hemisphere, the notions of geographical latitude and longi-
tude, the declinations and the time needed for each planet to traverse its orbit.

Interesting is his justification of the Aristotelian view of that time, that the
Earth is in the centre of the Universe:

“Earth, they say, has taken over the centre of everything and since it has the
same distance from all outer points, not having any place to lean on, it necessarily
remains in its place, since the similarity all around it makes its inclination at some
specific point completely impossible. This central position, they say, has Earth not
by chance or by incident, but it is natural and essential for it. Since heaven possess-
es the ultimate position upwards, the weights we shall assume, they say, are falling
from above from every direction and they are going to gather in the middle, and at
the point to which the parts are directed, it is obvious that there will the entire set
condense. If now, the stones and the woods and everything that comes from Earth
are brought downwards, there will also be the proper position of the entire Earth...

So do not show admiration if Earth does not incline to anywhere, since its nat-
ural position is the middle. Because it is an unavoidable need for Earth to remain in
its place and not to abandon it, thus breaking the laws of nature.”2

2 Basil the Great, 1990, Homiilies.
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In the richness of information we can derive from the first Speech of Saint Basil’s
Hexameron, we would discuss here six passages referring to ideas which constitute
the subject of cosmology and essence of time.

We should remark also, after analysis of all Saint Basil’s Speeches in the
Hexameron, that these views are not personal conclusions of the Great Father, but a
recording of scientific thoughts of Saint Basil’s time, presented by a deep connois-
seur of astronomy and the physical sciences of that epoch. This opinion is also
justified by the fact that in all of his Speeches, Saint Basil, beginning to express
scientific views, uses the phrase “as they say”.

3.1. What existed before the Creation of the perceivable
Universe?

According to Saint Basil:

“Apparently, before this world there was something that our mind may con-
ceive theoretically, but which stayed out of this narration as it was not proper for
people still learning and infantile in knowledge. There was a situation older than
the genesis of the world, corresponding to the ultramundane powers, a situation
beyond time, eternal, everlasting. And in this situation, the builder and creator of
everything moulded his creations...”3

We see that according to Saint Basil, the Universe was not born out of nothing,
but it came out of something which existed before this Universe. But where could
Saint Basil have this information from?

1. Saint Basil lived and acted during the 4th century A.D., when the Egyptian
papyri of Oxyrhynchus (written in the 2nd century A.D.) were in use. This means
that the Great Father of the Christian Church was in the position to know of
Alcman’s cosmogonic views, referred to in papyrus no. 2390, since he had been in
that region for one year during his studies. According to those views, the Universe -
was born out of some pre-existing material.*

2. According to the refuting pampbhlet5, of Tertullian Adversus Hermogenem, his
contemporary Hermogenes, who came from Northern Africa, spread the dominant
consideration of that time, i.e. the existence of three theories about the issue of
God’s relation to-the World. According to the first, God created the world out of
nothing, while in the second theory, the world was created by God from His own
substance. According to the third theory, in God existed eternal matter of which He
made the world.

Saint Basil, who probably knew these contemporary theories, agrees with the
third view, although Tertullian, according to his writings Adversus Hermogenem, De
Censu Animae and De Anima, was against it.

3 Basil the Great, 1990, Homilies.
4 Danezis and Theodossiou, 1999, A presocratic..., 125.
5 Kordatos, 1975, Jesus Christ..., 226.
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One should point out that Hermogenes himself rejected the first two theories,
after analyzing all three of them, using the method of reductio ad absurdum. He
supported the view that man’s soul has its beginning and origin from the eternal
matter, which existed before the Creation of the Universe.6

We note here, that ideas opposite to the Christian doctrine of Creation ex nihilo
were present at that time, since it was not codified before the adoption of what we
call the Nicene Creed. Although this Creed was partly formulated, as its name
suggests, at the Council of Nicea, in 325 A.D., before Saint Basil was born, it
received its final form only at the Council of Chalcedon, in 451 A.D., after the death
of Saint Basil. Consequently, it is not surprising that at that epoch, Saint Basil,
Hermogenes, and the Alexandrine Fathers (especially such as Origen), did not
subscribe to the doctrine and held different ideas.

3.2. Time before the Creation of the world

The cited sentence “...There was a situation older than the genesis of the world,
corresponding to the ultramundane powers, a situation beyond time, eternal, ever-
lasting”,” is particularly interesting.

Apparently, Saint Basil expresses in his first Speech, before Saint Augustine
(Aurelius Augustinus, 354-430 A.D.), the opinion that the state before the Creation
of the Universe was beyond the measurable human or Newtonian time, eternal and
everlasting.

Saint Augustine, bishop of Hippo in Northern Africa, one of the greatest
Christian philosophers and Father of the religious ideas of the Western World,
worked also on the essence of the structure of time, often with views similar to that
of Saint Basil. His ideas have as a starting point Plato’s and Aristotle’s views about
time. The 11th book of the Confessions,8 contains a brilliant analysis of the motion of
time. His initial question was: “What was God doing before the Creation of the
World?”. Saint Augustine’s answer is that such a question is meaningless, since
before the World’s Creation there was not any feeling of the “substance that people
call time”. Time and the centuries are the results of His entire Creation. For God
there is no time but eternity in the sense of the achronal (undated or timeless) exis-
tence, where the concepts of past, present and future are meaningless.

These positions of Saint Augustine, a contemporary of Saint Basil,? originate
from the prevalent views of that time, in the region where the Great Father of the
Church acted. One should not forget that Saint Augustine, the bishop of a region in
Northern Africa, probably knew Hermogenes’ and Saint Basil’s views as well.

6 Kordatos, 1975, Jesus Christ..., 226.

7 Basile de Césarée, 1968, Homelies..., 86-522.

8 Confessiones, Ch. 14-37

9 By the time Saint Basil died, Saint Augustine was about 25 years old.
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3.3. Time as the measure of aging

In another passage of the first Speech in Hexameron, Saint Basil defines the time
as a measure of aging, underlying its different meaning for humans and for God:

“... the stream of time, always in a hurry, flows away and never ceases its
motion. Or is time not like this? The past has disappeared, the future has not
arrived yet and the present escapes our perception, before we understand it? ...
Thus (time) was necessary for the bodies of animals and plants, which are by some
need bound to a stream and held together by the motion leading to creation or
destruction, determined by the nature of time which has a particular aspect accord-
ing to the changing things.”10

Consequently, Saint Basil comes before Saint Augustine to the conclusion that
time is not identical with motion, but it measures it through the effect of destruc-
tion caused by time.

3.4. The achronal Creation

Concerning the notion and nature of time, of interest is also the next passage of
the first Speech:

“... Or perhaps because the creation took place instantaneously and without
any time interference, therefore it is said in the beginning He created, since the
beginning has neither parts nor dimensions, as the beginning of a road is not a road
yet and the beginning of a house is not a house, so the beginning of time is not time
nor is the minimal part of it. If someone has objections and supports the view that
the beginning is time, let him know that he will be forced to divide this beginning
into those parts of time which are the start, the middle and the end. But to invent a
beginning of time is completely ridiculous and he who bisects the beginning shall
produce two beginnings instead of one, or rather infinitely many, since whatever
has been bisected can be divided to more ad infinitum.”1!

We see that, according to Saint Basil’s consideration, the Universe was born
achronally, i.e. the time is a result of the Creation of the perceivable Universe. This
view is similar to Alcman’s opinion, described in the Oxyrhynchus papyrus No.
2390.12 As we have already mentioned, Saint Augustine expresses a similar position
a little later, as he concludes that, due to this fact, the question about what was God
doing before the Creation is meaningless.

3.5. The multiple Universes

A fifth remark can be made through the next passages of the first Speech:
“Therefore in their opinion, that the universes are ungoverned and unruled
traveling randomly, they were deceived by their atheism which they had inside

10 Basil the Great, 1990, Homilies...
11 1hidem.
12 Danezis and Theodossiou, 1999, A presocratic..., 125.
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them” .13 And further: “...His creative power is not confined within the measures of
one world only, but it is infinitely greater”.14

With these passages, Saint Basil discusses the question: Is our Universe unique
in the context of natural Creation?

In this question an interesting answer, not in accordance with theological sense,
is given. There is an infinite number of Universes similar to our own.

It is interesting that today cosmological considerations exist like those of
Andrei Linde and Jayant Narlikar, discussing the existence of a Multiversum con-
sisting of separate Universes, i.e. the possibility of Creation of many Universes in
the context of a wider Creation than can be perceived by us.

3.6. The Universe with a beginning

Finally a sixth passage of the first Speech comes to a philosophical ground as
. far as a Universe with a beginning is concerned. It states:

“Thus, man does not imagine that everything you see has no beginning and
because the bodies moving in the sky have circular orbits — as with a usual look
we do not easily conceive the beginning of a circle — does not think that the bod-
ies moving circularly have by nature no beginning. .

... donot be deceived that the world is unruled and interminable (without begin-
ning and end) by the fact that their motion is regular and nothing interrupts it...

...What has begun at some instant in time, it is necessary to end at another
instant. If it has a beginning, do not doubt about its end”.15

According to the previous considerations of Saint Basil, based on the scientific
knowledge of that period, since the perceivable Creation has a beginning it will
surely have an end. This means that neither the Universe nor its age are infinite. In
this way, long before Aleksandr Aleksandrovich Friedman (1888-1925) and abbé
Georges Eduard Lemaitre (1894-1966), the vision existed in Mediterranean cultures
of a Universe finite in space and time, as reported by Saint Basil. However, we
should not forget that he reconciles in a theologically and philosophically elegant
way the Universe with a beginning, with the existence of our perceivable

Universe and an infinite number of other Universes as well.

Acknowledgements: We are grateful to Professor Alan Batten for suggestions
and comments which considerably improved our paper and to Dr. David Asher for
very useful comments and kind help.

13 Basile de Césarée, 1968, Homelies. .., 86-522.
14 Ihiden.
15 Ihidem.
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Basilius the Great, Archbishop of Caesarea and Saint of the Eastern and
Western Christian Church (330-379 A.D.), was born at Neocaesarea of
Pontos by a wealthy family of intellectuals in 330 AD. At the age of 21,
Basilius came to Athens, the main centre of university studies of the time,
where the famous philosophical schools founded by Plato and Aristotle
were still operating. At these schools were teaching the distinct sophists of
the time, Emaerius and Proaeraesius. In Athens, Basilius took classes of
rhetoric, grammar, philosophy, dialectics, astronomy, geometry, arithmetic,
and, to a lesser degree, medicine. That cycle of studies was completed
within four years, after which he returned to Caesarea (356 A.D.). After his
return to Cappadocia and a five year-period of ascetic isolation and
meditation, Basilius was ordained a priest (364) and finally became
Archbishop of Caesarea after the death of Eusebius.

For his great moral and spiritual virtues as well as for his general social
contribution, the Christian Church has declared Basilius a Saint and his
memory is honored by the Eastern Orthodox Church on January, the 1st
and 30th, together with two other holy Fathers, Gregorius Theologus and
Joannis Chryssostomus, and by the Western Christian Church on June, the
14th.

One of the most important works of Basilius the Great constitutes his nine
Speeches on the Hexameron where, through the scientific knowledge of his
time accompanied by a brilliant theological justification, he tries to prove
the truth of cosmological events, as ar those described in the biblical book
of Genesis.

Considering the speeches of Saint Basilius from the point of view given by
the history of science, We wish to indicate that this work is one of the most
important sources of knowledge as far as the dominant views in the field of
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Astronomy and, in general, in the field of the sciences of that era, are
_ concerned. ’

The truth of this indication is evident if one takes into account that, the
astronomical views in the Hexameron are stated, by someone (Saint
Basilius) who had a deep knowledge of science and astronomy being
formed in the wide region around the Mediterranean sea.

In the present work, being a small part of a wider project concerning the
investigation of the physical knowledge during the time of Saint Basilius as
it is deducted from the Hexameron, we shall examine some pioneering
ideas developed by the Great Father of the Christian Church, which can
constitute the beginning of a series of considerations for the historians of
Astronomy.

Theology and Modern Physics

Emmanuel Danezis’, Efstratios Ti heodosiow’, lToannis Gonidakis',
Milan S. Dimitrijevic’

" National and Kapodestrian University of Athens, School of Physics,
Department of Astrophysics, Astronomy and Mechanics

? Belgrade Astronomical Observatory

A distinctive characteristic of the modern theological reality, which is
developing in Western societies, is the effort to confute the metaphysical
views of the Christian Theology through the expression of ideas that are
mainly based on the findings of the Exact Sciences (Antiretic-
Objectionable Theology). The exact scientific way of thinking nowadays
takes for granted that the current scientific knowledge, will inevitably be
expanded, corrected, completed, and some ideas even annulated in the
future under the pressure of new dramatic scientific discoveries. Thus,
scientists from other fields, that are not familiar with the reality stated
above, should not support their theological considerations on perishable
and temporary views that may be overruled, once the scientific facts they
are based on overrule themselves.

Antiretic Theology is based, in many cases, on scientific views of the 17"
century that are no longer valid. We should mention that, due to this fact,
the theological schools should study in depth the new Exact Sciences
achievements and adapt their objections upon them, pursuing their antiretic
work. In fact, we suggest that the theologians should follow the model of
the Christian Church Fathers and become experts of the exact sciences of

19



SCIENCE &
ORTHODOXY -

‘A NECESSARY
DIALOGUE




Astronomy and, in general, in the field of the sciences of that era, are
_ concerned. ’

The truth of this indication is evident if one takes into account that, the
astronomical views in the Hexameron are stated, by someone (Saint
Basilius) who had a deep knowledge of science and astronomy being
formed in the wide region around the Mediterranean sea.

In the present work, being a small part of a wider project concerning the
investigation of the physical knowledge during the time of Saint Basilius as
it is deducted from the Hexameron, we shall examine some pioneering
ideas developed by the Great Father of the Christian Church, which can
constitute the beginning of a series of considerations for the historians of
Astronomy.

Theology and Modern Physics

Emmanuel Danezis’, Efstratios Ti heodosiow’, lToannis Gonidakis',
Milan S. Dimitrijevic’

" National and Kapodestrian University of Athens, School of Physics,
Department of Astrophysics, Astronomy and Mechanics

? Belgrade Astronomical Observatory

A distinctive characteristic of the modern theological reality, which is
developing in Western societies, is the effort to confute the metaphysical
views of the Christian Theology through the expression of ideas that are
mainly based on the findings of the Exact Sciences (Antiretic-
Objectionable Theology). The exact scientific way of thinking nowadays
takes for granted that the current scientific knowledge, will inevitably be
expanded, corrected, completed, and some ideas even annulated in the
future under the pressure of new dramatic scientific discoveries. Thus,
scientists from other fields, that are not familiar with the reality stated
above, should not support their theological considerations on perishable
and temporary views that may be overruled, once the scientific facts they
are based on overrule themselves.

Antiretic Theology is based, in many cases, on scientific views of the 17"
century that are no longer valid. We should mention that, due to this fact,
the theological schools should study in depth the new Exact Sciences
achievements and adapt their objections upon them, pursuing their antiretic
work. In fact, we suggest that the theologians should follow the model of
the Christian Church Fathers and become experts of the exact sciences of

19



their epoch. In order to clarify this, we discuss here in accordance with the
views of modern science, a problem that was a point of disagreement and
dispute between philosophers, theologians and exact sciences throughout
the centuries. The problem concerns the existence of an invisible to the
human senses, but actual and objective, reality that co-exists with the so-
called tangible world.

Emergence, Discovery and a Platonic

Perspective on complex systems
Pranab Das
Physics Department. Elon University, USA

The expression "emergent property”, though expressive of the novelty
reflected in complex systems, risks mis-construing the fundamental nature
of dynamics. This paper offers an alternative formulation reflecting the
"discovery" of existence in potential of such properties"

On the Reform of Julian Calendar on

Ecumenical Congress in Constantinopole in 1923
Milan S. Dimitrijevié¢' and Efstratios Theodossiou’

'Astronomical Observatory, Belgrade, Serbia and Montenegro

“Faculty of Physics, University of Athens Panepistimiopolis, Athens,
Greece

Patriarch Meletios IV, the head of the Orthodox Churches, was convening
an ecumenical congress in Constantinople in May 1923, where one of the
principal points was the reform of the Julian calendar. On the Congress
attended Greek, Russian, Romanian and Serbian Churches, and
representatives of Serbian and Romanian Orthodox Churches submitted
two elaborated propositions for calendar reform.

In Serbian delegation were Metropolitan of Montenegro and Coast Gavrilo
Dozi¢, who later become Patriarch of Serbian Orthodox Church, and
Milutin Milankovié, one of the greatest Serbian scientists, later vice-
president of Serbian Academy of Sciences and Arts, and Director of
Belgrade Astronomical Observatory, who explained by astronomical
reasons the phenomenon of lce Ages, elucidated the history of Earth’s
climate as well as that of other planets, being in addition the author of the
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mathematical theory of climate and of the Earth's pole motion. They came
on the Congress with the proposition of calendar reform which author was
Maksim Trpkovi¢. He proposed the intercalation rule that the secular years
whose number of the centuries divided with 9 gives the remainders 0 or 4
will be leap years. In such a way 7 days will be omitted from 9 centuries, so
that the calendar will be closer to the tropical year than Gregorian, and
equinox will be always on 21 March or very close.

In Romanian delegation were Archimandrite Julius Scriban and senator
Dragici. They came with the following proposal of the calendar reform.
The year has 364 days, full 52 weeks, so that every date has a fixed, always
the same day in the week. March, June, September and December have 31
days and other months 30 days. An additional week which number of days
corrects the difference with tropical year, is added every 5 years between
31 June and 1 July. The first day of Easter is fixed on 29 April and all other
holidays become fixed. The unsigned proposition senator Dragici presented
to Congress as his, but he told to Milankovié that the author is baron
Bedeus from Sibiu, who is not an orthodox, so that is inconvenient that his
name is on proposition to Congress of Orthodox Churches.

In scientific commission formed to examine two projects were Milutin
Milankovic, senator Dragici and Archimandrit Scriban, but both
propositions were rejected by Congress as inconvenient and Milutin
Milankovi¢ obtained task to elaborate a new one. He proposed a new
intercalation rule, that secular years are leap years only provided that the
number of centuries they belong to, divided by 9 yields the remainder 2 or
6. In such a way he obtained the calendar more precise than Gregorian one
but identical with this up to 2800. He underlined that the advantage is that
Orthodox Church has not accepted the calendar of the Catholic Church and
that it is in principle better than Gregorian.

Also, Anthimos Metropolitan of Viziys proposed to determine the exact
date of Easter by astronomical methods with the help of Observatories and
Universities in Athens, Belgrade, Bucharest and Pulkovo.

Milutin Milankovi¢ made the final redaction of the calendar reform adopted
on the Congress, which was signed by Patriarch Meletos IV, Metropolitan
of Kyzikos, Kalinikos, Archbishop of North America, Alexander,
Metropolitan of Montenegro and Coast Gavrilo Dozi¢, Metropolitan of
Nicaea, Vasilios, Metropolitan of Durachion, Jakub, Archimandrite Julius
Scriban, and Professors V. Antoniadis and Milutin Milankovié¢. In this
contribution we will discuss this calendar reform.
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Need and Usefulnes of a Revised Creation Theology: Chaos Theology

Sjoerd L. BONTING
Netherlands

Dialogue of science and theology is not only possible, but is greatly needed. A sound creation
theology is crucial for this purpose. The 1800-year old creatio ex nihilo doctrine is untenable on five points:
conceptual, biblical, scientific, theological, and the unsolved problem of evil.

From the biblical idea of creation from chaos and continuing creation with a remaining element of
chaos, together with the physical theory of chaos events speaker has developed a revised creation theology,
called 'chaos theology'.

Principles are: creation from initial chaos, remaining chaos element operating in continuing creation,
abolished on last Day: chaos element is source of evil. Chaos events constitute opening for God to guide his
continuing creation to fulfillment.

Chaos theology provides interesting parallels with current cosmological insights. It can renew
traditional theological thinking about God's action in the world, incarnation and salvation in Jesus Christ,
original sin, and offer a theology of disease.

Cosmological Fine-tuning, Two Versions of the Design Hypothesis and Physical Eschatology

Milan M. CIRKOVIC
Yugoslavia

The Design hypothesis for explanation of the anthropic coincidences so ubiquitous in cosmology and
fundamental physics is examined in light of the two basic philosophical conceptions vis-a-vis temporal
becoming. As is well-known, there is a famous division into A- and B-theories of time, the former asserting
physical reality of temporal becoming (“tensed”), and the latter rejecting it as an artifact of human cognition
(“tenscless™ or “atemporal™). It is shown that, accordingly, there are two basic versions of the Design
hypothesis, which correspond to the two basic relationship of fine-tuning agents with temporal phenomena
we observe in the universe. Therefore, the status of cosmological final boundary conditions is different in
these two approaches. The most interesting issue concerns the principal possibility of discriminating between
the two versions using the recent advances in cosmology and, in particular, physical eschatology — the
nascent astrophysical discipline dealing with future evolution of astronomical objects. In any case, this
investigation may serve better delineation between the two main contenders in the field of anthropic
reasoning: the Design hypothesis and the Multiverse hypothesis.

Science and Religion: Complementarity in the Fight against Astrology

Milan S. DIMITRIJEVIC
Yugoslavia

In a discussion of antagonism or complementarity of science and religion it is interesting to consider
also the complementarity of religious and scientific arguments in the perpetuous fight against astrology. In
this fight the Holy Bible and the Christian Church may be important partners to astronomers, and
astronomers might help to the Church to decrease the influence of astrology.

[t is difficult to defite the superstitious belief in astrology completely, since in comparison with other
magic practicers and fortellers of events, astrologists with they use of some mathematical formulas,
observational data and methods which looks as scientific ones, look very scientifically to non educated
people. The astrology however is in disagreement with Christian religion and with the increase of the
influence of religion often decrease the influence of astrology.

For example, in the Serbia in XIX century when the influence of the Ortodox Church was dominant,
in practically all calendars, astrological nonsensses have been condamned and for example in one of them is
written: "Allmighty God rules the World and not planets which are only creation of His hands. Such belief
existed long time ago in old Egipt among nonbelivers, who believed that planets rule the human destiny and
the World". In the Holy Bible, in Deuteronomy (Moses V); 10-12, old Moses advices his people: "There
should not be found in you any one who is... a practicer of magic, or anyone who looks for omens ... or a
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professional forteller of events... For everybody doing these things is something detestable to God, and on
account of these detestable things your Good is driving them away from before you..."

It is interesting that today in the epoch when man made his first steps towards stars we have 184000
registered astrologists in France, 200000 in Japan and armies of astrologists in other countries, taking money
from superstitious people. Does contribute to this also the fact that the influence of Religion now is smaller
than in XIX century? If a beliver read in the Holy Bible in Genesis, in Chapter 25 (25-26) concerning the
birth of E'sav and Jacob that Jacob "come out and his hand was holding onto the heel of E'sav" and see so
different destiny of these twins, will he believe also in astrological horoscops based on positions of celestial
objects in the time of birth?

In this contribution 1 will summarize arguments from Bible against astrology and their
complementarity with scientific arguments in order to provide a better preparation for perpetuous common
fight of religion and science against superstition.

About two rational and scientific arguments to accept divinity

Dan D. FARCAS
Romania

. An astronomic argument. A conservative estimate, using a Drake-like equation, gives that our
Galaxy could bear around 10000 technological civilizations, as ours. At least 100 of them, we hope, can
survive for a very long time, maybe millions of years, becoming supercivilizations. As the age of our
Universe is, at least, 15 billions of years, and the conditions were different in different zZones, some
supercivilizations could be born hundreds of millions of years ago. Even with spaceships we can build today,
such a supercivilization could visit Earth in the past. But in such a great time span is almost impossible to not
discover some new principles of physics, some new states of substance, other dimensions, subcuantic
properties etc. to avoid the limitation of speed of light for long distance communication and transport.

