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FOREWORD

The First Belarussian-Yugoslav Symposium on Physics and Diagnostics of Labora-
tory and Astrophysical Plasma was held in Minsk, 1-3 July 1996, as an effectuation of
the desire of Yugoslav and Belarussian scientists to collaborate and contribute to the
strengthening of mutual ties between Yugoslavia and Belarus. On the Yugoslav side
the scientists concerned were associated with: Astronomical Observatory (Belgrade),
Institute of Physics (Zemun), Faculty of Physics (Belgrade), Institute of Nuclear Sci-
ences (Vinéa) and Institute of Physics of the Faculty of Sciences (Novi Sad), while on
the Belarussian side the scientists associations were with: Institute of Molecular and
Atomic Physics of the Belarussian Academy of Sciences (Minsk), Institute of Applied
Physical Problems of the Belarussian State University (Minsk) and Astronomical Ob-
servatory (Minsk).

This First Symposium has been dedicated to the memory of M. A. Elyashevich,
academician of the Belarussian Academy of Sciences. Co-chairmen and editors of the
Symposium proceedings were V. S. Burakov and the undersigned. The proceedings
were published by the Belgrade Observatory ~ PUBLICATIONS BAO No. 53.

The Serbian delegation comprised 12 scientists. Presented at the Symposium were
52 contributions by authors from Belarus, Serbia, Russia, Ukraine, France, Syria
and Czech Republic. The opportunity was take at the Symposium for founding the
Belarus-Yugoslav Friendship Society, the guests of honour at the ceremony being M.
S. Dimitrijevi¢, J. Puri¢ and M. Cuk. As our desire was to stimulate mutual ties
between our peoples not only in science but in other activities as well, a Serbian-
Belarussian Friendship Society was founded in Belgrade too, the guests of honour at
the ceremony being L. Ya. Min’ko, A. Chumakov and I. Filatova.

This Second Symposium is a continuation of our common activity aimed at devel-
oping mutual collaboration and the ties for the benefit of our countries and science
in general.

MILAN S. DIMITRIJEVIC
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THE EFFECT OF CATHODE TEMPERATURE
ON THE ELECTRIC FIELD DISTRIBUTION IN CATHODE FALL
REGION OF THE KISELEVSKII PLASMA SOURCE

V.I.LARKHIPENKO, L.V.SIMONCHIK, S.M.ZGIROVSKII

Institute of Molecular and Atomic Physics NASB, Scorina av. 70, Minsk
22072, Belarus
E-mail: simon@imaph.bas-net.by

The glow discharges at atmospheric pressure and higher are
characterized by some typical features of cathode region such as small spatial
size of layers (about tens microns) and high gradients of temperature, particle
concentration, electric fields etc. It is result in significant deviation of plasma
from equilibrium state. It is the reason of different plasma instabilities in
cathode region and results in the contraction and arc breakdown.

In the present work the effect of cathode temperature on parameters of
cathode fall region and negative glow is investigated in glow discharge in
helium at atmospheric pressure named as Kiselevskii plasma source (KPS)
(Kiselevskii et al 1983, Arkhipenko et al 1997). This discharge is unique in
itself, because it exists at atmospheric pressure and higher, has the stable
characteristics and can be used as spectral source of line and continuous
spectrum and the source of excitation of spectra in atomic emission
spectroscopy as well.

The discharge was produced in

- hermetic chamber between round anode and
flat copper cathode. The flow of working gas
helium was ~ 4 min. The impurity
concentration in helium flow was not over
0.01%. The discharge was formed by source
of direct current varying from 0.05 up to 15
A. The distance between electrodes can be
change from 0,5 up to 8 mm.

The image of discharge is shown in
Fig.1 One can see, that it has the following
structure: the luminous thin disk (less than 1
mm) of negative glow is located above ol
cathode surface, and the luminous column by a
diameter of 3-5 mm is propagated toward the anode. There is dark space
between these luminous regions. The end of the anode is covered with a bright
luminous layer. Negative cathode glow has ring structure, which is created by
zones of different plasma luminescence. The luminescence at the disk edge is

9
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nonuniform and also consists of alternating dark and light zones.
The diameter of a negative glow depends on a discharge current and
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cathode temperature. In a Fig. 2a the cross distributions of He I (450.1 nm) line
intensity in negative cathode glow for two regimes: at cold and hot cathodes are
shown. The cold cathode regime was realized by special design cathode with
water cooling. Thus the cathode temperature did not exceed 100 °C. At the hot
cathode the heat was took away from cathode surface by central tube, which
was used as cathode holder. In this case the cathode temperature was about 500
°C. At the cold cathode and current 1 A the negative glow has a diameter about
7-8 mm. In case of hot cathode the luminescence is spreaded on the cathode and
can reach about 20 mm in dia. At that the cathode luminescence diameter
practically does not depend on the distance between electrodes (2 - 10 mm).

The dependence of the cathode negative glow size on current was
investigated in cold cathode regime (Fig.2b). In this case the bounds of negative
glow in radial direction rather sharp and luminescence size can be determined.
The area of negative cathode glow region grows linearly when the current
increases up to 3 A and grows faster at currents higher than 3 A that,
apparently, is connected with heating of cathode.

In papers Suzdalov . 1. (1972) and (Kiselevskii et al 1983) the voltage-
current characteristic of glow discharge at atmospheric pressure was
investigated as U = f{I). It grows in the current range from 0.3 up to 2 A
(Suzdalov I. 1. 1972) and up to 5 A (Kiselevskii et al 1983). Thus the discharge
voltage increases from 180 up to 250 V (Fig.3a, crosses). When current exceeds
these values, glow discharge breakdown in arc regime (Fig.3a, bottom curve).
One of the reasons of this breakdown can be heating of the cathode. At such
conditions, apparently, the emitting properties of cathode and conditions in
cathode fall region are changed. It is demonstrated by changes of discharge

10
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characteristics such as: the negative glow region size and potential fall on
electrodes. At once after discharge ignition at current 1 A the diameter of
negative glow is about 8-9 mm. When the cathode temperature increases up to
~ 500 ‘C the luminous area is increased more than two times. Thus the
discharge voltage is increased on 10 -20 V. ,

In Fig.3b the dependencies of voltage fall on electrodes for two cathode
regimes are shown. At the minimal interval, the voitage on electrodes,
apparently, corresponds to cathode voltage fall, because in this case the positive
column does not exist, and the type of negative glow practically does not
depended on distance between electrodes. One can see, that in case of the hot
cathode the voltage fall on 80 V higher than at cold cathode. In both cases the
increase of distance between electrodes as well as positive column grows result

250 300 TGE b)
+"“ a)

200 5 s
> +* > 200 - T
@150 * U]

()] o
E 100 9 ] Cathode
o B 100 —*‘ Q  not
> 50 I > -1' X cool
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Fig.3.

in the approximately identical increase of voltage about 50V.

Using the cathode special designed by authors for effective cooling of
cathode the glow discharge having the rise current-voltage characteristic was
produced in more widely current range (Fig.3a). So at current increase from
0.05 up to 15 A the voltage) on electrodes is increased from 180 up to 240 V
(Fig.3a, continuous curve). At that the discharge breakdown is not occurred. To
increase the current over 15 A in our experiment was impossible because of
insufficient parameters of current source, and small cathode cross size. The
applied electric power was reached of ~ 4 kW,

The potential distribution of KPS is typical for glow discharges i.e.
there is significant cathode fall (Kiselevskii et al 1983). The electric field
distribution in cathode fall region was measured by Hp line broadening. The
experimental Hy line profiles registered in the KPS cathode fall region
contained the two broadening peaks. The distance between peaks and line
center is defined by constant electrical field resulting in the Stark splitting of
the Hy line. Electric field value measured by Hp line Stark broadening is ~ 60
kV/cm. Its distributions along anode-cathode axis for cold and hot cathodes are

11



V.I. ARKHIPENKO, L.V. SIMONCHIK and S.M. ZGIROVSKII

£ 70 a) e _l b)
O o 60
= 60 ® = X X
Z 50 . :alhode z‘ 4 @ : :a(hode )
bl cold ho] _ col
% 40 x % X  hot @ 40 x X  hot
- i i
T 30 x s o 20 @ x
O = -
"8 20 x 8
D 10 W -
LLI O ' T l L] ‘ T I T I T I 0 L) T L] ' L] L} L l 1} 1] T l
0 2 4 6 8 10 0.00 0.04 0.08 0.12
Radius, mm Distance from Cathode, mm
Fig.4.

shown in Fig.4. One can see, that cathode fall region has about 100 microns
long for hot cathode and less than 80 microns long for cold. The maximum
electric field in cathode fall region in both cases is practically equal. It gives
that the longitudinal size of cathode fall for hot cathode is higher than for cold
that well corresponds to applied voltage at these regimes (Fig.3b).

The essential difference in field distribution in cathode area between
cold and hot regimes is observed in radial direction (Figdb). When cathode is
cold the magnitude of field in a radial direction does not change right up till the
luminescence bound. In this case. as already mentioned above, the
luminescence has sharp bounds. That is why the field was determined on
distance less than 4 mm from axis.

At the hot cathode the field is decreased in radial direction more
smoothly: in distance of S mm the magnitude of electric field decreases twice in
comparison with one at axis, and at edge of negative glow in three times. It
should be noted, that the feature of radial distribution at 4 mm is connected to
dark ring zone of negative glow (Fig.1).

Thus, the received results show that the cathode temperature essentially
effects on the KPS cathode fall region and spatial potential distribution.

The work have been performed at financial support of Belarussian
Found of Fundamental Researches (project ©96-086).
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MHOTI'OMIIYJILCHBIM IPHIIOBEPXHOCTHBIA OHWHECIng
PA3PSII KAK D®PEKTHBHBIM HCTOYHHK 3PO3NOHHOM
IUIABMBI

A.HUYYMAKOB, H.A. BOCAK
Hucmumym monexynaprou u amomuoi pusuxu Hayuonanshoti Axademuu Hayx
Feaapycu, 220082 Munck, Feaapycw
E-mail: chumakov@imaph.bas-net.by

Pesrome.  Brignensl yciaoBua 3¢dexkTHBHOrO 00pa3oBaHHsA 3pPO3HOHHOR
I1asMbl M yIpaBleHHA €€ napaMeTpaMd B MHOTOHMITYJIBCHOM
NPpHUNOBEPXHOCTHOM ONMTHYECKOM pa3psane.

1. BBEAEHHE

MHorouMmynscHOe — flazepHoe  BO3JeHCTBHE Ha  IOTJIOLIAIONIHE
MaTepHaIbl NPH OTHOCHTEIBHO HHM3KMX IUIOTHOCTAX MOLIHOCTH JIa3epHOroO
mamyuwedns (JIM) q < 10" Br/em® (A=1,06 MKM), KOria IpOLECCH
rwiasmMooOpa3oBaHHs [IPDOTEKAlOT B MMapax MHIIeHH ©Oe3 mepexona B
OKpYXAaIOUIMH MMIIEHb Ta3, B 3HAYMTE]BHOH Mepe HCCIEeIOBAHO U IIHPOKO
NPUMEHSAETCA B TEXHOJIOIHH. B 3THX YCIOBHSAX 4acTOTa ClIEOBAHHS Ja3epPHBIX
HMITyJIbCOB  BIIHSET IPEHUMYIIECTBEHHO HAa  IPOLECCHI paspyineHus
of,Ty4aeMoro MarepHatia M CKa3bIBA€TCA IIpeKIe BCEr0 H4 BBIHOCE MACCHI,
dopMe TyHKHM M T.I. AHUIH3 NHHAMMKH IUTa3MEHHBIX OOpa3OBaHMM B TAaKMX
YCJIOBHAX MpPHBEN K PA3BHTHIO NPEACTaBJICHHUH O peXHMe IMOCieI0BaTeNbLHOro
BBITAIKMBAHHA BO3QYXa H 3PO3HOHHBIX MapOB MEPHOAMYESCKHMH TUIA3MEHHBIMH
cryctkamu (Munsko JI.A. u ap., 1989)

ITpu Gonee BeICOKHX rmomocmx momroctH JTH q~10%+10° Br/cm?
SHEProBKJIaJ B MHUIEHb OrPaHHYMBAECTCA Pa3BHTHEM 3KPAHHPOBKH MHILIEHH
m1a3Moi ¥ GOpPMHPOBAHHEM JIa3€PHBIX BOJH MoryiowmeHus B razax (HemunHoB
H.B., 1982). IlpoueccH sa3zepHOro NMpPHIIOBEPXHOCTHOIO IL1a3MOOOpa30OBaHMA
MPOTEKAIOT TMpH 3TOM YXEe He TOABKO B 3PO3HOHHOH IulasMe, a
NPEUMYLIECTBEHHO B OKpYJXKAalollleM MHIIEHb aTMochepHOM raze. B Takmx
YCJIOBHAX TMepeXol OT OIHOHUMITYJbCHOTO JIa3epHOrO  BO3NEHCTBHA K
MHOTOMMITYJIECHOMY  JOSDKEH, BEpPOSATHO, TMPHBOAWTH K CYLIECTBEHHOMH
HEaJUIMTHBHOCTH JEHCTBHA OTAENbHBIX JIA3€PHBIX UMITY1bCOB CEPHH, OCOBEHHO
TPY BBICOKHMX YaCTOTaX MX [IOBTOPEHHS.

B pabore paccMOTpeHBI BO3MOXKHOCTH HallpaBJIeHHOro BeiGopa
mwasmooGpasytome cpeIpl (Napsl MHUIIEHH WIH aTMOCHEpHBIH ras), B KOTOPOi
peau3yeTca ONTHYECKHH pa3psll, U YNpaBJIeHH] NapameTpaMu obpasyioueics
TU1a3Mbl HA OCHOBAaHHH HCCJIEAOBAHHH ONHO- W MHOTOMMITYJILCHOTO J1a3€pPHOro
BO3ACHCTBHA Ha MaTePHATH B rasax.
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2 SKCITEPUMEHTAJIBHBIE PE3YJIbTATHI M X OBCYXIEHHE

TIpoBeeHsl CUCTEMAaTHYECKHe HCCIeJOBaHHS BO3IEHCTRHA JIA Ha psan
MUIIEHEH (MeTamIbl, CTeKIOTEKCTONUT, rpaduT, 3GOHHT) MNpH PasIHYHBIX
maBneHusx Boaxyxa 0,1-10 at™ H rwioTHocTsX MowHocTH JIM 10’ < q <10’
Br/cm? (A=1,06 MKM) B peKMMaX OJHMHOYHBIX, ABOHHBIX, a TakKe cepui
nasepHBIX MMITYNBCOB ¢ vactoTamu moprTopenns f < 200 xl'u. Ynpasnenue
PEKMMOM T'eHEpaLHH J1a3epa OCYLIECTBAIOCH C MIOMOWIBIO KpYyNHOraGapHTHBIX
NacCHMBHBIX 3aTBOpoB ¢ Fy— - mexTpamu okpacku (Bocax H.A. m np., 1987).
JlMHAMMKa  Ja3epHBIX  IUTa3MOO0pa3’oBaHWH  MCCNENOBanach — METOLaMH
BBICOKOCKOPOCTHOH (OoTOrpadui M KHHOCTIEKTpOrpaguH, perdCcTpHpoBaioch
JaBJICHHE U MOTEHLHMAIBI HA MOBEPXHOCTH META/UTHIECKHX MHUIIEHEH.

[MokazaHo, 4TO B BO3IyXe aTMOC(HEPHOro AaB/IeHU IPH UHTEHCHBHOCTH
JIN q<2- 107 B1/cM? HE3aBMCHMO OT YaCTOTHI CJI€OBAHHUS J1a3ePHBIX HMITYJIECOB
MPHNOBEPXHOCTHBIA ONMTHYECKUH pa3psAll Pa3BHBAcTCi B 3PO3HOHHOH IL1a3Me.
IIpu HOCTATOYHO BHICOKOH YACTOTE MOBTOPEHHUS JIA3€PHBIX HMITYJIECOB ~50-100
k[ Hag OJpO3MOHHBIM IUTa3veHHIM  (akenom obpasyercsa obmacTs
[IOBBIIIEHHOMN ILIOTHOCTH BO3IyXa, OOYC/IOB/IEHHAA B3aMMONEHCTBHEM YIapHBIX
BOJIH, HHHLMHPYEMbIX OTIEBHBIMH JIa3€PHBIMH HMITY/IbCaMH, C aTMOCHEPHBIM
sosmyxoM (Koctiokesnd E.A. 1 1p., 1980). B Takoit “npobke™ cxxaToro Bosayxa
HaJl SPO3HOHHBIM IUIa3MEHHBIM 00pa3oBaHHEM YK€ NMPH  HHTEHCHBHOCTH JIA
q~2+5- 107 Br/cM® MOxXKeT HHHUMHPOBATHCS HH3KOMOPOTrOBBIH ONTHYECKHH
npo6oit (Munbko JILSL u mp., 1989), npuBondmui x OAHOBPEMEHHOMY
CYIIECTBOBAHHIO 3PO3HOHHOH M BO3IYIUIHOH IUTa3MBl B PA3fM4HBEIX obnacrsax
I1a3MeHHOro ¢akena.

C nossuueHueM HHTeHcuBHoctH JIM q > S5 10" Br/em®
NpeUMYLUECTBEHHOE rmzn.wooGpazoslaHm nepeMelaeTcs W3 NMapoB B BO3OyX
eme Ha (POHTE Ja3ePHOrO MMIMyibCa, NPUBOAA K IKPAHHPOBKE MHLIEHH
BO3MyluHON mwiasMoit (Muueko JLS. u np., 1994). Bonee 10% asuepruu
a3ePHOTO MMITy/bca KOHBEPTHPYETCS B HM3MyYeHWe IUIa3Mbl B BHIMMOH H
uHdpakpacHoi 06MacTsX CMEKTpa, HMHTEHCHUBHOCTh KOTOPOrO KBa3WIMHEHHO
pacTeT ¢ rioTHocThio MomHocTH JIU (Uymaxos A.H. u ap., 1994, 1997). Takas
(u3Hyeckas KapTHHAa XapakTepHa Kak Ul OAHHOYHBIX JIa3€PHBIX HMITYJIbCOB,
TaK W [UIA CEPUM, €C/IH 9aCTOTa WX MOBTOPEHHMA He mpespimacT ~1+5 klu. B
3TUX YC/NOBHSX ONTHYECKHH pa3spsl OCYIUECTBJIAETCS NPEHMYUIECTBEHHO B
BO3JYyXe.