The Universe we observe has about 100 billion galaxies. But the Universe could be still much older,
much wider and much more complex than we can observe or even imagine. Therefore, even we were too
optimistic, the probability that such supercivilization exist, voyaging without restrictions of speed of light, is
0.99999... Such a supercivilization should be here, on Earth; even we do not acknowledge it. As it was
observed, it is not possible for humans to distinguish between the acts of such a supercivilization and magic.
We can add as well the sacred, holy and divine.

2. An epistemological argument. Humans get knowledge about the reality through theories and other
kinds of models: verbal, mathematical, graphical etc. All of these instruments are limited by the inherent
limits of language, logic and, finally, of the human mind. Therefore, no such model could be perfect.
Consequently, in many complex domains of knowledge, several alternative models or theories were
developed: they can contradict each other in some parts, but we can not dismiss any of them, until they
contradict clearly the observations or the experiments made in the real world. As an example, we can not get
rid of the hypothesis of divinity (even all the dogmas have some anecdotal, but not intrinsic, contradictions)
simply because we can not organize the experiments to prove that divinity does not exist.

Faced with the plurality of alternative theories, a rational person has a choice: (1) to act using only
one model (theory etc.), considered the best, for example the scientific approach, or (2) to use all of them - to
act keeping in mind the suggestions of each of these theories, maybe with a weight attributed to them. As no
theory is perfect, the second method could be more rational. This means, for example, that in many situations
we can act considering simultaneously science and religion.

Nicolas Paulesco — 1'unité entre la science et la tradition

Constantin GALERIU
Romania

La personne humaine, sollicitée a se réaliser sur de multiples plans de I'existence, porte également en
elle, impérativement, le désir de l'unité. Cela correspond a la nature de son facteur essentiel — I'ame, qui, en
rapport avec l'existence organique du corps, nous est révélé en tant que "simple er indivisible dans le
dispersé, illimité dans le rassemblé, changeant en tant que mit et mi en tant qu'ayant un but vers quoi il est
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ABSTRACTS

On the Existence between Light and Darkness
Radu CONSTANTINESCU & Gelu CALINA

There will be an approach of the issues related to the impact that concepts of the
light and darkness have on our existence in general; at the level of human being
(spiritually); at the level of human society and the one of the Universe as a whole. The
approach will consider the interdisciplinary perspective searching for answers for a set of
,Dig questions"” from different points of views: those of physicists, theologians, social and
human sciences, etc. Some examples of basic questions: Light means
energy/information. Has ,dark matter" clear epistemological significance? More light
means more energy. More energy might generate ,black holes" (see the experiment
LHC — GENEVA). Can the light generate darkness? On the microscopic level, the matter
generates the light through creation/annihilation precesses

Church and Science in Common Fight against Superstition
Milan S. DIMITRIJEVIC

Scientific and Religious arguments together are more successful in perpetuous
fight of Religion and Science against superstition, for the liberty of human will. 1t will be
discussed common interest and importance of the joint action against practices based
on superstition like astrology, numerology, palmistry, and similar activities which may
result that someone loose initiative to make himself his decisions by free will. It will be
discussed possible actions like round tables, lectures, articles and TV and Radio
emissions and arguments and possible strategies.

IDEAS

1. Church and Science in common fight against superstition

2. Scientific theories on the beginning of the Universe

3. Eschatology of the Universe

4. The development of the idea of the multiplicity of inhabitable worlds and
possibility for communications with other civilizations.

5. The secret of the big silence of cosmos. Where are they?

Informational Cosmology. Transdisciplinary Aspects
Adrian IOSIF

The main ways of the research:












Te I STARK BROADENING DATA FOR STELLAR PLASMA
ANALYSIS

M. S. Dimitrijevic (1), Z. Simic (1), A. Kovacevic (2), M. Dacic (1), S. Sahal-Brechot (3)

(1) Astronomical Observatory, Volgina 7,
11160 Belgrade, SERBIA
Email: zsimic@aob.bg.ac.yu
(2) Faculty of Mathematics, University of Belgrade
Studentski trg 15, 11000 Belgrade, SERBIA
Email: andjelka@matf bg.ac.yu
(3) Observatoie de Paris, 92195 Meudon, FRANCE

In spite of the fact that tellurium is one of the least abundant element in the Earth's litosphere, its
cosmic abundance is larger than for any element with atomic number greater than 40, and its
spectral lines are observed in stellar spectra. Since the significance of trace elements spectral data,
including Stark broadening parameters, increases with the development of space-born spectroscopy
we investigate here theoretically the influence of collisions with charged particles on spectral lines
of neutral tellurium. By using the semiclassical perturbation method, Stark widths and shifts of four
Te I spectral lines, of interest for modellisation, investigation and diagnostic of stellar plasma have
been obtained.

INFLUENCE OF COLLISIONS WITH CHARGED PARTICLES
ON SOLAR TYPE STARS SPECTRA - INVESTIGATIONS ON
BELGRADE ASTRONOMICAL OBSERVATORY

Milan S. Dimitrijevic

Astronomical Observatory

Volgina 7 11160 Belgrade SERBIA

Email: mdimitrijevic@aob.bg.ac.yu
Broadening of spectral lines by collisions with charged particles (Stark broadening) will be
considered and analyzed with a particular emphasis on the solar type stars. Also will be reviewed
and discussed theoretical methods for the determination of Stark broadening parameters, developed
on the Belgrade Astronomical observatory and in Serbia, as well as the results of theoretical
determination of such data and its applicability to stellar plasma research.

Papapetrou Energy-Momentum Complex for a Stringy Black Hole
Solution

Irina Radinschi and Brindusa Ciobanu

Department of Physics, Gh. Asachi Technical University, lasi
B-dul D. Mangeron, no. 67, lasi, 700050, Romania
Email: radinschi@yahoo.com, bciobanu2003@yahoo.com

The aim of this paper is to evaluate the energy distribution of a stringy black hole solution with the
Papapetrou energy-momentum complex. The space-time under consideration describes the dual
solution known as the magnetic black hole solution. The energy distribution depends on the mass
M and charge Q of the magnetic black hole. In the limit Q-->8594; 0 the expression of the energy
reduces to that obtained in the case of the Schwarzschild black hole when the Schwarzschild
Cartesian coordinates are used.
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STARK BROADENING OF SINGLY IONIZED
CALCIUM LINES
M.S. Dimitrijevic
Astronomical Observatory, Volgina 7,Yu-11050, Beograd, Yugoslavia
S. Sahal-Bréchot

Observatoire de Paris-Meudon, 92195 Mcudon, France

1 Introduction

Calcium is among the most abundant elements in stellar plasmas after hydrogen and
helium. Particularly important for stellar spectral analysis are the well known reso-
nance lines of Ca II, which are present in all spectra starting with B—type stars and
reaching maximal intensity in stars of the KO spectral type. Consequently, knowledge
of reliable Ca II Stark—broadening parameters is of great importance for detailed in-
vestigation of stellar atmospheres, as well as for opacity research. Furthermore, Ca II
lines are of particular interest for investigations of laboratory plasmas, since calcium
is often present as an impurity. By using the semiclassical—perturbation formalism
1.2 we have calculated electron—, proton—, and ionized helium—impact line widths
and shifts for 28 Ca II multiplets. A summary of the formalism is given in Ref. 3.

2 Results and discussion

Here, we present in Table 1 and discuss a comparison with experimental data *~!*

while the tables of Ca II Stark broadening parameters will be published elsewhere
15,16 We see that for most of experiments the widths fall within the error bars of
both methods. Additional reliable experimental data for the 4s—4p Ca II widths,
especially at lower temperatures, will be of interest.

References

1. S.Sahal—Bréchot, Astron.Astrophys. 1, 91 (1969).

2. 5.Sahal—Bréchot,Astron.Astrophys. 2, 322 (1969).

3. M.S.Dimitrijevic, S.Sahal—Bréchot and V.Bommier, Astron. Astrophys.Suppl.Series,89,
581 (1991).

4. C.Fleurier, S.Sahal—~Bréchot and J.Chapelle, JQSRT 17, 595 (1977).

5. J.F.Baur and J.Cooper, JQSRT 17, 311 (1977).

6. M.Yamamoto, Phys.Rev. 146, 137 (1966).

7. C.Goldbach, G.Nollez, P.Plomdeur and J.P.Zimmermann, Phys.Rev.A 28, 234 (1983).
8. D.E.Roberts and A.J.Barnard, JQSRT 12, 1205 (1972).

9. H.J.Kusch and H.P.Pritschow, Astron.Astrophys. 4, 31 (1970).

10. W.W Jones, A.Sanchez, J.R.Grieg, and H.R.Griem, Phys.Rev.A 5, 2318 (1972).

11. D.HadZiomerspahié, M.Platisa, N.Konjevié, and M.Popovié, Z.Phys. 262, 169 (1973).
12. J.R.Roberts and K.L.Eckerle, Phys.Rev. 159, 104 (1967).

13. J.S5.Hildum and J.Cooper, Phys.Lett.A 36, 153 (1971).

14. R.H hn and H.J.Kusch, Astron.Astrophys. 28, 159 (1973).

15. M.S.Dimitrijevi¢ and S.Sahal-Bréchot, JQSRT (1992) in press.

16. M.S.Dimitrijevi¢ and S.Sahal—Bréchot, Bull.Obs.Astron. Belgrade 145 (1992), in press.

537



Table 1. Comparison between the experimental Stark full half—halfwidths of Ca
II lines (Wm) with different calculations. Semiclassical calculations: WDSB—present
results; WIBG — Jones, Benett and Griem (1971)!8:!%; WHC — Hildum and Cooper
(1971)'3; quantum—mechanical calculations: WQ — Barnes (1971)!% and Barnes and
Peach (1970)!7; N =electron densitv.

Transition ACA) T(X) N/10+17(em-3) Wm(A) | Wn/WOSE Wm/J4Ji8G Wm/WHC S/ WM Ref.
3d-4p 8542.09| 13000 1.08 0.95 0.91 0.64 1.10 4
85662.14| 13000 1.08 0.95 0.91 0.64 1.10 4

4s-4p 3933.461 11400 0.40 0.039 | 0.45 0.33 0.41 0.42 6
11600 0.64 0.079 | 0.57 0.43 0.52 0.54 3

12240 0.30 0.0914{ 0.53 0.41 0.49 0.51 7

13000 1.08 0.235 | 1.04 0.78 0.95 0.9 4

13350 1.32 0.180 | 0.65 0.50 0.60 0.63 7

16000 1.00 0.16 0.81 0.62 0.75 0.78 3

17500 10.0 10.0 5.1 3.95 4.81 5.05 9

19000 1.00 0.172 0.91 0.49 9.51 0.45 10

25100 1.00 0.22 1.22 8.92 1.15 1.2 | 1

28000 1.00 8.28 1.40 1.07 1.32 1.4k ]

29200 1.00 0.18 1.0t a.78 0.9% 1.0% 1

30000 2.35 0.246 0.58 0.47 0.53 0.463 9

3968.47| 7450 1.00 0.210 | 0.82 0.67 s

12240 0.80 0.0846] 0.49 0.38 0.46 0.47 7

13000 1.08 0.235 | 1.04 0.78 0.95 0.99 3

13350 .32 0.181 0.59 0.44 0.54 0.56 7

16000 1.00 0.16 0.81 9.62 0.75 0.78 8

17500 10.0 103 5.31 4.07 4.95 5.20 9%

18540 1.00 0.188 | 0.98 0.7 0.93 1.06 | 13

25100 1.00 0.20 .11 0.8 1.04 1.1 | 1

28000 1.00 0.25 1.40 1.07 1.32 133 8

Lp-Ss 3736.20| 7500 10.0 18.2 2.37 2.98 9
10000 1.00 0.69 1.03 1.00 14

13000 1.12 Q.79 1.21 0.94 4

25100 1.00 0.30 0.83 0.53 1

3706.03 | 10000 1.00 0.70 1.04 1.0% 14

13000 1.12 0.79 1.21 0.9 4

17500 10.0 13.7 2.48 2,26 9

4p-4d 3179.33 | 13000 1.13 0.86 1.40 1.03 4
3158.87 | 13000 1.13 0.66 1.40 1.03 4

25100 1.00 0.32 9.90 0.74 11

29200 1.00 0.30 0.87 6.7% 11

3181.28 | 13000 1.13 0.86 1.40 1.03 4
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MODIFIED SEMIEMPIRICAL FORMULA FOR THE ELECTRON-IMPACT WIDTH OF
IONIZED ATOM LINES: THEORY AND APPLICATIONS

M.S5. Dimitrijevié and N. Konjevid

Institute of Applied Physics
11001 Beograd, P.O.Box 24, Yugoslavia

1. Introduction

In 1968, Griem [1] suggested a simple semiempirical impact ap-
proximation based on Paranger s [2] original formulation,
together with the use of an effective Gaunt-factor approximation
proposed by Seaton [3] and Van Regemorter [4] . For singly
ionized atoms, this semiempirical formula agrees on the average
within + 50% with experiments [5]. For multiply ionized atoms,
the agreement becomes worse and few attempts have been made to
extend the applicability of this approach to higher ionisation
stages [6-9]. This extension was done by adjustments of the ef-
fective Gaurt factors and by taking into account also the com-
plexities of particular atomic structures (deviations from LS
coupling, configuration mixing and optically forbidden transi-
tions. Some limitations of these attempts [6—9] have been dis-

cussed recently by Dimitrijevié and Konjevié [10].

In this paper a modification of the semiempirical formula is re-
ported and numerous theoretical calculations of line widths of
tonized atoms are presented. The results of comparisons with

other theoretical approaches and experiments are also given.

© 1981 Walter de Gruyter & Co., Berlin - New York
Spectral Line Shapes
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2. Theory

Within the impact approximation, Baranger [2] derived a quantum-

-mechanical expression for the width of an isolated ion line:

W=MNv [ og:.-. +I & 11
R £ £°f av
where W is the full half-width (FWHM) in units of angular

+ Wesz ! (1)

frequency and N is the electron concentration. The symbols

1o and Of ¢ represent the inelastic cross sections for col-

lisional transitions to i”, £° from initial (i) and final (f)
levels, respectively, of the optical transition. Weﬁ is the
line width induced by elastic collisions. The averaging in Eq.
(1) has to be performed over the electron velocity (v) distri-

bution.

Within the framework of the dipcle approximation, one may use
Bethe”s relation [11]

=

87 x 2 =2
o,., = R:.. - 2
A 573 73 9 (2)

Wy

to evaluate inelastic cross sections. In this expression x=h/mv

is the reduced de Broglie wavelength of an electron and ﬁ?,.

3

(in units of the Bohr radius ao) is the square of the coordinae
operator matrix element summed over all components of the ope-
rator, the magnetic substates of total angular momentum J”, and

averaged over the magnetic substateslof J.

For higher electron temperatures, Griem (1] assumed that the
contribution of elastic collisions to the line width [cf.Eq.Gﬂ
can be neglected. The same author [1] made an attempt to take
elastic collisions into account in the low temperature limit
by using the threshold value of the inelastic cross section
below the threshold. The Stark line width can then be calcula-

ted frcm the well known semiempirical formula [1]

(2_m___)1/2 JLI [Z §2’ g E —)+ %’ ﬁgffg(-A—EE_’)] 3)
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Here, E = 3kT/2 is the energy of the perturbing electron and
AEj’j = [Ej’—Ej] is the energy difference between levels j and
i7; g(x) = 0.20 for x=2 and g(x) = 0.24, 0.33, 0.56, 0.98, and

1.33 for x = 3,5,10,30, and 100.

If the nearest perturbing level in Eq. (3) is so far from Ei or
Ef that the condition E/AEj,jsz is satisfied, g becomes a
costant [l]. Then, the summation in Eqg. (3) can be performed
straightforwardly leading to considerable simplification of the

relation. The line width (FWHM) in % units then becomes

2 -3

_ 1n=8 AT (cm)N(cm 7)) =22 =2
w(®) = 0.4430-10 — (RT, + Rgg) s (4)
%2 = 5 82, - 1032 [5n241 - 32, (2.41) ] (5)
33 5 '3 2°% j 373 !

where nj is the effective principal and Rj the orbital angular

momentum quantum number, while (Z-1) is the icnic charge.

As we have pointed out previously, the semiempirical relation
agrees on the average within #50% with experimenal data for
singly-ionized atoms. However some authors (see e.g. Kobzev

[6]) already pointed out that the constant threshold value ofthe
Gaunt factor for all kinds of transitions was not always an
adequate choice, On the other hand Griem [5] suggested that the
unmodified semiempirical formula can be used for multiply-

Q

-ionized atoms as well, but with an accuracy of +100 %.However,
the comparison with the experimental values of line widths
of doubly- and triply-ionized atoms [6-9, 12-15] shows that
the theoretical results are systematically lower. This observa-
tion is an indication that the threshold value of 0.2 for the

Gaunt factor is rather small for higher ionization stages.

For the transitions with the principal quantum number n
unchanged, Kobzev [16] suggested an empirical value of g =
= 0.9-1/Z at threshold. We have adopted this suggestion.

Therefore, in Eqg. (3), the contribution of the collisional
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transitions with An = 0 is treated separately. For higher
electronic energies, the Gaunt factor is calculated from the

following equation:

g(x) = 0.7 - 1.1/Z + g(x). (6)

If one uses Eg. (3) to calculate Stark line widths, a lack of
atomic data causes difficulties in the evaluation of necessary
matrix elements. These difficulties are especially serious for
multiply-ionized atoms for which data on higher perturbing
levels are sometimes completely missing in the literature. To
overcome this problem, we have separated the transitions with
An = 0. Also, the LS coupling approximation is assumed. In

this case, only two matrix elements are calculated: one for the
2 ) and the other for 2»2—1(R2

L,8+1 2,2—1)'
The same technique has been used by Griem [5} for semiclas-

transition array %-2+1 (R

sical calculations of multiply charged ion line widths.

Equation (3) becomes now

2
81 h 2m,1/2 1 [ =2 . E
W=0No —= (—= L F (—————) +
37 2 TkT /3 £i005+1 AEQ',KL._H
1 1
22 ~ B 2 ~
+ R §lg——) + R § () +
Li,0,-1 AE e, el AE
ir7i li,li—l £r7f lf,2f+1
>2 ~ E >
+ R g () + . (R?..)
Kf,if—l Eﬁf’lf—l i ii” An#0
3ani L) 3kTn}
* g{—5—) + I (Rg¢.) g { ) (7)
4Z2E £ ££f °7 An#0 4Z2E
H H
2 ~30n,2 max (£,47) 2_ 2 . 2
Ry, 0267 PEES] [n-max (2,27 ], (8)
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w

»>2 nj

2 2
5 ®55 ) anpo » (277

2 2
+325+38.+11) . 9
(n] 13*305 ) (9)

|+

For the inelastic part in Eg. (7) the nearest perturbing level
is estimated from
2 3
AEn,n+l ~ 22 EH/n
At high temperatures, say 3kT/2AE > 50, all Gaunt factors
in Eq. (7) are calculated in accordance with the GBKO high

temperature limit [17], viz.

~ _ _ V3 {1 27 KT }
g.,.—g. —— -

s T (10)

3. Results and comparisons with experiments

In order to estimate the accuracy of the theoretizal results a
detailed comparison with available experimental data for doubly
and triply ionized atoms [12—14, 33—37] has been performed in Ref.
18;a summary is given in Table 1. A comparison has also been made
with experiments for singly ionized atom lines and three

typical examples are given in Fig. 1.

Table 1. Average ratios of measured and calculated linewidths
for various doubly and triply ionized atoms

Element Te[K] W /g W /W
CIII 60000 1.29 1.21
NITI 24300 0.92 1.71
0III 25400 1.05 1.90
SiIII 25600 0.67 1.08
SITI 28500 1.16 1.65
ClIII 24200 1.01 1.68
AITI 21100 0.99 1.57

average ratio: 1.06+0.31 1.53+0.46
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Element Te[K] Wm/WSEM wm/WSE
cIv 60000 1.50 2.57
SiTv 25600 0.66 1.15
STV 28500 0.80 1.65
ATV 21500 0.76 1.24
average ratio: 0.91+0.42 1.56+0.85
O§ C Bell mult.7

FIG.1. Measured
and calculated
full halfwidths
for singly ioni-
zed atoms, nor-
malized to an
electron density
of 1x1017cm~3,as
a function of
electron tempe-
rature. Curves:
A:WgpMmi B:Wgg;
C:Wgc-Jones et
al [38] 5 Diwge-
our calculatians;
E:quantum mecha-
nical results
with exchange by
Sanchez et al
39] . Experimen-
tal points:
A-Sanchez et al
(39] ; e-Berg et
al [40] ; A -Jaluf
ka and Craig [41] ;
o-Konjevié et

al [42] ; O-Popo-
vié et al [43] ;
B-Fleurier et al
(44] ; v -HadZio-
merspahicé et al
[45] ; Theoreti-
cal points: x -
Fleurier et al

[44]
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The results of numerous theoretical calculations of the elec-
tron impact line widths of prominent, isolated lines of BeIIl
through AIII and BIV through AIV are given in Table 2, where

under W results are given obtained from egs. (7) - (10},

SEM
eqs. (4) and (5). For the sake of comparison the same

wSE:
table contains the results WG of a semiclassical formula ({(see
Ref. 5, eqg. 526 on p. 279, and the details of the calculations
in Ref. 18) and its modified form [18], WGM‘
It is not necessary to discuss here uncertainties from the ap-
proximations involved in our calculations since the criteria

for their application are given in detail elsewhere (see e.g.

Ref. 5).

Additional errors which are not inherent to the theoretical
approaches described above are related to the calculation of

matrix elements and the lack of atomic data.

For evaluation of the radial integrals, the tables of Bates
and Damgaard [14, 20] have been used. The cases when an atomic
state with equivalent electrons is the principal one are
avoided. If such a state is the perturbing one, corresponding
coefficients of fractional parentage [21] are included when-

ever possible,

Data for atomic energy levels were taken from references 22 -
28. Some additional information is available for SIII [29],

NaIII [30, 31] and PIII {32]. The results for multiplets 4UV,
5UV, 2 and 6 of AIV are probably less accurate since the data

for the 4d level are missing.
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TABLE 2. This table lists electron impact full half widths of
isolated lines from doubly and triply ionized atomsg from beryl-
lium through argon at an electron density of 1x1017 cm=3 and
electron temperatures T from 10.000 to 80.000K. Transition and
averaged wavelength for the multiplet (in angstr®m units) are
also given. Under Wgp and W, E are given semiempirical results
obtained from egs. (7-10) ang (4-5) respectively. WoMm are
semiclassical results obtained from eqgs. (11-15) in Ref. 18 wwith
1.4 instead of 5-(4.5/Z) on the right-hand-side of eqg.(12)in
Ref. 18), and Wg are the results from egs. (11-15) in Ref.
18, The value for 3kT/2AE represents the ratio of the thermal
electron energy at 10.000K to the energy difference to the
nearest perturbing level.

Element/Transition T (K) WSEM(g) WSE(R) WGM(R) WG(g)
BE III 2s's-2p'P°® 10000 0.227  0.128 0.197 0.282
20000 0.160 0.904-1 0.155 0.210
A= 6141.0 30000 0.131 0.738-1 0.139  0.181
3KT/20E=0.64 40000  0.117 0.711-1 0.131  0.165
80000  0.947-1 0.117 0.136
BE ITI 2s°5-2p°P° 10000 0.701-1 0.402-1 0.617-1 0.874-1
20000 0.496.1 0.284-1 0.471-1 0.644-1
A= 3721.8 30000 0.405-1 0.232-1 0.414-1 0.548-1

3kT/2AE=0.39 40000 0.351-1 0.201-1 0.383-1 0.493-1
80000 0.263-1 0.175-1 0.333-1 0.399-1

B IIT 2s2s-2p2p° 10000 0.191-1 0.115-1 0.176-1 0.244-1
20000 0.135-1 0.815-2 0.131-1 0.178-1
A= 2066.3 30000 0.110-1 0.665-2 0.113-1 0.150-1

3kT/2AE=0. 22 40000 0.953-2 0.576~2 0.103-1 0.134-1
80000 0.674-2 0.408-2 0.867-2 0.106-1
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Element/Transition, T(K) Hepy(R) Hee(R)  Wgy(R) g (R)
B I1T 4p2P°-5d°D 10000  9.88 6.72 7.74
20000  8.29 6.08 6.62
y = 4243.6 30000  7.44 5.68 6.04
3KT/28E = 390. 40000  6.83 5.39 5.66
80000  5.81 4.66 4.79
B I11 4d2D-5F2F° 10000 12.2 7.62 8.15
20000  9.85 6.76 7.00
) = 4487.5 30000  8.66 6.24 6.38
3KT/28E = 1000. 40000  7.90 5.86 5.96
80000  6.39 4.9 5.01
B IV 2s's-2p'p? 10000 0.396-1 0.200-1 0.367-1  0.481-1
20000  0.280-1 0.141-1 0.277-1  0.353-1
A = 4499.4 30000 0.228-1 0.115-1  0.240-1  0.299-1
3KT/25F = 0.46 40000 0.198-1 0.999-2 0.220-1  0.268-1
80000  0.152-1 0.187-1  0.214-1
B IV 2555-2p5p° 10000 0.269-1 0.136-1 0.201-1  0.316-1
20000  0.190-1 0.958-2 0.150-1  0.228-1
A = 2823.4 30000  0.155-1 0.782-2  0.129-1  0.191-1
3KT/22E = 0.29 40000 0.134-1 0.678-2  0.117-1  0.169-1
80000  0.966-2 0.513-2  0.986-2  0.131-1
C I11 2p°P°-3s%s 10000 0.344-2 0.184-2 0.314-2  0.463-2
mult. 5UV 20000  0.243-2  0.130-2  0.244-2  0.344-2
A = 538.2 30000  0.198-2  0.106-2 0.218-2  0.295-2
3KT/24E = 0.48 40000  0.172-2  0.920-3 0.203-2  0.267-2
80000  0.139-2 0.180-2  0.218-2
C 111 3s%5-3p3p° 10000 0.523  0.263  0.410 0.642
mult. 1 20000  0.370  0.187  0.329 0.482
A = 4648.8 30000 0.308  0.169  0.299 0.416
3KT/24E = 1.0 40000  0.274 0.283 0.379
80000  0.229 0.256 0.313




220

Element/Transition T(K) Hepy(R) wSE(R) Hop (R) W(R)
¢ 111 3s°'p%-3p-1p 10000  0.486  0.230  0.377 0.589
milt. 7 20000  0.346  0.167  0.314 0.451
% = 4326.0 30000 0.300 0.292 0.394
3KT/26F = 1.1 40000 0.280 0.281 0.363
80000  0.249 0.260 0.307
¢ 111 3p'P°-3d"D 10000 0.736  0.410  0.716 0.991
mult. 2 20000  0.521  0.290  0.564 0.745
A = 5696.0 30000  0.430  0.253  0.506 0.644
3KT/28E = 0.89 40000  0.384 0.474 0.588
80000  0.315 0.422 0.489
C III 3p'P°-4d'D 10000 0.172 0.180 0.233
20000 0.139 0.158 0.189
A = 1531.8 30000 0.124 0.148 0.170
3KT/20E = 6.9 40000  0.115 0.142 0.159
80000  0.103 0.128 0.137
¢ 111 4p3p°-5d3p 10000 3.16 2.83 3.80
mult. 10 20000 2.7 2.54 3.10
A = 3609.3 30000  2.62 2.40 2.80
3KT/24E = 8.3 40000  2.49 2.31 262
80000  2.16 2.08 2.24
C IV 2525-2p2p° 10000 0.728-2 0.383-2  0.570-2  0.873-2
mult. 10V 20000  0.515-2  0.271-2  0.417-2  0.627-2
A = 1549.1 30000  0.421-2  0.221-2  0.353-2  0.522-2
3KT/240E = 0.16 40000  0.364-2 0.192-2  0.318-2  0.460-2
80000  0.258-2 0.135-2 0.257-2  0.350-2
C IV 25°5-4p°p° 10000 0.295-2 0.232-2  0.354-2
mult. 30V 20000  0.246-2 0.202-2  0.277-2
A = 244.9 30000  0.220-2 0.190-2  0.245-2
3KT/20E = 5.2 40000 0.207-2 0.183-2  0.227-2
80000  0.169-2 0.169-2  0.193-2
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Element/Transition T(K) wSEN(R) Mg (R) W (R) W (R)
C1v 2p%P0-3s%s 10000 0.227-2  0.949-3  0.164-2  0.278-2
mult. 6UV 20000 0.161.2 0.671-3 0.128-2  0.204-2
y = 419.6 30000 0.131-2  0.548-3 0.114-2  0.174-2
3KT/24E = 0.61 40000 0.116-2 0.509-3 0.107-2  0.156-2
80000  0.936-3 0.954-3  0.125-2
C IV 2p2P°-4d°D 10000 0.570-2 0.449-2  0.536-2
mult. 9UV 20000  0.450-2 0.397-2  0.445-
3 = 289.2 30000 0.390-2 0.370-2  0.403-2
3KT/26E = 110, 40000  0.352-2 0.352-2  0.377-2
80000  0.272-2 0.300-2  0.321-2
C IV 3s°5-3p2p° 10000 0.776  0.320  0.495 0.880
mult. 1 20000  0.571 0.402 0.656
\ = 5804.9 30000  0.484 0.369 0.564
KT/24E = 2.2 40000  0.440 0.352 0.511
80000  0.368 0.325 0.419
C IV 4d%D-5F2F° 10000 2.13 1.24 1.38
mult. 14UV 20000 1.73 1.12 1.18
A = 2524.4 30000 1.52 1.04 1.08
SKT/20E = 1000. 40000  1.38 0.983 1.01
80000  1.10 0.847 0.860
N 1T 2p2P0-3s%S 10000 0.202-2 0.108-2 0.185-2  0.272-2
mult. 4 UV 20000 0.143-2  0.801-3 0.143-2  0.201-2
A = 4521 30000 0.116-2 0.127-2  0.172-2
3KT/20E = 1.1 40000 0.101-2 0.118-2  0.155-2
80000  0.783-3 0.108-2  0.127-2
N T1T 3s25-3p2p° 10000 0.333  0.173  0.261 0.408
mult. 1 20000 0.236  0.125  0.205 0.304
A = 4097.3 30000 0.192 0.183 0.260
3KT/20E = 1.1 40000 0.167 0.172 0.235
80000 0.131 0.1 0.192

o
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Element/Transition T(K) Hep(R) M) gy (R) W, (R)
N TIT 3s*P0-3p%p 10000 0.236  0.121  0.188 0.292
mult. 5 20000  0.167  0.853-1 0.149 0.218

A = 3367.3 30000 0.137  0.730-1 0.134 0.188
3KT/24€ = 0.81 40000 0.121 0.127 0.170

80000  0.966-1 0.114 0.140

N 111 3p2P°-3¢%D 10000  0.415  0.236  0.413 0.565
mult. 2 20000  0.294  0.167  0.319 0.421

A = 4640.6 30000  0.240  0.136  0.283 0.362
3KT/25E = 0.48 40000  0.208  0.118  0.263 0.328

80000  0.163 0.230 0.270

NIV 3s3s-3p3p° 10000 0.213  0.906-1 0.135 0.242
mult. 1 20000  0.151  0.641-1 0.105 0.177

A = 3480.8 30000  0.124  0.535-1 0.929-1  0.150
3KT/25E = 0.74 40000  0.108  0.499-1 0.869-1  0.134

80000  0.837-1 0.776-1  0.107

N IV 3p3p°-3d°D 10000 0.735  0.353  0.588 0.904
mult. 4 20000  0.520  0.250  0.454 0.666

A= 7117.0 30000  0.427  0.213  0.401 0.566
3KT/24E = 0.74 40000 0.379  0.211  0.373 0.509

80000  0.304 0.329 0.411

0 IIT 3s3p°-3p3p 10000 0.230  0.122  0.183 0.283
mult. 2 20000  0.163  0.863-1 0.142 0.209

A = 3762.3 30000 0.133  0.705-1 0.126 0.179
3KT/24E = 0.63 40000  0.115  0.641-1 0.118 0.161

80000  0.866-1 0.104 0.131

0 IIT 3s3p%-3p3s 10000 0.185  0.981-1 0.148 0.229
mult. 3 20000  0.131  0.694-1 0.115 0.169

\ = 33%6.6 30000  0.107  0.566-1 0.102 0.144
3KT/20E = 0.63 40000 0.925-1  0.514-1 0.952-1  0.130

80000  0.693-1 0.844-1  0.106
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Element/Transition T(K) Mepy(B)  Wep(R) Wy (R) W (R)
0 TII 35°P%-3p3p 10000 0.158  0.839-1 0.127 0.197
mult. 4 20000 0.112  0.594-1 0.985-1  0.146
X = 3041.5 30000  0.914-1 0.485-1 0.879-1  0.124
3KT/24E = 0.63 40000  0.792-1 0.440-1 0.821-1  0.112
80000  0.595-1 0.728-1  0.912-1
0 111 3s'P°-3p'D 10000 0.171  0.877-1 0.137 0.213
mult. 6 20000 0.121  0.620-1 0.109 0.159
A = 2983.8 30000  0.989-1 0.506-1 0.978-1  0.136
3KT/24E = 0.58 40000  0.865-1 0.466-1 0.921-1  0.124
80000  0.673-1 0.828-1  0.102
0 IIT 3s°P-3p°D° 10000 0.223  0.118  0.177 0.275
mult. 21 20000  0.158  0.836-1 0.138 0.203
1 = 3706.1 30000 0.129  0.683-1 0.122 0.174
3KT/20E = 0.39 40000 0.112  0.591-1 0.114 0.157
80000  0.841-1 0.513-1 0.101 0.127
0 TIT 3s°P-3p°s° 10000 0.126  0.673-1 0.103 0.158
mult. 220V 20000 0.891-1 0.476-1 0.796-1  0.117
A = 2678.2 30000  0.728-1 0.389-1 0.708-1  0.997-1
3KT/26F = 0.46 40000 0.630-1 0.337-1 0.660-1  0.901-1
80000  0.473-1 0.585-1  0.732-1
0 111 3p3p-3d3° 10000  0.245  0.144  0.252 0.339
mult. 14 20000 0.173  0.102  0.193 0.252
A = 3712.5 30000  0.141  0.830-1 0.169 0.216
3KT/24F = 0.39 40000 0.122  0.719-1  0.157 0.195
80000  0.907-1 0.625-1 0.136 0.160
0 111 3p°0°-3¢°F 10000 0.196  0.113  0.204 0.273
mult. 25 20000  0.139  0.800-1 0.156 0.202
\ = 3453.0 30000 0.113  0.653-1 0.137 0.173
3KT/24E = 0.39 40000  0.982-1 0.566-1 0.126 0.157
80000  0.727-1 0.480-1  0.109 0.128
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Element/Transition T(K) Wepp(R) e (R) gy (R) Hg(R)
0 11T 3d3p%-4p°s 10000 0.321 0.171 0.300 0.437
mult. 20UV 20000 0.227  0.121  0.240 0.330
A = 2601.6 30000 0.188  0.112  0.216 0.285
3KT/20E = 0.95 40000 0.168 0.203 0.260
80000  0.134 0.181 0.215
0 111 3d'F°-4p'p 10000 0.356  0.179  0.333 0.483
mult. 210V 20000 0.262  0.148  0.272 0.369
A = 2558.1 30000 0.227 0.249 0.322
3KT/20E = 1.5 40000 0.210 0.236 0.295
80000  0.175 0.213 0.247
0 IV 2p°P°-3s%s 10000 0.596-3 0.270-3  0.453-3  0.746-3
milt. 4y 20000  0.421-3  0.191-3  0.342-3  0.543-3
A = 279.8 30000  0.344-3  0.156-3 0.297-3  0.456-3
3KT/24E = 0.32 40000  0.298-3 0.135-3  0.273-3  0.406-3
80000  0.217-3 0.105-3 0.235-3  0.319-3
0 IV 2p%r°-3d%D 10000 0.330-3 0.195-3  0.451-3  0.556-3
mult. 5UV 20000  0.233-3  0.138-3 0.336-3  0.408-3
A = 238.5 30000  0.190.3 0.112-3 0.288-3  0.345-3
3KT/25F = 0.36 40000  0.165-3  0.973-4 0.262-3  0.310-3
80000  0.117-3  0.792-4  0.219-3  0.249-3
01V 3s7P°-3p%p 10000 0.168  0.721-1  0.106 0.190
mult. 3 20000 0.119  0.510-1 0.812-1  0.139
A = 3374.3 30000 0.968-1 0.416-1 0.714-1  0.117
3KT/20E = 0.39 40000  0.838-1 0.360-1 0.663-1  0.104_
80000  0.622-1 0.294-1 0.583-1  0.820-1
0 1v 3ptp-3d*nP 10000 0.310  0.152  0.252 0.385
mult. 9 20000 0.219  0.107  0.192 0.282
A = 4792.5 30000 0.179  0.875-1 0.167 0.238
3KT/20E = 0,50 40000  0.155  0.758-1 0.154 0.213
80000  0.119 0.133 0.170
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Element/Transition T(K) Wep w(R) Wep (R) Wy (R) W (R)
0 IV 3p2p-3d20° 10000 0.400  0.193  0.323 0.495
mult. 11 20000  0.283  0.137  0.246 0.363
A = 5339.5 30000 0.231  0.112  0.216 0.307
3KT/2AF = 0.56 40000 0.202  0.101  0.200 0.276
80000  0.156 0.174 0.221
FIIT 3s%p-3p"PO 10000 0.119  0.660-1 0.975-1  0.148
20000  0.839-1 0.467-1 0.748-1  0.109
A = 2916.3 30000  0.685-1 0.381-1  0.659-1  0.930-1
3KT/24E = 0.33 40000  0.593-1 0.330-1 0.612-1  0.837-1
80000  0.430-1 0.258-1 0.535-1  0.676-1
F IIT 3s7P-3p*p° 10000 0.13¢  0.743-1 0.110 0.167
mult. 1 20000 0.949-1 0.525-1 0.842-1  0.123
A = 3124.4 30000 0.775-1  0.429-1 0.742-1  0.105
3KT/24E = 0.33 40000 0.671-1 0.371-1 0.689-1  0.944-1
80000  0.489-1 0.294-1 0.603-1  0.761-1
FIIT 35°P,-3p°P 10000 0.130  0.684-1 0.105 0.162
20000 0.918-1 0.483-1 0.822-1  0.120
A = 2811.4 30000 0.750-1 0.395-1 0.733-1  0.103
3KT/2E = 0.53 40000  0.651-1 0.386-1 0.686-1  0.929-1
80000  0.488-1 0.611-1  0.759-1
F IT1 3s2p-3p2p° 10000 0.160  0.843-1  0.129 0.198
mult. 2 20000 0.113  0.59-1 0.101 0.147
A = 3176.9 30000  0.924-1 0.487-1 0.897-1  0.126
3KT/24F = 0.53 40000 0.801-1 0.426-1 0.840-1  0.114
80000  0.603-1 0.748-1  0.929-1
NE TII 3535°-3p3p 10000 0.965-1 0.540-1 0.800-1  0.121
mult. 120V 20000  0.683-1 0.382-1 0.612-1  0.892-1
) = 2678.2 30000 0.557-1 0.312-1  0.538-1  0.758-1
3KT/2AE = 0.32 40000  0.483-1 0.270-1 0.498-1  0.682-1
80000  0.348-1 0.200-1 0.434-1  0.549-1




226

Element/Transition T(K) Weey(R) g (R) Wy (R) W (R)
NE 11 3s30°-3p~3F 10000 0.832-1 0.474-1 0.697-1  0.105
20000  0.588-1 0.335-1 0.532-1  0.771-1
A = 2612.4 30000 0.480-1 0.274-1 0.466-1  0.654-1
3KT/20E = 0.29 40000  0.416-1 0.237-1 0.431-1  0.588-1
80000  0.297-1 0.176-1 0.374-1  0.472-1
NE 111 3p°P,-3d°0] 10000 0.685-1 0.452-1 0.803-1  0.103
20000  0.485-1 0.319-1 0.606-1  0.760-1
) = 2163.8 30000 0.395-1 0.261-1 0.527-1  0.649-1
3KT/20E = 0.27 40000  0.342-1 0.226-1 0.483-1  0.586-1
80000  0.243-1 0.162-1 0.412-1  0.477-1
NE TV 3s*p-3p*n° 10000 0.608-1 0.281-1 0.404-1  0.703-1
20000  0.430-1 0.199-1 0.303-1  0.509-1
A = 2361.5 30000  0.351-1 0.162-1 0.262-1  0.426-1
3KT/24F = 0.25 40000  0.304-1 0.141-1 0.240-1  0.378-1
80000  0.215-1 0.994-2  0.204-1  0.293-1
NE IV 3s-2D-3p 2¢° 10000 0.588-1 0.270-1 0.390-1  0.679-1
20000 0.416-1 0.191-1 0.292-1  0.492-1
A = 2289.1 30000 0.339-1 0.156-1 0.253-1  0.412-1
3KT/28E = 0.39 40000 0.294-1 0.135-1 0.231-1  0.366-1
80000  0.208-1 0.106-1 0.197-1  0.284-1
NA TIT 3s'P-3p*p° 10000 0.667-1 0.390-1 0.570-1  0.846-1
20000  0.472-1 0.276-1 0.432-1  0.621-1
A = 2515.6 30000  0.385-1 0.225-1 0.377-1  0.526-1
3KT/20E = 0.26 40000  0.333-1  0.195-1 0.348-1  0.472-1
80000  0.237-1 0.141-1 0.300-1  0.378-1
NA TIT 3s°p-3pt0° 10000 0.545-1 0.319-1 0.469-1  0.695-1
20000 0.385-1 0.226-1 0.355-1  0.510-1
A = 2232.5 30000 0.315-1  0.184-1 0.310-1  0.432-1
3KT/20E = 0.26 40000  0.272-1 0.159-1 0.286-1  0.388-1
80000  0.193-1 0.114-1 0.246-1  0.311-1
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Element/Transition T(K) Hopp(R) U (R) Wy (R) W (R)
NA IIT 3s7p-3p*s® 10000 0.441-1 0.260-1 0.384-1  0.568-1
20000 0.311-1  0.184-1  0.291-1  0.417-1
A = 1971.5 30000  0.254-1 0.150-1 0.254-1  0.353-1
3KT/2BE = 0.26 40000  0.220-1 0.130-1 0.234-1  0.317-1
80000  0.156-1 0.928-2  0.201-1  0.254-1
NA 111 3s2p-3p2p° 10000 0.689-1 0.408-1 0.591-1  0.879-1
20000  0.487-1 0.289-1 0.449-1  0.645-1
A = 2458.9 30000 0.398-1 0.236-1 0.392-1  0.547-1
3kT/2AE = 0.26 40000  0.345-1 0.204-1 0.361-1  0.491-1
80000  0.244-1 0.146-1 0.311-1  0.393-1
NA T1I 3s2p-3p°p° 10000 0.593-1 0.351-1 0.512-1  0.760-1
20000  0.419-1 0.248-1 0.388-1  0.558-1
A = 2247.4 30000  0.342-1 0.203-1 0.339-1  0.473-1
3kT/20E = 0.26 40000  0.296-1 0.176-1 0.312-1  0.424-1
80000  0.210-1  0.125-1 0.269-1  0.340-1
MG IV 3s*P-3pts? 10000 0.199-1 0.969-2  0.140-1  0.236-1
20000  0.140-1 0.685-2 0.106-1  0.170-1
A = 1477.8 30000 0.115-1 0.559-2  0.892-2  0.142-1
3KT/24E = 0.20 40000  0.993-2 0.484-2  0.810-2  0.126-1
80000  0.702-2 0.382-2 0.678-2  0.972-2
MG 1v 3p*s9-3dp, 10000 0.238-1 0.133-1 0.230-1  0.324-1
20000  0.169-1 0.941-2  0.170-1  0.236-1
A = 1548.1 30000  0.138-1 0.768-2 0.145-1  0.198-1
3KT/24F = 0.16 40000 0.119-1 0.665-2 0.132-1  0.176-1
80000  0.843-2 0.470-2  0.109-1  0.138-1
AL 111 3s%s-3p2p° 10000 0.303-1 0.193.1 0.277-1  0.398-1
mult. 10V 20000  0.214-1  0.136-1 0.208-1  0.291-1
A = 1857.4 30000 0.175-1  0.111-1 0.180-1  0.246-1
3KT/20E = 0.19 40000  0.151-1 0.963-2 0.165-1  0.220-1
80000  0.107-1 0.681-2  0.140-1  0.175-1
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Element/Transition T(K) wSEN(R) e () g (R) Wg(R)
AL TII 3s%5-4p2p° 10000 0.136-1 0.837-2  0.138-1  0.199-1
mult. 2UV 20000  0.964-2 0.592-2  0.107-1  0.148-1
A = 696.0 30000  0.787-2 0.483-2 0.953-2  0.127-1
3KT/20E = 0.60 40000  0.684-2 0.446-2 0.886-2  0.115-1
80000  0.525-2 0.777-2  0.940-2
AL 111 3s25-5p2p° 10000 0.238-1 0.145-1 0.254-1  0.361-1
mult. 30 20000  0.169-1 0.115-1 0.204-1  0.274-1
A = 560.4 30000 0.144-1 0.184-1  0.238-1
3KT/20E = 1.3 40000  0.131-1 0.173-1  0.217-1
80000  0.111-1 0.154-1  0.180-1
AL 111 4s%5-4p2p° 10000 1.48 0.859  1.20 1.87
mult. 2 20000  1.04 0.607  0.951 1.40
A = 5705.9 30000 0.852  0.496  0.856 1.20
3KT/24E = 0.60 40000  0.751  0.462  0.805 1.09
80000  0.616 0.720 0.895
AL TIIT 4p°PP-44°D 10000  1.45 1.37 1.90
mult. 3 20000  1.14 1.14 .47
A = 4523.2 30000  0.996 1.04 1.30
3KT/24E = 5.7 40000  0.909 0.983 1.19
80000  0.764 0.876 1.00
AL 111 4f2F°-54°D 10000  4.42 4.14 5.25
mult. 6 20000  3.77 3.60 4.25
A = 4701.6 30000  3.38 3.35 3.82
3KT/20E = 10. 40000 3.16 3.18 3.56
80000  2.65 2.83 3.03
AL TIT 4d°D-6F2F° 10000 5.9 4.82 5.40
20000 5.0 4.27 4.58
A = 2762.8 30000 4.50 3.95 4.15
3KT/20E = 320. 40000  4.20 3.72 3.87
80000  3.53 3.18 3.25
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Element/Transition T(K) WSEM(R) WSE(R) WGM(R) WG(R)
ST I11 3p°P0-4s3s 10000  0.175-1 0.109-1 0.165-1  0.242-1
mult. 6UV 20000  0.124-1 0.772-2  0.129-1  0.180-1
A = 996.1 30000 0.101-1 0.630-2 0.114-1  0.154-1
3KT/2AF = 0.48 40000  0.876-2 0.546-2 0.106-1  0.139-1
80000  0.702-2 0.936-2  0.114-1
ST 11T 4s35-4p3p° 10000  0.728  0.438  0.604 0.932
mult. 2 20000 0.514  0.310  0.473 0.693
A = 4560. 1 30000  0.420  0.253  0.422 0.594
KT/20E = 0.48 40000  0.364  0.219  0.395 0.538
80000  0.289 0.350 0.438
SI II1 4s'S-4p'p° 10000 1.25 0.736  1.02 1.59
mult. 4 20000 0.887  0.520  0.811 1.19
A = 5739.7 30000 0.724  0.468  0.729 1.02
3KT/24E = 0.97 40000  0.640 0.686 0.927
80000  0.518 0.613 0.760
ST 111 4p°p°-4¢%p 10000 0.762  0.456  0.746 1.06
mult. 5 20000  0.546  0.347  0.590 0.800
% = 3801.4 30000  0.463 0.529 0.691
3KT/20E = 1.3 40000 0.411 0.496 0.630
80000  0.342 0.438 0.520
SI 11T 4p°p°-5s3s 10000 0.793  0.438  0.680 1.0
mult. 6 20000  0.571  0.326  0.555 0.792
A = 3237.8 30000 0.500 0.507 0.688
3KT/24E = 1.2 40000  0.458 0.481 0.628
80000  0.409 0.433 0.521
ST IV 3s25-3p2p° 10000 0.141-1 0.733-2  0.104-1  0.170-1
mult. 10V 20000  0.995-2 0.518-2 0.764-2  0.122-1
A = 1396.7 30000  0.812-2 0.423-2  0.651-2  0.102-1
3KT/24E = 0.15 40000  0.703-2 0.366-2 0.588-2  0.902-2
80000  0.497-2 0.259-2 0.484-2  0.691-2
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Element/Transition T(K) Wepy(R) Mg (R) gy (R) W (R)
ST TV 3p2P°-3d%D 10000 0.109-1 0.659-2  0.116-1  0.156-1
mult. 30UV 20000  0.768-2 0.466-2 0.856-2  0.114-1
5 = 1126.4 30000  0.627-2 0.380-2 0.730-2  0.955-2
3KT/2€ = 0.18 40000  0.543-2 0.329-2  0.659-2  0.851-2
80000  0.384-2 0.233-2 0.541-2  0.670-2
ST 1V 4525-4p2p° 10000 0.605  0.281  0.388 0.700
mult. 1 20000  0.428  0.199  0.298 0.512
A = 4097.9 30000  0.349  0.162  0.263 0.432
3KT/24E = 0.43 40000  0.302  0.140  0.245 0.386
80000  0.230 0.216 0.305
ST 1V 4p2p°-44%D 10000  0.467  0.233  0.355 0.576
mult. 2 20000  0.346 0.281 0.429
5 = 3160.3 30000 0.297 0.253 0.367
3KT/24E = 2.5 40000  0.267 0.237 0.332
80000  0.213 0.211 0.270
ST 1V 4d%D-5p2p° 10000 1.20 0.576  0.866 1.46
mult. 3 20000  0.884 0.692 1.09
\ = 3766.0 30000  0.763 0.625 0.930
3KT/24E = 2.5 40000 0.701 0.589 0.841
80000  0.593 0.529 0.683
ST 1V 5p°P°-65°S 10000 3.37 1.46 2.29 4.03
mult. 4 20000  2.55 1.27 1.89 3.03
A = 4323.5 30000  2.24 1.74 2.61
3KT/20E = 1.7 40000  2.12 1.66 2.37
80000  1.84 1.51 1.93
ST TV 5d°D-6F°F° 10000 8.34 6.03 7.67
mult. 5 20000  7.09 5.39 6.34
\ = 4212.4 30000  6.39 5.04 5.71
3KT/24E = 140. 40000  5.97 4.80 5.32
80000  4.91 4.22 4.49
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Element/Transition T(K) wSENxR) wSE(R) wGM(R) i (R)
P ITI 4525-4p2p° 10000 0.531  0.326  0.446 0.682
mult. 3 20000  0.375  0.230  0.347 0.507