IIpu Gosee BLICOKMX YAcTOTaX MOBTOPEHMS JIA3€PHEIX HMITYIbCOB f 2 5
k[l o6HapyxyuBaeTcs HEaNIHTHBHOCTh HEHCTBHUI OTAGABHBIX Ja3€PHBIX
MMITYJICOB CEPHH, KOTOpas MPOSABIAETCA NPH H3MEPEHHMAX MABJICHHA Ha
muueHH (puc.1), ee noreHuHanos (puc.2), a TakKe NpH PErHCTPALHH CIIEKTPOB.
3TO NPHBOAMT K TOMY, YTO B ONpEJEIEHHOM JHara3oHe MapaMeTpoB JIa3ePHBIX
uMITys1seoB (q > 0,2 TBt/eM?; > 5 k')
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peanu3yeTcs peXuM  3P(PEKTHBHOTO  3PO3HOHHOIO  IU1a3Mo0Opa3oBaHus,
KOTODPBIH  COIMpPOBOXKIAETCA IOBBIIEHHEM 3(G(PEKTHEHOCTH BO30YXKICHHS
JaBJ€HHA  Ha  MOBEPXHOCTH  MHIUCHH,  YCWICHHEM  3PO3HOHHOIO
rwasmoo6pa3oBaHHs M CMeHOH IuiasMoobpasyromeif cpeast (Munbko JISL.,
Yymakoe A.H. u Bocak H.A., 1990). Bozgymnas mnasma, o6pazoBaHHas
NEPBALIM J1a3€PHBIM HMITYILCOM, 061aaeT cneurdHIeckoil MpOCTPaHCTBEHHOM
CTPYKTYpOM, 0O0ycC/lOBIeHHOH  HHHLIMHPOBaHHEM  paXMALIMOHHON, nubo
CBETONETOHAUMOHON JIa3epHBIX BOJH IOINIOUMIEHHA, W B JIbHEHIIEM NpH
BO3AECHCTBHUH TMOCNENYIOIIMX Ja3¢PHBIX HWMIIYJIBCOB MOYTH  TOJHOCTBIO
BBITECHAETCS 3pO3MOHHOH ruiasmod. Ilpn 3ToM B mnasMeHHoM dakene
obpasyrorcs YCTOHYHBBIE BHXDEBBIE CTPYKTYpEHI, MPENSTCTBYIOLIHE
CMELHBAHHIO 3PO3HOHHOH H BO3MYLIHOM IJIa3MEl B TEYECHHE MHTEPBAIa MEXIY
na3epHEIMH HMITyibcamMH. HMuaue rosops, cosmaercs nasepHO-TUTa3MEHHBIM
HAcoC, OTCACHIBAIOIHI BO3AYX M3 00/MacTH BO3AEHCTBHA BOJIH3HM MHUIEHH. B
3THX YCJOBHUAX PeATU3yeTcd CIeLHUUECKHI MPUMOBEPXHOCTHEIA OITTHYECKHIA
paspial B DDO3HOHHOM IL1a3MEHHOH cpede. AHAJIH3 AHHAMHKH IUIa3MEHHOTO
¢poHTa mMOKa3al, YTO CBETOJCTOHAUMOHHbIE BOJHBI norowenus JIHA
(GOPMHPYIOTCH M pacnpOCTPaHAIOTCA MPH 3TOM H B 3PO3HOHHOM IUIa3Me, a He
TONbKO B Bo3ayxe (Muneko JLA., Yymakos A H. u np., 1993). Brisicueno, uyro
onucaHHasd (QuU3MYecKas KapTHHA COXPAHAETCS W MNPH TIOHMKEHHH NaBJIEHUA
Bo3dyxa o ~ 0,1 aTm.

C yBenuuenumeM aaBneHus atMocdepHoOro rasa (a3or) yMeHbluaercs
CKOpOCTH paslieTa IU1a3MBl, IPUBOJS K HAKOIUIEHHIO B 00NaCTH KayCTHKH JIMH3BI
HECKOJIBKHMX TUTA3MEHHBIX CTYCTKOB OT psAIa J1a3epHBIX HUMITYJLCOB, 4 TaKke
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W3MEHAETCA CTPYKTYPa MPHIIOBEPXHOCTHBIX JIa3ePHBIX ‘T1a3Mo06pasoBaHHit.
Kpome TOro HaJ HUMH OGHAPYXHBAIOTCS JIOKATBHEIE IU1a3MeHHbIe 00pasoBaHus
B OKDYAIOWEM MHUICHb [a3e, KOJIWYECTBO KOTOPBIX CTAaHOBHTCA OCOGEHHO
3HAYMTENLHBIM TP yBelMueHHH nasienus go 8 - 10 atmocdep. Iloaromy
3¢ deKTHBHOCT 00Pa3OBAHKA 3PO3MOHHOM IUIa3MBI C MOBBILIEHHEM NABJIEHHS
ymenbmaerca. [lpp nasnenuu p 2 10 arM (a30T) B NpPHNIOBEPXHOCTHOM
ONTHYECKOM pa3psle OXHOBPEMEHHO COCYLUECTBYIOT o0nacTd kKak ¢
3PO3HOHHOM, TaK U C a30THOH IU1a3MOM Iake TIPH IUI0THOCTH MowmHocTH JIM q ~
50 MBT/cM® B XaOTHUECKOM pexume reHepauni (Al-MuiueHs).

Bricokas 3pO3HOHHAA 3¢ dexTHBHOCTD MHOT'OHMITYJIBCHOTO
TPHIIOBEPXHOCTHOrO ~ ONTHYECKOro  paspama  OfecrevMBaeT  LUMPOKHME
BO3MOXHOCTH €ro TMpHMEHEeHHs B TEXHOJOrMH. Tak [IBYXHMITYJIBCHBIH
ONTHYECKMIl pa3psl yXKe NpHMEHAETCS B J1a3ePHOM CIIEKTPAIbHOM aHANH3e
(Mepumu C.M., 1989: Ileryx ILJI. u mp., 1994), a BBICOKOYACTOTHBIH
MHOTOMMITY/IbCHBIH - B JIa3ePHBIX TEXHONOrHAX oOpaboTkM MaTepHaioB
(Munbko J1.4., Uymaxos A.H., Bocak H.A. u 1p., 1995).
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EMISSION OF AN ATMOSPHERIC PRESSURE ARC IN A GAS FLOW

E.A. ERSHOV-PAVLOV* K.L. STEPANOV, Yu.A.STANKEVICH,
L.K.STANCHITS

Heat & Mass Transfer Institute, 15, P. Brovka str., 220072 Minsk, Belarus
E-mail: kls@hmti.ac.by
*Institute of Molecular & Atomic Physics, 70, F. Scaryna Ave., 220072 Minsk, Belarus
E-mail: ershov@imaph.bas-net.by

Abstract. Techniques and results are presented of the emission calculation for an
atmospheric pressure arc stabilized with a gas flow. Local thermodynamic equilibrium
(LTE) is used as an approximation for the arc positive column. Spectral (in visible and
UV region), as well as total emission parameters are studied using the approximation for
the arc plasma volume having two-dimensional temperature distribution of an axial
symmetry. A radiative-collisional model is formulated for the arc near cathode region,
where a departure from LTE is observed. The model accounts a population of excited
particles on energy levels and the plasma emission. Air plasma is taken to fit for the
analysis of the arcs in air and nitrogen gas flows.

Arc plasma parameters. The study is limited with positive columns and near cathode
regions of transferred arcs. Here the plasma is mainly composed of the flow gas particles.
Moreover, at a constant pressure the arc positive column is a stationary non-uniform
plasma volume of an axial or conical geometry. Usually the arc axial gradient is much
lower of the radial one even for the near cathode regions. A typical temperature
distribution is shown in Fig. 1 for the transferred arc in nitrogen at 250 A current. (Megy,
1995).
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Fig. 1. Arc temperature distribution (kK). Fig. 2. Radial temperature profiles.

Radial temperature profiles of the arcs can be presented in a parametrical form, e.g.,
T(r) = T(,[l +A(r/ r(,)“]_](Bousrih, 1995). Here T, is the plasma axial temperature, r, is
the arc radius, o determins the temperature profile form (from a uniform at a —  up
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to a very steep one, when a~1), A =T,/T(r,)-1. The temperature two-dimensional

profile T(r,z) also can be easily presented with this expression, if one takes into account,
thatT,, r,, « and A depend on z. In Fig. 2 radial temperature profiles are shown for three

axial positions (I - z=0.16 cm, II-z=2 and Il - z= 6 cm) of the arc (Megy, 1995).

Radiation transfer calculations. Theoretical (Avilova, 1970, Romanov 1995) and
experimental (Shimanovich, 1997) data on optical properties of air plasma have been
used for the radiation transfer consideration. Measured spectral absorption coefficients
are presented in Fig. 3 for atmospheric pressure air plasma at different temperatures
(Shimanovich, 1997).

The radiation transfer equation
has been solved supposing two-
or one-dimensional cylindrical
geometry of the arc plasma
volume for the temperature
profiles, shown in Figs. 1, 2.
2
(pilf——-——l_p' ﬂf-)smen
or r Op

ol
+—=CosO=x,(I,-1,). (1
5, Cos®=x. (I, -L). (D

The solution has been found
along the eq.(1) characteristics,
which correspond to Gauss
knots of the angle variables
determining the radiation flux
from the plasma

Fig. 3. Spectral absorption coefficients of air plasma
at P= latm, T=10-18 kK.

dQ = dySin¥d¥, Cos¥ = SinBCose, SinyCosy = Sin6Sine. 2)
Taking into account the symmetry, the flux has been determined from a one-dimensional

cylinder surface using the following expression
n/2 x/2 T 2

S, =4 [dx ‘j'Cos‘PSin‘PIE(x,\y)d‘{’=TZWi‘;Cos‘PjSin‘Pjlc(xi,‘PJ)Wj, 3)

(W, are weights of the Gauss quadrature formulas) providing 64 rays pass in /2 solid

angle. Separately, radiation intensity has also been calculated in the plane normal to the
cylinder axis and in the direction passing through the axis. At the integration (1) along
the ray, the source function in a calculation cell has been approximated with the linear
dependence.

dr
L(t)=1,(x,)e" +1 (z)[1-e* ]—(—df—) [1-e= (1+47))], @)

It provided true asymptotics I, (t,) in small and large t limits.

Emission of the arc positive column. Data on group (for 6 spectral intervals) and total
radiation fluxes from the positive column surface of the arc are presented in Table 1.
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Note the following. Inspite of the equilibrium emission maximum corresponding to axial
temperatures is observed in the spectral interval € =25~ 6 eV, the plasma radiation flux
in shorter wavelengths (groups S and 6) is rather important. It is due to the plasma large
opacity in these spectral regions, as well as because of strong spectral lines, which totally
determine the radiation output. In the visible region (g€~ 1.15-4.5 eV) the flux falls with
the plasma mean temperature decrease. At a time its part in the total flux increases up to
5.2, 25 n 35.5% for the profiles I, II, HI, respectively. Total power (per length unit)
decreases monotonously (6.3, 2.1 u 0.99 kW/cm). On the contrary in visible region of the
spectrum the value increases to 0.25, 0.55 and 0.35 kW/cm, respectively.

Table 1. Radiation fluxes from the arc positive column, kW/cm?

S, kW/cm?

I 6.5.102 | 1.21-10" | 1.03-10% | 7.98-10° | 7.23-10" | 1.58 2.51
Il 3.87-10% [ 9.63-10% | 7.60-10° | 5.29-10° | 1.74-10”" | 9.73-102 | 4.19-10™
I 1.22-107 | 3.81.10% | 4.78-10° | 2.85-10° | 4.81-102 | 1.55-10% | 1.21-10™

Fig. 4 gives an idea about a role of different radial parts of the positive column in the
output radiation formation. Here directed radiation intensity is shown in the points of the
normal ray with & =05r,,r,, 151, 2r, (section II). One can see from the spectra

comparison in the ray points at
T 05r,, r, u 2r,, that the emission

in periphery layers of the column
practically do not give any input in
the radiation with € <10 eV energy.
The same layers shield VUV
radiation, which is generated in the
column hot regions, with the
radiation in free-bound continuum
j falling down up to the order and

more of the value at the axis, and
e eV spectral lines are totally reabsorbed.

1. kWicm’ eV sr

Fig. 4. Spectral intensity in different ray points.

Arc emission in the near-cathode region. The results above are based on the LTE
approximation, that is limited for the plasma near the arc cathode region. Here at the
space scale of the cathode spot dimension, temperatures of electrons and heavy particles
can differ much, and the exited particles distribution on energy levels does not obligatory
corresponds to the Boltzmann-Saha law. One of the evidence of the LTE deviation is an
“unusual” behaviour of the maximum emissivity of atomic lines with the distance from
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the cathode, see, e.g, Haddad (1984), Pellerin (1992), Razafinimanana (1994) for argon
and Megy (1995) for nitrogen plasmas. Closer to the cathode, the line emissivity maxima
become lower, and the temperatures, at which they are observed, are higher. As a result it
causes a difference in temperatures measured using atom and ion spectral lines (e.g.,
NI A =746.8 nm and NII A =399.5 nm, Megy, 1995). There are some processes which
can cause the plasma state deviation of the equlibrium one near the cathode. We note the
following possible important reasons: emission of non-termal electrons from the cathode,
very high current density at the cathode tip, non-compensated spontaneous radiative
decay of the excited levels.

We used radiative-collisional model (RCM) to account a population kinetics of the
atomic excited levels and to evaluate the arc radiation in the near-cathode region. The
kinetics equations content basical elementary acts and processes responsible for the level
population (collisional ionization and triple recombination, excitation and de-excitation
by electron impacts, radiative level decay, photo- and dielectron recombination).
Stationary approximation RCM (Romanov, 1991)

SKUNY +DY =0 )

corresponds to an instantaneous reaction of the populations on ambiant conditions
(electron temperature T, and density N.) and accounts the collisional-radiative
equilibrium states in a large interval of plasma parameters. In the limiting case of low
and high densities coronal and thermodynamic equilibriums, respectively, are realized.
Results of our calculations using the model show, that for plasmas near the arc cathode
(T~2 eV, Ne~(2-4)-10"" cm™) there is a rather strong deviation from the equilibrium not
only of the excited levels population, but also of the plasma charge composition. One can
see a relative increase of the plasma electron density due to a difference in electron and
heavy particle temperatures at a constant pressure, as well as an intensity fall of the
atomic lines because of the excited levels de-population. So, the results show
qualitatively the phenomena previously observed experimentally (Megy, 1995). The
equilibrium deviation results in lower emission of the near-cathode arc parts, than one
can expect for LTE plasmas with such high parameters.
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Abstract. We have found possibility to control composition of the
erosion laser jets with an employment external electric and electromagnetic
fields. Erosion laser plasma with a minimal composition of the liquid drop
phase have been obtained.

1. INTRODUCTION

The products of damage caused by moderate-intensity (105 -
108 W cm-2) laser radiation to metals is two-phase jets. These jets consist of a
vapour, a plasma, and liquid drops. It is interesting to use an external electric
and electromagnetic fields to control parameters and composition of these
erosion jets.

Lead target was placed between two plates. An external electric field
was applied to these plates. It allowed to determine an influence of the
external electric field on dynamics of a fine-disperse liquid-drop phase
formation. The target was damaged by near-rectangular neodymium laser
pulses of a power density 4,6x105 W cm-2. The monitoring of sizes and liquid
drops density was carried out by transverse probing the erosion products
with radiation from an auxiliary ruby laser. The probing was carried out on
the distance 1 mm from a targets surface. Electric field was changed from 0
up to 4kV cm. Investigation results we can see on fig.1. The solid curve is
result of measurements when field is absence, large dashes at E=1kV cm,
small dashes - E=4 kV cm. They show that at exposure iaser radiation to the
lead target drop density (V) increase in erosion laser jet if electric field was
applied in comparison when electric field was absence, and drop diameters
(d) decrease. It can be explained by a drop fragmentation as charges appear
on these drops. It can be used for a control of erosion jets parameters.

Another control method of the erosion plasma jets parameters and
composition is exposure to jets by rather intensity electromagnetic radiation.
The investigation in crossed laser beams have been made when the interacting
laser radiation was directed perpendicular to the target surface and radiation
from an auxiliary laser propagated parallel to the surface at some distance
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from it. Auxiliary laser radiation interacted with the erosion products and
evaporated additionally the condensed phase without altering the conditions
on the target surface.

We used a lead target.
The interacting radiation was in
the form of near-rectangular >
neodymium laser pulses of 400- 0.044 PRI -
500 ps duration. The intensity of cse
this radiation was 1.4x106 W cm- /

2 in all experiments and the 0.00 gy "
irradiation spot diameter was 6  ° 200 4o 600 tps
mm. The additional evaporation

was caused by radiation from a 104 1012 N/cm-3 b)
free-running pulsed neodymium
laser generation pulses of ~ 10-3 s
duration. The diameter of the
laser beam in the evaporation
zone was 8 mm. The center of
this beam was 2 mm above the

08, d/um a)

..........

target surface, so that the lower 0 - T—— ==

part of the beam was screened 0 200 400 600 ¢/us

by the target itself and the rest Fig. 1.

interacted with the erosion jet.

The intensity of the radiation causing additional evaporation was varied,
depending on the experimental conditions. The monitoring condensed phase
parameters was on the distance 2 mm from a targets surface.

Kinetics of the condensed phase can highly depend on particles sizes
and consequence on particle formation mechanism. Therefore, it is useful to
consider three cases: case 1, when an erosion jet contains small particles
generated by bulk vapour formation (during the action of plasma-forming
neodymium laser pulse); case 2, when an erosion jet contains particles formed
by both mechanisms (it follow 450 - 500 ps from beginning of a laser pulse);
case 3, when an erosion jet contains primarily large particles formed by the
hydrodynamic mechanism (it follow after 650 - 700 pus from beginning of a
laser pulse acting on the target).

Experiments showed that the additional evaporation of the
condensed-phase particles in case 1 began at the laser radiation intensities
causing additional evaporation as low as ~105W c¢cm2 and, when power
density reached ~ 5x105 W cm-2, particles became so small that probe ruby
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laser radiation scattered by them was below the sensitivity limit of our
measuring system, which was 108 cm-3.

Fig.2 gives results of our experiments on a laser target exposed to
neodymium laser pulses of 1.4x10¢ W cm2 intensity in the absence of the
radiation causing additional evaporation (solid curve) and in the presence of
such radiation of ~2.3x105 W cm-2 intensity (dashed curve). We found that
even when the intensity of the radiation causing additional evaporation was
low (compared with the intensity of radiation producing the initial damage),
the dimensions of the condensed-phase particles and their concentration fell
significantly.