X = 4230.4 30000  0.306  0.188  0.309 0.434
3KT/24F = 0.44 40000 0.265  0.163  0.289 0.392

80000  0.206 0.255 0.319

P IIT 4s*p%-4p%p 10000 0.462 0.388 0.59
mult. 9 20000  0.327 0.301 0.441

A = 3943.5 30000  0.267 0.268 0.377
3KT/20F = 8.9 40000 0.231 0.250 0.341

80000  0.176 0.220 0.277

P 111 4p2P°-4d%D 10000 0.477  0.297  0.49% 0.683
mult. 4 20000  0.349 0.390 0.516

5 = 3228.8 30000  0.296 0.350 0.447
3KT/24E = 1.7 40000  0.269 0.328 0.408

80000  0.219 0.290 0.339

P IV 4s35-4p3p° 10000 0.330  0.158  0.216 0.385
mult. 1 20000  0.233  0.112  0.165 0.281

A = 3355.9 30000 0.191  0.912-1 0.144 0.237
3KT/24E = 0.35 40000 0.165  0.790-1 0.134 0.211

80000  0.121  0.648-1 0.117 0.166

P IV 4s's-4p'p° 10000 0.565  0.264  0.363 0.653
mult. 2 20000 0.399  0.186  0.279 0.477

A = 4249.6 30000 0.326  0.152  0.246 0.403
3KT/2AE = 0.44 40000 0.282  0.132  0.229 0.360

80000  0.215 0.202 0.285

S 111 3P -4p°p 10000 0.216  0.135  0.221 0.301
mlt. 2 20000  0.153  0.954-1 0.168 0.223

\ = 3346.2 30000 0.125  0.779-1 0.147 0.190
3KT/24E = 0.41 40000  0.108  0.675-1 0.135 0.171

80000  0.773-1 0.116 0.139




232

Element/Transition T(K) Hoppu(®)  Me(R) gy (R) W (R)
S 111 3d3p%-4ps 10000 0.205  0.128  0.209 0.286
mult. 3 20000  0.145  0.904-1 0.159 0.212
) = 3233.4 30000  0.119  0.738-1 0.139 0.181
3KT/26E = 0.40 40000 0.103  0.640-1 0.128 0.163
80000  0.736-1 0.110 0.132
s 111 3d°p%-4pp 10000 0.302  0.193  0.309 0.421
mult. 8 20000  0.214  0.137  0.235 0.312
A = 3950.5 30000 0.175  0.112  0.206 0.266
3KT/24E = 0.46 40000  0.151  0.966-1 0.189 0.240
80000  0.108 0.162 0.195
S T1T 3s9P%-4p°D 10000 0.472  0.277  0.388 0.598
mult. 4 20000  0.33  0.196  0.303 0.444
A = 4287.1 30000  0.273  0.160  0.270 0.380
3KT/20E = 0.46 40000 0.236  0.139  0.252 0.343
80000  0.183 0.223 0.280
S TIT 4sp°-4p3p 10000 0.389  0.229  0.322 0.495
mult. 5 20000 0.275  0.162  0.251 0.368
) = 3840.0 30000 0.225  0.132  0.223 0.314
3KT/24E = 0.45 40000  0.194  0.115  0.208 0.284
80000  0.148 0.184 0.231
S TIT 3s5p°-4pSs 10000 0.364  0.214  0.302 0.465
mult. 6 20000  0.258  0.152  0.235 0.345
A = 3692.3 30000  0.210  0.124  0.209 0.295
3KT/24E = 0.45 40000  0.182  0.107  0.195 0.266
80000  0.138 0.173 0.217
S TV 3p2p°-4s2s 10000  0.396-2 0.202-2 0.306-2  0.503-2
20000  0.280-2 0.143-2  0.231-2  0.366-2
A = 553.1 30000 0.229-2  0.117-2  0.201-2  0.308-2
3KT/28E = 0.32 40000  0.198-2 0.101-2  0.185-2  0.275-2
80000  0.144-2 0.784-3 0.159-2  0.217-2
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Element/Transition T(K) wSEM(R) NSE(R) WGM(R) WG(R)
S TV 4s2s-4p2p° 10000  0.245  0.118  0.162 0.287
mult. 1 20000  0.173  0.838-1 0.123 0.209

y = 3104.1 30000  0.141  0.684-1 0.107 0.176
3KT/25E = 0.35 40000 0.122  0.592-1 0.991-1  0.156

80000  0.886-1 0.476-1 0.861-1  0.123

cL 111 3d*p-4p*p° 10000 0.286  0.175  0.288 0.392
mult. 7 20000  0.202  0.123  0.218 0.290

A= 4045.8 30000 0.165  0.101  0.190 0.246
3KT/24E = 0.47 40000  0.143  0.873-1 0.174 0.222

80000  0.102 0.149 0.179

CL TII 4s*p-4p*n° 10000 0.284  0.171  0.238 0.363
mult. 1 20000 0.201  0.121  0.184 0.268

A= 3629.0 30000 0.164  0.987-1 0.163 0.229
3KT/20E = 0.47 40000  0.142  0.855-1 0.151 0.206

80000  0.106 0.133 0.167

CL TII 4sp-4p®p° 10000  0.246  0.148  0.207 0.315
mult. 2 20000  0.174  0.104  0.160 0.233

A = 3330.9 30000  0.142  0.853-1 0.141 0.199
3KT/20E = 0.42 40000  0.123  0.739-1 0.132 0.179

80000  0.908-1 0.116 0.145

CL 111 4s%p-4p*s® 10000 0.226  0.135  0.190 0.290
mlt. 3 20000  0.160  0.956-1 0.147 0.214

A = 3160.1 30000 0.130  0.781-1 0.130 0.183
KT/24E = 0.40 40000  0.113  0.676-1 0.121 0.165

80000  0.831-1 0.106 0.134

CL III 4sp-4p2D° 10000 0.314  0.194  0.266 0.404
mult. 5 20000 0.222  0.137  0.206 0.299

A = 3739.4 30000 0.181  0.112  0.182 0.255
3KT/24E = 0.53 40000 0.157  0.982-1 0.170 0.231

80000  0.118 0.149 0.187
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Element/Transition T(K) Wep(R) W (R) g, (R) WA (R)
CL 11T 452p-4p2p° 10000 0.243  0.157  0.212 0.318
mlt. 6 20000 0.172  0.111  0.164 0.236
A = 3300.9 30000  0.140  0.905-1 0.145 0.201
3KT/26E = 0.45 40000  0.121  0.784-1 0.135 0.182
80000  0.897-1 0.118 0.147
CL 11 4s-2p-4p-2F° 10000 0.271  0.165  0.229 0.348
mult. 10 20000  0.192  0.117  0.177 0.257
A = 3543.8 30000 0.157  0.953-1 0.156 0.219
3KT/26E = 0.59 40000  0.136  0.859-1 0.145 0.198
80000  0.100 0.128 0.160
CL 11 4s-%p-4p-2p° 10000 0.252  0.153  0.213 0.324
mult. 11 20000 0.178  0.108  0.165 0.240
A = 3394.2 30000 0.146  0.885-1 0.146 0.204
3KT/26E = 0.55 40000  0.126  0.785-1 0.135 0.184
80000  0.932-1 0.119 0.149
CL T11 4s-2D-4p-2p° 10000 0.204  0.123  0.173 0.263
mult. 110V 20000 0.144  0.871-1 0.134 0.195
3 = 2975.4 30000 0.118  0.711-1  0.118 0.166
3KT/24E = 0.45 40000  0.102  0.616-1 0.110 0.150
80000  0.748-1. 0.963-1  0.121
cLIv 4s3p0-4p%p 10000 0.162  0.991-1 0.122 0.200
20000  0.114  0.701-1 0.924-1  0.146
% = 3082.2 30000 0.933-1 0.572-1 0.806-1  0.123
3KT/20F = 0.32 40000  0.808-1 0.496-1 0.743-1  0.110
80000  0.589-1 0.391-1 0.643-1  0.870-1
L1V 4s3p%-app 10000 0.131  0.819-1 0.100 0.164
20000  0.924-1 0.579-1 0.760-1  0.119
A = 2767.6 30000 0.755-1 0.473-1 0.662-1  0.101
3KT/25E = 0.32 40000  0.653-1 0.409-1 0.609-1  0.899-1
80000  0.472-1 0.314-1 0.526-1  0.710-1
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Element/Transition T(K) wSEN(R) wSE(R) wGM(R) W (R)
A 11T 3d"3p0-4p"3p 10000 0.164 0.114 0.183 0.238
mult. 6 20000  0.116 0.806-1 0.139 0.176
A = 3432.6 30000  0.949-1 0.658-1 0.120 0.150
3KT/20E = 0.42 40000  0.822-1  0.570-1  0.110 0.135
80000  0.583-1 0.938-1  0.110
A T11 45°50-4p°p 10000 0.208 0.128 0.178 0.268
mult. 1 20000  0.147 0.906-1 0.137 0.198
A = 3296.6 30000  0.120 0.740-1  0.120 0.169
3kT/24E = 0.35 40000  0.104 0.641-1  0.112 0.152
80000  0.763-1 0.522-1 0.978-1  0.123
A 111 45 30%-4p-3p 10000 0.238 0.144 0.200 0.304
mult. 2 20000  0.168 0.102 0.155 0.225
) = 3492.1 30000  0.137 0.832-1 0.137 0.192
3kT/25E = 0.37 40000  0.119 0.720-1  0.127 0.173
80000  0.877-1  0.603-1  0.111 0.140
A 111 4s-30%-4p-3F 10000 0.221 0.134 0.187 0.283
mult. 3 20000  0.156 0.946-1 0.144 0.209
A = 3344.8 30000  0.128 0.772-1  0.127 0.178
3KT/24E = 0.37 40000  0.110 0.669-1 0.118 0.161
80000  0.813-1 0.553-1 0.104 0.130
A TIT 4s"3p0-4p"3p 10000 0.141 0.807-1  0.117 0.178
mult. 4 20000  0.100 0.571-1  0.898-1  0.131
A = 3041.4 30000  0.816-1 0.466-1 0.791-1  0.112
3kT/24E = 0.40 40000  0.707-1 0.404-1 0.733-1  0.100
80000  0.513-1 0.641-1  0.810-1
ATV 4sp-aptp® 10000 0.117 0.716-1 0.888-1  0.145
mult. 4LV 20000  0.829-1 0.506-1 0.670-1  0.106
A = 2810.9 30000 0.677-1 0.413-1 0.583-1  0.891-1
3kT/26E = 0.29 40000  0.586-1 0.358-1 0.536-1  0.795-1
80000  0.422-1 0.271-1  0.461-1  0.626-1
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Element/Transition T(K) wSEM(R) Wep () gy (R) We (R)
ATV 4stp-gptp° 10000 0.102  0.631-1 0.781-1  0.127
mult. SUV 20000 0.721-1  0.446-1 0.589-1% 0.926-1
A= 2617.5 30000 0.588-1 0.364-1 0.512-1 0.780-1
3kT/24E = 0.29 40000 0.510-1  0.315-1 0.470-1 0.696-1
80000 0.365-1 0.234-1 0.404-1% 0.548-1
Alv 452P—4p2DO 10000 0.133 0.813-1 0.101 0.165
mult. 2 20000 0.943-1 0.575-1 0.761-1 0.120
X = 2925.4 30000 0.770-1  0.469-1 0.663-1 0.101
3kT/2AE = 0.31 40000 0.667-1  0.407-1 0.610-1 0.905-1
80000 0.482-1 0.313-1  0.526-1 0.714-1
ATV 4s-2p-4p-2F° 10000 0.114  0.701-1 0.868-1  0.142
muit. 6UV 20000 0.806-1 0.496-1 0.654-1 0.103
X = 2769.2 30000 0.658-1  0.405-1 0.569-1 0.868-1
3kT/24E = 0.29 40000 0.570-1 0.350-1  0.523-1 0.775-1
80000 0.410-1 0.263-1 0.449-1 0.610-1
4. Discussion and conclusions
From the results shown in Table 2, it appears that, for the
specified temperature and electron density regions, agreement

of modified semiempirical and semiclassical results

riments is quite good. The errors seem to be random

with expe-

and are

caused by uncertainties in both, calculations and experiments.

The average values of the ratios of measured to calculated

widths of ionized atoms are as follows:
= 1.0640.32, R
R, = 0.72+0.19; for triply-ionized atoms,
1.56+0.85, R

atoms,

G
Rsg =

RSEM

1.08+0.41, R

SE

oM
Rsem
G

for doubly-ionized
1.53+0.46, R = 0.96+0.24,
= 0.91+0.42,
= 0.72+40.32, The indi-

cated error represents an average quadratic error calculated

m 2 '
from ¢ =»/Z Ai/m(m-1) where 4; 1is the difference between the

i-th aver%&é ratio for the multiplet and the average ratio for
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all multiplets.

The principal deficiency in the comparisons of theoretical
results for doukly and triply ionized atoms with experiments
comes from the lack of experimental line widths at higher

electron temperatures.

At the present time there are not enough experimental data to
show which modified approach is the better one, especially at
high temperatures. If one draws a conclusion based on a single
experiment for CIII and CIV lines [12], the modified semiclas-
sical approach seems to describe the experiment better. However,
it should be emphasized here that there is little difference
between the results derived from the modified and unmodified

semiclassical expressions at high electron temperatures.

From the examples in Fig. 1 it seems that the modified semiem-
pirical formula agrees better with the experiments for singly
ionized atam lines, than its ummodified version. This one may
expect, since in most investigated examples the semiempirical
formula can be used in "lumped together" form [1]. In
these cases one can always count on higher accuracy of our
modified version. However, for intermediate electron energies
it is always better to take into account all perturbing levels

separately.
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1. Introduction

In 1968, Griem [1] suggested a simple semiempirical impact ap-
proximation based on Baranger’s [2] original formulation,
together with the use of an effective Gaunt-factor approximatim
proposed by Seaton [3] and Van Regemorter [4] . For singly
ionized atoms, this semiempirical formula agrees on the average
within + 50% with experiments [5]. For multiply ionized atoms,
the agreement becomes worse and few attempts have been made to
extend the applicability of this approach to higher ionisation
stages [6-9]. This exténsion was done by adjustments of the ef-
fective Gaunt factors and by taking into account also the com-
plexities of particular atomic structures (deviations from LS
coupling, configuration mixing and optically forbidden transi-
tions. Some limitations of these attempts [6—9] have been dis-
cussed recently by Dimitrijevié and Konjevid [10].

In this paper a modification of the semiempirical formula is re-
ported and numerous theoretical calculations of line widths of
itonized atoms are presented. The results of comparisons with

other theoretical approaches and ekperiments are also given.

© 1981 Walter de Gruyter & Co., Berlin - New York
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2. Theory

Within the impact approximation, Baranger [2] derived a quantum-

-mechanical expression for the width of an isolated ion line:

W=N{v[in,i+Z‘ ff]}av+w£ ' (1)
where W is the full half-width (FWHM) in units of angular
frequency and N is the electron concentration. The symbols
0i-i arnd Of £ represent the inelastic cross sections for col-
lisional transitions to i“, £° from initial (i) and final (f)
levels, respectively, of the optical transition. Wel is the
line width induced by elastic collisions. The averaging in Eq.
(1) has to be performed over the electron velocity (v) distri-

bution.

Within the framework of the dipcle approximation, one may use
Bethe’s relation [ll]

2 =2 i
A Ry-5 739 (2)

to evaluate inelastic cross sections. In this expression i=h/mv

is the reduced de Broglie wavelength of an electron and ﬁ%

373
(in units of the Bohr radius ao) is the square of the coordinae
operator matrix element summed over all components of the ope-
rator, the magnetic substates of total angular momentum J°, and

averaged over the magnetic substates of J.

For higher electron temperatures, Griem [1] assumed that the
contribution of elastic collisions to the line width [cf.Eq. ()]
can be neglected. The same author [1] made an attempt to take
elastic collisions into account in the low temperature limit
by using the threshold value of the inelastic cross section
below the threshold. The Stark line width can then be calcula-

ted frcm the well known semiempirical formula [1]

2
wen gt h &t/ " (2R g

)+ 1 B2, 9 () ] @)
AE ‘£ AEf g
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Here, E = 3kT/2 is the energy of the perturbing electron and
BE 4y
i7; g(x) = 0.20 for x=2 and g(x) = 0.24, 0.33, 0.56, 0.98, and
1.33 for x = 3,5,10,30, and 100.

= [Ej,—Ej] is the energy difference between levels j and

If the nearest perturbing level in Eg. (3) is so far from E;, or
Ef that the condition E/AEj,jsz is satisfied, g becomes a
costant [1]. Then, the summation in Eq. (3) can be performed
straightforwardly leading to considerable simplification of the
relation. The line width (FWHM) in 8 units then becomes

2 -3

_ 1n-8 A (cm)N(cm 7)) =22 *2
w(®) = 0.4430-10 —a (R, + Rgp), (4)
82, = 3 82, .~ L03)2 [snde1 - 32, (2.41)] (5)
33 7505907 2% j 3yt

where nj is the effective principal and Qj the orbital angular

momentum quantum number, while (Z-1) is the ionic charge.

As we have pointed out previously, the semiempirical relation
agrees on the average within #50% with experimenal data for
singly-ionized atoms. However some authors (see e.g. Kobzev
[6]) already pointed out that the constant threshold value ofthe
Gaunt factor for all kinds of transitions was not always an
adequate choice. On the other hand Griem [5] suggested that the
unmodified semiempirical formula can be used for multiply-
-ionized atoms as well, but with an accuracy of +100 %.However,
the comparison with the experimental values of line widths
of doubly- and triply-ionized atoms [6—9, 12—15] shows that

the theoretical results are systematically lower. This observa-
tion is an indication that the threshold value of 0.2 for the

Gaunt factor is rather small for higher ionization stages.

For the transitions with the principal quantum number n
unchanged, Kobzev [16] suggested an empirical value of g =
= 0.9-1/Z2 at threshold. We have adopted this suggestion.
Therefore, in Eg. (3), the contribution of the collisional

W\
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transitions with An = 0 is treated separately. For higher
electronic energies, the Gaunt factor is calculated from the

following equation:

g(x) = 0.7 - 1.1/%Z + g(x). (6)

If one uses Eq. (3) to calculate Stark line widths, a lack of v
atomic data causes difficulties in the evaluation of necessary

matrix elements. These difficulties are especially serious for
multiply-ionized atoms for which data on higher perturbing
levels are sometimes completely missing in the literature. To
overcame this problem, we have separated the transitions with
An = 0. Also, the LS coupling approximation is assumed. In

this case, only two matrix elements are calculated: one for the
2'2+1) and the other for Q»l-l(Rﬁ'Z_l).
The same technique has been used by Griem [5] for semiclas-

transition array 2->2+1 (R

sical calculations of multiply charged ion line widths.