Experimental results for 6.8
case 2 was showed fig 3a. The = ] @/uwm a)
interacting radiation once again
had the intensity 1.4x106 W cm- -0 1 J“_/

2, The intensity of the radiation A
causing additional evaporation %0% { e i che ki -

was varied from zero to ~ 106 /
W cm-2, The size of the particles 900 +===— ' " :
first increased with increase in
the intensity of radiation
causing additional evaporation.
This was observed because the 920 7 [012p7 ¢m-3 b)
smallest particles formed by
bulk vapour formation were
evaporated completely and a 0.10 |
major fraction of the large

0.15

particles formed by the 005 1 37T T e s T EE S e g
hydrodynamics mechanism ¢ go ;o , , , '
remained in the jet. A further 0 100 200 300 400 t/us
increase in the intensity of the

radiation causing additional Fig. 2.

evaporation reduced the
particle size. A reduction in volume concentration C (ratio of the volume
occupied by the condensed-phase particles in the investigated zone to the
total volume of this zone) indicated sufficiently effective additional
evaporation of the condensed phase of the target material when the intensity
of the radiation causing additional evaporation was increased.

For case 3 (fig.3b) particle size decreased with increase in the intensity
of the radiation causing additional evaporation. The behavior of the volume
concentration indicated that the mass of the material concentrated in the
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condensed-phase particles decreased
significantly with increase in the s
intensity of the radiation causing W
additional evaporation and at some

intensity of this radiation the %! ]

particles could evaporate

completely. 0.05 1
2. RESULTS b1t

Our investigation of the
kinetics of the condensed-phase 0.30,
particles in erosion jets in crossed
laser. beams showed that radiation 020,
from an auxiliary laser could be
used to control effectively the
parameters of the liquid-drop phase 0.10;
particles and thus the parameters of
the erosion jets themselves. . .
Radiation of lower intensity should 0 2 4 6 8 105g/W sm=2
be sufficient for this purpose and Fig. 3

o . . g 3.

radiation of much lower intensity

should be for particles generated bulk vapour formation. It have been shown
that the simultaneous interacting of crossed laser beams and external electric
field on erosion jets can be used for an effective of the material target
condensed phase in erosion jets. Electric field allow decrease of the particles
sizes and small particles can be effectively to evaporate the auxiliary laser
radiation.
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ELECTRIC CHARACTERISTICS OF THE
TOTAL IONIZED PLASMAS IN CONSTANT
AND TIME-VARIABLE EXTERNAL FIELDS

A. A. MIHAJLOV! and Z. DJURIC?
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2 Dept. of Materials, Ozford University, Parks Road, Ozford OX1 3PH

In this work we have treated the conductivity and some other electrical charac-
teristics of fully ionized non-ideal plasmas in external electric and magnetic fields.
The cases of time-independent electric and magnetic fields have been discussed, as
well as the case of time-depending high-freqency (HF) electric field. Presented work
is continuation of previous work (Mihajlov et al. 1993), treating static conductivity
of the fully-ionized plasmas. In the work just mentioned a method of determining
this conductivity was developed. This method is a semiclassical analog of previously
developed version of the RPA method (Djuri¢ et al. 1991; Adamyan et al. 1994). Em-
ploying this method, the expression for static electrical conductivity, oo, is obtained
in the form

4e2 [ dw
— By
o0 =~ /0 Ep(B)r 52dB, (1)

where p(E) is the density of one-electron states in the energy space, w(E) is the
Fermi-Dirac distribution and 7 is the relaxation time. In this theory the quantity 7 is
obtained by expresion

1
TTL(E) @)
where v,(E) is the semiclassical analog of the corresponding RPA effective frequency
of electron scattering in plasma. Full expressions for v.(FE) are given in the paper
mentioned (Mihajlov et al. 1993).

This semiclasical method has been tested in the previous work (Adamyan et al.
1994) in the case of determination of static electrical conductivity of fully ionized
plasmas in the presence of an external static magnetic field. In this case, the compo-
nents of the tensor of static electrical conductivity o;;(w.) are being expressed through
qantities oy(w,), defined by expression
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_4e? [ (wer) ! dw

= —~ ¢ _Fpr—dF 3
3m Jy 1+ (wer)? pTdE ’ (8

ol
where w, is the cyclotron frequency (w. = eB/mc, where B is magnetic inductivity
and | = 1,2,3. It is supposed here that the relaxation time 7 is given by the same
expression as when oo was determined.

The developed formalism may be extended to fully ionized plasmas in an exter-
nal, time-dependent electric field that varies with frequency w. For this purpose, the
real and imaginary parts of electrical conductivity, here denoted by o,(w) and o;(w)
respectivelly, must be calculated. These quantities are determined in a way that is
similar to the one described above for the electrical conductivity in the presence of a
magnetic field, and are being expressed through the quantities o; with I = 1,2. Thus,
the following expressions are obtained for o,(w) and o;(w):

4e2 [ 1 dw 4e? [®° wr dw
or = —gr—r;/o mEPTEdE’ 0i=—3 - | mEpra-—E—dE,
(4)
where 7 is again given by the expression (2).

Using the expressions presented above, we have calculated the values of oy;(w.),
and o,(w) and o;(w) in the range of electron densities from 10'® to 1022 cm™3, and
in the temperature range 5- 103 — 5 - 105K . Besides, we determined the values of the
generalized Holl’s constant (in the case of the static magnetic field), HF dielectric
permitivity e(w), reflexion coefficient R(w) and some other characteristics of fully
ionized plasmas as well. For each electron density and temperature, calculations have
been performed for w, and w between 0.1w, —1.5w,, Where w,, is the plasma frequency.

The obtained results make it possible to study the influence of the plasma’s inner
conditions over the relaxation time 7 as well as the behaviour of the conductivity
when the frequency of the external electric field w approaches the plasma frequency
wp. Besides, determining values of the reflexion coefficient R(w) allowes comparison
of the results obtained by this theory with the existing experimental results (Mintsev
and Zaporogets, 1989).
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STARK BROADENING OF NEUTRAL
ARGON LINES IN PLASMAS

Z. MIJATOVIC!, D. NIKOLIC!, S. DJUROVIC!, R. KOBILAROV! and N. KONJEVIG?
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Stark broadening of twelve neutral argon lines has been experimentally studied.
This study is performed to obtain new and reliable data of Stark broadening param-
eters (widths and shifts of the lines and ion-broadening parameter A). Some of the
studied lines has not been measured before. As a plasma source wall-stabilized arc
operated with 99 % Ar - 1 % H; mixture under atmospheric pressure, was used. In
order to avoid possible adiative transfer problems when radiation is recorded end-on,
plasma observation was performed side-on. The other reason for side-on observation
was to obtain relativelly wide range of plasma electron density (0.74x 106 - 2.9x 1016
cm™3) and temperature (9300 - 10800 K). For the shift measurements Geissler tube
was used as a reference plasma source.

Attention was paid on precise spectral intensity measurements (with the error
< 1%) and wavelength settings (within 0.0025 nm). Recorded profiles were Abel
inverted and then precise numerical procedure for line separation and deconvolution
was applied.

Obtained results for width and shift measurements are presented and compared
with the theoretical ones and experimental results of other authors when they were
available.
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PAAUALMOHHAS TUIASMOJIUHAMMUKA - HOBOE HAYYHOE
HATIPABJIEHUE B ®U3HNKE TUIA3MBI

J1.A.MHHBKO
HHCTHTYT MOJICKYISPHOIH M aTOMHOH (H3HKH
HauuonansHoit Akagemun Hayk benapycu,
220082 Munck, benapychb
E-mail: Irpd@imaph.bas-net.by

Paguaumonnas  nnasmopusamuka (PIIJ)  wumsywaer  AHHAMHKY
TUIa3MEHHHX TIOTOKOB B YCJIOBHIX, KOraa B HX JHCPICTHKE BaXKHa Pponb
PaAHALMOHHBIX ITPOLICCCOB, HIIH APYFMMH CIOBAMH, NEPEHOC H3NYYEHHS MIPaeT
CYLIECTBEHHYIO pPONb B 3HCPrCTHKE TasMeHHBIX norokoB. PIIJL nauana
¢opMHpOBaTLCA  KaK  HOBOC ~ CaMOCTOATENLHOC HAYYHOC  HAmpasliCHHE
uccneaosanuit B pu3nke nnasmuel B ccpeanHe 70-X roaoB MpEXAC BCErO Ha
octionc paGor MITTY um. 117) Baymana, Hncerryra Qusnkin semiau b,
O.10.1lIMuara, ®HAHa, HOD®AHa, HUBTAH, Hucruryra ¢usukn um.
B.!.Crcnanosa MMA®) AH BCCP, HUUIIDIT nm. A H.Ccsyenko npu BI'Y
(UTMO um. A B.JIuikosa All BCCP).

Ocuosusie npunnunsl PI1J] 6suin chopmynuposans Ha I Beecorosnom
cumnozuyme no PI1J] (1989 r., r.Mocksa). C Tex mop CHMNO3HYM PEryIISPHO
nposogurct MITY um. H.O.Baymana. Ha 1l cummosuyme (1994 r.) emy
npuaaH craryc MexxrocyaaperseiiHoro H 06pasoBaH NMOCTOSHHO ACHCTBYIOMMH
OpranusauuoHHsiii  koMHTCT, B KoTopom mpeacrasnen 1 VIMA® HAHB.
IMpowemuuit 8 1997 roay IV McexXrocyaapCrBeHHBH CHMIIO3UYM, 2 TaKKe
GonbIoE KOJNMYECTBO IPUHIMNHAILHO HOBHIX (H3UUECKHX PpE3ynbTaToB
HCCCAOBAHMI, NMyGNHKYeMbIX B TICPHOJHYECKOH MEYaTH B TNOC/ICAHCE BPEM,
CBHJCTENLCTBYIOT, YTO (YHAAMCHTANBHBLICE W TMPHKIANHBIC HCCICAOBAHMA TIO
PI1/] BeayTcs ROCTATOHHO aKTHBHO.

Konuemuus PI1J COCTOHT B H3Y4EHHH PaAHaLHOBHO-
TUIA3MOJIMHAMMYCCKHMX  MPOLCCCOB,  COMPOBOXAIOIWX  B3AHMOJACHCTBUE
BHICOKO3HEPIETHYCCKHX HCTOMHHKOB 3HCPTHH € BEIIECTBOM BCEX arperaTHHX
COCTOSNHIA, W pa3paboTKe 1A OCHORE YHX HCCICAORAHHH HUINKO-TCXHHUYCCKHX
NPHHUMNOB  CO3JAHUS  HOBHIX  IUIA3MCHHBIX H  JIASCPHO-TIIA3MCHHBIX
SHCPreTMYECKMX W TCXHONOFHMCCKMX — YCTPOHCTB, @ TaKKe CHCTCM
BHICOKOBHCPIeTHYECKHX TOTOKOB, TNPCAHA3HAYECHHBIX JUIS PpELICHUA psaa
aKTyanbHRX 33534 nascpHoil $u3ukd M GOTOXMMHM, BBICOKOTEMIEPATYpHOH
TEIUVIOPHU3HKH M PaAHanUoOHHONW MCTPOJIOTHH, MeIHKO-bHonornyeckux
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HCC/ICAOBAHHH U MPOrPCCCHBHBLIX TCXHOMOTHIA.

PIA Bxatouacr cracaywompe pasgens  (Pagnauposnas  mmasmomm-
Hamuka, Mocksa, Sucproaromusaar, 1991 r.):
- 3KCMCPUMCHTAJBHBIC M TCOPCTHUCCKHE HCCICAOBAHHUS  PAAHALMOHHO-
NIa3MOAHHAMHYECKHX NPOLICCCOR R3aIMO/ICICTBHS TCIUIOBOIO H KONE¢PEHTHOro
H3NYHYCHHS U CHJIBHBIX YAAPHLIX BOJIH C BCUICCTBOM pasiHYHBIX arperaTHbIX
COCTOSHHIA,

= AMAarHOCTHKA PAAHALIHOHHO-TIIA3MOHHAMHYECKHX POLICCCOB;

= YHCJIICHHOC MOACIHPOBAHUC H TCOPHSA pPaAHALMOHHO-NMNA3MOAUHAMHYCCKHX
POLIECCOB B PA3NIHYHBIX YCIOBHSX,

= TCPMOIAHHAMHUYCCKHC H OITTHYCCKIC cBoOiicTBa Hsnyqammex‘i TUIA3MBI,

- TUIa3MOAMHAMHYCCKHC HCTOUHMKH M3MY4YCHHS BBICOKOI CICKTPasbHOM
SIPKOCTH M ICHEPATOPH CHITbHBIX Y/IAPHBIX BOJH;
- PAAHALUWOHHO-TIIA3MOANHAMHICCKHC CHCTCMBI  TIPOMBILLICHHOTO HA3HAYEHHSA.

Heencponanus to PLHYL v HO um. bW .Cicuanosa (MMA®) HAHB
SBUJINCh CCTCCTBEHHBLIM  NPOJOIDKCHUEM HawMx pabor no ¢usnke u
AHArHOCTHKC HMITYJILCHBLIX [UIASMCHHBIX YCKOPUTCNCH, HAa4aThiX B Havance 60-x
FOJIOB MOA PYKOBOACTBOM akaacmuka Muxauna Anckcauaposuua Enssimesnua
M 06obuwennbix B MoHorpagui (J1.5.Munbko “TlonyucHue M HccacaoBanue
HMITyECHBIX IIasmMennbix norokos”, Msa. Hayka u texnuka, Munck, 1970).
PII 3sapoammace y wac cuic B Hauane . 70-X TONOB Kak JjasepHas
MIA3MOAMHAMMKA, B MOCTEAYIOUICM TPAHC(OPMHPOBABIIASCS B PAAHALMOHHYIO
JIA3CpHYIO NJIa3MOAMHAMHMKY, @ 3aTCM HCCKOJBKO modke ¢ 1975 r. mauanuce
HCCIEMOBAHMSA N0  TUIA3MOANHAMMKE  KBa3MCTALMOHAPHBIX  TIA3MEHHBIX
yckopureneit (KCITY) ¢ HoHHBIM TOKOnEpeHOCOM.

OCHOBHBIC 3Tanbl UCCACAOBAHMIL:
- luHAMHKA JIA3EPHBIX TJIAIMOAHIAMHYECKHX HPOLECCOB HJIH JIa3epHAst
miasmopuHamuka.  CHopMynupoBaHbl NPUHLUMIBL M CO3AAHBI  HAYMHBIC
ocHoBH. Briepesie B Hawmnx paGorax BBCACHO B HAayYHYIO JIHTEPATYPY TIOHATHE
nascpHad IUIA3MOAMHAMMKA, CYLHOCTb KOTOPOH COCTOMT B TOM, 4YTO €
CO3JaHHCM N1a3€POB TIOABHIIHCL HOBBIC BO3MOXCHOCTH B JHHAMHKC IJIA3MBL.
Craso poIMOXKIHBIM TOJY UL COMOTIOPKHIERIONQICCS HMUYILCHBIC O PHUCCKHC
paspsasl, T.C. MOPKHracMbiC COBCTBCHHOI NascpHOil mnasmoit, cosgasacmoil B
HayaJie 1asepHOro MMnynbCa, BO3ACHcTByIomCro Ha Tepaoc Teno. IosBunacs
BO3MOXKHOCTb  CO3NABATL  JIAGCPHHIC HMCTOYHHKH Mia3Mbl, T'CHCPHPYIOLIHE
SPOBHOHHBIC TUIA3MCHHBIC OTOKH C YNPAB/ISEMbIMH TIADAMETPAMH, A TAIOKE
yrapupie  BonHbl  (JI.A.Muneko. JlascpHeic mnna3sMeHHbIC YCKOPDHTENH |
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(Gonbume mnsrHa  OOiyucHMS)  OAHOMCpHOrO  pasncta  obpasylomcHes
3PO3HOHHOM IUIa3Mbl, TMO3BONHBILASY YCTAHOBHTb JPO3HOHHYIO IIPHPOAY
HAYaANBHOro MIa3Moo0pasoBaHus H BHIABHTHL TypOY/NICHTHYIO HEYCTOHUMBOCTB
NMPHIIOBEPXHOCTHBIX TUIA3MCHHBIX 00pa3oBaHHH M BIHMSHHE XHMHYECKOTO
COCTaBa MaTcpHajla Ha XapakTcp PacnpoCTPaHEHHS JIA3CPHBIX  BOJH
nornoumicHds. B ycnoBusx oOpasoBanus kpynHomacwtaGHBIX — JIa3epHBIX
TIPUTIOBEPXHOCTHBIX  TUIA3MCHHBIX  0OpazoBaHuit OOHApYXEHO HCMapeHue
MHIICHH (CTCKJIOTCKCTONNT) PAJAMAUMOHHBIMH  MOTOKAMH, HCIYCKAacMbIMH
111a3MO, YTO MPOSBITACTCS B OFTCCHCHHH CC OT MULICHU XOJIOAHBIMH TapaMH C
HapaCTaHHCM B NPOLICCCC  JIA3CPHOrO BO3ACHCTBHA YHAJICHHSA KOHTAKTHOM
rpaHnubl nmapsl-iulasmMa.  YCTAaHOBIEHO  BAHMSHHC  PE3OHAHCHOIO
B3aUMOACHCTBHS JIa3CPHOrO H3MYYCHHS C MapaMHd MaTCpHalla MHUICHH Ha
NMPOLICCCHl HAYANBHOIO 3POIHOLIHONO TUIasMooOpa3oBaHHs, 3aK/IIOYAIOLICECS B
CHIDKCHHMH Topora miasmoo0pasoBaHus B TCX CydasiX, KOrJa JJIMHA BOJSIHBI
B3aHMO/ICHCTBYIOUICTO JA3CPHOrO HIJIYYCHHS COBNAJACT € MJIMHAMH BOJH
CHCKTRANBIBIX T TOMOR MITCPIEUIA MITIICHI,

Hccneposans cBoiicTBa Na3CPHO-MIA3MEHHbBIX HCTOYHHMKOB
OITTHYECKOro Hany4eHHst B armMocdcpe ¥ BakyyMe.
- JuHamuka dopmupoBanus, CTPYKTYpa M CBOHCTBA KPYNMHOMACIUTAOHBIX
KBA3HCTALHOHAPHBIX KOMIIPCCCHOHHBIX TUIasMeHHbIX notokoB. Cosmana
KapTHHA OINTHKO-TUIA3MOAHHAMMUYCCKHX TIPOLCCCOB M BIICPBBIC MONyHEHA
KOMITPECCHS B JPO3HOHHBIX [UIA3MCHHBIX YCKOPHTEIAX M TUIA3MOreHepaTopax
ABYXCTYTICHYAaTOrO KBasncrausioHapHoro nnasmeHHoro yckopurens (KCIIY) u
camom KCIIY (oucprosanac 250 x/Ik), TO3BOJMAIONIEM NOMYyHaTh
KpynHoOMacIITabHBIC TUIA3MCHHBIC TOTOKH NpoTshkeHHOCTHI0 no 100 oM ¢
XapakrepHOoH ckopocTsio cBbiliC 100 kM/C M KOHUECHTpauHEH 3JKTPOHOB B
obnactu komnpeccuu ~ 10" cm”. YcraHosneHa cBS3b MEXOy MarHHTO- H
TUTR3MOAHHAMHYECKHMH TIPOLICCCAMM M CBOMCTBAMH KBA3HCTALMOHAPHEBIX
KOMITPCCCHOHHBIX TasmMcHHbIX notokos B KCITY .