Equation (3) becomes now

2
‘ 8 h 2m,1/2 @ - ~ E
w=nN3" L 2 --[ R § () +
3 m2 TKT 2005+ AEQ’i'Qi'H
22 ~ 2 ~ E
+ R g ) + R g (—m——————) +
2,,%:-1 7 'AE Le,0-+1 9'AE
i’ 2y005-1 i Lgelptl
*2 ~ E
+ R Jlm—) + I, (R}, ) .
L_,8 =1 Elf’lf—l i i7" An#0
3kTn] o 3kTn]
* gl ) + I (Rge-) g Y {7
4Z2EH £ £ff ° An#0 4Z2EH
2 -/3n, 2 max{(2,47) 2_ 2 . 2
Ry, e-2Gp " gt — [oomax® 00107, (8
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3n.
r 32 jy2 1 2 2
j’(Rjj‘) An#O = (2Z ) 5 (nj+32j+3£j+11). (9}

For the inelastic part in Eqg. (7) the nearest perturbing level
is estimated from

2 3 P
AEn,n+l ~ 27 EH/n . E ;
At high temperatures, say 3kT/2AE > 50, all Gaunt factors

in Eg. (7) are calculated in accordance with the GBKO high
temperature limit [17], viz.

~ V3 [1 27 kT
Fiv: T o on = e = + 4n (""'_’_—"‘) . (10)
373 373 IV n? AE...

J 33

3. Results and comparisons with experiments

oo

In order to estimate the accuracy of the theoretizal results a
detailed comparison with available experimental data for doubly
and triply ionized atams [12-14, 33-37] has been performed in Ref.
18;a summary is given in Table 1. A comparison has also been made
with experiments for singly ionized atom lines and three

typical examples are given in Fig. 1.

Table 1. Average ratios of measured and calculated linewidths
for various doubly and triply ionized atoms

Element T, (k] W /Mg W /Wgp
CIII , 60000 1.29 1.21
NIIT 24300 0.92 1.71
OIII 25400 1.05 1.90
SiTIT 25600 0.67 1.08
SIII 28500 1.16 1.65
ClIIT 24200 1.01 1.68
AIIT 21100 0.99 1.57
average ratio: 1.06+0.31 1.53+0.46

. ‘ J
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Element Te[K] Wm/WSEM Wm/WSE
CIv 60000 1.50 2.57
SiIv 25600 0.66 1.15
SIV 28500 0.80 1.65
AIV 21500 0.76 1,24
average ratio: 0.91+0.42 1.56+0.85
Z \c Be Il mult.1
FIG.1. Measured

004

04

02

A NIl mult.12

SrIl mult.1

and calculated
full halfwidths
for singly ioni-
zed. atoms, nor-
malized to an
electron density
of 1x1017cm~3,as
a function of
electron tempe-
rature. Curves:
A:WgpM; B:Wgp;
C:Wgeo-Jones et
al [38] 7 D:WSC—
our calculatims;
E:quantum mecha-
nical results
with exchange by
Sanchez et al
[(39] . Experimen-
tal points:
A-Sanchez et al
[39] ; e-Berg et
al [40] ; A -Jaluf
ka and Craig [41] ;
o—-Konjevié et

al [42] ; O-Popo-
vié et al [43] ;
B-Fleurier et al
la4] ; V-HadZio-
merspahic¢ et al
[45] ; Theoreti-
cal points: x -
Fleurier et al
[44]

T x 10 ~(K)
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The results of numerous theoretical calculations of the elec-
tron impact line widths of prominent, isolated lines of BeIIl
through AIII and BIV through AIV are given in Table 2, where

under W results are given obtained from egs. (7) - (10),

SEM
Wop: egs. (4) and (5). For the sake of comparison the same
table contains the results W. of a semiclassical formula (see

G
Ref. 5, eq. 526 on p. 279, and the details of the calculations

in Ref. 18) and its modified form [18], WGM'
It is not necessary to discuss here uncertainties from the ap-
proximations involved in our calculations since the criteria
for their application are given in detail elsewhere (see e.g.
Ref. 5).

Additional errors which are not inherent to the theoretical
approaches described above are related to the calculation of

matrix elements and the lack of atomic data.

For evaluation of the radial integrals, the tables of Bates.
and Damgaard [14, 20] have been used. The cases when an atomic
state with equivalent electrons is the principal one are
avoided. If such a state is the perturbing one, corresponding
coefficients of fractional parentage [21] are included when-
ever possible.

Data for atomic energy levels were taken from references 22 -
28. Some additional information is available for SIII [29],
NaIII [30, 31] and PIII [32]. The results for multiplets 4UV,
50V, 2 and 6 of AIV are probably less accurate since the data
for the 44 level are missing.
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TABLE 2. This table lists electron impact full half widths of
isolated lines from doubly and triply ionized atoms from beryl-
lium through argon at an electron density of 1x1017 cm=3 and
electron temperatures T from 10.000 to 80.000K. Transition and
averaged wavelength for the multiplet (in angstrdm units) are
also given. Under Wg and Wgp are given semiempirical results
obtained from egs. (?ﬂlo) and (4-5) respectively. WM are
semiclassical results obtained from egs.(11-15) in Ref. 18 %with
1.4 instead of 5-(4.5/2) on the right-hand-side of eq.(12)in
Ref. 18), and We are the results from eqgs. (11-15) in Ref.
18. The value for 3kT/2AE represents the ratio of the thermal
electron energy at 10.000K to the energy difference to the
nearest perturbing level.

Element/Transition T (K) WSEM(R) WSE(R) WGM(R) WG(R)

BE III 2slS—2p1Po 10000 0.227 0.128 0.197 0.282
20000 0.160 0.904-1 0.155 0.210

A= 6141.0 30000 0.131 0.738-1 0.139 0.181
3kT/2AE=0.64 40000 0.117 0.711-1 0.131 0.165
80000 0.947-1 0.117 0.136

3 3

p° 10000 0.70i~1 0.402-1 0.617-1 0.874-1

20000 0.496.1 0.284-1 0.471-1 0.644-1
A= 3721.8 30000 0.405-1 0.232-1 0.414-1 0.548-1
3kT/2A0E=0.39 40000 0.351-1 0.201-1 0.383-1 0.493-1
80000 0.263-1 0.175-1 0.333-1 0.399-1

BE III 2s°S-2p

B III 2s%s-2p2p° 10000 0.191-1 0.115-1 0.176-1 0.244-1
20000 0.135-1 0.815-2 0.131-1 0.178-1
A= 2066.3 30000 0.110-1 0.665-2 0.113-1 0.150-1

3kT/2AE=0.22 40000 0.953-2 0.576-2 0.103-1 0.134-1
80000 0.674-2 0.408-2 0.867-2 0.106-1
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Element/Transition T(K) Wepp(R) Wee(R)  Wgy(R) wG(ﬂ)
B 111 4p2P°-54%D 10000  9.88 6.72 7.74
20000  8.29 6.08 6.62
A = 4243.6 30000  7.44 5.68 6.04
3KT/24E = 390. 40000  6.83 5.39 5.66
80000  5.81 4.66 4.79
B 111 4d%D-5¢2F° 10000  12.2 7.62 8.15
20000  9.85 6.76 7.00
A = 4487.5 30000  8.66 6.24 6.38
3KT/28E = 1000. 40000  7.90 5.86 5.96
80000  6.39 4.96 5.01
B IV 2s's-2p'p° 10000  0.396-1 0.200-1 0.367-1  0.481-1
20000  0.280-1 0.141-1 0.277-1  0.353-1
A = 4499.4 30000  0.228-1 0.115-1 0.240-1  0.299-1
3KT/2AE = 0.46 40000  0.198-1 0.999-2 0.220-1  0.268-1
80000  0.152-1 0.187-1  0.214-1
B IV 2s35-2p°p° 10000  0.269-1 0.136-1 0.201-1  0.316-1
' 20000  0.190-1 0.958-2  0.150-1 0.228-1
A = 2823.4 30000  0.155-1 0.782-2 0.129-1  0.191-1
3KT/2AE = 0.29 40000  0.134-1 0.678-2 0.117-1  0.169-1
80000  0.966-2 0.513-2 0.986-2  0.131-1
C 111 2p°p°-3s3s 10000  0.344-2 0.184-2 0.314-2  0.463-2
mult. 5UV 20000  0.243-2  0.130-2  0.244-2  0.344-2
A = 538.2 30000  0.198-2 0.106-2 0.218-2  0.295-2
3KT/24E = 0.48 40000  0.172-2  0.920-3 0.203-2  0.267-2
80000  0.139-2 0.180-2  0.218-2
C ITI 3s55-3p°p° 10000  0.523  0.263  0.410 0.642
mult. 1 20000 0.370  0.187  0.329 0.482
A = 4648.8 30000 0.308  0.169  0.299 0.416
3KT/24E = 1.0 40000  0.274 0.283 0.379
80000  0.229 0.256 0.313
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Element/Transition T(K) Wpy(R) WSE(R) Wen(R) We(R)
¢ 111 3s-1p%-3p-'p 10000  0.486  0.230  0.377 0.589
mult. 7 20000 0.346  0.167  0.314 0.451
A = 4326.0 30000 0.300 0.292 0.394
3KT/28E = 1.1 40000  0.280 0.281 0.363
80000  0.249 0.260 0.307
¢ 111 3p'p°-3d"D 10000 0.736  0.410  0.716 0.991
mult. 2 20000  0.521  0.290  0.564 0.745
A = 5696.0 30000 © 0.430  0.253  0.506 0.644
3KT/24E = 0.89 40000  0.384 0.474 0.588
80000  0.315 0.422 0.489
¢ 111 3p'pP-4d'D 10000  0.172 0.180 0.233
20000  0.139 0.158 0.189
A = 1531.8 30000  0.124 0.148 0.170
3KT/20E = 6.9 40000 0.115 0.142 0.159
80000  0.103 0.128 0.137
C IT1 4p3p°-5d%p 10000  3.16 2.83 3.80
mult. 10 20000 2.7 2.54 3.10
A = 3609.3 30000  2.62 2.40 2.80
3KT/25E = 8.3 40000  2.49 2.31 2.62
80000  2.16 2.08 2.24
CIv 2s25-2p2p° 10000  0.728-2 0.383-2 0.570-2  0.873-2
mult. 10V 20000  0.515-2 0.271-2  0.417-2  0.627-2
A = 1549.1 30000  0.421-2  0.221-2  0.353-2  0.522-2
3KT/24E = 0.16 40000  0.364-2  0.192-2 0.318-2  0.460-2
80000 0.258-2 0.135-2 0.257-2  0.350-2
C IV 2s25-4p2p° 10000  0.295-2 0.232-2  0.354-2
mult. 30V 20000  0.246-2 0.202-2  0.277-2
x = 244.9 30000  0.220-2 0.190-2  0.245-2
3KT/28E = 5.2 40000  0.207-2 0.183-2  0.227-2
80000  0.169-2 0.169-2  0.193-2
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Element/Transition T(K) wSEN(R) e (R)  Hgy(R) He (R)
c1v 2p?p°-3s%s 10000  0.227-2  0.949-3  0.164-2  0.278-2
mult. 6UV 20000 0.161.2 0.671-3 0.128-2  0.204-2
A = 419.6 30000  0.131-2 0.588-3 0.114-2  0.174-2
3KT/24E = 0.61 40000  0.116-2 0.509-3 0.107-2  0.156-2
80000  0.936-3 0.954-3  0.125-2
| C IV 2p2p°-4d%D 10000  0.570-2 0.449-2  0.536-2
! mult. 9uv 20000  0.450-2 0.397-2  0.445-2
i A = 289.2 30000  0.390-2 0.370-2  0.403-2
; 3KT/286 = 110. 40000  0.352-2 0.352-2  0.377-2
g 80000  0.272-2 0.309-2  0.321-2
b
ﬁ C IV 3s25-3p2p° 10000  0.776 0.320 0.495 0.880
i mult. 1 20000  0.571 0.402 0.656
‘ A = 5804.9 30000  0.484 0.369 0.564
3KT/24E = 2.2 40000  0.440 0.352 0.511
80000  0.368 0.325 0.419
C IV 4d%D-5¢2F° 10000  2.13 1.24 1.38
mult. 140V 20000 1.73 1.12 1.18
\ = 2524.4 30000  1.52 1.04 1.08
3KT/20E = 1000. 40000  1.38 0.983 1.01
80000  1.10 0.847 0.860
N TIT 2p2P°-3s%s 10000  0.202-2 0.108-2 0.185-2  0.272-2
mult. 4 UV 20000  0.143-2 0.801-3 0.143-2  0.201-2
X = 452.1 30000 0.116-2 0.127-2  0.172-2
3KT/20E = 1.1 40000  0.101-2 0.118-2  0.155-2
80000  0.783-3 0.104-2  0.127-2
N II1 3sS-3p2p° 10000  0.333  0.173  0.261 0.408
mutt. 1 20000 0.236  0.125  0.205 0.304
X = 4097.3 30000  0.192 0.183 0.260
3KT/28E = 1.1 40000  0.167 0.172 0.235
80000  0.131 0.15 0.192
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Element/Transition T(K) WSEM(R) WSE(R) NGM(ﬂ) NG(R)
N TII 3s*p°-3p%p 10000  0.236  0.121  0.188  0.292
mult. 5 20000 0.167  0.853-1 0.149 0.218

\ = 3367.3 30000 0.137  0.730-1 0.134 0.188
3KT/20E = 0.81 40000  0.121 0.127 0.170

80000  0.966-1 0.114 0.140

N 111 3p2P°-3d%D 10000  0.415  0.236  0.413 0.565
mult. 2 20000 0.294  0.167  0.319 0.421

A = 4640.6 30000 0.240  0.136  0.283 0.362
3KT/22E = 0.48 40000  0.208  0.118  0.263 0.328

80000  0.163 0.230 0.270

N IV 3s35-3p3p° 10000  0.213  0.906-1 0.135 0.242
mult. 1 20000  0.151  0.641-1 0.105 0.177

5 = 3480.8 30000 0.124  0.535-1 0.929-1  0.150
3KT/24E = 0.74 40000  0.108  0.499-1 0.869-1  0.134

80000  0.837-1 0.776-1  0.107

N IV 3p3p°-3d%D 10000 0.735  0.353  0.588 0.904
mult. 4 20000 0.520  0.250  0.454 0.666

A= 7117.0 30000 0.427  0.213  0.401 0.566
3KT/24E = 0.74 40000  0.379  0.211  0.373 0.509

80000  0.304 0.329 0.411

0 111 3s3p°-3p%p 10000  0.230  0.122  0.183 0.283
mlt. 2 20000 0.163  0.863-1 0.142 0.209

A = 3762.3 30000 0.133  0.705-1 0.126 0.179
3KT/24E = 0.63 40000  0.115  0.641-1 0.118 0.161

‘ 80000  0.866-1 0.104 0.131

0 111 3s3p°-3p3s 10000  0.185  0.981-1 0.148 0.229
mult. 3 20000  0.131  0.694-1 0.115 0.169