OXZHOBPCMCHHO U0  PA3BUTHUC  ONTHKO-CIICKTPOCKOIHYCCKMX H
HHTCPEPOMETPHUCCKHX cnocoGoB u CPEACTB JHUArHOCTHKH
OBICTPONPOTCKAIOLMX TUIA3MO/IMHAMHYCCKHX TIpoucccoB. B Hacrosimce Bpemst
TCMATHKY HAMIUX IICCJICJ\()I!.'IIIIIIUI COCTAWINCT CAMOCTOIITCITRIIMC PAJICILE Pn}]
= Pmma.uuom»lau TUIASMO)IHHIAOMHKS  HMIYJBCHBIX HCTOYHHKOB TUIABMCHHBIX
MOTOKOB MPH Pa3fiMyHbIX AABJICHHIX OKPYXKAIOLIEH CpeABI.

- PaguauuoHHas NIA3MOJMHAMHKA HMIYILCHOTO BbICOKODHEPIETHUCCKOTO
BO3JCHCTBHUS Ha TBCPAOC TCNO H IJIa3MYy.
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masmorponst. B ¢6.: “Tliasmcuiivic yckopurenn u ux npumchenuc”, Haa.
Hayka u texnuka, Munck, 1974). Ilonydyensl Baxnbie pe3ynbTaThl o
HC/IHHCHHOMY B3aMMOACHCTBINIO JIA3CPHOrO H3Y4EHUS C COOCTBEHHBIMH
3pO3HOHHLIMH TUIA3MCHHBIMH  (PaKCIaMH MPU HANHYHH KOHACHCHPOBAHHOM
AucnepcHoit Gassl 1 o HX IKPAHIPYIOUICMY ACHCTBHIO.

- JAHHAMHKAa KOMIPECCHOHHBIX TUIA3MEHHBIX TOTOKOB, TeHEPHPYEMbIX
OAHOCTYNIEHYATHIMH KOAKCHANBHLIMH TUIAMEHHLIMH YCKOPHTEJISAMH TAK
HAILIBAEMbIMH MAarHHTONJIAIMEHHBIMH KOMIIpeccopamH (MIIK).
ITposencunnie skcncpumcutannunic uccncaosauus MIIK, npeacrasnsiomero
CaMOCTOATENbHBIH MHTCPCC KaK CHCTCMA, B KOTOPOH YCKOPCHHC IUIA3MBl
COMpPOBOXKIACTCA €€ CXATHCM, [I03BOJMJIH BICPBHC ACTAIBHO H3y4YHTh
aunamuky  GopMupoanis  komnpeccuonioro miaasmennoro noroxa (KIT),
BHIABUTb TpyOHaTyl0 CTpyKTypy Ha Cragud Cro pacnaia, TMoJy4dHTh
pacnpencicHHE  OCHOBHBIX  ra3OAHHAMHYCCKHX H  TCPMOAHHAMHYECKHX
napamerpos KIML TlposcacHibie pance necacioBatns BIHCPBLIC 110JiyieHHbIX B

BOYXC  upit a'l‘MOC([)C])H()M JuBiciint . KOMUpPCCCHoOHNLIX  IPOSHONILIX
IJ1a3MCHHBIX ITOTOKOB, cocras KOTOpPhIX onpcacnsicres MaTCPHAJIIOM
BHYTPCHHCIO JJCKTpOAA, IO3BONHIIHA H3YYUTH pPaanartHOHHO-

TIA3MOAHHAMHYCCKHC TIPOICCCHl, OTBCTCTBCHHLIC 33 (DOPMHPOBAHHE TAKHX
TIOTOKOB, HAHTH cnocobw  yscanucHus S((CKTHBHOCTH BBOAA JHEPIHU
HCIIOCPEACTBCHHO B  KOMIIPCCCHOHHBIA 3PO3HOHHBIH TUIA3MCHHBIH  TIOTOK,
ONPCAC/IUTE CrO  OCHOBHLIC ~TA3OAHHAMHUYCCKHC, TCPMOAMHAMMYECKHE M
HM31y4YaTeNIbHbIC XAPAKTCPHCTHKH.

- luHaMHKA Na3epHBIX PATHAIHOHHO-TUIATMOAMHAMHYECKHX TPOLIECCOB
WIH pPagHALHOHHASI JalepHasn IulasMoanHamuka, M3yucHel JuHaMHKa
TuiazmMooGpasoBanHst H  NaiCPHBIX  TIPHMIOBEPXHOCTHEIX  TIA3MEHHBIX
obpasosanuii. Boeaeno nonstue 1 jano o6oCHOBANME H IKCIECPHMEHTAILHOE
TIOATBEPAKACHHC  “‘CaMOMNOAACP)KHBAIOUIMXCS  HH3KOMOPOTOBBIX  OITTHYECKHX
paspsafoB  ”, AMHAMHKA KOTOPHIX ONPCACASCTCH B OCHOBHOM TCIIOBBIM
HINY4CHHCM  COOCTBCHHOM  sascpHoil  mnasmbl.  Bnepseieé ¢ BBICOKO#
HANIEKHOCTEIO  Gnarojaps  BBICOKOCKOPOCTHBIM  CIICKTPOCKOIIHHYECKHM
HCC/ICAOBAHHAM C  BBICOKHM  IIPOCTPAHCTBCHHO-BPCMCHHBIM  Pa3pelICHHCM
ycTaHopacHa obian IOIHONHAN pHpoaa HHIKOTIOPOTOBBIX
UPHIOBCPXHOCTHBIX OLTHUCCKNX PAIPSAOR B WHPOKOM AHAIAOHC JIMH BOAH
(or Y@ no cpemsero UK) u pnurcibiocTeit MMIynscos BO3ACHCTBYIOMIErO Ha
FOBCPXHOCTH Ja3CPHOIO H3NYUCHUS.

Pazsura paanalONHO-TIIA3MOAHHAMHYECKAs KapTHHA
nmmoncﬁcmus JA3CHHOro HIUY'UCHHSA C MOBCPXHOCTBIO B PCAILHBIX YCIOBHAX
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SPECTRAL LINE INVESTIGATION OF ACTIVE GALACTIC
NUCLEI AT BELGRADE ASTRONOMICAL OBSERVATORY

L. C. POPOVIC

Astronomical Observatory, Volgina 7, 11160 Belgrade 74, Yugoslavia
E-mail lpopovic@aob.aob.bg.ac.yu

The spectral line investigation, theoretically and experimentally, helps us to under-
stand physical properties of plasmas in celestial bodies. Practically, we can diagnose
the emitting plasma from outside of the Solar system only by using spectral lines
and continnum. Consequently, the spectral line investigation is very important for
numerous astrophysical problems.

Among the most interesting objects in Cosmos are the Active Galactic Nuclei
(AGNs). Their radiation comes from a compact very luminous center of a galaxy, and
in their spectra very broad emission lines are observed. These lines come from a very
extensive emitting line region, where plasma has very various parametes; the electron
density from 102¢cm™2 to 10'%2cm~3 and electron temperature from several hundreds
to tens thousand kelvins. The investigation of line shapes as well as of variability of
line and continuum flux helps us to model these object.

We have been investigating the spectral line shapes of Seyfert galaxies and quasars
since 1994 (Popovié et al. 1994ab, Popovié et al. 1995ab, Popovié¢ 1996, Popovi¢ and
Mediavilla 1997, Popovié et al. 1998abc). In the begining, the research was mainly the-
oretical. Afterwards it has been extended to use Crimean Astrophysical Observatory
observational data base (see Popovié¢ 1996). Also, the spectra from other observational
data bases have been used (see e.g. Popovié et al. 1995b). Now, we are trying to model
the very complex lines of several typical Seyfert 1 galaxies and quasars (see Popovié
et al. 1998a) as well as to model double peaked lines of some of these objects (see
Popovié et al. 1998¢).
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PLASMA FOCUS EXPERIMENT IN YUGOSLAVIA

J. PURIC!, R. ANTANASIJEVIC? and M. CUK!

L Faculty of Physics, University of Belgrade, P. O. Boz 368, 11000 Belgrade, Yugoslavia
2 Institute of Physic, P. O. Boz 55, 11084 Zemun, Yugoslavia

The first experiment with a modified plasma focus device up to 2kJ input energy
was performed in the Laboratory for plasma spectroscopy at Faculty of Physics, Uni-
versity of Belgrade, in 1985 (Purié et al. 1986). The experiments on the model of
plasma focus device in the connection with nuclear aspects, in 1989 were provided
when D* ions of the energy about MeV were detected using the SND (CR-39) de-
tectors (Antanasijevi¢ et al. 1991). During the next several years the new plasma
focus device was built. The plasma focus chamber is the Mather type and consists
of two brass coaxial electrodes (the outer electrode consists of 18 cylindrically posi-
tioned brass roads). The chamber has been designed for current up to 1 MA and 1019
n/pulse.

For producing a current up to IMA and 1pus electrical discharges, a low inductance
capacitor bank (C = 45 uF, L = 62 nH, R = 15 mQ, M., = 40 kV, Ejnae = 36
kJ) with triggered spark gap as a switching device is used as an energy source with a
power supply and two coaxial electrodes.

The voltage measurement was performed with high voltage probes. A Rogovski coil
monitoring the variations with time of electrode current was used.

Acceleration of the plasma focus current sheet has been measured with optic cables
”looking” at certain spots inside the chamber. For neutron yield measurements a large
(600 1) liquid scinttilator (NE 343) surrounded with 12 photomultipliers (Antanasi-
jevié et al. 1993) with efficiency of 80% for unique neutron was used.

Device is designed so that we have 8 windows on the plasma focus chamber and
we can measure different processes during the single shot:

- positive particles produced from D-D reactions and its discrimination using the
NTD (NC and CR-39), (Antanasijevié¢ et al. 1997) and Al foil of different ticknes,
(Vukovié and Antanasijevié, 1995)

- X-ray "optics” using the mica sheet;

- Angular distribution of deuterons, and products of the D-D reactions. (Antanasi-
Jevié et al. 1996) and

- Electromagnetic interference analysis on the current profile during the plasma focus
collapse phase (Sevi¢ et al. 1998).

Finally, during this year, two new corresponding channels have been mounted on
the appropriate windows, for optical measurements with spectrograph and X-ray ra-
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diography with soft X-ray. Also, a small liquid detector (NE 343) of 12 1 volume for
neutron angular distribution measurement from D-D reactions.

Although the plasma focus experiment can be regarded as the simplest of all the fu-
sion approaches based on self-magnetic field confinement there are a lot of unresolved
problems intrinsic to such an approach. For instance, the plasma focus is considered
as an impedance converter, which gives a fast rising high current at the final pinch
phase. In spite of this, it is questionable whether the plasma focus can be revived as a
fusion approach. The future of the plasma focus depends on whether the leakage cur-
rent, which increases with he discharge energy, is intrinsic in the plasma focus device.
We have tried to analyze the proceses of selforganisation in the collapse phase of the
plasma focus operation in which the neutrons begin to be emitted if the working gas
is deuterium. Therefore the role of the radiation collapse in the plasma focus device
and theoretical explanations to the scaling law obtained experimentally is still very
important subjects to be studied (Miyamoto, 1996).
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AHHOTALIUA. PaccMaTpuBaoTCs MeTOAbL! pacyeTa ONTUKO-PIU3UYECKUX napamer-
POB HarpeTbiX rasos U MHOTO3apALHOW NNa3mbl, HEOBX0AUMbIX ANSA pPeweHUs 3ajad BO3-
AEUCTBUR KOHUEHTPUPOBAHHbLIX NOTOKOB 3Hepruu Ha sewecTso. [pusosaTcs npUumMepsl Ta-
KUX PACYeTOB, @ TaKKe pelleruns pRga 3ajad AuHamuku nabopaTopHOR v HaTypHOK nnas-
Mbl (4€ACTBUE NA3EPHOrC UNYYEHUA U INEKTPOHHBIX NYYKOB HA MULIEHb, 3/1EKTPUYECKUN
B3pbiB NPOBOAHWKOB, ABWXEHWE B aTMocdepe ¥ yaap No NOBEPXHOCTU 3eMnu KocMu-
yeckux 06bekTos).

OaHolt U3 akTyalbHbIX 1pobneM coBpeMeHHON (H3NKU U HOBBIX TEXHONOTHH SIBISETCSH
U3YYCHUE POLECCOB, MPOTEKAOWMX NPU ACHCTBUU NA3EPHOTO H3NYHSHUSA, MY4KOB 3aPAKEHHBIX
YaCTHL M APYTHX BBICOKOKOHUEHTPUPOBAHHLIX MOTOKOB 3HEPTHH HA KOHACHCHPOBAHHbIE NOro-
warwMe cpeasl. Bonpocel, BO3HUKAIOLKE NPH aHAM3e NPOLECCOB BO3ACHCTBHSA, BECbMA CII0XHBI
M [alleKH OT IMOJHOro pa3pelieHus. DTo CBsi3aHO ¢ MHorooOpasvem HabnoaaeMeiX sBIEHHH, HX
MHOIONapamMeTPUYHOCTLIO, 3aBMCHMOCTLIO OT GOMBIIOTO YMCHa BHEIWHUX QakTOPOB, TPYAHOCTS-
MH B OpraHH3audd ¢H3HYECKOro JKCMEPHMEHTa M KOMIUIEKCHOR MMAarHOCTHKH BBICOKOTEMIIEpa-
TYPHBIX, BbICOKOIHEPrETHUHBIX OBICTPONPOTEKAIOWINX NpoUeccoB. Bee 310 nenaer akTyannHoit
pa3paboTKy M CO3NaHHE YHCIIEHHBIX MOAENEH NPOUECCOB U ABICHHH, KOTOpbIE MO3BONANH Obl 40-
NONHATL PUINYECKHH SKCTIEPUMEHT ANEKBATHLIM EMY YHCNEHHBLIM, CIOCOOHBIM NPOTHO3IUPOBATH
NpeaCTaBNAOUIME HHTEPEC NAapaMETPhi M 3aKOHOMepHOCTH. B naHHO#M paboTe BO3MOXKHOCTH, fe-
XallMe HA MyTH PELEHHs YKa3aHHOH MpobeMbl, aHATH3UPYIOTCS Ha NpUMepax HECKONLKHX 3a1ay
IHHAMHKM TUIOTHOR Ccpelbl M MuaiMel, BEIGOP M MMOCTAHOBKA KOTOPBHIX OOYC/OBIEHBI MX Mpak-
THYECKMM 3HA4YEHHMEM, 0OECNEUHBIIMM JOCTATOYHO TIONHBIE H PA3HOCTOPOHHUE IKCIIEPUMEHTANb-
HbIE MCCNEN0BAHUS. 3TO 3a1a4y O ACHCTBHU MOLIHKIX MOTOKOB TA3EPHOTO H3NYHEHHS ¥ CHNbHO-
TOYHBIX JJICKTPOHHBIX NMYYKOB Ha MOrjowarmomue (B OCHOBHOM META/UTHYECKHE) MaCCHBHBLIE H
TOHKHE MHUIICHH. B 3THX 3ana4ax, 6;1aronaps BeICOKOM y/€NbHOM KOHUEHTPAUWHA SHEPIHH, 3HAYH-
TEABHYIO POJIb MOTYT MIPaTh NPOUECCHl TEMJIO- H MACCOMNEPEHOCa, CBA3aHHBIE C WHTEHCHBHLIM
HarpeBoOM. MJaBNCHUEM, UCMapeHHeM BEIICCTBA MUUICHHM, PAcnNpoCTPaHCHUEM B HEA MOLIHbIX
YAapHLIX BOJH, HOHU3aUHEH NTAPOB, BO3HUKHOBEHHEM MOLUHBIX MOTOKOB COOCTBEHHOTO TEMIOBOrO
n3jydenus obpasyrouleh nnasmbl. KonuuecTBEHHOE M3YYEHHE YKA3aHHLIX NPOLECCOB Tpebyer
NPHBICYEHHA AaHHBIX 00 HHAHBHAYaNIbHBIX ONTHKO-(DH3IMYECKHX XapaKTEPHCTHKAX PACCMATpPHBa-
€MBIX CpEll B HIMPOKOM RMANA30HE M3MEHCHHs OTPEAC/IAIONNX NApaMETPOB, TaKMUX, HaNpuUMep,
Kak TEMIEpaTypa v NA0THOCTh. [To3TOMY BHauae KpaTko pacCMOTPHM UMEIOLLMECS 3AECh AAHHbLIC
M METOABI HX IOJYYEHHS.

1. Onrtuxo-husuyeckue napamMeTpLl BLICOKOTEMNEPATYPHBIX CPE/.

Jlns pacyeToB TepMOAMHAMHYECKHX XAPAKTEPUCTHK MIIA3Mbl IPH TEMIEPATYpPAX, PEaiH-
3ylOHXCA B 1aBOpaTOPHBIX YCNOBUAX (10 AECATKOB 3/EKTPOH-BO/ILT) B HACTOSIIEE BPeMS HC-
nonb3yoTes Mouaenu Caxa ¢ MonpaBkamu Ha KyJOHOBCKOE B3aMMOieHCTBHE B 006nacTH Hewie-
ansHoctu 1 Tomaca-Depmu (pH BEICOKHX MIOTHOCTSX BEIUECTRA, @ B 0GAACTH NApaMeTpoOB Kece-
Z0BaBUICHCS B YAAPHO-BOIHOBLIX H OPYTHX IKCIEPUMEHTAX -- NOJy3MIMPHYECKkUe Mogenu. Mme-
1omascs MHpOpMALMS O CTPYKTYPE yPOBHEH SHEPIMH aTOMOB M HOHOB, @ TAKIKE CYLICCTBYIOLIHE
MCTOBI PACHETA H SKCMEPHUMEHTANLHEIE JAHHBIE NT03BOJIAIOT B 3HAYHTEIBHOM YHC/E CIIY4Yacs CYk-
TaTh BOMPOC O HAXOXKACHWK YPaBHEHWs COCTOAHUS C TpeOylowielics ANS NPaKTHYECKMX TIPHNO-
KEHHH TOYHOCTBIO pelicHHBIM. [IpH PEWEHHN rasoAMHAMKYECKMX 3a1a4 yPaBHEHHS COCTOAHHSA
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HCITOJIB3YETC OOBIYHO B KaJOpHYECKOH (opme, MpHUCM y106HO MONB30BaThCA NaBicHHeM F B

G YHKUHK BHYTPEHHEA JHCPrHH € H MJIOTHOCTH CPEAbL P- P = P (g, p). llnsa onpeaenenus Temirie-
paTypbl I W APYrHX CBA3AHHBIX C HEIO BEIMYHH TEPMUICCKOC ypABHCHHC COCTOSHHSA 3aJ1a€TCs B
pune: T = T (P, p) unu, 4ro 6onee NpearoyTUTENbHO, B BUIE T=T/(g p.