\ = 33%.6 30000 0.107  0.566-1 0.102 0.144
3KT/24E = 0.63 40000  0.925-1 0.514-1 0.952-1  0.130

80000  0.693-1 0.844-1  0.106
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Element/Transition T(K) o) W (R) g, () W (8)
0 111 3s%p°-3p3p 10000  0.158  0.839-1 0.127 0.197
mult. 4 20000 0.112  0.594-1 0.985-1  0.146
X = 3041.5 30000  0.914-1 0.485-1 0.879-1  0.124
3KT/25E = 0.63 40000  0.792-1  0.440-1 0.821-1  0.112
80000  0.595-1 0.728-1  0.912-1
0 111 3s'P%-3p'p 10000  0.171  0.877-1 0.137 0.213
mult. 6 20000  0.121  0.620-1 0.109 0.159
A = 2983.8 30000  0.989-1 0.506-1 0.978-1  0.136
3KT/25E = 0.58 40000  0.865-1 0.466-1 0.921-1  0.124
80000  0.673-1 0.828-1  0.102
0 111 3s°p-3p°D° 10000  0.223  0.118  0.177 0.275
milt. 21 20000 0.158  0.836-1 0.138 0.203
A = 3706.1 30000 0.129  0.683-1 0.122 0.174
3KT/25E = 0.39 40000  0.112  0.591-1 0.114 0.157
80000  0.841-1 0.513-1  0.101 0.127
0 111 3s°p-3p°s® 10000  0.126  0.673-1 0.103 0.158
mult. 220V 20000  0.891-1 0.476-1 0.796-1  0.117
X = 2678.2 30000  0.728-1 0.389-1 0.708-1  0.997-1
3KT/28E = 0.46 40000  0.630-1 0.337-1 0.660-1. 0.901-1
80000  0.473-1 0.585-1  0.732-1
0 111 3p3p-3d31° 10000  0.245  0.144  0.252 0.339
mult. 14 20000 0.173  0.102  0.193 0.252
x = 3712.5 30000 0.141  0.830-1 0.169 0.216
3KT/24F = 0.39 40000  0.122  0.719-1 0.157 0.195
80000  0.907-1 0.625-1 0.136 0.160
0 I1I 3p°p°-3d°F 10000 ©0.196  0.113  0.204 0.273
mult. 25 20000  0.139  0.800-1 0.156 0.202
\ = 3453.0 30000  0.113  0.653-1 0.137 0.173
3KT/24E = 0.39 40000  0.982-1 0.566-1 0.126 0.157
80000  0.727-1 0.480-1 0.109 0.128
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Element/Transition T(K) Wgew(R)  Weg(R) Wy (R) Hg(R)
0 111 3d3p%-4p5s 10000 0.321 0.174 0.300 0.437
mult. 200V 20000 0.227  0.121 0.240 0.330
X = 2601.6 30000 0.188  0.112  0.216 0.285
3kT/24E = 0.95 40000  0.168 0.203 0.260
80000  0.134 0.181 0.215
0 111 3d'FP-4pTD 10000  0.35%  0.179  0.333 0.483
mult. 210V 20000 0.262  0.148  0.272 0.369
A = 2558.1 30000  0.227 0.249 0.322
3KT/2AE = 1.5 40000  0.210 0.236 0.295
80000  0.175 0.213 0.247
0 IV 2p2P°-3s%s 10000  0.596-3 0.270-3 0.453-3  0.746-3
mult. 4UV 20000  0.421-3  0.191-3 0.382-3  0.543-3
X = 279.8 30000  0.344-3 0.156-3 0.297-3  0.456-3
3kT/24E = 0.32 40000  0.298-3 0.135-3 0.273-3  0.406-3
80000  0.217-3  0.105-3 0.235-3  0.319-3
0 Iv 2p%°-3d%D 10000  0.330-3 0.195-3 0.451-3  0.556-3
mult. 5UV 20000  0.233-3  0.138-3 0.336-3  0.408-3
A = 238.5 30000  0.190.3 0.112-3 0.288-3  0.345-3
3KT/20E = 0.36 40000  0.165-3 0.973-4 0.262-3  0.310-3
80000  0.117-3  0.792-4 0.219-3  0.249-3
01v 3s*P%-3p*p 10000  0.168  0.721-1 0.106 0.190
mult. 3 20000 0.119  0.510-1 0.812-1  0.139
A = 3374.3 30000  0.968-1 0.416-1 0.714-1  0.117
3kT/20E = 0.39 40000  0.838-1 0.360-1 0.663-1  0.104
80000  0.622-1 0.294-1 0.583-1  0.826-1
0 1v 3p¥p-3d*n° 10000 0.310  0.152  0.252 0.385
mult. 9 20000  0.219  0.107  0.192 0.282
A = 4792.5 30000 0.179  0.875-1 0.167 0.238
3kT/20E = 0,50 40000  0.155  0.758-1 0.154 0.213
80000  0.119 0.133 0.170
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Element/Transition CTK) wSEM(R) wSE(R) Wy (R) We(R)
0 IV 3p%D-3d20° 10000  0.400  0.193  0.323 0.495
mult. 11 20000 0.283  0.137  0.246 0.363
A = 5339.5 30000 0.231  0.112  0.216 0.307
3KT/24E = 0.56 40000  0.202  0.101  0.200 0.276
80000  0.156 0.174 0.221
F 11T 3s"Pg-3p"P3 10000 0.119  0.660-1 0.975-1  0.148
20000  0.839-1 0.467-1 0.748-1  0.109
A = 2916.3 30000  0.685-1 0.381-1 0.659-1  0.930-1
3KT/24E = 0.33 40000  0.593-1 0.330-1 0.612-1  0.837-1
80000  0.430-1 0.258-1 0.535-1  0.676-1
F 11T 3s7P-3p%0° 10000 0.13%  0.743-1 0.110 0.167
mult. 1 20000  0.949-1 0.525-1 0.842-1  0.123
\ = 3124.4 30000  0.775-1 0.429-1 0.742-1  0.105
3KT/24E = 0.33 40000  0.671-1 0.371-1 0.689-1  0.944-1
80000  0.489-1 0.294-1 0.603-1  0.761-1
F 111 35%p,-3p7P 10000  0.130  0.684-1 0.105 0.162
20000  0.918-1 0.483-1 0.822-1  0.120
A = 2811.4 30000  0.750-1 0.395-1 0.733-1  0.103
3KT/24E = 0.53 40000  0.651-1 0.346-1 0.686-1  0.929-1
80000  0.488-1 0.611-1  0.759-1
F 11T 3s2P-3p20° 10000 0.160  0.843-1 0.129 0.198
mult. 2 20000  0.113  0.59%6-1 0.101 0.147
A = 3176.9 30000  0.924-1 0.487-1 0.897-1  0.126
3KT/24E = 0.53 40000  0.801-1 0.426-1 0.840-1  0.114
80000  0.603-1 0.748-1  0.929-1
NE 11T 3535°-3p%p 10000 0.965-1 0.540-1 0.800-1  0.121
mult. 120V 20000  0.683-1 0.382-1 0.612-1  0.892-1
A = 2678.2 30000  0.557-1 0.312-1 0.538-1  0.758-1
3KT/28E = 0.32 40000  0.483-1 0.270-1 0.498-1  0.682-1
80000  0.348-1 0.200-1 0.434-1  0.549-1
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Element/Transition T(K) Weeu(R) wSE(R) Wey(R) W (R)
NE 111 3s-3p%-3p-3F 10000  0.832-1 0.474-1  0.697-1  0.105
20000  0.588-1 0.335-1 0.532-1  0.771-1
A = 2612.4 30006  0.480-1 0.274-1  0.466-1  0.654-1
3KT/24E = 0.29 40000  0.416-1 0.237-1 0.431-1  0.588-1
80000  0.297-1 0.176-1 0.374-1  0.472-1
NE II1 3p°P,-34°D) 10000  0.685-1 0.452-1 0.803-1  0.103
20000  0.484-1 0.319-1 0.606-1  0.760-1
A = 2163.8 30000  0.395-1 0.261-1 0.527-1  0.649-1
3KT/24E = 0.27 40000  0.342-1 0.226-1 0.483-1  0.586-1
80000  0.243-1  0.162-1 0.412-1  0.477-1
NE 1V 3s%P-3p°D° 10000 0.608-1 0.281-1 0.404-1  0.703-1
20000  0.430-1 0.199-1 0.303-1  0.509-1
A = 2361.5 30000  0.351-1 0.162-1 0.262-1  0.426-1
3KT/2E = 0.25 40000  0.304-1 0.141-1 0.240-1  0.378-1
80000  0.215-1 0.994-2  0.204-1  0.293-1
NE 1V 3s-2D-3p-2F° 10000  0.588-1 0.270-1 0.390-1  0.679-1
20000  0.416-1 0.191-1 0.292-1  0.492-1
A = 2289.1 30000  0.339-1 0.156-1 0.253-1  0.412-1
3KT/25E = 0.39 40000  0.294-1 0.135-1 0.231-1  0.366-1
80000  0.208-1 0.106-1 0.197-1  0.284-1
NA 111 3s7P-3p*p° 10000  0.667-1 0.390-1 0.570-1  0.846-1
20000  0.472-1 0.276-1 0.432-1  0.621-1
X = 2515.6 30000  0.385-1 0.225-1 0.377-1  0.526-1
3KT/20E = 0.26 40000  0.333-1 0.195-1 0.348-1  0.472-1
80000  0.237-1 0.141-1  0.300-1  0.378-1
NA TII 3s°p-3p*p° 10000 0.545-1 0.319-1 0.469-1  0.695-1
20000  0.385-1 0.226-1 0.355-1  0.510-1
A = 2232.5 30000  0.315-1 0.184-1 0.310-1  0.432-1
3KT/24E = 0.26 40000  0.272-1 0.159-1 0.286-1  0.388-1
80000  0.193-1 0.114-1 0.246-1  0.311-1
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Element/Transition T(K) Wep(R)  Wge (R) vy (R) W (R)
NA 111 3s%p-3p*s® 10000  0.441-1 0.260-1 0.384-1  0.568-1
20000  0.311-1 0.184-1 0.291-1  0.417-1
A = 1971.5 30000  0.254-1 0.150-1 0.254-1  0.353-1
3KT/20E = 0.26 40000  0.220-1 0.130-1 0.234-1  0.317-1
80000  0.156-1 0.928-2 0.201-1  0.254-1
NA TII 3s2p-3p2p° 10000  0.689-1 0.408-1 0.591-1  0.879-1
20000  0.487-1 0.289-1 0.449-1  0.645-1
A = 2458.9 30000  0.398-1 0.236-1 0.392-1  0.547-1
3KT/28E = 0.26 40000  0.345-1 0.204-1 0.361-1  0.491-1
80000  0.244-1 0.146-1 0.311-1  0.393-1
NA 111 3s%P-3p2p° 10000  0.593-1 0.351-1 0.512-1  0.760-1
20000  0.419-1 0.248-1 0.388-1  0.558-1
\ = 2247.4 30000  0.342-1 0.203-1 0.339-1  0.473-1
3KT/20E = 0.26 40000  0.296-1 0.176-1 0.312-1  0.424-1
80000  0.210-1 0.125-1 0.269-1  0.340-1
MG IV 3s7p-3p?s? 10000 0.199-1 0.969-2  0.140-1  0.236-1
‘ 20000  0.140-1 0.685-2 0.104-1  0.170-1
A = 1477.8 30000  0.115-1 0.559-2  0.892-2  0.142-1
3KT/2AE = 0.20 40000  0.993-2 0.484-2 0.810-2  0.126-1
80000  0.702-2 0.342-2 0.678-2  0.972-2
MG 1v 3p*sQ-3a%p, 10000  0.238-1 0.133-1 0.230-1  0.324-1
20000  0.169-1 0.941-2 0.170-1  0.236-1
A = 1548.1 30000  0.138-1 0.768-2 0.145-1  0.198-1
3KT/20E = 0.16 40000  0.119-1 0.665-2 0.132-1  0.176-1
80000  0.843-2 0.470-2 0.109-1  0.138-1
AL IIT 3s%s-3p2p° 10000  0.303-1 0.193.1 0.277-1  0.398-1
mult. 10V 20000  0.214-1 0.136-1 0.208-1  0.291-1
A = 1857.4 30000  0.175-1 0.111-1 0.180-1  0.246-1
3KT/20E = 0.19 40000  0.151-1 0.963-2 0.165-1  0.220-1
80000  0.107-1 0.681-2 0.140-1  0.175-1
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Element/Transition T(K) wSEM(R) wSE(R) wGM(R) Ws(R)
AL 111 3s25-4p2p° 10000 0.136-1 0.837-2 0.138-1  0.199-1
mult. 20V 20000  0.964-2 0.592-2 0.107-1  0.148-1
A = 696.0 30000  0.787-2 0.483-2 0.953-2  0.127-1
SKT/28€ = 0.60 40000  0.684-2 0.446-2 0.886-2  0.115-1
80000  0.525-2 0.777-2  0.940-2
AL I11 3s25-5p2p° 10000 0.238-1 0.185-1 0.254-1  0.361-1
mult. 30V 20000 0.169-1 0.115-1 0.204-1  0.274-1
A = 560.4 30000 0.144-1 0.184-1  0.238-1
3KT/20E = 1.3 40000  0.131-1 0.173-1  0.217-1
80000  0.111-1 0.154-1  0.180-1
AL 111 4s%s-4pZP° 10000 1.48 0.859  1.20 1.87
mult. 2 20000  1.04 0.607  0.951 1.40
A = 5705.9 30000 0.852  0.496  0.856 1.20
SKT/28F = 0.60 40000  0.751  0.462  0.805 1.09
80000  0.616 0.720 0.895
AL 111 4p2P°-4d°D 10000  1.45 1.37 1.90
mult. 3 20000  1.14 1.14 1.47
A = 4523.2 30000  0.996 1.04 1.30
3KT/24E = 5.7 40000  0.909 0.983 1.19
80000  0.764 0.876 1.00
AL 111 4F2F°-5d2D 10000  4.42 4.14 5.25
mult. 6 20000  3.77 3.60 4.25
A = 4701.6 30000 3.38 3.35 3.82
3KT/28E = 10. 40000  3.16 3.18 3.56
80000  2.65 2.83 3.03
AL 111 4d%D-6F2F° 10000  5.92 4.82 5.40
' 20000  5.01 4.27 4.58
A = 2762.8 30000  4.50 3.95 4.15
3KT/28E = 320. 40000  4.20 3.72 3.87
80000  3.53 3.18 3.25
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Element/Transition T(K) WeewR) e (R) gy (R) W (R)
SI 11T 3p°PP-4s3s 10000 0.175-1 0.109-1 0.165-1  0.242-1
mult. 6UV 20000  0.124-1 0.772-2  0.129-1  0.180-1
A = 996.1 30000  0.101-1 0.630-2 0.114-1  0.154-1
3KT/2AE = 0.48 40000  0.876-2 0.546-2 0.106-1  0.139-1
80000  0.702-2 0.936-2  0.114-1
SI 111 4s%5-4p°p° 10000 0.728  0.438  0.604 0.932
milt. 2 20000 0.514  0.310  0.473 0.693
A = 4560.1 30000 0.420  0.253  0.422 0.594
3KT/20E = 0.48 40000  0.364  0.219  0.395 0.538
80000  0.289 0.350 0.438
SI III 4s'S-4p'p° 10000 1.25 0.736  1.02 1.59
mult. 4 20000 0.887  0.520  0.811 1.19
A = 5739.7 30000 0.724  0.468  0.729 1.02
3KT/28E = 0.97 40000  0.640 0.686 0.927
80000  0.518 0.613 0.760
SI I1I 4p3p°-4d°p 10000 0.762  0.456  0.746 1.06
mult. 5 20000 0.546  0.347  0.590 0.800
x = 3801.4 30000  0.463 0.529 0.691
3KT/24E = 1.3 40000 0.411 0.496 0.630
80000  0.342 0.438 0.520
SI II1 4p3p°-5s3s 10000  0.793  0.438  0.680 1.04
milt. 6 20000 0.571  0.326  0.555 0.792
A = 3237.8 30000 0.500 0.507 0.688
3KT/24E = 1.2 40000  0.458 0.481 0.628
80000  0.409 0.433 0.521
SI IV 3s25-3pZp° 10000 0.141-1 0.733-2  0.104-1  0.170-1
mult. 10V 20000  0.995-2 0.518-2 0.764-2  0.122-1
\ = 1396.7 30000  0.812-2 0.423-2 0.651-2  0.102-1
3KT/24E = 0.15 40000  0.703-2 0.366-2 0.588-2  0.902-2
80000  0.497-2 0.259-2 0.484-2  0.691-2
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Element/Transition T(K) wSEM(R) WSE(R) NGM(ﬂ) WG(R)
SI IV 3pZp°-3d%D 10000  0,109-1 0.659-2 0.116-1  0.156-1
mult. 3UV 20000  0.768-2 0.466-2 0.856-2  0.114-1
y = 1126.4 30000  0.627-2 0.380-2 0.730-2  0.955-2
3KT/28E = 0.18 40000  0.543-2 0.329-2  0.659-2  0.851-2
80000  0.384-2 0.233-2 0.541-2  0.670-2
SI IV 4525-4p2p° 10000  0.605  0.281  0.388 0.700
mult. 1 20000 0.428  0.199  0.298 0.512
A = 4097.9 30000 0.349  0.162  0.263 0.432
3KT/24E = 0.43 40000 0.302  0.140  0.245 0.386
80000  0.230 0.216 0.305
SI 1V 4p%p°-4d2p 10000  0.467  0.233  0.355 0.576
mult. 2 20000  0.346 0.281 0.429
i = 3160.3 30000  0.297 0.253 0.367
3KT/26E = 2.5 40000  0.267 0.237 0.332
80000  0.213 0.211 0.270
SI 1V 4d%Dp-5p2p° 10000 1.20 0.576  0.866 1.46
mult. 3 20000  0.884 0.692 1.09
A = 3766.0 30000  0.763 0.625 0.930
3KT/20E = 2.5 40000  0.701 0.589 0.841
80000  0.593 0.529 0.683
SI 1v 5p2P°-6s2s 10000 3.37 1.46 2.29 4.03
mult. 4 20000  2.55 1.27 1.89 3.03
A = 4323.5 30000  2.24 1.74 2.61
3KT/20E = 1.7 40000  2.12 1.66 2.37
80000  1.84 1.51 1.93
SI 1V 5d°D-6F°F° 10000  8.34 6.03 7.67
mult. 5 20000  7.09 5.39 6.34
A = 4212.4 30000  6.39 5.04 5.71
3KT/24E = 140. 40000  5.97 4.80 5.32
80000  4.91 4.22 4.49




Element/Transition T(K) Wepp(R) Wep (R) wGM(R) Wg(R)
P III 4s2S-4p2p° 10000  0.531  0.326  0.446 0.682
mult. 3 20000  0.375  0.230  0.347 0.507

X = 4230.4 30000 0.306  0.18  0.309 0.434
3KT/20E = 0.44 40000  0.265  0.163  0.289 0.392

80000  0.206 0.255 0.319

P I1T 4s*p%-ap?p 10000  0.462 0.388 0.594
mult. 9 20000  0.327 0.301 0.441

A = 3943.5 30000  0.267 0.268 0.377
3KT/24E = 8.9 40000  0.231 0,250 0.341

80000  0.176 0.220 0.277

P III 4p2P°-4d%D 10000  0.477  0.297  0.491 0.683
mult. 4 20000  0.349 0.390 0.516

i = 3228.8 30000  0.296 0.350 0.447
3KT/24E = 1.7 40000  0.269 0.328 0.408

80000  0.219 0.290 0.339

P IV 4s35-4p3p° 10000 0.330  0.158  0.216 0.385
mult. 1 20000 0.233  0.112  0.165 0.281

A = 3355.9 30000  0.191  0.912-1 0.144 0.237
3KT/24E = 0.35 40000  0.165  0.790-1 0.134 0.211

80000  0.121  0.648-1 0.117 0.166

PIV 4s's-4p'p° 10000  0.565  0.264  0.363 0.653
malt. 2 20000 0.399  0.18  0.279 0.477

A = 4249.6 30000 0.326  0.152  0.246 0.403
3KT/24E = 0.44 40000 0.282  0.132  0.229 0.360

80000  0.215 0.202 0.285

S 111 3d° -4p% 10000 0.216  0.135  0.221 0.301
mult. 2 20000  0.153  0.954-1 0.168 0.223

A = 3346.2 30000 0.125  0.779-1 0.147 0.190
3KT/24E = 0.41 40000 0.108  0.675-1 0.135 0.171

80000  0.773-1 0.116 0.139
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Element/Transition T(K) Ween(R)  Wee(R) gy (R) W (R)
S 11 3d3P°-4p°s 10000  0.205  0.128  0.209 0.286
mult. 3 20000  0.145  0.904-1 0.159 0.212
- 3233.4 30000 0.119  0.738-1 0.139 0.181
3KT/246 = 0.40 40000  0.103  0.640-1 0.128 0.163
80000  0.736-1 0.110 0.132
S 111 3d°0%-4p°p 10000  0.302  0.193  0.309 0.421
mult. 8 20000 0.214  0.137  0.235 0.312
A = 3950.5 30000 0.175  0.112  0.206 0.266
3KT/20E = 0.46 40000  0.151  0.966-1 0.189 0.240
80000  0.108 0.162 0.195
S 111 3s3P°-4p3p 10000  0.472  0.277  0.388 0.598
mult. 4 20000 0.33%  0.196  0.303 0.444
A = 4287.1 30000 0.273  0.160  0.270  0.380
(3KT/22E = 0.46 40000  0.236  0.139  0.252 0.343
80000  0.183 0.223 0.280
S 111 4s%P0-4p3p 10000  0.389  0.229  0.322 0.495
mult. 5 20000 0.275  0.162  0.251 0.368
A = 3840.0 30000 0.225  0.132  0.223 0.314
3KT/20E = 0.45 40000  0.194  0.115  0.208 0.284
80000  0.148 0.184 0.231
S 111 3s3p%-4p3s 10000 0.364  0.214  0.302 0.465
mult. 6 20000 0.258  0.152  0.235 0.345
A = 3692.3 30000 0.210  0.124  0.209 0.295
3KT/256E = 0.45 40000 0.182  0.107  0.195 0.266
80000  0.138 0.173 0.217
s v 3pp0-4s%s 10000  0.39%-2 0.202-2 0.306-2  0.503-2
20000  0.280-2 0.143-2 0.231-2  0.366-2
A = 553.1 30000  0.229-2 0.117-2  0.201-2  0.308-2
3KT/24E = 0.32 40000  0.198-2 0.101-2 0.185-2  0.275-2
80000  0.144-2 0.784-3 0.159-2  0.217-2
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Element/Transition T(K) Wepu(R)  Wep (R) gy (R) Wg(R)
S IV 4s2s-4p2p° 10000  0.245  0.118  0.162 0.287
mult. 1 20000 0.173  0.838-1 0.123 0.209
A = 3104.1 30000 0.141  0.684-1 0.107 0.176
3KT/2E = 0.35 40000  0.122  0.592-1 0.991-1  0.156
80000  0.886-1 0.476-1 0.861-1  0.123
CL 111 3d*P-4p*p° 10000 0.286  0.175  0.288 0.392
mult. 7 20000 0.202  0.123  0.218 0.290
A= 4045.8 30000 0.165  0.101  0.190  0.246
3KT/25E = 0.47 40000 0.143  0.873-1 0.174 0.222
80000  0.102 0.149 0.179
CL 111 4s%p-2p*p° 10000  0.284  0.171  0.238 0.363
mult. 1 20000 0.201  0.121  0.184 0.268
A= 3629.0 30000 0.164  0.987-1 0.163 0.229
3KT/26E = 0.47 40000  0.142  0.855-1  0.151 0.206 ;
80000  0.106 0.133 0.167 :
CL III 4s*p-aptp° 10000 0.246  0.148  0.207 0.315
mult. 2 20000 0.174  0.104  0.160 0.233
A = 3330.9 30000 0.142  0.853-1 0.141 0.199
3KT/20E = 0.42 40000  0.123  0.739-1 0.132 0.179
80000  0.908-1 0.116 0.145
CL IIT 4s7p-4p*s® 10000  0.226  0.135  0.190 0.290
mult. 3 20000 0.160  0.956-1 0.147 0.214
A = 3160. 1 30000  0.130  0.781-1 0.130 0.183
3KT/24E = 0.40 40000  0.113  0.676-1 0.121 0.165
80000  0.831-1 0.106 0.134
CL IIT 4s2p-4p2p° 10000  0.314  0.19%  0.266 0.404
mult. 5 20000 0.222  0.137  0.206 0.299
A = 3739.4 30000 0.181  0.112  0.182 0.255
3KT/24E = 0.53 40000  0.157  0.982-1 0.170 0.231
80000  0.118 0.149 0.187
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Element/Transition T(K) WeppR) e (R) g, R) wg(R)
CL 11T 4s2p-4p2p° 10000 0.243  0.157  0.212 0.318
mlt. 6 20000 0.172  0.111  0.164 0.236
A = 3300.9 30000 0.140  0.905-1 0.145 0.201
3KT/20E = 0.45 40000  0.121  0.784-1 0.135 0.182
80000  0.897-1 0.118 0.147
CL III 4s5-2D-4p~2F° 10000  0.271  0.165  0.229 0.348
mult. 10 20000 0.192  0.117  0.177 0.257
A = 3543.8 30000  0.157  0.953-1 0.156 0.219
3KT/26E = 0.59 40000  0.136  0.859-1 0.145 0.198
80000  0.100 0.128 0.160
CL III 4s-2p-4p-20° 10000 0.252  0.153  0.213 0.324
mult. 11 20000 0.178  0.108  0.165 0.240
A = 3394.2 30000 0.146  0.885-1 0.146 0.204
3KT/20E = 0.55 40000  0.126  0.785-1 0.135 0.184
80000  0.932-1 0.119 0.149
CL III 4s-%p-4p-2p° 10000 0.204  0.123  0.173 0.263
mult. 110V 20000 0.144  0.871-1 0.134 0.195
% = 2975.4 30000 0.118  0.711-1 0.118 0.166
3kT/2aE = 0.45 40000  0.102.  0.616-1 0.110 0.150
80000  0.748-1. 0.963-1  0.121
CL IV 4s3P°-4p3p 10000 0.162  0.991-1 0.122 0.200
20000 0.114  0.701-1 0.924-1  0.146
A = 3082.2 30000  0.933-1 0.572-1 0.806-1  0.123
3KT/20E = 0.32 40000  0.808-1 0.496-1 0.743-1  0.110
80000  0.589-1 0.391-1 0.643-1  0.870-1
LIV 4s3pC-4p3p 10000 0.131  0.819-1 0.100 0.164
: 20000  0.924-1 0.579-1 0.760-1  0.119
\ = 2767.6 30000  0.755-1 0.473-1 0.662-1  0.101
3KT/24E = 0.32 40000  0.653-1 0.409-1 0.609-1  0.899-1
80000  0.472-1 0.314-1 0.526-1  0.710-1




Element/Transition T(K) Wepy(R)  Wep(R) gy (R) Wg(R)
A 111 3d"3p%-gp3p 10000  0.164  0.114  0.183 0.238
mult. 6 20000 0.116  0.806-1 0.139 0.176
A = 3432.6 30000  0.949-1 0.658-1 0.120 0.150
3KT/24E = 0.42 40000  0.822-1 0.570-1 0.110 0.135
80000  0.583-1 0.938-1  0.110
A IIT 4s°5%-4p°p 10000  0.208  0.128  0.178 0.268
mult. 1 20000  0.147  0.906-1 0.137 0.198
x = 3296.6 30000 0.120  0.740-1 0.120 0.169
3KT/24E = 0.35 40000  0.104  0.641-1 0.112 0.152
80000  0.763-1 0.522-1 0.978-1  0.123
A IIT 4s-30%-4p-3p 10000 0.238  0.144  0.200 0.304
' mult. 2 20000 0.168  0.102  0.155 0.225
\ = 3492.1 30000  0.137  0.832-1 0.137 0.192
3KT/24E = 0.37 40000  0.119  0.720-1 0.127 0.173
80000  0.877-1 0.603-1 0.111 0.140
A III 4s-300-4p-3F 10000 0.221  0.134  0.187 0.283
mult. 3 20000  0.156  0.946-1 0.144 0.209
A = 3344.8 30000 0.128  0.772-1  0.127 0.178
3KT/24E = 0.37 40000 0.110  0.669-1 0.118 0.161
80000  0.813-1 0.553-1 0.104 0.130
A III 45"3p0-4pn3p 10000  0.141  0.807-1 0.117 0.178
mult. 4 20000  0.100  0.571-1 0.898-1  0.131
X = 3041.4 30000  0.816-1 0.466-1 0.791-1  0.112
3KT/24E = 0.40 40000  0.707-1 0.404-1 0.733-1  0.100
80000  0.513-1 0.641-1  0.810-1
ATV 4sp-ap*p® 10000  0.117  0.716-1 0.888-1  0.145
mult. 4UV 20000  0.829-1 0.506-1 0.670-1  0.106
A = 2810.9 30000  0.677-1 0.413-1 0.583-1  0.891-1
3KT/24E = 0.29 40000  0.586-1 0.358-1 0.536-1  0.795-1
80000  0.422-1 0.271-1 0.461-1  0.626-1
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Element/Transition T(K) WSEH(R) WSE(R) WGM(R) WG(ﬁ)
ATV 4stp-aptpO 10000 0.102  0.631-1 0.781-1  0.127
mult. 50V 20000 0.721-1 0.446-1 0.589-1  0.926-1
A = 2617.5 30000  0.588-1 0.364-1 0.512-1  0.780-1
3KT/24E = 0.29 40000  0.510-1 0.315-1  0.470-1  0.696-1
80000  0.365-1 0.234-1 0.404-1  0.548-1
A IV 4s2p-4p?DP 10000  0.133  0.813-1 0.101 0.165
mult. 2 20000  0.943-1 0.575-1 0.761-1  0.120
A = 2925.4 30000  0.770-1 0.469-1 0.663-1  0.101
3KT/24E = 0.31 40000  0.667-1 0.407-1 0.610-1  0.905-1
80000  0.482-1 0.313-1 0.526-1  0.714-1
ATV 4sp-4p-2FO 10000 0.114  0.701-1 0.868-1  0.142
mult. 6UV 20000  0.806-1 0.496-1 0.654-1  0.103
A = 2769.2 30000  0.658-1 0.405-1 0.569-1  0.868-1
3KT/24E = 0.29 40000  0.570-1 0.350-1 0.523-1  0.775-1
80000  0.410-1 0.263-1 0.449-1  0.610-1

4, Discussion and conclusions

From the results shown in Table 2, it appears that, for the
specified temperature and electron density regions, agreement
of modified semiempirical and semiclassical results with expe-
riments is quite good. The errors seem to be random and are
caused by uncertainties in both, calculations and experiments.
The average values of the ratios of measured to calculated

widths of ionized atoms are as follows: for doubly-ionized

atoms, RSEM = 1.06+0.32, RSE = 1.53+0.46, RGM = 0.96+0.24,
RG = 0.72+0.195 for triply-ionized atoms, RSEM = 0.91+0.42,
RSE = 1.56+0.85, RGM = 1.08+0.41, RG = 0.7240.32, The indi-

cated error represents an average quadratic error calculated
m
from o =¥ ¥ A{/m(m-1) where Ai is the difference between the

i-th aver&éé ratio for the multiplet and the average ratio for
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all multiplets.

The principal deficiency in the comparisons of theoretical
results for doukly and triply ionized atoms with experiments
comes from the lack of experimental line widths at higher
electron temperatures.

At the present time there are not enough experimental data to
show which modified approach is the better one, especially at
high temperatures. If one draws a conclusion based on a single
experiment for CIII and CIV lines [12], the modified semiclas-—
sical approach seems to describe the experiment better. However,
it should be emphasized here that there is little difference
between the results derived from the modified and unmodified

semiclassical expressions at high electron temperatures.