Unaue 06CTOUT I€10 C ONTHYECKHUMH XapakTepUCTUKaMH TuiasMel M, bosee Toro, onTH-
YeCKMMM XApaKTEPHCTUKAMH HArpeThiX MOJIEKYISPHBIX ra30B - CICKTPAILHBIMH ko3¢ ¢uruueHTa-
MM [OTJIOLIEHHUS MPHU TEMIIEpaTypax =~ 10’ K 1 Bhite - B 061acTH OMHOKPATHONW W MHOTOKPAaTHOM
HOHU3aUMKU. BBUOY OTCYTCTBMS MCXOIHOR CNEKTPOCKOIHYECKOM uHpopMauryu aAnsg MHOTHX HO-
HOB, @ B PAJIe CNy4acB A/ MOJICKY] H aTOMOB, @ TaKKE TPYAHOCTEH, CBA3aHHbIX C HEOOXOUH-
MOCTBIO YYETa BO3MYLUIAIOUIEr0 NEHCTBHS 3apSXEHHBIX YaCTHL Ha CTPYKTYPY CIICKTPOR MCIyCKa-
HUS M TOMJIOWIEHHS B MJja3Me, KOJIHYECTBO AAHHBIX, AOCTATOYHO MNOJIHBIX I8 TOrO, 4yTOOLl HX
MOXKHO OLUIO MCIOJB30BaTh B ra3oAWMHaMHYECKMX pacudeTrax, B HACTOslleC BPEMA OrpaHH4CHO.
37ech MOXHO YKa3aTh Ha OaHKM JaHHBIX TaKoro poiaa Mg BO3ZyXa M HCKOTOPLIX IpyruX
MOJIEKYIAPHBIX ra30B, HEKOTOPBIX METAJUIOB H AHINEKTPHKOB, psila HHEPTHLIX Td30B H cMmeced. B
OTHOLIEHNMH MyGnukaunii no ko3dgpuurenTam nornouwenus nasmet e, C, A, Ne, Ar, Xe, Bi u
HEKOTOPbIM APYTrHM MPUXOAMTCA KOHCTATHPOBATh, YTO 3TH PE3YNLTATHI B TOM obbeMe, KOTOpbIH
HEeOOXOAUM /IS NPHIOXEHHH, MPOJ0IKAT OCTaBaThCs B OCHOBHOM [IOCTOSAHHEM TEX KOJUICK-
TUBOB MCC/IE0BATENEH. B KOTOPBIX OHK Bbiny mosyyeHbl. TpyaHOCTH MpeaCTaBNEHHSA NETaNLHOH
CneKTpaiibHOH HH{OopMauuu B 0603pUMOM BHIE MOKA NPENATCTBYIOT €¢ WHPOKOMY pacnpocTpa-
HEHUIO U MCMONbL30BAHMIO, 3acTaBnsas npuberatbh K pa3MyHOro pona yCpEAHEHUAM [0 CNCKTPY.
[TpuMepaMu TaKMX YCPEAHEHHH C/Ty)KaT XOPOLUO W3BECTHBIC POCCE/IaHAO0B npober u3ayueHus Iz
ycpeaneHHsiii no [Mnanky kodduuueHT nornoueHHs Kp; HCIIOJNB3YEMbIE, COOTBETCTBEHHO, A
OMUCAHHUs PaaHalMOHHOM N QY3HH B ONTHYECKH TOJCTOH cpefe U 00BEMHOTO JIyHCHCITyCKaHUs
B ONTHYECKH TOHKOHM cpele. Bofiee akKypaTHbIM CNOCOOOM YCPEAHEHHS SBIAETCA YCPCAHCHHC
(pOCcenaHa0BO, MIAHKOBCKOE WIIM C €IMHHYHOH BECOBOHA (QYHKUMEH) MO OTACALHBLIM CMCKTPAb-
HbIM HHTEpBaIaM (rpynnam (OTOHOB), BHYTPH KOTOPEIX KOI(QGHUHEHT MOrIOWEHHS MOXET CHH-
TAaThCA NPHONMIUTENBHO MOCTOSHHLIM. Pacuer cnekTpaibHbIX K03((HUMEHTOB MOrIOUWEHHS CBS-
3aH ¢ CYMMHPOBaHHEM BKNAaA0B OONBLIOTO YHCI/Ia KOMIIOHCHTOB M YHETOM /18 HUX MHOTO4HC/ICH-
HbIX NEPEX0A0B, KAKIbIA W3 KOTOPHIX B OMNPEIENEHHOM CIIEKTPAJbHOM NHana3’oHe NpH onpene-
NEHHOM TeMIEPaType MOXET Mrparh JOMHHUDYIOULYIO poJib. OCHOBHBIMH MEXaHHW3MaMH, Orpele-
NSAOWMMH NOTAOWEHHE H3JIYYEHHS B ra3ax M niasme, sBIsioTCs Mpoueccsbl TOPMO3HOro norjoue-
HUS B MOJISX MOHOB, aTOMOB M MOJICKYJl, (POTOMOHH3ALUS 3 OCHOBHBIX U BO30YXIEHHBIX COCTOA-
HUil aTOMOB M MOHOB, MOrjowWeHHe B npoueccax ¢GOTOMOHU3AUMHK H HOTOAUCCOLUMALIMK MOJIEKY,
GOTOMOHM3ALWS BHYTPEHHHX JNIEKTPOHHLIX 000/10U€EK YaCTHIL, MOTJOUICHHE B 3ICKTPOHHO-KOJIC-
GaTenbHBIX MEPEXONAX MOJEKY, MOrNIOMEHHE B CIEKTPATBHBIX THHUAX aTOMOB U HOHOB. CeucHus
BCEX JIEMEHTAPHBIX MPOUECCOB MpH pacyeTax kodpPuuuenTos nornolweHnus Opajucy U3 U3BECT-
HOH CIIPaBOYHOM NUTEPATYPHl, @ IPH OTCYTCTBHH MX 111 aTOMOB H HOHOB PACCHUTLIBANUCE MO Me-
Toay kBaHToBOrO Aedexra, Meronam Xaprpu-doka u Xaprpu-®oka-Cnerepa.

2. PacuerHo - TeopeTHuecKHe MOJeJH NPOLECCOB.

Bosspaiasce Teneps k Bonpocam pa3paboTku QH3HYECKHX U MATEMATHYECKUX MOACNEH
NpouUeccoB, COMPOBOXAAIOIIMX BO3AECHCTBHEC KOHUCHTPHUPOBAHHLIX NOTOKOB JHEPrHH HA NpeErpa-
Iy, YK2XKeM, YTO TAKHE MOJAENH, MOMHMO QJCKBATHOrO Y4eTa OCHOBHBIX (U3HYECKHUX MPOLIECCOB,
He JIOJDKHBI HaKNadbiBaTh CYLIECTBEHHBIX OrPAaHUYEHUH Ha NrEOMETPUYECKHE M BPEMEHHBIC Maclll-
Tabbl ABACHUN. YUMTBLIBAS TakXKe TOT (PaKT, 4YTO IKCINCPHUMEHTANILHOE H3YYCHHE NPOBOAUTCHA B
GONLIIMHCTBE CNY4YaeB B YCNOBHUSX, KOTAA BaXHbl 3Q(PEKTHI HECTAUMOHAPHOCTH M HEOJHOMEp-
HOCTH, ZOCTATOYHO [10JIHOE CONOCTABJICHUE BO3MOXHO TOJILKO Ha OCHOBAHHH HECTAUMOHAPHBIX H
HEOAHOMEPHBIX YHCIEHHBIX MOJICNCH.

OnuieM Haubonee CyECTBEHHbIE 0COOEHHOCTH HHUCIEHHBIX MOAEAEH, pa3paboTaHHbIX
ANA PELICHWA YKa3aHHBbIX 3a4a4. Y 4YWTLIBasA, YTO ACHCTBYIOLIHE HA MOBEPXHOCTb MY4YKH HMEIOT,
KaK NpaBMJIO, OCEBYIO CHMMETPHIO M HalIPaBIIEHbl K HEH MO HOPMaJIK, COOTBETCTBYIOLLYIO CUCTEMY
YpaBHEHHI AWHAMHKH CIIOLIHON Cpelabl, OMUCHIBAIOLLYIO ABHKEHHE BO3HHKAIOUIMX Yy IMOBEPX-
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HOCTH NapoB (Mnu, B 00LUEM Clyyae, NMPORYKTOB pa3pyLICHHs) 3aNULIEM B 3MIEPOBLIX NepeMeH-
HBIX B UMJTHHIPHHECKOH CHUCTEME KOOpAMHAT rOz € OCblO z, HANPABJIEHHOM MO BHEWHER HOpMa-
MK K NIOBEPXHOCTH!
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‘9(;”) +a’xv(pvw)+—(P S, ~S,)- =0

Sn _Sn
r
2Py +a’v(puw)+—(P 5 yed D yag

ot or
i(—gI—El +div(pEw) +—az—-[(P -Syu— S._.,v]+

+—l—i[(P— Sy —Sl}ur]+ divF ==L
ror z

E=e+w'/2;, P=P(p,g), T=T(pe);
3nech 1 M v - OCEBas W palHaIbHAL KOMIIOHEHTBI CKOPOCTH W, E - NOJHAA, € - BHYTPEHHSAR Yaeb-

Had IHEPrHs, Sy - KOMMOHEHTHLI IEBHATOPA HANPKEHHI, F - HHTErpanuHbuiif NOTOK JHepruu 3a
CHET MEXAHH3MOB M1EPEHOCA €€ TCIIONPOBOAHOCTBIO U M3MydeHHeM, dg/dz - 3Heprus, Bblacise-

Mas BHEIWIHHM HCTOYHHMKOM B eIMHMUE 00beMa B AaHHOM TOYKE NPOCTPAHCTBA (r,2) B CAMHHLLY
BPEMEHH.
K cucreme (1) HeoOXOAMMO NPUCOCINHUTL ONpPEIENSIOlIee YPaBRERHE, ONMChIBAIOLIEE
CBOHCTBa MaTepHaa Ipu CABHIE, M3 KOTOPOIO MOXHO MOly4HTh CBA3b AEBUATOPA HAMPSDKEHMUI C
TEH30pOM cKopocTei aedopmannii g
Su = Sij(a) (2)
Jins ONTHYECKM TONCTHIX Cpell MOTOK SHEPTUH F B (1) onpenensercs 3aeKTpOHHOMN (K03 PuLM-
eHT K,) ¥ Iy4UCTOHN (K0d3hPUUMENT k) TeNNONPOBOAHOCTHIO!
F= F+F——(k + kAT 3)
B ofutem cyuae cpen ¢ ApOU3BOALHON NPO3PAYHOCTLIO JTYSHCTbIH MOTOK onpeaensercs
4epes CNeKTPAIbHYKO HHTEHCHBHOCTb M3NyuyeHus J,:
F,=[de [d02-Q-1, (4)
0 (4x)
AN HAXOXKAEHHA KOTOPOH CNEAYET PEIUHTD YPABHEHHE NEPEHOCA H3JTYYEHHA |
(QV), =ck,(I,-1,) (5)

B (4,5) Q - enuuuuHbli BEKTOP HANPaBIEHMS, ¢ - CKOPOCTh CBETA, 1., - paBHOBecHas
(N1aHKOBCKAs) HHTEHCHBHOCTb H3Ny4eHHA 11 QOTOHOB C HEpruell &, k, - MOHOXPOMATHYECKHii

K03 PHUHEHT NOrNOWEHHS POTOHOB C SHEPrueH & HCNPABNCHHBI Ha BBIHYXKAEHHOE Henyc-
kanue. Ipn u3y4eHun RBUKEHUS CPEL, B KOTOPBIX NPOGErH COGCTBEHHOTO H3NydeHNs CPaBHHUMBbI
C XapaKTepHbIMK pa3MEpaMH 3a4aid, HCMONL3YETCH OMMCAHME IIEPEHOCA W3NYYEHHS B MPUGAH-
KEHHH “Bepes-Ha3an” BLONMbL KaXIOW u3 ocelfl KOODAMHAT 7, z. 3aBHCHMMOCTb WHTEHCHBHOCTH
U3NYHCHHUA OT JHEPrHH (JOTOHOB YHMTBIBAETCS BBENCHHEM HCCKONBKHX CHEKTPANBHBIX CPYI, B
npeaenax koTophiX KO3 GHUHEHT MOFNOWCHUS CPEABI MOXHO CHHTATH MOCTOSHHEIM, PABHBIM €r0
NIaHKOBCKOMY CpelHeMy. MoWHoCTs dy/dz uctournka sueprossutencuus B (1) onpenensercs

XapaKTepoM paccMarpuBaemoii 3anauu. Hanpumep:
a) Tlpu nelicTeuM Ha nperpany nyvka na3epHOro M3AYYEHHS C MNOTHOCTBIO MOTOKA
JHEpruu q (r) B TOUKE (7,z) NONAYHUM:
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4(r.2)= 4. (Y exp(-] k, dz |1~ R(T,)expl=r[k, a2 (®)

B (6) k, - x03QQUUHEHT MOrNOWEHKS Na3EPHOTO U3NYHCHUS, IHEPTHS ¢$oTOHOB KOTOPOrO €,

npoayKTaMu paspyutenus nperpannt, R(Ty) - kodpduument oTpaxenns H3ny4eHHs OT nperpanel,
onpenensemslii ee Temneparypoit T,. OTpaxeHHe NpeanonaracTcs 3epKanbHeIM.

6) [pu AeHCTBMHM Ha Mperpany My4ka 3apsiKEHHBIX YacTHU (JNEKTPOHOB) 3HEPTOBbLIE-
neHue cneayer cyuTaTh 06BEMHBIM. [103TOMY CTPYKTypa 30HBI 3HEPrOBbIACACHHA B MpErpane u
BLIGpOWEHHOM U3 (OpMUpYIOUIEro B HEH kpaTepa BEIWLECTBE NEPECUMTHIBANACL MO METOLY
MouTe-Kapio kaxawiit pa3s, koraa M3MeHeHMe MIOTHOCTH BEIWECTBA B KakoH-nuGo pacueTHOW
TOYKE 32 CHET JABHKEHUS AocTHrato 10%. Beanuuna dg/dz B 3TOM Criydae paBHa:

dq/dz=pa,-j,- f(r)-o(t) @

rae a,(z) - JHEprusl, TepsaemMas OIHOM YacTHUEH B BEILECTRE MPH MPOXOXKIEHHH €10 MacCoBOro my-

TH dx = p dz Ha rybuHe 2, j, - MAKCHMAILHAS TUIOTHOCTL TOKA B TYuKe, f (r) U ¢(t) - QyHKUMH,
ONpeaensIowMe NPOCTPAHCTBEHHO-BPEMEHHYIO 3aBHCHMOCTD MJIOTHOCTH TOKA.

[Tpy1 YHCNEHHOM MHTErPUPOBAHHM CUCTEMBI (1) BMECTE C ONpEeASNsIOWNMY 3184y Bbl-

pPaKEHUIMH F v dg/dz MaTepHATbHLIE XAPAKTEPUCTUKI CPENbl 3A1AOTC B BUAC CETOUHBIX (YHK-
umii InP. Ink, InT, Ink, norapudmMuveckux nepeMeHHsIX Inp, Ing ¢ paBHbIM WAroM M pa3peleHueM.
06eCneyrBalOLIMM J0CTATOYHYIO TOYHOCTD NPH THHEHHOA UHTEPNOJIALMH MEXKIY Y3/IaMH.

Ilns peweHus cucremsl (1) HCNONb3yETCA KOHEYHO-PA3HOCTHBI METOA “KPYMHbIX 4ac-
Tuw” U TVD - cxema, B KOTOPLIX NMPEXyCMOTPEHB! CNEUHANBHLIC NMPOUCAYPh! BbUICACHHUA KOH-
TaKTHLIX [IOBEPXHOCTEH, Pa3ae/NsioMX BEIECTBA, OTAHYAIOIMECT CBOUMH TEMNOPUIUHECKUMHU 1
ONTHYECKUMH XapaKTCpPUCTHKaMH. PellieHne ypaBHEHHUs MepeHoca OCYIUECTBIAETCA METOAOM Xa-
DPaKTEPHUCTHK UM METOJOM AHCKPETHBIX OPIHHAT

3. PelueHue KOHKPETHbLIX 3a1aY.

B kadecTBe npuMepa HCIO/L30BaHHA Pa3pabOTaHHLIX METOAMK NPHUBOAATCA pPELICHHA
CACAYIOWMX PAOUALHOHHO-TIIA3MOAWHAMHYECKHX 3al1a4, NOMYYEHHBIE AN PEAIbHBIX ONTHKO-(H-
3UYECKHAX NAPaMETPOB MaTEPHANOB:

1. Bo3azelcTBHe Na3epPHOTO M3AYYEHHS YMEpPeHHOH noTHocTH notoka ¢ <10” BT /cm’ wna me-
TaNIM4ecKHe nperpankbl B BO3AYyXe (TEXHOJIOTHUECKHUE NMPUMEHEHHS ).
2.  Boanefictaue nazepHOro Manyuenus 6o1bwoi Mowsoctn g <10 —10" BT /cm® wa muoro-

clojiHble MHUICHH (KOHBEPCHS Ta3¢pHOTO M3JYyUYEHHS B PEHTICHOBCKOE).

3. BoszeiicTsHe Ha nperpany CHALHOTOYHOTO My4Ka 3J1eKTpOHOB (00paboTka MaTepHasos, Io-
Jy4EHHE PEHTIEHOBCKOrO TEMIOBOr0 U3NyYeHHS ).

4.  DnexkTpuueckuii B3phIB MIOCKHX W UHIMHAPHYECKHX POBOAHMKOB M €T MPUMEHEHUR B Ka-
4eCTBE MOIIHLIX HCTOUHHKOB M3/TydeHHS B BHAMMOH, yNbTpaHo/IeTOBOH W PEHTIEHOBCKON
obnactax crekTpa.

5. JIuHaMMKa 43fy4eHus, BOIHMKAIOUIErO NPH ABWKEHHH B atMocdepe 3eMili KOCMHUHECKHX
00beKTOB cO ckopocTaMHu 10 50 km/cek.

6. IluHaMMKa W M3JMyMEHHME TUIa3Mbl, BO3HMKAIOWEH NpH yaape O [OBEPXHOCTb 3eMIH
KOCMHYECKHX 00BEKTOB €O ckopocTaMHu 10 50 kM/cek.

Pabora BumonHeHa npd (UHAHCOBOH nomdepskke MexIyHapoOAHOro Hay4yHo-
TexHu4eckoro Llentpa (r.Mocksa), - [Tpoext B23 - 96.
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SELF-ORGANIZATION PROCESSES IN PLASMAS

M. M. SKORIC

Institute of Nuclear Sciences ”Vinéa”, POB 522, 11001 Belgrade, Yugoslavia
and
* National Institute for Fusion Science, Toki-shi, 509- 5292, Japan

A large amount of effort put into studies of complexity and self-organization in plas-
mas has revealed a profound underlying structure in diverse and seemingly irregular
phenomena. Self-organization is a generic process of a creation of order in a nonlinear
far-from-equilibrium system, open to an environment. Energy input, nonlinear insta-
bility which leads to dissipation, entropy production and its removal from a system
are key governing points (Sato et al. 1996). We shall briefly discuss basic concepts
to focus at an example of a stimulated Raman backscattering in laser plasmas. At
high intensities, anomalous Raman backscattering, turbulent spectra and hot elec-
trons, detrimental to laser fusion are often observed. We introduce a fluid-hybrid and
particle simulations in order to model and explain nonlinear Raman complexities.In
a broader context, we study long-time saturated Raman states to find a consistency
with a general scenario (Sato et al. 1996). An interplay between self-organization at
micro (kinetic) and macro (wave- fluid) scales is revealed through quasi-periodic and
intermittent evolution of physical variables,related dissipative structures and entropy
changes (Skori¢ et al. 1998).

References

Sato, T. and the Complexity Group: 1996, Physics of Plasmas v.3, 2135.
Skorié¢, M.M., Sato, T., Maluckov, A.M. and Jovanovié, M.S.: 1998, NIFS Report-549.

* visiting professor, Ministry of Education, Science and Culture of Japan; partial

support by the Ministry of Science and Technology of the Republic of Serbia; under
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CHARACTERISTICS OF GUIDING VLF WAVES BY
FIELD-ALIGNED IRREGULARITIES IN THE MAGNETOSPHERE

D. M. SULIC
Astronomical Observatory, Volgina 7, 11160 Belgrade 74, Yugoslavia

It is well known that under reasonable initial conditions an electric field in the
equatorial plane can produce electron density enhancements and depressions in the
magnetosphere. Plasma diffuses along field lines rather than across them, so enhance-
ment or depression in plasma density tends to be field- aligned. The first ray theory of
VLF waves propagation shows that trapping is possible by irregularities manifested
as enhancement or depression of electron density

In our ray tracing calculations we have supposed that VLF waves propagate in
two dimensions in inhomogeneous cold plasma. The electron density and ion densities
used here are represented by a field-aligned isothermal diffusive equilibrium model.
The electron density at any point in the magnetosphere is calculated from electron,
ion (H*, Het and O%) and temperature profiles at a reference level of 900 km altitude.
In this paper the geomagnetic field is assumed to be a dipole field.

In the present paper we have examined the guiding of VLF waves by troughs
(waveguide with depression of electron density to the background of electron density)
which are located in different models of the magnetosphere. The main feature for a
trough extending along the geomagnetic field line is very variable electron plasma
frequency and electron gyrofrequency along its length. Electron gyrofrequency is ap-
proximately ~ 1MHz near the ends of trough in the bottom of the magnetosphere.
As VLF wave is trapped and travels up to the equatorial region the gyrofrequency
slowly decreases and has values comparable with wave frequency.

The principal idea of our work is calculation of the absolute value of group velocity
for wave frequencies, which are in different ratio to the minimum value of gyrofre-
quency along ray path. In many practically important cases of guiding VLF waves
we are also interested in the direction of group velocity with respect to direction of
geomagnetic induction or wave normal.
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YHCJIEHHOE MOAEJIMPOBAHHUE [1POLIECCOB B KCI1Y
C I[NIPOHHLAEMbIMH TPAHC®OPMEPAMH

AHAHHWH C.H.

Fucmumym xyoexvaspnoi u amoxmois hususu HAH Beaapycu
220072, beaapyen. o Munck, np. @. Crapoins 70
E'mail: lrpdi@imaph. bas-net. by

B COBpeMEHHBIX KBA3HCTALHOHAPHBEIX CHITBHOTOWHBIX TITA3MEHHBIX
vekoputensx (KCITY) tuma T1-50 vekopuTenbHBIN KaHaT 00paso-
BAH «ITPO3PAYHBIMHY CTEPIKHEBBIMU TpaHChHOpMEepaMH (3MTEKTpoaa-
MH) C W3MEHATOMEHCS CTEMEHBI0 MArHUTHOW JIKPAHHPOBKH,
3aBUCALUCH OT COOTHOLICHUA MOJHOIO Pa3spsaaHOr0 TOKa M TOKA.
TEKVIIETO TIO OTACHBHBIM cTep:kHam. B palote [1] Ovima mpen-
NOJKEHA 1BYMEPHAs MOIAC/Ib. MMO3BOAMBLIAA OMUCATb CTPYKTYPY
TeueHus nnasmbl B KCIIY ¢ npoHuuaeMpiM KaTtoaHbpiM TpaHc-
(dopmepom. B pamkax TakoW MOJENM TEHEHWE TITA3MBI OTHCHI-
BACTCA CHCTEMOH YPABHCHHH HECTALLHOHAPHOH MATHHTHOH IMAPO-
AHHAMHKH B TIPHOMGKEHWH KObIeBOTO BBOma [2]. TIpm 3TOM
KaToa MOIETHPYETCS NPOQHIHPOBAHHOH IMOBEPXHOCTBIO C KOH-
UCHTPHYECKUMHA OTBEPCTHAMHU. LUHPHHA KOTOPBIX XAPAKTEPHU3YET
CTETIEHBb HETTOTHOTHI MATHWUTHOW S>KPaHWPOBKH. B nawHOW padore
3Ta MOIENb ObiNa ITOTIOTHEHA TaK, YTOOBI BKIFOYHTH B pac-
CMOTPEHHE BCIO PA3PAIHYIO KAMEPY YCKOPUTE/S. B TOM YHMCIE H
NPOCTPAHCTBO, PACIONOKEHHOE CHAPYXKH AHOMHLIX CTEPHKHEH.
Kpome Toro. paccMoTpeHO BIHsHHE HA CTPYKTYPY M MapaMeTpsl
[11a3Mbl CLCHAPHA TCUEHHUA. TO €CTb BCEH MOCAEA0BATEALHOCTH €r0
3BOIOLMM. HAYMHAA C 3aN0/HEHHA PA3PANHOW KaMepbl IL1a3MOH
BHUb. Tlposeneno cpaBHEHHE ¢ IKCHIEPUMEHTATBHBIMH TaHHBIMH,
[I0KA3aHA AJAE€KBATHOCTDb NPEIACTABACHHOH MOEIIH.

Jluteparvpa
1. Ananun C.H.. Acramunckuit B.M. @usuka naasmel, 1997, oM

23, Ne 1, ¢.37.
Ananun C. M. @usuka mnasmb 1992, Tom 18. Ne 3. ¢. 388.
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HHTEP®EPEHIIMOHHO-TEHEBAS] TMATHOCTHKA
ILUIASMEHHBIX IIOTOKOB
C HUOPOBOI OBPABOTKON H30B5PAXKEHMIA

C.M.AHAHUH, B. M. ACTAIIIMHCKMIA, E.A. KOCTIOKEBUY,
A.A MAHBKOBCKHI

HUncruTyT Monexy 1ipHOit 1 aromuoit dusuxn HAH benapycu,
npocnekt ®.Cxapeinnl, 70, Munck, 220072, benapyces

Pestome. [peacrasned 0630p MCCIIENOBAHHIH HMITY/IBCHOH M CTALMOHAPHOH TUIA3-
MBI, BHITIOTHCHHBIX C IMPUMCHEHHEM METONOB BH3YAIHIALUMH ONTHYCCKHX HEONHO-

PORHOCTEH.
I. BBEJEHHE

B apceHane AHarHOCTHYECKHX CPEACTB, HALICMUHX MPHMEHCHHWE B H3yd4e-
HHH MIa3MOJUHAMHYECKIIX ITPOLIECCOB, 3AMETHOE MECTO 3aHHMAKOT METOABL BH-
3VAJTH3ALHM ONTTHYECKUN HEOTHOPOXHOCTEH, OCHOBAHHHIE HA U3MEPEHHH ped-
PAKUHH ILIA3MBl. 3HAST KOTOPYIO, MOXHO paCcCIHTATh 3HAYUCHHUA Ne C TOYHOCTBIO,
He poctvinol apvruM Mmerogam (Ipum, 1969). Hanbonee yHHBepcanbHHM B
5TOM OTHOMICHHH SBJISETCA HHTEP(DEPEHIIMOBHBIN MeTOR Garoaaps BOIMOXHO-
CTH MEHSTb B LIMPOKHMX IIpeJesax €ro YyBCTBHTENBHOCTh M OAHO3HAYHOCTH
TPAaKTOBKM MOMYYAEMEIX TAHHEIX. BMeCTe C TeM ero peanu3aups AOCTATOYHO
TPYZHA, YTO OOBACHIETCS B IMTEPBYIO OUEPEAb CIOKHOCTBIO CXEMBI CTAHAAPTHHX
npubopos. I'pomosaxocts uHTEpdepoMeETpa CayXUT NPHYMHON NMOBHIUIEHHOH
BOCIMPHHM4YHBOCTH NpuGopa K BHOpanmusM M 3aTPYAHSET €ro pasMeUIcHHE Ha
ycraHoBke. KoneOanus 3epkast XOTH H HE MEMAloT PErHCTPalMH HHTEpdEpO-
rpaMM C BHICOKMM BPEMEHHBIM Pa3pelleHHeM, HO 6e3 NMPUHATHS AOMOIHUTE/Ib-
HBIX MEP HE NO3BONSIOT IOCTHPOBaTh npubop. Jlis npeoxoNeHus 3Toro Heyao6-
CTBa CTAHJAAPTHHIE NPHOOPH CTPOST HA MACCHBHEIX OCHOBAHHSX C IPUMEHEHH-
€M BHOpO3aIMTHEIX pa3Bs30K. B urore, Hanpumep, uuTepdepomerp UT-42 ¢
nonem 3penns 225 MM umeet rabaputs 3x3x1 M mpa Macce OKOJIO 3 TOHH.

IMonoxeHne 3HAYUTENLHO OCIOXHACTCS NMPH HMCCIECAOBAHMM MPOLECCOB B
KPYIMHBIX BakyyMHHIX Kadepax. 34ech, KaK IPAaBHJIO, BO3HHKAIOT HOBHIE, HE
MeHee cepee3Hne npobnemsl. Ilpexae Bcero, B Crydae pacrioOXCHHS 3€pKaj
npubopa CHapyXH KaMepH €€ CMOTPOBRIE OKHA 10 Ka4ECTBY M TOYHOCTH M3ro-
TOBJIEHUS JOJDKHH ORTH CPaBHUMH C cCaMHMH 3epkasiamu. Jlasee, nmpH OTkayke
KaMephl CMOTPOBBIEC OKHa 16OPMUDYIOTCS, BHOCA CHIIBHBIE HCKAXKEHHS B IONIE
uHTEPQEPEHIMH, MU YCTPaHECHH KOTOPHIX TpeDyeTCs H3rOTOBJIEHHE KOMITCH-
CallHOHHHEIX IUIACTHH. ACTbTCPHAaTHBHHI BapHaHT C DPa3MCINCHHEM 3€pKal
BHYTPH KaMepHl CHHXKAET OCTPOTY NpobiIeMbl CMOTPOBBIX OKOH, HO CYIIECTBEH-
HO OCJIOXKHSIET NPOUEXYPY IOCTHPOBKH Npubopa 3a cYET HEOOXOAMMOCTH KaXkK-
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VNHTEP®EPEHIIMOHHO-TEHEBAA IUATHOCTHKA IIJIASMEHHBLIX IIOTOKOB...

JBIA pa3s MpOM3BOAMTh pa3repMETH3ALMIO kamephl. HakoHew, Henb3s He yroMs-
HYTb H O TOM, 4T0 oOpaborka uHTepdeporpaMm JOCTATOMHO CAOXKHA M OTHUMA-
et Hemaso BpeMeHH. Bee 3Tu GakTopsl CAEPKHBAIOT PaCIPOCTPAHEHHE METOAA
ONTHYECKOH HHTEPPECPOMETPHH B JHATHOCTUKE IUIA3MBI.

Hioxe mpeacraBneH kpatkui 0630p paboT, BRIMOMHEHHBIX C MPHMEHCHHEM
asToko/utnManHonHoro uHTteppepomerpa (Kocriokesud u Munnko, 1981),
KOHCTPYKTHBHBIE OCOOEHHOCTH KOTOPOrO YIPOINAIOT PEAH3ALHIO METOAA.
IMpubop cocTOHT M3 HCTOUHHKA CBETA, KOMIMMATOPA, CBETOAC/IHTCIL H ABYX
TOTYTIPO3PaYHBIX 3€PKaJI, OTPAKAIOIMMX ONOPHLIH M TIPEAMETHBIH Imy4dkd. Cee-
TOACHTEIL HAMPABIISET HX B ChEMOYHYIO KaMepy, rac Habmoaacercs pe3yasrar
HX MHTEP(QEPEHIHH B BHIE CHCTEMBI NMAPAIUIENbHBIX TIONOC, YacTOTa H OpPHEH-
Talus KOTOPHIX 334aCTCs TIOBOPOTAMH ONHOrO M3 3epKail. 3a CYET OAHOOCHOCTH
CXEMBI M HCIIO/b3OBAHMS MPHHIMIIA ABTOKOITHMHPOBAHHS TIPHOOP OTIHYACTCH
KOMIIAKTHOCTBIO M JI€rKO MOHTHPYETCS TPAKTHUECKH Ha 1000 yCTaHOBKe.
Tak, rabapuTel cCamMoOro KDYIHOrO H3 NPHMEHSBUIHXCA B IKCICPHMEHTAX HH-
Tephepomerpa ¢ monem 3peHusa 200 mm cocrasnsin Beero 80x40x40 em.

[Moxanposast cremka HHTEpdEeporpamMm ¢ uactoroit mo 250000 xaap/c mpo-
Boamnace oroperucrparcoom COP. Hcnons3zoeasiunecs A8 30HIHPOBAHHUA
TIIa3Mel J1A3EPHE Ha pyOHHE # HeoauMe, paboraBune B peckime CBOOOAHON re-
HCpalMH C CCACKUMEH MOI O0ECICHMBAH BPEMECHHOE PaspelICHHE HE Xyke
100 He npu wacrore cremxat 10 250000 xanp/c.

Jns obpaborkn unTepdeporpamMm Opila  CO34AHA ABTOMATH3MPOBAHHASA
cucrema (AHaHuH W ap.. 1994), B cocraB KOTOpOif BXOMAT BHACOKAMEPA HA .
IMT3C-marpuue, 6nok ynparieHHs, MOHHTOp M Kommsiorep. Ha BHneokamepy
3aNMMCHIBACTCA HYXHBIH Kagp KUHOHHTepdeporpammul. bnok ynpasnenus
OLH(POBRIBAET CHI'HAJIBI C MATPHLBI, 3ATIOMHHACT H300OpAXKEHHE, BEIBOAUT €T0
Ha MOHHTOP H OOCCIICHHBAST BBIMIOIHEHHE ONIEPaLUMil BBOAA-BHIBO/A.

ITporpamma o6paborki uHTEphEpOrpamMM, CO3AABABIIANCA C Y4ETOM OCO-
GeHHOCTEH IKCMEPHMEHTA. BKIIOYACT ITPOLEAYPY aBTOMATH3MPOBAHHOTO TIOHC-
Ka MAaKCHMYMOB HHTCP(EPEHLMOHHBIX MOJIOC B 33JaHHBIX CEYCHHSIX, HHTEPAK-
THBHYIO KOPPEKUHIO TIOJYYECHHOH MAaTPHLBI M IOCHEAYIOIHE MAIIHHHBLIE BEI-
YUCJICHHA, AAIOIIHE B HTOrE pacrpeseneHne Ne B BUSyaIH3HpyeMoit obactu.

II. 3KCIIEPUMEHT

1. BzanmopeiicTBHe J1a3ePHOI0 HATYYEHUS C BELLECTBOM

Ananns kuHonHTepbeporpaMM Bo3AeHCTBHSA CHOKYCHPOBAHHOIO HANYYCHHS
Nd-nasepa B mM4KOBOM pekuME Ha aIOMHHMEBYIO MuineHb (KocTiokeBudy M
Ap., 1980) mossomun npocieguTh THHAMUKY Pa3sBUTHS NasepHoro (akena u
BLISSBUTb XAaPaKTeP PacpOCTPaHEHUA yAapHbIX BoiH. Ilpu ux BlaumopeiicTBun
B HaxdakenbHOIt obnactu oGpasyercs MIIoTHas BO3AYLIHAS «TIpobka», KOTopas
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MOXET CYLICCTBCHHO BJIMSTh Ha IMPOLECC B3AMMOACHCTBHA MA3EPHOrO M3iyde-
Husg ¢ cobcTBenHoM rnasmoii. [IpuMenenne wHTEpGEPOMETPHH HA ABYX JUIH-
HaX BOJH MO3BONWIO Haifru pacmpeaciaeHue N, MAaKCHMAILHOE 3HAYEHHE KO-
Topoit cocrasmio 2x10' ™. Tpu BO3ACHCTBMM HA MHINEHD 1-MKC MMITyIBCOM
BRICOKOE BPEMEHHOE Pa3PEmEHHE JOCTHIIOCh 33 CUET LIENCBON PasBePTKU M0~
noc. B pesynbrate n3MepeHsl CKOPOCTH YAApHHIX (PPOHTOB H HAHAECH BPEMEH-
Hoit xox Ne Ha ocu daxkena.