From the examples in Fig. 1 it seems that the modified semiem-
pirical formula agrees better with the experiments for singly
ionized atom lines, than its unmmodified version. This one may
expect, since in most investigated examples the semiempirical
formula can be . used in "lumped together" form [l]. In
these cases one can always count on higher accuracy of our
modified version. However, for intermediate electron energies
it is always better to take into account all perturbing levels
separately.
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ON THE SYSTEMATIC TRENDS OF STARK BROADENING PARAMETERS OF ISOLATED
LINES IN PLASMAS

N. Konjevit and M. S. Dimitrijevit
Institute of Applied Physics, P. 0. Box 24, 11001 Beograd, Yugoslavia

1. Introduction

A number of recently published papers have been devoted to the investi-
gation of the regularities and systematic trends of the Stark broadening
parameters of isolated, non-hydrogenic spectral lines in plasmas [1-15].
According to the approach to this problem one can divide all pubTished
papers in three groups. In one group [3, 10] regularities were Searched
among the experimental results and the conclusions were drawn on the basis
of the analysis of the configuration of atomic energy levels and transi-
tion probabilities. The investigations of regularities and systematic
trends of another group of authors strongly rely on the existing semi-
classical and semiempirical theories although comparisons with the experi-
mental results are made as well [1, 2, 5, 8, 9, 12, 13, 15]. A third group
of papers [4, 6, 7, 14) reports experimental results related to the study
of systematic trends,e. g. line widths and shifts of the same transition
of homologous atoms, line widths and shifts within multiplet etc.

Here, one should point out that on the basis of the comparison of experi-
ment and theory for neutral and singly ionized atom lines, good average
agreement is found: semiclassical results agree within +20 % [16] with
experiment while semiempirical results for-singly ionized atoms are in
agreement within 50 % with experimental data [16]. Therefore, to discuss
further systematic trends for neutral and singly ionized atoms, in the
first approximation one can use existing theories only and avoid numerous
comparisons with the experiments.

In this paper we investigate regularities and systematic trends which can

© 1981 Walter de Gruyter & Co., Berlin - New York
Spectral Line Shapes
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be derived from the existing theories of the Stark broadening of isolated
non-hydrogenic lines in plasmas.

At the beginningwe shall confine our discussion to the semiclassical theory
[16] of the Stark broadening. The analysis will be later extended to the
other theoretical approaches.

To facilitate further discussion we shall start with a general expression
for the Stark line width w and shift d in the frame of the dipole approxi-
mation:

WwHidaenN oyt 2 {A(pwij') + iB(ﬁ%> s = ii; FF° (1)
e -3 v v pV
where Ne is the electron concentration, v electron velocity, ﬁjj‘ matrix
element of optical electron coordinate operator, A and B are Stark broaden-
ing functions [16] , p impact parameter and w5 -energy difference between
Tevels j,j’ From the analysis of relation (1) one may conclude that
certain regularities and systematic trends on the basis of plasma as well
as atomic physics are to be expected. The dependence of Stark widths and
shifts on plasma parameters (electron density and to a minor extent
electron temperature) is very explicit and proven in a number of experi-
ments. However, in expression (1) the atomic physics factors are involved
in a rather complicated way so it is not clear explicitely what type of
* regularities should be expected. Here we shall further discuss only syste-
matic trends and regularities which are induced by atomic physics constants
used for evaluation of Stark broadening parameters.

2._Similarities within a given spectrum

From the analysis of relation (1) one may conclude that similar Stark
broadening parameters within a given spectrum and under the sme experimental
conditions are to be expected for all lines for which energy differences
between atomic states and corresponding matrix elements are approximately
the same. Therefore similarities and systematic trends can be expected
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between Stark broadening parameters of the lines within a multiplet, super-
multiplet and transition array.

Multiplet: For all lines within a multiplet, functions A and B in expression
(1) are practically the same. The difference may come only through the
values of matrix elements R?i and Rgf. However, within the dipole and LS
coupling approximation, the sum of all matrix elements for transitions
which begin or end on the level LJ does not depend on characteristics of a
particular Tine within the multiplet. If all other quantities in relation
(1) are nearly equal this summation can be performed straightforwardly.

In such a case relation (1) is the same for each particular 1ine within

the multiplet.

Differences between Stark broadening parameters of the lines within a mul-
tiplet may be appreciable in cases where: a) energy separation of the Tevels
within the multiplet can not be disregarded in comparison with energy sepa-
ration to the nearest perturbing level, and b) if higher order interactions
(quadrupole and higher) and interference terms are important.

Differences within a multiplet induced by the effects designated by b)
should not exceed + 10 %. However, separation of energy levels may induce
large differences within a multiplet. A good example are the AIL UV lines
289.2 nm and 294.3 nm which belong to the same multiplet. For these, the
measured. 1ine widths differ by more than 50 %: w289.2 = 0.0163 nm,

w294.3 = 0.0101 nm [17]1. These differences can be easily explained quali-
tatively on the basis of the analysis of the energy levels and the energy
separation to the nearest perturbing level, Fig. 1. In the case of the

A = 289.2 nm line the nearest perturbing level 3d‘2D3/2 to the upper level
4p'2P°3/2 is so close in comparison with the energy separation from
3d'2D5/2 to 4p'2P°3/2 for the A = 294.3 nm line that one expects a larger
Tine width. Theoretical calculations by Hey-[17] have proven quantitatively
this expectation.

Here, one should emphasize that exceptions Tike the previous one are very
rare and the Stark broadening parameters should be practically the same
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within a multiplet. This was also proven experimentally in a number of high
precision experiments (see e.g. Refs. 4, 6, 18). In cases when differences
within a multiplet exceed the experimental error of the measurements a care-

E/cm!

)2

. 39" Dy, FIG. 1. Part of Ar II - level
' 20° diagram taken from Behringer

', and Thoma [17].

172 5004+~

172 000

E=3/2 kT=20000cm

Table 1. Experimentally determined full halfwidths W_, the ratios of measu-

red [20] and calculated [16,19] halfwidths W_/W,. anll oscillator strengths
. L m’ "th

;i for the main transition [21].

Transition array Designation  A(R) W (R) W/ Wy, f,

(mult. no.) ik

011 2p°3s-2p2(3py3p  p-4pO 4649.14  0.11g  0.69 0.5

(1) 4650.84 0.123  0.72

Y40 4366.90 0.11;  0.93  0.297

(2) 4317.14 0.1, 0.9

%450 371275 0.10  1.09  0.123

(3) 3727.33 0.105  1.03

-20° 1491 013, 0.9

(5) ?

fPSZPO 3973.26  0.11g  0.803

6
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ful analysis of the causes of these differences should be performed.

Supermultiplet: On the basis of the similar considerations we have used for

multiplets Stark broadening parameters of all lines in a supermultiplet
should be approximately equal. This regular behaviour, however, is not
expected to be as close as for the multiplet case.

Here, one should notify that on the basis of the analysis of the computed
1ine widths for neutral and singly ionized atom lines [16, 19] one may

argue with this conclusion since in some cases differences within super-
multiplet go up to factor of two. Our analysis showed that this was indued
by large differences of the oscillator strength (f values) for the main
transition which enter directly into the above mentioned calculations by
Jones et al. [16, 19]. For all other perturbing levels these authors use
only one matrix element for every nZ-n'7' transition. An example is given

in Table 1. Here, the discrepancy between theoretical results [16, 19] and
experiment [20] increases with the growth of f value for the main transition.

It should be underlined that one can not always perform so simple an ana-
lysis on the basis of f values since this quantity enters not only in the
sum of matrix elements but also, after averaging over ¢ in the strong col-
lision term and the Stark broadening functions.

Transition array. Stark parameters of all lines within a transition array

should be roughly the same (see e.g. example in Table 1). However, all
remarks given for a supermultiplet are even more pronounced here.

3. Regularities within homologous atoms and ions

Since atoms with the same number of electrons in outer shells possess simi-
lar and regularly varying atomic structures they should suffer approximate-
1y the same broadening effects, or exhibit systematic trends if respective
transitions are compared under the same experimental conditions. An example
for earth-alkaline atoms is given in Table 2 which may be used to illustrate
the importance of experimental conditions (electron temperature) for the

derivation of systematic trends.
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Table 2. Theoretical full-halfwidths [16] and their ratios at different
electron temperatures

Wkl at 1x10 °em™
Element Transition
5000 K 40000 K
T T 0 -3 -2
Be II 2s S -2pP 1.424x10 0.300x10
Mg 11 3s's - 3pTp° 7.96x1073 1.192x1072
wMg/wBe 4.89 3.97

4. Regularities within isoelectronic sequence

A11 atomic parameters (ionization potential, oscillator strengths, energy
level structure) which enter Stark broadening formulae change regularly
along the isoelectronic sequence and therefore it seems that Stark broade-
ning parameters should change regularly as well. It should be notified ho-
wever, that various effects which influence 1ine broadening (spin-orbit
interaction, the contribution of quadrupole and higher order interactions,
change in energy levels distribution due to relativistic effects, importan-
ce of ion broadening etc.) depend, for higher ionization stages, in a diffe-
rent way upon Z. Thus, extrapolations from determined systemétic trends sho-
uld ‘be done with precautions.

5. Usefulness of various theoretical approaches for investigation
of systematic trends

Semiclassical approach [16].  \ery useful for all types of investigations
of systematic trends and regularities. However, due to various approximati-

ons the comprehensive numerical results of Jones et al. [16, 19] are useful
only for investigations of homologous atoms.

Semiempirical formula {22]. There is no sense to use this very crude
approach, in all cases wheresemiclassical results [16,19) exist. It can -
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not be used for a study of isoelectronic sequences since the Gaunt factor
dependence upon the ionization stage is not well known.

Adiabatic approach [16]. Good for lower temperatures (in scale of kT/AE
where k is Boltzmann constant, T is the electron temperature and AE is the
energy separation to the nearest perturbing level). It is very conveni-
ent that all atomic parameters are included via atomic polarisability a:

& (aj 2/3

..a)

W
neutrals )2/5

Wions - = (o

- o
where o and ap are polarisabilities of the initial and final state of the
electron transition.

Here one should stress once more that Stark broadening parameters are not
atomic constants. Therefore, the validity of systematic trends and regulari-
ties is limited to the experimental conditions for which they are derived.
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STARK BROADENING OF He I LINES OF ASTROPHYSICAL INTEREST : REGULARITIES
WITHIN SPECTRAL SERIES AND INFLUENCE OF DEBYE SHIELDING

M.S. Dimitrijevic+ and S. Sahal-Bréchot
Observatolire de Paris-Meudon
92125 Meudon Cédex, France

+Present address : Institute of Physics, P.0O. Box 57
11001 Beograd, Yugoslavia

By using a semiclassical-perturbation formalism for the Stark broadening
of atomic lines, we have calculated electron and proton impact linewidths
and shifts of 36 neutral He I lines as the continuation of our previous
work {1). These Stark broadening parameters have been calculated for 1li-
nes originating from upper energy levels with 4 < n < 10, and for anelec~

-3
tron density of 1013 em , typical of stellar atmospheres.

The obtained results have then been used for an investigation of the Stark
broadening parameters behaviour within spectral series. The results con-
firm previous conclusions (1, 2) : for lines belonging to a given spectral
series, the electron impact width increases gradually with the increasing
principal quantum number of the upper state. We obtain the same conclu-

sion for proton-impact widths. TFor the shifts we find that the upper le-
vel contribution increases gradually within a spectral series if RD > R

3
(the strong collision cutoffs R1, R R, and the Debye cutoff RD are des-

2> 73
cribed in ref. 3). In the case RD < R3 the shift is zero., The shift can
be negative (blue) for the lower members of a series, owing to the larger
polarization of the lower level of the transition; on the other hand, for

the higher members of the series it becomes positive (red), owing to the

gradual increase of the upper level contribution.

In order to investigate the influence of Debye shielding on the electron
impact width and shift, we have calculated line widths and shifts for seve-

ral lines as a function of the electron density. The quantities of inte-
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rest for the physical discussion are the ratios g? s %F, %‘ or the diffe-

rences between RD and R1, R2 or R3. The influencé of 2Deb?e shielding be-
comes large when RD approaches R1, R2 or R3. In that case the derived
widths and shifts are very sensitive to the cutoffs. This implies thatall
the Stark broadening calculations based on semiclassical perturbation theo-
ries become doubtful when Debye shielding effects become important. Refi-
nement of the calculations, by introducing for instance a Debye—Huckel po-
tential should be vain, owing to the failure of the semiclassical perturba-—
tion treatment. In fact, a statistical quantum theory, which should take
into account in a ccherent way both close—coupling collisional and collec-

tive effects becomes necessary.
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STARK BROADENING OF K I REGULARITIES WITHIN SPECTRAL . £5

Milan S. Dimitl"ijeviél and Sylvie Sahal-Bre'chot2
lAstronomical Observatory, Volgina 7, 11050 Beograd, Yugoslavia

2Obser‘vatoire de Paris, 92195 Meudon Cedex, France

Stark broadening parameters for potassium lines are useful for a number of
problems in plasma diagnostics, astrophysics, technology of high-pressure
discharge lamps etc. Using the semiclassical-perturbation formalism [1,2], we
have calculated Stark broadening parameters for 50 neutral K lines. Besides
electron-impact widths and shifts, Stark broadening due to proton-impacts
(for astrophysical purposes) and Ar li-impacts (for laboratory plasma
diagnostics) have been calculated. The results obtained have also been used
to continue our investigation of systematic trends among Stark broadening
parameters within spectral series[3-5].

As an example of results obtained, in Figs la,b the behaviour of elactron-
impact full halfwidths and shifts within Aszs-nsz0 series is illustrated for
different plasma temperatures (2000 and 30,000 K). By inspecting energy
separations between the upper level and the principal perturbing levels (see
Grotrian diagrams in Ref. 6) we find that this value decrease gradually
within a spectral series. Moreover in Figs. Ic and Id the contributions of
elastic, inelastic (for upper level only) and strong collisions to the line
widths within the spectral series considered are presented for T=2000 and
30,000 K and we can see that they also change gradually., Thus we obtain
a8 gradual change of Stark broadening parameters as expected.

Spectral Line Shapes, Vol. 4
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Fig. 1. Electron-impact broadening parameters for K I Aszsl-gmpzpc_’_slines as
a function of n. for T=2000 and 30,000 K at N =10 7 cm . a) full
halfwidth b) shift ¢) full halfwidth due to elasﬁc-l, strong-2, and
inelastic (only for upper level) collisions-3, at T=2000 K d) as in lc
but at 30,000 K,
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MODIFIED SEMIEMPIRICAL ESTIMATES OF ION LINES STARK
BROADENING I.THEORY

Milan S.Dimitrijevié'
Nikola Konjevié?
Viadimir Kriljanin‘

'Altrononical Observatory, Volgina 7,

11050 Beograd, Yugoslavia

zlnctitute of Physics,
11001 Beograd, P.0O.Box 57, Yugoslavia

In 1968 Griem suggested a simple semiempirical formula [1]
useful for singly charged ion lines. This method las been
modified recently in order to avoid extensive set of input
atomic data and to appropriate for multiply charged ion 1li-
ne widths [2,3] and shifts [6]. Tables of calculated Stark
widths of prominent lines of some doubly and triply charged
ions are given in [3]. At the low temperature limit simple
analytical expressions have been derived [5] too. Here the
complete modified semiempirical method is presented. In or-
der to reduce the input set of atomic data and to extend the
applicability of semiempirical method [1] to higher stages
of ionization, Dimitrijevié and Konjevié [2] separated the
transitions with An = 0 and introduced for them different
Gaunt factor. Transitions with 4n # O are summed separately.
Half-half width w and shift d of ion spectral line broadened
by Stark effect become now

2 1/2 -
47 A~ 2n n 2
Vel eN TSGR 5L P B
*

Spectral Line Shapes, Vol. 4
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~ 2 N .
L8 (X k)] ¢ Ry o [BOxy pog) - dege, (x )] ¢+ (D)

+2 . o +2
X(Rjj,)AnfOES(xj) + 1ejg.h(xj)] 2‘55[fqégjj’)bnﬁossh(xjj’)}}

Here k =» lj, i and f denote the initial and final levels

sg” s : . *2 s>, 2
€, = #1 if j = i and -1 if j = f and Ry,, = [<ilxlir>]“.

Gaunt factors g, E, g and E'h are given as a function of

sh

x in the table. Here X550 = 3kT/2AB.., H xj = 3an331622!n
vhere EH is the hydrogen ionizationJJenergy.
x st 2 3 5 10 30 100
g 6.2 0.2 0.24 0.33 0,56 0.98 1.33
g 0.7 =1.1/2+g
8en 0.2 0.25 0.32 0.45 0©.66 0.82 0.87
Z =2 iah 0.35 0.40 0©0.47 0.58 0.70 0.82 0.87
Z «3 §'h 0.53 0.54 0.57 0.62 0.70 0.82 0.87
Z =4 i'h 0.62 0,63 0,63 0.65 0,70 0.82 0.87
Z > 4 th 0.88 -1.1/2+40,01 +0.01%x/2Z; x$100

When the nearest perturbing level is so far that 3kT/
/ZIAE.j,ISZ is satisfied, Eq.(1) may be considerably simpli-
fied tSJ. In the following paper [6] the described method

is used for the evaluations of Stark broadening parameters
of ionized atom lines.
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MODIFIED SEMIEMPIRICAL ESTIMATES OF ION LINES STARK
BROADENING II. APPLICATION

Milan S.Dimitrijevié'
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Vliadimir Ktlljanin‘
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11050 Beograd, Yugoslavia
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The modified semiempirical method presented in the preced-
ing paper [1] is used here for the calculation of Stark
widths and shifts of singly ~, doubly - and triply - char-
ged ion lines. The expression for width (Eq. (1) [1]) is
tested in Ref. [2] on a set of experimental data for 36 mul-
tiplets of doubly and 7 multiplets of triply charged ions.
The average values of the ratios of measured to calculated
widths are 1.06 £ 0.31 for doubly -~ and 0.91 ¢t 0,42 for
triply charged ions. In order to test simplified form of
Eq.(1) [1] derived for the low temperature limit [3] we com-
pared with the results of comprehensive width calculations
for doubly and triply ionized atoms [A] in wvhich Eq. (1) [1]
is used. The discrepancy did not exceed %30% in average.
Furthermore, comparison is made between simplified Eq. (1)

[1] with available experimental results in cases when low
temperature limit of Eq.(1) [1] may be applied. The average
ratio of experimental and calculated values is 1.04, while
this ratio is 1.01 when Eq.(1) [1] is used. In Table 1 are

compared experimental results Vo for analogous transi-
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tions of doubly ionized inert gases [4] with results from
Eq.(1) [1] and its simplified form for the low temperature
limie, LTL Eq.(1):

2 -3 3n, 2
v(2)=2.215-108 &122%§§55——)(0.9- l%l);vcfii) (nf-&?—zj-t)
T /el

On the basis of the presented results we believe that modi-
fied simiempirical method is adequate when evaluating a lar-
ge number of ion line widths and shifts or when rapid
estimates are required.

TABLE 1

FULL WIDTH IN & AT N=1x10'’cm™3

ION WAVELENGTH TEMP,

o
(A) (x) Yo YEq.(1)  “LTLEq. (1)
NeIll 12677.90 34000 0.063 0.052 0.049
2678.64 34000 0,063 0.052 0.049
ArIII 3509.33 27500 0.160 0.153 0.174
3514,18 27500 0.148 0.153 0.174
KrIIIl 3564.23 26000 0.160 0.168 0.194
XelIIl 3780.98 27000 0.222 0.235 0.267
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SIMPLE CONVERGENT FORMULA FOR ESTIMATING STARK
WIDTHS AND SHIFTS FOR NEUTRAL
AND IONIC LINES
-~ M.S. Dimitrijevic
Astronomical Observatory, Volgina 7,Yu-11050, Beograd, Yugoslavia
N. Ben Nessib, Z. Ben Lakhdar

Faculté des Sciences de Tunis, 1060 Campus Universitiaire, Tunis, Tunisia

ABSTRACT

Formula for estimating Stark widths and shifts of neutral and ionized atom lines
have been derived from a convergent theory that avoids the computatlon of minimum
impact parameter.

1. INTRODUCTION

In stellar atmosphere calculations, collisional broadening parameters for large
number of lines of various elements are required. To obtain these data, one can use the semi-
classical or the quantum mechanical approaches! which both require elaborate calculations
even for one line. ,

For neutral atom lines the simplified semi-classical methods?-> are very convenient.

For char%ed ion lines, one can use the modified semi-empirical (M.S. E) approach for
width® and shift” calculations.

2. GENERAL FORMULA

We extend our previous formula for Stark broadening of neutral atom lines? to ion case
using a new collision functions with two parameters because the straight path trajectory is

changed in a hyperbolic one with excentricity €. We start with the convergent Bassalo-
Cattani-Walder (B.C.W.) theory?-%, and according to S. A. Freudenstein and J. Cooper3, we

have approximated the velocity average by v = 1’§£ where T is the temperature and m
m

the electron mass. The haif-half width w and shift d are then given by :

LM

7
i 8} 0
i

w+id=N7v>
with

533




fjj-(T) = J'z{l-cxp{—igjaﬂ-(z.v)}]dz (2)

0
and
2
2 ¢* Rjj w,, [B (2,8)— lA (z, 5)}
o (V)= -5 (3
e
& is a dimensionless parameter ( E= ” where a =Z——> and Z is the ion charge) .
myv

3, SIMPLIFIED COLLISION FUNCTIONS

For neutral lines, the collision functions!®11 A(z) and B(2) vanishes at large 2:

. b 4
. A(z»]) = n2exp(-22) and B(2»l) = z—z- @
They approach one and zero respectively for 2=0: A(zel) =] and B(z«1) = 0,
so we propose new simplfied collision functions as:
¥4
= (5

A,(2) = Ag(2,& = 0) = (1+ m2)exp(-22)and B5(2) = By(2,§=0) 20+ )

For ion lines, the variables ( 8.£) are used in the original definition of the collision

52 -1 z2
od and the factor 3 =3 =
£ “+&°

expressions! 3

is

functions1?-14, the variables (8,5 ) are also us

introduced to preserve the same form for atomic and ionic

=Ve?-1 g,6=¢(e=1)). Forsmall ¢, we have the asymptotic expressions :
2

A(z«l, &) = (1+7t§) — and B(z«l, &)=0
C

7 2

b/
d B(z»l, =-—
and B( g) _+§2

6)

2

@

A(z»), &) = mzexp(=22+ n’é)
valid for small & and large € :
3 H
2 b 4
(1+ mz) exp —2:+2§Arcxg(—) andB,(2,8) = —5- (8
2 ) ¢ 8= T e
simplify also the convergent
rturber levels and high

We propose the simplified functions ,wh:ch are

Ag(2,.8)= 7

This simplified Ag and Bg functions for small E and large €,
formula in the astrophysicaly interesting case of close dominating pe

temperature. 4. CONCLUSION
This simple convergent formula might be of interest for opacity calculations &f stellar
atmosphere modelisations. ;
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STARK BROADENING OF CIV LINES OF LARGE PRINCIPAL
QUANTUM NUMBER : REGULARITIES WITH[N SPECTRAL SERIES
M.S. Dimitrijevic
Astronomical Observatory, Volgina 7, 11050, Beograd, Yugoslavia
S. Sahal-Bréchot
Observatoire de Paris-Meudon, 92195 Meudon, France

1 Introduction

We have calculated recently, Stark broadening data for 39 C IV muitiplets’2. Our
tables however are not sufficiently complete for the investigation of>* PG 1159 stars
. The PG 1159 stars are hot hydrogen deficient pre—white dwarfs with effective tem-
perature 100,000 — 140,000K and carbon and helium as the dominant constituents
(C/He= 0.5)*. Due to the high surface gravity (log g= 7) Stark broadening is an im-
portant line broadening mechanism and Stark broadening data are needed for NLTE
model atmosphere analysis? and other stellar plasma investigations. Moreover, Stark
broadening data in far and extreme ultraviolet, for lines originating from transitions
between energy levels with large principal quantum number and low lying levels will
become important for astrophysics in the near future due to the Extreme Ultraviolet
Explorer (EUVE) and the Far Ultraviolet Spectroscopy Explorer (FUSE) missions.