2. IyToBoii n1a3mMoTPOH

Tlpu HcCacaOBaHMIX CTA0HIH3HPYIOIIErO ACHCTBHSA 3JCKTPHYCCKOH QyrH Ha
TEYEHHE IIa3Mbl B KaHANE CTALMOHAPHOro XYyroBOrO IUIA3MOTPOHA CO CTEpPXK-
HEBBLIM KATOJAOM H TpybuaThiM aHoxoM (Anemus u xp., 1983) okna cmoTposoi
cexumu Oninu 3ameHeHnl 3epkanamu uHTepdepomerpa (mmamerpom 10 mm),
KPCIMBLIMMUCH K (IaHUAM YCpe3 JNIAaCTHYHBIC YIUIOTHCHUA, O0OeCIeYHBaBIIHE
FEpMCTHYHOCTb KaHAna H BO3MOXKHOCTb IOCTMPOBKHM mpubopa. B pesyanrare
ObUIN YCTAaHORBJICHbI (DAKTOPLI, OMPEACIAIOIIME MEPEXOA PEXKHMA TEYCHHS OT
TYPOVJICHTHOIO K JIaMHHATHOMY.

3. MIIK n KCITY

Maruuromiasmenssii xommpeccop (MITK) mpexncrasnser coboil anmexTpo-
PA3PSLAHYIO CHCTEMY. COAEP-KALYIO PAa3PSAHOE YCTPOHCTBO C KOAKCHAIEHO pac-
MOJIOKEHHBIMH  37IEKTPOIAMH, KOTOpas MO3BOJSCT MONY4aTb HMITYTbCHEIE
NNa3MEHHBIE  MOTOKM,  CXAaTble  COOCTBEHHBIM ~ MArHHTHBIM  IIONEM
(AcramuHckuit 1 ap., 1991).

Yerrpe TakuX yCTPOHCTBAa HCIOABIYIOTCA B IPHHUMITHAJILHO HOBOH JABYX-
CTYNEHYaTOH CHCTEME - KBA3WCTALMOHAPHOM CHJILHOTOYHOM IUIa3MEHHOM YC-
koputene (KCITY) - B kagecrse nepBoi cryneHd. OHH HHMXEKTHDYIOT [TOJIHO-
CTbI0O HOHM3HPOBAHHBIE IL123MECHHBIE ITOTOKH BO BTOPYIO CTYMEHb - YCKODH-
TCAbHBIH KaHan, 0Opa3oBaHHBIA BHELIHUM 3NEKTpoJoM JummHoH 120 cMm u qua-
MerpoM 50 CM M LEHTpAIBLHBIM 3EKTPoAoM cnoxuoro npodmns. Takum obpa-
30M, pa3psX BTOPO# CTYIEHH MPOHCXOAMT B MPEABAPHTEIbHO pa3orpeToi cpe-
ze, 4eM 00eCIeYuBaeTCs JOCTHIKEHHE BHCOKHX MapaMETPOB Ha BBEIXOAE YCKO-
pHTENA.

Yrobbl MCKITIOYHTh BiHsHHE AePOpPMAalHi CMOTPOBHIX OKOH, 3epkana 200-
MM HHTEp(EPOMETPA JKECTKO KPEMHIIMCh M3HYTPH KaMepel K ONpaBaM OKOH.
CreupanbHas KOHCTPYKLMS ONpPaB OKOH MO3BOJIANIA FOCTHPOBATH 3€pKaja CHa-
pyxH, He puberas kK pasrepMeTH3aLMH kamepel. Kpome Toro, jkectkas CBsI3b
3epKaT CO CTEHKAMM BaKyVMHOH KaMepsl 00ecrnedHBaiia HaJeXKHYIO 3amuTy OT
Bubpanuii: IocTHPOBKa mMpubopa HE HapyIIajach JAXKE TIOC]E NMPOAOIDKHTENb-
HO# paboTh BakyyMHbIX arperaTos.

Ipensapurenshsle pacuers! nokasamu, yro B ycnosusx MITIK u KCITY
pedpakuys mnasMel B 0612CTH KOMITPECCHH  ONPEAEIAETCS TIaBHBIM 00pazoM
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UHTEP®EPEHIIMOHHO-TEHEBAA NHUATHOCTHUKA IIJIABMEHHBIX IIOTOKOB...

CBOOOAHBIMH J/IEKTPOHAMH, 3 BKJIAX TDKE/IBIX YACTHI{ HE IMPEBAINACT MOrpeI-
HOCTH M3MEpPEHHH. 3TO AaBano BO3MOXKHOCTb onpeaeisTs N, 1Mo OXHOLTHHHO-
BOJTHOBEIM HHTEP(EPOrpaMMam.

T, B o6nacti komnpeccan KCITY onpezensiu no ckopocTd 3ByKa B IUIa3Me,
KOTOpas OMHOZH&YHO CBA3AHA C YTJIOM OTXOXKACHHA CKauka YIUIOTHEHHs, obpa-
3yIOmerocs MpH HaberaHMH TUIA3MEHHOIO MOTOKA HA TOHKHH KIIMH, YCTaHOB-
NEeHHBIH TOA HYJIEBHM Yr:iIOM aTakd. JUIS BH3yanM3al[i¥ CKaYKOB YTUIOTHEHHS
uHTEphepomeTp GbLT NEpeoSOpYAOBaH B TEHEBOH IMPUOOP NMOCPEACTBOM 3aMEHR
33JHETO MONYIIPO3PaYHOro 3¢PKaNa rIIyXHM.

B peaynbraTe mpoBeAEHHBIX IKCIIEPHMEHTOB ITPOCHEXKEHa AuHaMuka ¢op-
muposasns obnacti komnpeccud B MITK n KCITY, HaiizeHo mpoCTpaHCTBEH-
HO-BPEMCHHOE pacnpeacieHHe Ne B MOTOKe, 0OHapy»KEHO, 4TO Ha CTAIHHU pa3-
Baya obnacThk KoMnpeccHn npHobperaer Tpyb4aryro crpykrypy. Ilo 3HaueHHsIM
N. B KaHaJIE H 33 CPE30M VCKOPHTENS ONpPEAEICHa CTENMCHb CXKATHS MUIa3MEHHO-
ro NoToka B obnacTH kommpeccHd. Ha ocHOBaHHM TeHerpaMM B3aMMOAEHCTBHS
MOTOKA € KJIHHOM paccUMTaHhl 3Ha4yeHus T, (Axanus u ap., 1998).

HI. 3AKJIIOYEHHE
PesysnbTaTsl MPOBEACHHEIX HCCACAOBAHHI MOKA3AJIH BHICOKYIO THOKOCTb M YHH-
BEPCANBHOCTE ABTOKOJLTHMALMOHHOIO HHTEP(hEPOMETPa, MO3BOJSIOLUIYIO IIPH-
MCHSTH €0 B CAMBIX Pa3HOOOPA3HBIX YCIOBHAX.
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Abstract: On the plasma focus device we investigated the X-ray
emission of different gases: H,D,N and the mixture H+Ar(25%Ar,
75%H). For the detection of X-ray roentgenographic method was
employed with use of Al absorbers of different thickness. Only the
soft X-rays (up to E=18 KeV) were detected.

1. INTRODUCTION

For diagnostics of plasma focus (PF) good knowledge of emitted X-
rays is of exceptional importance, both its energy spectrum and exact
lateral position of the emission source. By some results we can see
(Katsumi 1995) that PF "hot spots" from which X-ray emission occurs,
coincide with these where the neutrons are emitted.

2. EXPERIMENTAL METHOD

The plasma focus we used is of the Mather type (Mather 1965) and
consists of two brass coaxial electrodes (the outer electrode consists
of 18 cylindrically positioned brass roads) separated by a glass
insulator sleeve at one end, where the breakdown of a gas discharge
takes place.

The dimensions of PF chamber are chosen for its optimized operation
at an energy up to 40kJ and a charging voltage up to 40 kV. Pressure
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inside the chamber varied between 1-10 mbar. Development and
acceleration of the plasma focus current sheet have been measured by
means of the fiber optic cables that are "looking" at certain points
inside the chamber.

Electrical circuit parameters are chosen in such a way that the radial
compression starts near the current maximum. For the X-ray detection
we used the roentgenographic method. In order to determine the
maximum energy of emitted X-rays, we used Al absorbers of different
thickness.

Roentgenographic films were protected from the influence of visible
light emitted in PF, placed on the windows inside the PF chamber
with a thin Al foil (20 um).

In this work, knowing the space above the electrode from which X-
rays are emitted, we simplified the method of detection which is seen
from Fig.1. The lateral resolution of detected X-radiation in front of
the film colimators (2 cm long; ¢1 mm) is placed (in form of stainless
steel disk) which was described in the previous work. Film and
colimator are positioned so that they could observe the space around
the top of central electrode. Distance between colimator and central
electrode is 130 mm. Aluminium absorbers of different thickness
(maxim. 1000 xm) were used for analysis of emitted X-radiation.

3 4 ) ) 89
030 1 }

oogoo F
Ooo J

Fig.1. Cross-section of PF chamber 1-central electrode, 2-outer
electrode, 3-stainless steel disk, with Al absorbers, 4-X-ray film. 5-

tube (up to 2 m long) 6-beam devider, 7-mica sheets, 8-Al absorber,
9-X-ray film

On disk in front of the film there are 13 holes covered with Al of

different thickness (50-1500 xm). Energy of X-radiation is calculated
on the basis of absorber thickness used.

49



R. ANTANASIJEVIC, D. DORDEVICE, D. JOKSIMOVICE, J. PURIC and M. EUK

In the experiment with pure D or in the mixture Ar+H we confirmed
an important fact that the X-rays emission, in both cases occurs in a
narrow zone around the central electrode, this zone is greater than
that corresponding to "hot spot' from D-D reaction products,
including the neutrons emitted (Antanasijevié at all, 1997).

3. RESULTS

Blackness obtained on the X-ray films after passing through the
MICA sheets (8 on Fig.1), shows that in the X-ray spectra emitted
from PF, A corresponding to MICA latice constant exists.

3o v 30
\

10 - 20

Energy of X-rays { keV )
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[ 10 1%
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Fig.2. Dependence of energy X-ray on gas atomic number

In Fig.2 we show dependence of energy of emitted X-rays on the gas
atomic number Z. For the X-rays emission of mixture Ar+H we
obtain larger encrgy value in comparison with the previous results
(Antanasijevié 1995), but at the same time concentration of Ar in this

experiment was much larger. Estimated error in this experiment is
around *309%.
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1. INTRODUCTION

Luminous blue variable P Cygni (HD 193237, B1-B2, Ia) has been showing irregular
brightness changes and mass loss about 1075M¢, per year. It has an extended and
expanding atmosphere. Undisplaced emission lines are flanked by shortward displaced
absorption lines, typical P Cygni-like line profile was first noted in 1888. Because of
its brightness, P Cyg was the object frequently studied during more then hundred
years.

Polarimetric studies of P Cygni were sporadic till the end of seventies. Hayes (1985)
started more intensive polarimetric monitoring of the star by observing linear polariza-
tion in B spectral region. During the last decade, polarimetric observations provided
the complete wavelength coverage from 1400 to 7600 A (Taylor et al., 1991). The
brightness variations of different time scales exist mainly of an irregular character.

Belgrade linear polarimetric data in V spectral region, collected during seven years,
cover the period of time in which many other different observations of P Cyg were
done. Belgrade measurements will be useful in the analyses of long-term (years) and
short-term (months) variability of the star.

2. OBSERVATIONS

The observations of the visual linear polarization of the star P Cyg were performed
with the Zeiss 65 cm-refractor and the D.C. one-channel polarimeter at Belgrade
Observatory. The observations were done between July 12, 1986 and August 31, 1992.
One 8-minute measurement of the Stokes parameters @ and U has a typical r.m.s.
error not larger then 0.07%.

The observed values of visual linear polarization percentage P and position angles
© of the star P Cygni during the period 1986-1992 are presented in Figures 1 and 2
respectively. Polarization parameters are on the y-axes and Julian days on the x-axes.
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Fig. 1. The observed polarization percentage of P Cyg in V filter during the period
1984-1991.
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Fig. 2. The position angle of the observed polarization of P Cyg in V filter during the
period 1984-1991.
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LINEAR OPTICAL POLARIZATION OF P Cygni IN 1986-1992

The annual mean values of the observed polarization parameters P, © and Stokes
parameters, @ and U, are presented in Table 1. Julian days in Table correspond to
the middle of the season of the observation. The interstellar component of P Cygni
is normally rather high, Taylor et al. (1991) derived the interstellar component. But,
having in mind many different problems in finding interstellar polarization for one
star we prefer using the observed polarization, at least in this kind of work where

only time-variability analysis is concerned.

TABLE 1

Yearly mean values of polarization percentage (P), position angle (©), and Stokes param-

eters (), U) for the star P Cyg. n - the number of observations per each year.

JD P(%) o(°) Q(%) U(%) n
(2440000+)
6667 1.18 £ 0.34 | 35,5+ 4.6 | 0.387 £0.244 | 1.118 £ 0.128 | 29
7019 1.154+0.23 | 36.3 £ 3.0 | 0.345 £ 0.157 | 1.097 & 0.096 | 32
7398 1.03 £ 0.29 | 31.3 4+ 1.3 | 0.475 4 0.141 | 0.920 + 0.168 | 25
7740 1.30 £ 0.33 | 33.94+ 1.6 | 0.490 & 0.152 | 1.205 & 0.181 | 40
8122 1.28 £ 0.28 | 35.6 &£ 1.7 | 0.413 & 0.131 | 1.209 & 0.157 | 23
8473 1.19 £ 0.32 | 31.9+ 0.4 | 0.525 4 0.121 | 1.071 4 0.208 | 28
8845 1.22 + 048 | 30.0 £ 2.2 | 0.612 4 0.244 | 1.060 & 0.237 | 18

3. DISCUSSION

The observed polarization percentage varies with time as does the position angle.
The long-term variations (from year to year) are with small amplitudes for both
parameters. The amplitude of percentage changes is under 0.3%. For the position
angles the changes are not greater then 5°. The short-term changes (during one season
of observations) are considerably larger. The percentage values are between 0.5 and
1.0%. The position angle varies between 11° and 26°. The Belgrade observed values
of V polarization parameters are in very good agreement with Hayes’ (1985) values
in B spectral region. This is in accordance with the known polarization wavelength
dependence.

During first three years of observations, 1986-1988, the polarization percentage
slowly decreases. For the period 1985-1989 Groot (1989) found an increase of visual
brightness of P Cygni. So, we could conclude that for the star P Cygni an anticorrela-
tion between long-term visual polarization percentage variation and visual brightness
changes exists.
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Fig. 3. The observed polarization percentage of P Cyg in V filter during 1988.

As the short-term polarization percentage variations are concerned the situation is
the opposite. During 1988, the star varied in brightness (Groot, 1989) and in polar-
ization, Figure 3, but with a positive correlation. Of course, it is seen in the period
JD 2447355-7448 when polarimetric and photoelectric observations were done almost
simultaneously. The different behaviour of the short-term and long-term polarization
percentage variations with respect to the photometric variations should has to be
confirmed with a larger quantity of the observed data.
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Pestome. PaccMOTperbl BO3MOKHOCTH KBAa3UCTAUMOHAPHbIX ILIA3MEHHBIX
yckopureieid komnakTHO#i reomerpun (KITY-KI) rasopaspsmHoro
9PO3MOHHOIO THIIOB, [EHEPUPYIOLIMX KOMIPECCHMOHHBIC ILIa3MEHHbIE
noroku (KIII) 3anaHHOro cocrasa, -Kak MCTOYHHKOB [UIa3Mbl IS
2TOMHOM CIEKTPOCKOITHH.

1. BBEIEHUE

At uccnenosanuii B 06MaCTH  aTOMHON  CTIEKTPOCKOMHM
HeOOXOAMMBI TITa3MEHHBbIE MCTOYHMKH M3JTyYeHus, OGecrneynBalolme
BO3MOXHOCTb OTIPEIENEHUS BEPOATHOCTEH ONTHYECKHX MNEPEXONOB B
aTOMax M MOHAX, CHJI OCLMIIATOPOB, K03pULMEHTOB mnepeHoca, a
TAKXKE M3YUCHHA 3aKOHOMEPHOCTEN YUIMPEHHS CNEKTPaNbHLIX NTMHMA, B
TOM YUCJI€ B 3I€KTPOMArHHTHBIX MOMAX PA3MHUHON KOHPHUrypaiuHy.

Taxue MCTOYHMKH NPU CBOEI OTHOCHTENILHOIN NMPOCTOTE AOJKHBI
MMETb  NOCTaTOYHO  WHMPOKMH  NMAnNas’soH  TEPMOAMHAMUYECKHX
NapameTpoB, ObITh OCECHMMETPHYHBIMH M OGECNEeYMBATL XOPOLIYIO
BOCIIPOM3BOUMOCTD.

K yerpoiicTsam, yaoBaeTBOpsIOIMM TakuM TPeGOBAHHAM, MOXHO
OTHECTH KBa3HCTALMOHapHble [UIa3MeHHble yckoputenu (KITY), B
KOTOpBIX  YCKODEHHE MIasMbl  COMPOBOXAAETCS €€  CxaTHeM
COOCTBEHHBIM a3MMYTAILHEIM MArHHTHBIM IIOJIEM (Mopozos, 1978).
Iloxanyit wauGombwmnii uHTEpeC IS ATOMHOI CTIEKTPOCKOIMHH
NPEACTABNAOT KBA3UCTAUHOHAPHBIE Tra3OpaspsiiHblE H  3PO3HOHHBIE
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NnasMeHHbIE YCKOPHUTE:IH KOMMNAKTHOH reomeTpun (ACTaWMHCKHA U 1D,
1989, Munsko u ap., 1991) c¢ orHocutrenbHo HeGombLIMM
sHeprozanacoM Hakonureneit - (10 - 30 «/Ix), reHepupyouue
KOMMpPECCHOHHbIE  ILTa3MEHHbIE  MOTOKM  3aJ@HHOro  COCTaBa,
XapaKkTepU3yIOLIMeCs JOCTATOYHO BLICOKUMH TEPMOAHHAMHYECKHMH
napamerpamy nnasMbl. XapakTepHas JTHTENbHOCTb KBa3HCTAUMOHAPHOM
CTafHH PasBMUTHS KOMIPECCHOHHBIX NMOTOKOB PacCMATPHUBAEMbIX CHCTEM
cocrasaser ~ 50 - 100 mxc.

2. TEPMOJHHAMHYECKHE ITAPAMETPLI K
CBOUHCTBA KITIT 3AJTAHHOI'O COCTABA

Ilazopaspsaubie KITY-KI' nossosnsioT nosy4aTh [J1a3MEHHbIE
MOTOKM MPAKTHUYECKH 13 MOObIX rasoB M WX CMeCeH, COCTaBIEHHBIX B
A00bIX NponopuMsiX. Palouuii ras nogaerca B pa3pagHOE VCTPOHCTBO
VCKOpHTETS M0G0 C TICMOLUBIO HMMMYIbCHOTO 3JIEKTPOAHHAMHYECKOro
K1anaka, 100 [pezsapuTelbHO OTKAa4YaHHAS BAKVYMHas  Kamepa
3an0;IHAETCA ra3oM AC 33JaHHOro IaBiNeHHMs (TaK Ha3bIBAEMbIH PEKUM
“OCTAaTOYHOro rasa’).