Here, we present and discuss the results for C IV multiplets of large principal
quantum number, along with a discussion of the Stark broadening parameter regu-
larities within spectral series .

2 Results and discussion

In order to provide the needed data for stellar plasma analysis, Stark broadening
parameters for C I[V12 | Si IV, N V, O VI, Sc III and Ti IV lines (see Ref. 5 and
Refs. therein), have been calculated recently, using the semiclassical — perturbation
formalism.®" In order to provide needed Stark broadening data for research &f PG
1159 stars and for the analysis of results of EUVE and FUSE missions, we have

- calculated here, electron—, proton—, and ionized helium—impact line widths and
shifts for 69 C IV multiplets of large principal quantum number, as functions of
temperature and perturber density.

The obtained set of results has been used for the analysis of systematic trends in
spectral series. In Figures 1—2, the electron full halfwidth and shift within 2p2P°—
ns?S series are reported. By inspecting the energy separation between the upper level
and the principal perturbings levels, we find that this separation decreases gradually

- within a spectral series. We obtain as a consequence, a gradual change of the Stark
' widths as in the case a.nalysed in Ref. (1) when the upper level was a p level. In Figs 3
and 4 the case of C IV np?P° — 9s2S transitions, i.e. the case when the upper level does
not changes is presented. We can see that particularly in the case of shift the changes
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of Stark broadening parameters are relatively small, permitting the interpolation of
new data or critical evaluation of mutual consistency of existing data.
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CCD Solar Observations

E C Matei
Astronomical Institute of the Romanian Academy, Str.Cutitul de Argint 5, O.P. 28, Ro-75212

The paper presents a history of the CCD using in astromomy as well as some technics for improvement
of the image quality. There are disccused the difficulties met in chromospheric observations with a SBIG ST7
CCD camera through H, filter using the PC. It also presents few image acquisition problems.

Solar Physics during the Last Three Decades at Astronomical Observatory in
Belgrade

I Vince

Astronomical Observatory, Volgina 7, 11050 Beograd, Yugoslavia

Solar research at Belgrade Astronomical Observatory occasionally performed since the foundation of
our Institute in 1887. But, from 1968 until now we permanently carried out experimental and theoretical solar
research. In this invited lecture I'll present our main scientific results and our planes for the next several years.

Based on this lecture I will propose a scientific cooperation program in solar physics research between South-
Eastern European Countries.

Solar Plasma and Stark Broadening Investigations

M. S. Dimitrijevie

Astronomical Observatory, Volgina 7, 11160 Belgrade, Yugoslavia

Broadening due to interaction between emitter and charged particles (Stark broadening) is dominant in a
number of cases of astrophysical interest. Here, the importance of Stark broadening for

Solar plasma research will be discussed in details. In cooler star atmospheres as e.g. Solar one, Stark
broadening may be important. Namely the influence of Stark broadening within a spectral series increases
with the increase of the principal quantum number of the upper level and Stark broadening contribution may
become significant for Rydberg atoms and ions where the optical electron is weakly bound to the core, so that
¢.g. high member Balmer series lines may be used as a

We discuss also the case of Solar infrared Mg lines and the importance of Stark broadening for

subphotospheric layers modeling and considerations. )
i)
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Abstracts of the Poster Contribuiions

(in alphabetical order according to the presenting author’s surname)

Volkan BAKIS, Canakkale Universily, Department of Physics, bakisv@physics.comu.edt ‘v

TITLE: Discovery of New Variable Stars at Ganakkale University Observatory
AUTHOR(S): V. Bakig, H. Bakig, O. Demircan, E. Budding, A. Erdem, C. Gigek, C.

ABSTRACT: We present discovery of three variable stars at Ganakkale University Observato:. Methods of data reduction and
detecting magnitude variations of stars in the series of ccd images are discussed.

Julyan CARTWRIGHT, CSIC - Granada, Spain, julyan@/ec.csic.es
TITLE: Pulsating The Morphologies of Ices in the Solar System
AUTHOR(S): J. Cartwright

ABSTRACT: Ice, the solid phase of water, is ubiquitous in the universe. Understanding ice helps s to comprehend water, a simple
triatomic molecule, but one with much complex behaviour, and vital and fundamental to the living werid. lcy particles in the stratosphere
are implicated in ozone depletion chemistry, and as such play an important part in determining the climate on Earth. lce may be involved
in the origin of life itself, amino acids have been created on ice under the conditions of the interstella, medium of space, suggesting that
the precursors of life, or even life itself, could have arrived here on Earth from space, from comets ' meteorites. This presentation will
review the presence of icy films throughout the solar system; their morphologies, physics, and chemis!i y.

Vladan A. CELEBONOVIC, Institute of Physics, Center for Experimental Physics, vladani “ahy.bg.ac.yu

TITLE: Basics of Dense Matter Physics and Applications to Astronomy
AUTHOR(S): V. A. Celebonovié

ABSTRACT: The aim of this paper is to present basic notions of dense matter physics and some ¢ s applications to geophysics and
astronomy. Topics covered in the paper include: basic observational data, fundamental ideas of tatic high pressure experiments,
notions of theoretical dense matter physics, and finally some details about theoretical work on dense ..atter physics and its astronomical
applications in Serbia.

Michel DENNEFELD, Institut d'Astrophysique (IAP-Paris), dennefel@iap.fi
TITLE: Telescope Access Possibilities Within Europe

AUTHOR(S): M. Dennefeld

ABSTRACT: -

Milan DIMITRIJEVIC, Astronomical Observatory Belgrade, mdimitrijevic@aob.bg.ac.yu

TITLE: Stark Broadening of Spectral Lines for Solar and Stellar Plasma Research
AUTHOR(S): M. S. Dimitrijevic g

ABSTRACT: Broadening due to interaction between emitter and charged particles (Stark broadenir: s of interest for solar and stellar
plasmas bul also even for extreme conditions in intersteflar molecular clouds or neutron star atmosp! -7es. It is first of all interesting for
hotter slars like A-type stars, PG1195-type stars and white dwarfs, where the hydrogen, the main ¢ . stituent of stellar atmospheres is
mainly ionized, and among collisional broadening mechanisms for spectral lines, the dominant is th- Stark effect. Even in cooler star
atmospheres as e.g. Solar one, Stark broadening may be important. For example, its influence within  spectral series increases with the
increase of the principal quantum number of the upper level and consequently, its contribution may b-  ome significant even in the Solar
spectrum. It is also important for the study of subphotospheric layers. Here we will give a review of p  nlems in solar and stellar plasma
investigations where Stark broadening data are of interest.
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A Development of the Solar Physics in l:"ulgaria

P. I Duchlev

#

Institute of Astronomy, 72 Tzarigradsko chaussee Blvd., BG-1784, Sofia, Bulgaria

In this paper, we trace the history of Solar Physics in Bulgaria from the early period of the Bulgarian
astronomy, via the epoch when the Institute of Astronomy of the Bulgarian Academy of Sciences was
established, to the present time when the Solar Physics Section of the Institute of Astronomy is actively
working. Three main topics of the solar researches in Bulgaria (solar activity, solar eclipses and theoretical
activities) are presented. Several important results, obtained during different years, are considered and
discussed. The activities of other solar research of the Departments of the Bulgarian Academy of Sciences are
also considered.

Influence of Chemi-Ionization and Chemi-Recombination Processes on the Plasma
Kinetics in the Solar Atmosphere

A. A Mihajlov ", M. 8. Dimitrijevic ¥ and L. Ignjatovic ¥
Y Institute of Physics, Pregrevica 118, 11080 Zemun, Yugoslavia
? Astronomical observatory, Volgina 7, 11160, Belgrade, Yugoslavia

In several papers we have introduced and investigated, chemi-recombination processes during the free
electron scattering on the quasi-molecular collisional complexes H(1s)+H ion and molecular hydrogen ions in
the weakly bound rhovibrational states, as well as H ion - H atom radiative processes of charge exchange and
association during H and H(1s) collisions.

We discuss and present here results of our mnvestigations of the influence of such radiative processes on
continuous electromagnetic emission (absorption) optical spectrum of Solar photosphera and chromosphera.
Our results show that these processes not taken into account up to now, should be taken into account for
modelisation of generation and transfer of continuous electromagnetic radiation in particular layers of Solar
photosphera and chromosphera, although they make only a negligible contribution to the emergent cotinuous
spectrum of the Sun.

We present and discuss also results of our considerations of the influence of the H atom - H ion - e and
H molecular ion - ¢ chemi - recombination processes on the highly excited hydrogen atom population in the
photosphere and lower part of the chromosphere. It has been shown that these chemi - recombination processes
have an impottant role in the large region around the temperature minimum in the Solar atmosphere, where they
are comparable to the other relevant recombination processes, or even dominant and that they should be taken
into account for the modelling of the weakly ionized layers in the Solar atmosphere.
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Some Spectroscopic Methods for Astrophysical
Plasma Research

L. C Popov1c M. S. D1m1tr1va1c E Mc:d1av111a4r E. Danems ,E.
Lyrat21 E. Bon', D. 1li¢}, P. Jovanovi¢', E. Theodossiou™ and M. Dagi¢"

*Astronomical Observatory Belgrade, Volgina 7, 11160 Belgrade, Serbia
Tnstituto de Astrofisica de Canarias C/ Via Lactea, s/n E38200 - La Laguna (Tenerife), Spain
" University of Athens, Faculty of Physics, Department of Astrophysics, Astronomy and Mechanics
Panepistimiopolis, Zografos 15784 Athens, Greece
‘Department of Astronomy, Faculty of Mathematics, University of Belgrade, Studentski trg 16,
11000 Belgrade, Serbia

The emission lines of active galactic nuclei (AGNSs) are produced over a wide range
of distances from the central continuum source and under a wide range of physical and
kinematical conditions (see e.g. [1,2] and references therein). The line strengths, their
widths, and shapes, are powerful tools for emitting gas diagnostics in different parts of
the emitting region of an AGN. Generally, the emission line region in AGNs can be
divided into two regions; the broad-line region (BLR) emits very complex broad lines
(FWHM-~several 1000 km/s) of low ionized atoms and neutrals, and the narrow-line
region (NLR) emits the narrow lines (FWHM-~several 100 km/s), mamly high ionized
atoms from forbidden transitions. The physics in the broad-line region (BLR) is more
complicated than in the narrow-line region (NLR).

Here we will present some of spectroscopic method for emission gas research in the
BLR of AGNs: (1) we will demonstrate the possibility to use the Boltzmann-plot
method to estimate of physical conditions in the BLRs [3]; (2) we will discuss the
applicability of so called "Gaussian method" for spectral line shape investigation of
NLRs and BLRs [3,4,5]; (3) we will present a method for fitting of the line profiles
with a kinematically complex model. We apply a two-component model assuming that
the line wings originate in a very broad line region (VBLR) and the line core in an
intermediate line region (ILR) of AGNs. The VBLR is assumed to be an accretion disk
and the ILR a spherical emission region [6]; (4) Also, a model for fitting of broad
absorption lines in quasars will be discussed [7,8].

1. Osterbrock, D.E. 1989, Astrophywcs of Gaseous Nebulae and Active Galactic Nuclei (Mill Valle:
University Science Press).
. Sulentic, J. W., Marziani, P., & Dultzin-Hacyan, D. 2000, ARA&A, 38, 521.
Popovié,L C., Mediavilla, E. , Bon, E,, Stani¢, N, Kubiela, A. 2003, ApJ 599, 185.
Popovi', L. C,, Stani¢, N., Kublccla A &Bon,E 2001, A&A, 367, 780
Popovic, L. C Mediavilla, E, Kubiéela, A& Jovanovié, P. 2002, A&A, 390, 473.
Popovi¢, L. C., Mediavilla, E., Bon, E., Tlié D. 2004a, A& A accepted (astro-ph/0405447).
Popovi¢, L. C Danezis, E., Lyratzi, V., Dimitrijevi¢ M.S., Soulikias, A., Theodossiou E. 2004b, in
preparation
Danezis, E., Nikolaidis, D., Lyratzi, V., Stathopoulou, M., Theodossiou, E., Kosionidis, A,
Drakopoulos, C., Christou G. & Koutsouris, P. 2003, Astrophysics and Space Science, 284, 1119.
»
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General Plasmas

Stark Broadening of Neutral Cadmium
Spectral Lines

Zoran Simié!, Milan S. Dimitrijevi¢', Sylvie Sahal-Bréchot?,
Nenad Milovanovi¢', Zorica Cvetkovic!

! Astronomical Observatory, Volgina 7, 11160 Belgrade, Serbia and Montenegro
2 Observatoire de Paris-Meudon, 92195 Meudon, France

Abstract. Stark broadening parameters, widths and shifts, for 13 Cd I multiplets in UV and V
spectral ranges have been calculated using the semiclassical perturbation method. Obtained
results have been compared with available experimental and theoretical data.

INTRODUCTION

Spectral lines of neutral cadmium are of astrophysical interest, since such lines are
present in stellar atmospheres. The Cd I Stark broadening parameters are needed
especially for chemically peculiar (CP) stars, for example 68 Tauri [1] where neutral
cadmium is overabudant.

Here, we will calculate within the semiclassical perturbation approach, Stark
broadening parameters of 13 Cd I transitions, for conditions typical for astrophysical
and laboratory plasmas. The obtained results will be compared with available
experimental and theoretical values.

RESULTS AND DISCUSSION

Stark broadening parameters (the full line at half maximum-w and the line shift-d)
of neutral cadmium were determined by using the semiclassical perturbation
formalism. This formalism, as well as the corresponding computer code [2, 3], have
been updated and optimized several times [4, 5, 6, 7]. The calculation procedure, with
the discussion of updatings and validity criteria, has been briefly reviewed in [8].
Atomic energy levels needed for calculations have been taken from [9]. The oscillator
strengths have been calculated within the Coulomb approximation [10], and the tables
[11]. For higher levels, the method [12] has been used.

Results for electron-, and proton-impact broadening parameters for 13 Cd I
transitions for perturber density of 10'® cm™ and temperatures from 2 500 K up to
50 000 K are shown in Table 1.
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TABLE 1. Electron-, and proton-impact broadening parameters for Cd I spectral lines, for perturber
density 10'® cm” and temperatures from 2 500 X up to 50 000 K. Transitions and averaged
wavelenghts for the multiplet (in nm) are also given. By dividing C (cm™ 10" nm) by the
corresponding full width at half maximum [6], we obtain an estimate of the maximum perturber
density for which the line may be treated as isolated and tabulated data may be used. For valucs
shown in the Table, impact approximation is valuable. When it is not the case, such values are
omitted.

PERTURBERS ARE: ELECTRONS PROTONS
TRANSITION T (K) WIDTH SHIFT WIDTH SHIFT
(10" nm) (10" nm) (10" nm) (10" nm)
65°S° - Tp °P° 2500 1.75 1.17 ‘
5000 1.87 L1S
740.09nm 10000 2.00 0.999 0.516 0.367
C=0.20E+19 20000 2.16 0.757 0.572 0.443
30000 222 0.630 0.609 0.487
50000 2.26 0.475 0.662 0.544
65°8° - 7p °P! 2500 1.82 121
5000 1.94 118
738.70nm 10000 2.06 1.02 0.533 0.380
C=0.18E+19 20000 221 0.772 0.592 0.460
30000 227 0.641 0.631 0.506
50000 2.30 0.480 0.687 0.565
65°8° - Tp°P* 2500 205 1.33
5000 2.17 126
734.82nm 10000 2.30 1.07
C=0.14E+19 20000 241 0.815 0.668 0.521
30000 2.44 0.669 0.714 0.575
50000 2.44 0.489 0.781 0.643
65°S° - 8p °P° 2500 3.93 222
5000 4.13 224
611.79nm 10000 436 1.94
C=0.62E+18 20000 4.55 1.53
30000 4.58 1.27
50000 4.53 0.920
6578° - 8p °P' 2500 4.10 2.28
5000 431 2.28
611.32nm 10000 4.53 1.96
C=0.57E+18 20000 4,70 1.55
30000 471 128
50000 4.64 0.922
6s°S° —8p °P* 2500 4.65 2.52
5000 487 2.36
610.08nm 10000 5.10 2.01
C=0.44E+18 20000 5.15 1.58
30000 . 5.10 130
50000 497 0918
65°S° - 9p °P° 2500
5000 8.33 3.75
560.84nm 10000 8.86 3.24
C=0.28E+18 20000 9.15 261
30000 9.11 2.16
50000 8.92 1.52
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TABLE. 1. Continued.

PERTURBERS ARE: ELECTRONS PROTONS
TRANSITION T (X) WIDTH SHIFT WIDTH SHIFT
(10" nm) (10" nm) (10" nm) (10" nm)
65°5°—9p °P' 2500
5000 8.64 3.76
560.62nm 10000 9.17 3.24
C=0.26E+18 20000 9.40 2.61
30000 9.34 2.16
50000 9.12 1.51
65°8° —9p °P* 2500
5000 9.58 3.68
560.03nm 10000 10.1 3.20
C=0.20E+18 20000 10.2 2.56
30000 10.0 2.10
50000 9.71 1.47
65°S° - 10p °P° 2500
5000
534.09nm 10000
C=0.11E+18 20000 17.7 3.61
30000 17.6 2.99
50000 17.1 2.09
5pP° - 65°8° 2500 0.321E-01 0.255E-01 0.812E-02 0.673E-02
5000 0.380E-01 0.300E-01 0.905E-02 0.783E-02
494.13nm 10000 0.436E-01 0.353E-01  * 0.101E-01 0.900E-02
C=0.17E+20 20000  0.472E-01 0.387E-01 0.113E-01 0.102E-01
30000  0.502E-01 0.394E-01 0.120E-01 0.110E-01
50000  0.531E-01 0.356E-01 0.131E-01 0.121E-01
5p°P° - 75°8° 2500 0.689E-01 0.485E-01 0.149E-01 0.113E-01
5000 0.800E-01 0.576E-01 0.167E-01 0.139E-01
319.31nm 10000 0.884E-01 0.660E-01 0.188E-01 0.164E-01
C=0.25E+19 20000 0.949E-01 0.664E-01 0.211E-01 0.189E-01
30000 0.101 0.649E-01 0.225E-01 0.205E-01
50000 0.108 0.545E-01 0.245E-01 0.226E-01
5pP° - 8s°38° 2500 0.160 0.105 0.328E-01 0.208E-01
5000 0.184 0.127 0.369E-01 0.277E-01
282.21nm 10000 0.203 0.139 0.415E-01 0.341E-01
C=0.94E+18 20000 0.231 0.135 0.466E-01 0.404E-01
30000 0.246 0.118 0.498E-01 0.442E-01
50000 0.278 0.982E -01 0.543E-01 0.491E-01

In Table 2, our results are compared with existing experimental results {13] for Cd I
5p P° — 6s *S° spectral line. With wy,, are denoted experimental full widths at half
maximum in (nm), with wy, our theoretical results and with wy, theoretical results [14]
determined by the GBKO theory [15].

The experimental widths of Cd I 5p *P° — 6s *S® multiplet were determined [13] by
using spark discharges in tube with Cd(CHjs), and Cd(C;Hs); for perturber density
normalized at the value of 10'” cm™ and for temperature of 11 100 K.

Our results are in disagreement with experimental results [13], for 5p *P° - 6s *S°
multiplet, as well as the theoretical results [14]. In ref. [16] the selfabsortion is
indicated as a possible reason for this,
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TABLE 2. Experimental-w,, [13], and theoretical values of Stark widths (wy-our results, wy,-[14])
for Cd I 5p °P° — 65 *S° multiplet.

TRANSITION Mnm) Wr(num) Win Wiy
508.58 0.367 6.41 6.34
5pP° - 65 38° 479.99 0.384 753 6.63
467.82 0.174 3.59 3.00

The new experimental determinations of Stark broadening parameters will be of
interest for comparison with our and other theoretical data and will be useful for
research and modelling of astrophysical plasmas.
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Abstract. Stark broadening parameters, widths and shifts, for 16 multiplets calculated with
energy and oscillator strengths obtained with the SUPERSTRUCTURE code of the Si V lines
have been calculated using the semiclassical perturbation approach. Widths and shifts of the
spectral lines were given for temperature range of 50 to 500 kK and electron density 10® m?,
The influence of collisions with charged particles on Si V strong singlet spectral line 2p° 'S —
2p*3s 'P°, (A=11.7853 nm) along the HR diagram and standard models of DA and DB white
dwarfs is discussed.

INTRODUCTION

We have computed Si V Stark broadening parameters within the semiclassical
formalism [1,2] by using oscillator strengths from SUPERSTRUCTURE code in order
to provide new Stark broadening data of astrophysical interest. Additionally, we have
performed the same calculations using for needed atomic data the Coulomb
approximation method [3], in order to estimate the error introduced in the Stark
broadening parameters due to uncertainties of oscillator strength values due to the use
of the Coulomb approximation.

The obtained results will be published elsewhere [4].

METHOD OF CALCULATION

The energy levels of Si V are calculated using the general atomic structure code
SUPERSTRUCTURE developed at the University College in London [5]. The wave
functions are determined by diagonalization of the non-relativistic Hamiltonian using
orbitals calculated in a scaled Thomas-Fermi-Dirac-Amaldi (TFDA) potential. The
relativistic corrections: spin-orbit, mass, Darwin and one-body, are introduced
according to the Breit-Pauli approach [6] in intermediate coupling LSJ. By combining
the SUPERSTRUCTURE code, calculating energy levels and oscillator strengths, and
the code for semiclassical perturbation Stark broadening calculations, we obtained
possibility to calculate Stark broadening parameters ab initio.
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By using atomic energy levels obtained by SUPERSTRUCTURE code, we have
calculated also oscillator strengths with the help of the Coulomb approximation with
quantum defect of Bates and Damgaard [3]. If we compare results for Stark widths
obtained with oscillator strengths calculated with SUPERSTRUCTURE and by using
Bates and Damgaard approximation, the average ratio of Stark widths with Coulomb
and SUPERSTRUCTURE oscillator strengths is 1.09 for T = 50 kK and 1.10 for 500
kK. Since, in Stark broadening calculations we use a set of atomic data where a
particular oscillator strength value is not always critical, obtained result confirm that
the Bates and Daamgard approximation may be useful for Stark broadening
calculations in the case of ions as Si V, when more reliable data are not available.

We used obtained Stark widths to investigate influence of Stark and Doppler
broadening along Hertzsprung-Russell (HR) diagram and in atmospheres of DA and
DB white dwarfs. More detailed example of this calculation, for Cd III spectral lines,
are given in [7]. The calculations were performed for solar element abundance
atmospheric models given in [8].

RESULTS AND DISSCUSION

Comparison of Stark and Doppler broadening for Si V 2p® 'Sy — 2p°3s 'P°;
(A=11.7853 nm) resonance spectral line is illustrated in Fig. 1.
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FIGURE 1. Stark widths (FWHM) (thinner lines) and Doppler width (thicker line) for Si V 2p° 'S, —
2p°3s 'P°; (A=11.7853 nm) spectral line as a function of atmospheric layer temperatures. Stark widths
are shown for 8 atmospheric models with effective temperatures 7. = 7000 — 30000 K, comresponding
to spectral classes (Sp) form FO to B0, log g = 4.0 and turbulgnt velocity v, = 0 kms™.
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In Fig. 1. one can see that Stark widths are larger than Doppler ones for stars with
lower effective temperatures. For stars with higher effective temperatures, Stark
broadening is more important than Doppler one for deepe