Cneayer OTMETHTb, 4YTO B CHCTEMax C COOCTBEHHbBIM
a3UMYTaJbHbIM MArHHTHbIM [OJIeM, K KOTOPbIM OTHOCATCS W
paccmarpusaembie KITY. nHabmonaercs cenapauus MOHOB MO Macce
3apsay, T.€. NPOMCXOMHT “‘CaMOOYHIIeHHE” KOMMNPECCHOHHOrO MOTOKa OT
TAKEIbIX WOHOB MNpHMeceil, B OCHOBHOM, IMPOOYKTOB pa3pylueHus
anexrponos (Mopo3sos. 1978).

IposeneHHbie  paHee WCCNENOBAHMS  TaKHX  yCKOpMTeine
BLICOKOCKOPOCTHBIMH  doTorpaduueckuMy, CHEKTPOCKONHYECKUMH H
uHTepEPEHUMOHHO-TEHEBLIMH ~ METONAMH  MO3BOJIMIM  M3Y4HTb
AUHAMHKY (GOPMHpPOBAHHS, CTPYKTYPY H CBOKMCTBA KOMIIPECCHOHHBIX
NJa3MEHHBbIX MOTOKOB, ONPEAENUTb WX OCHOBHbIE ra30JMHAMHYECKHE H
TepMoaMHamuueckue mnapamerpbl  (AcrawMHckuii o gp., 1991,
AcrawnHckuit ¥ ap, 1992, Mussko u ap., 1992).

Ipu pabore na Bopopoae 3a cpesom KIIY-KI' ¢dopmupyercs
KOMIPECCHOHHBIH NIa3MEHHbIA MOTOK AMaMeTpoM ~ 1 cM u HMHO# ~ 4-
5 oM. B perucrpupyeMbix CHNEKTpax  HCIYCKAHMS  IUIa3Mbl
KOMMpEeCCHOHHOro noroka B obmactu 300-700 um HabmopaioTcs B
OCHOBHOM CILTOLIHOE H3Ty4eHHEe M JMHMM aromapHoro soaopona. Ilpu
Manelx pacxopax padouero rasa Habmopgatorcst Takke Haubonee
WHTEHCHBHbIE (PE30HAHCHbIE) JUHWH ATOMOB 3JIEMEHTOB, BXOAALUMX B
COCTaB MaTepuana 31eKTponoB. B  3aBHCMMOCTH OT Ha4aNbHBIX
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NapaMeTpOB paspsia TeMIEpaTypa miasmbl cocTasnser ~ (1-3)-10° K, a
KOHLIEHTpauus 3J1eKTpoHoB — (1-2) 107 em?,

ITpu paborte KITY ¢ BO3ayxOM B peXMME OCTaTOYHOrO rasa B
Auana3oHe nasneHuid 1-5 Top, Temneparypa niaasMbl KOMIIPECCHOHHOTO
noroka cocrasisna ~ (3-4)-10° K, a konuenTpauus anexrposos ~ (1-3) -
10" cm?® (Acrammmckuit u gp., 1984). B crekTpax MCIyCKaHMs
HaOMIOAAIOTCS. B OCHOBHOM CIUIOLIHOE U3JyYeHHe W JIMHUH HOHOB a30Ta
M KHCIOpoJa, BIUIOTh A0 3-if kparHoctM wuoHu3auuu. OceBoe
OrpaHH4YE€HHE KOMMPECCHOHHOrO [OTOKA HEMOABMOKHOM mperpanoi
no3Boyuno  chOpMHpOBaT B TEYEHHWE OQHOrO paspspa J1Ba
B3aMMOCBS32HHbIX,  OJHOBPEMEHHO  CYILUECTBYIOLUMX  MCTOYHHKA
H3y4eHHS B BUAMMOIT 00aCTH CNeKTpa C SPKOCTHOM TeMIlepaTypoii ~
3-10* K ( kOMnpecCHOHHBIl MOTOK, COCTaB MIa3Mbl onpenensercs, B
OCHOBHOM,  pabouuM ra3oM) H 5-10* K (yoapHOC KaThlit
NMPUNOBEPXHOCTHBIN CI10i Mna3smbl. COCTAB KOTOPOil NMPEUMMYIIECTBEHHO
onpenesIAeTCA MaTEPHUAIOM NPErpambl).

Hccraenoanus razopaspsnseix KITY nosBonunu  vCTaHOBHTB
KPDHUTEPUH MONy4YeHus npH (HUKCHPOBAHHOM YpPOBHE 3amnacaeMoil B
YCKOpHTEJIE 3HEPrMH MaKCMMaJIbHBIX NapameTpoB IUIa3Mbl C  MAalibiM
KOJNIUYECTBOM MpHMeceil B 3aBHCHMOCTH OT MaKpPOCKOMHUYECKHX
NapaMeTpoB paspsiaa ( MAaKCHMAJILHOTO 3HAYEHWs PaspsHOrO TOKa,
MaccoBOro pacxona padodero BEIIeCTBa W HAYAJIBLHOTO HAIpPSDKEHHS
HaKOIMHUTENS SHEPTHH).

[Ipennoxennvie opuruHansHeie KIIY  sposuonHOro THna
(Munbko u ap., 1991) Brepebie obecneyuny BO3MOXHOCTD TOJyYEHHS B
BO3QyX€ NpPH aTMochepHOM HaBleHUH (T.€. B YCIOBHAX CBOOOAHOrO
AOCTyna K IUIa3Me) KOMIPECCHOHHBIX 3PO3HOHHBIX IUIa3MEHHBIX
NOTOKOB 33JaHHOTO COCTaBa, ONpPENENIeMOro MaTepHaloM BHYTPEHHETO
anexrpona. IlpoBeneHHele HCCNENOBaHUS MO3BOJMIM  YCTaHOBHTH
¢usnueckne mnpoueccl, OTBETCTBEHHBIE 33 (OPMHPOBAHHME TAKHX
TIOTOKOB, HaiTH Crocodbl yBenuueHus 3¢ (eKkTHBHOCTH BBOAA 3HEPruu
HEMOCPEACTBEHHO B KOMIIPECCHOHHBIH HOTOK, ONPEAEIHTb OCHOBHLIE
rasoAMHaMM4YecKHe M TEPMONWHAMMYECKHE ITapaMeTpbl 3PO3MOHHOM
riasmbel (MuHbBKO ¥ 1p., 1991, Acramunuckuii ¥ ap., 1995).

KoMnpeccuonHbIi NOTOK B TAKMX CHCTEMaX UMeEET JUTUHY ~ 15 cM
npu nuamerpe 1-2 cMm. B ciydae, koraa BHyTpEHHUN 3JIEKTPOL BBIMOJHEH
M3 MEOH, B CHeKTpe H3Ty4eHHUs MMnasMbl HaOMOAAIOTCS TOJNBKO JIMHUH
aTOMOB M HOHOB MeIH. KOHUEeHTpauusi SIeKTPOHOB TILUIa3MEHHOIO
noToka cocrassier npu 3tom ~ (1-2) -10"7 cM>, a TemnepaTypa mnasmsi -
(2,5-4)-10°K.
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AHanu3 NPpUBCACHHBIX BLIILIC napaMeTpoB IU1a3Mbl 3PO3HOHHBIX U
rasopaspsiiHbIX KOMIIPECCHOHHBIX NMOTOKOB IIOKAa3bIBACT, 4YTO B HUX
YCTaHABIIMBACTCA JIOKAJILHOE T €pMOIHHAMHUYECKOE PABHOBECHEC.

3. 3AKJIIOYEHHE

IIposeaeHHbIE UCCIEOBAHUA KBa3MCTALIMOHAPHBIX
ra3opaspAAHLIX M 3PO3HOHHBIX IMIIA3MEHHBIX YCKOPUTENEH KOMIAKTHOH
reOMETPUH TMO3BOJMIH YCTAHOBHTb OCHOBHbIE 33aKOHOMEPHOCTH B
dusHUEECKHX Npoueccax. ONpEnesiOMX PEXUMbI paboTel TaKOro poaa
NIa3MOAMHAMHYECKHX  CHCTeM,  HalTH  CrocoObl  YIpaBIEHHUS
napaMerpaMy  (GOPMHUPYIOIUMXCH  KOMIPECCHOHHBIX  IUIa3MEHHBIX
NOTOKOB 3amaHHoro cocrasa. Paccmorpenue csoiicts  KITY-KT
NOKa3bIBAET MNEPCHEKTHBHOCTb MX HUCMONB30OBAHMS UL  aTOMHOH
CITEKTPOCKOTIHH.

IuTtepaTypa

MopozoB A.H.:1978, Pr3uyeckue OCHOBbI KOCMHUYECKHX
3NEKTPOPEAKTHBHBIX ABHrateneil, Atomusaar, Mocksa.
Acramunckuii B.M., Bakanosuu I' ., KoctiokeBud E.A. 1 1p.: 1989,
XypHan npukiaiHoii cnexrpockonuu, 50, 887,

Munbko JI.A., Acramunckuit B.M., Maubkoscknii A A.: 1991,
JKypHan NpUKIaIHOM CnexTpocKkonuy, 35, 903.

Acramuuckuit B M., Ebpemos B.B., Koctiokesnu E.A. u ap.: 1991,
dusuka mnasmser, 17, 1111,

Acramunckuiit B.M., Bakasosuy I'' 1., Ky3spmuukuit AM. u gp.: 1992,
HrmxenepHo-pusHueckuit scypHan, 62, 386.

Munseko JLA., Acramunckuit B.M.: 1992, HikenepHo-du3nueckuit
XKypHau, 62, 714.

Acramunckuit B M., Bakanosuu 'Y, Munsko JL.: 1984, ®usuka
maasmsl, 10, 1058.

Acramunckuii B.M., Bakanosuu I' M., Munbko JLA.: 1984, XypHan
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IMPUMEHEHUME YIIMPEHHWA CIIEKTPAJIBHBIX JIMHUN B
HUATHOCTHKE 3JIEKTPOPA3PAHBIX SPO3UOHHBIX
[IJIABMEHHBIX ITOTOKOB

ABPAMEHKO B.b., Ky3bMUUKHIH A. M., MitHbKO J1.51.
HuctaryT MonekynspHoit u aromuoii pusuxu HAH Benapycu
220072, Munck, np. ®@. Cxopunst 70
Email: Irpd@imaph.bas-net.by

CnexTpockonuyecKkumMu METOAaMH MOXHO MPOBOIHTH
HCCNIEAOBaHHA B LIMPOKOM HHTEpPBAJ€ OCHOBHBIX MAapaMETPOB IIa3MBL.
Vicronk30BaHHe B IMarHOCTHYECKMX LEISX PA3THYHBIX CIIEKTPAIbHBIX
JIMHHH IO3BOJSET MONY4aTh CBEJEHMS O MapaMerpaX IUIa3Mbl B TeX
001aCTAX UCTOYHHKA, T/Ie IPOUCXOAUT UX 3P PEKTHBHOE BO30yxeHue. B
.HEONHOPOJIHOM HMCTOYHMKE IUIa3Mbl pacnpelesicHHe 30H BLICBEYMBAHHS
CHCKTPATIbHBIX JIHHUH OOYC/IaBIHBAETCA Pa3UMHBIMH  (AKTOpaMH —
NOTCHUHANOM  BO30YXICHHUS, TOCTOSHHOH KBaipaTH4HOro >¢dexTta
llrapka u 1p., KOTOpble M ONpPENENAIOT AHATHTHYECKHE BO3MOXHOCTH
CINIEKTPAJIbHBIX THHUH.

B HacTosule pabote NPHUBOAATCS pe3yJIbTaThl
SKCNICPHMEHTANbHBIX HCCJICJOBaHUM NapaMeTpoB IUIa3Mbl pa3IMYHbIX
HCTOYHHKOB € MCNONb30BaHHEM KBanpaTHyHoro s¢dekra Illrapka.
Koxuenrpauus 3JIEKTPOHOB  OMNpeaeNsnach no Pa3IMYHBIM
COCKTPaNbHbIM JTHHHAM, 00JaJalOUMM 3HAYUTENbHOM BEJMYMHOU IOC-
TOSIHHOW yIIHpEeHHS.

KoHueHTpauus 3apspkeHHbBIX YacTHU B 3PO3HOHHOM IUTA3MEHHOM
YCKOpHUTENE ONpEAENsIach N0 YUIHPEHHIO CIIEKTPAILHEIX JIMHUH aTOMOB
H HOHOB 3JICMEHTOB, BXOJAIUMX B COCTAaB MaTepuana nomloxkd: Sill
637.1am (E,=12,073B), FI1 623,9 (14,68), FI1 429.9  (29,55), CII 426.7
(20,95),  obycnoBneHHBIX  KBampaTHUYHBIM s¢ppexrom  Ilrapka.
KoHueHnTpauus »71eKTpoHOB onpenensnach Kak o NIEPECYHTAHHBIM Ha
palMalbHOE pacnpefesieHHe KOHTYpaMm., TaK M 10 HeNepecYUTaHHBIM
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(tabn.1).

Bo Bcex HccileqyeMBIX cllydasXx B KauecTBe HaKOIUTEJNs SHEPTHH
HCIIONB30BANACH KOHIEeHcaTopHas barapes eMkocTbio 24 Mk®, kotopas
sapmxanach no Hanpsbkenus U, =5xB, oxHako, B 3aBHCHUMOCTH OT
BeJIHYMHBl HAYAILHOM MHIYKTHBHOCTH pa3spsQHOTO KOHTypa BEJHYMHA

paspAaHOro Toka Morja CYLIECTBEHHO U3MEHATLCA.

TABJIMIA 1
PacnpeniesieHHe KOHIIEHTPALMHU 3JIEKTPOHOB BJIOJIb PAHYCa, H3MEPEHHOE
10 pa3MHYHbIM CHEKTPAILHBIM JIMHUAM

chl()'"CM 2 (U,=5«B)
panuyc, Sill637,1 F1623.9 F114299
MM 6e3 ¢ nepecue- 6e3 ¢ nepecue- 6e3 ¢ nepecye-
nepecyeTa TOM nepecueTa TOM nepecueTa TOM
KOHTYPOB | KOHTYPOB | KOHTYPOB | KOHTYPOB | KOHTYpOB | KOHTYpOB
0 3.9 - 4.2 - 5.9 -
1 44 4.7 4.0 - 48 40
2 43 4.8 42 42 4.8 4.0
3 39 4.7 4.0 4,0 6,6 4.0
4 3.5 4,1 39 4,0 - -
S 3.5 3.8 39 3.8 - -

3aMETHOr0 H3MEHEHHs KOHLEHTpauuu 3jekTpoHoB (N.) BIOJb
pamHyca MIa3sMEHHOH CTpyH He npoucxomut. Manoe otnuuue N, npu
M3MEPEHHH [0 MEPECYHTAHHBIM [0 pPaaMyCy M HENEPeCYUTaHHBIM
KOHTYPaM YKa3bIBaeT Ha BBICOKYIO OINHOPOJHOCTh HCTOYHHKA. B 3THX
YCIIOBHAX ONpeneieHHe KOHUEHTPALUWH 3€KTPOHOB C HCMOJb30BAaHHEM
YUIMPEHHUS pa3IMYHbIX THHUH faeT OaM3KHeE 110 BEIMYUHE 3HAYCHHUS.

Bmoss ocu cTpyM Ha paccrosHud 0,6 cM oT cpesa comna N,
3aMETHO HHXKE 110 CPAaBHEHHIO C €€ BEJMYMHOM y Cpe3a M yMCHbIIACTCH

BJOJIb panuyca. I/I3MepeHue KOHIIEHTpAalUMH JJICKTPOHOB METOLAaMH
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rojiorpapyeckoil MHTEPPEPOMETPUH U MO YUIMPEHHIO CIEKTPAIBHOH
muHud FI 623,9 naer Gnuskue pesynstaThl. N, H3MEPEHHOE METOAOM
ronorpaduyeckoii uHTepdepomerpuu mocturaer 1,710® oM, a
MaKCHMaJibHOE 3HayeHue N, U3MEepPEeHHOE MO YIHPEHHUIO CHEKTPATbHOR
nauuum FI 623,9, nocturaer 1.410" em™. Takoe cornacue yKa3bIBaeT Ha
BBICOKYIO IOCTOBEPHOCTD MOYYEHHBIX pe3yJ/bTaToB.

Hsmepenns KOHLIEHTpal1H 3apsKeHHBIX YaCTHI] c
OPOCTPAaHCTBEHHO—BPEMEHHBIM  pa3pelieHHeM  MpPOBOAMIUCHL MO
LITAapKOBCKOMY YINHPEHHMIO CIIEKTPaIbHOM JMHMM aroMa ¢ropa FI
623.9uM (Tabn.2).

TABJIUIIA 2
Pacnipeienenye KOHLEHTPALHH JIEKTPOHOB BAOJb pajiHyca JUls
pa3InYHEIX MOMEHTOB BPEMEHH

N, 10-7em 3 (U =5kB)
panuyc, Mm
I xanp 3 kaap S kanp
0 14 6,2 6.2
1 15 6,7 6,2
2 13 6,2 6,2
3 I 6,2 6.2
4 10 5.7 6,7
4,5 - 5.2 6.7

KoHileHTpanus yacTHil HIMEET MaKCHMaIbHOE 3HAYEHHE B Haudase
BBICB€YHBaHHA JHMHUU. B 310 e BpeMs  Habmonaercs HEKOTOpoe
YMEHBIIEHHE KOHLEHTpallH BAOJb pafuyca, OAHAKO uepe3 4 MKC OHa HE
TOJIbKO YMEHBLIAETCA MO abCOMIOTHOMY 3HAYEHUIO ~2 pa3a, HO H
HECKOJILKO BBLIpDaBHUBAETCS BAOJb paguyca. Cnycrts ~8 MKe KOHILIEHTpa-
UM 3JEKTPOHOB HMEET HE TOJNLKO  0OoJiee BHIPOBHEHHBIH NOCTOSHHBIH
XapakTep BAOJBH paauyca CTpyH, HO H OOHapyXHBAaeTCId MaKCHMaIbHOE

3HAYCHHE BOAJIH OT OCH.
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HMcnonp3oBanue kaapatHuHoro 3¢dexra lllrapka cnekTpalbHON
nuuud FII 4299 HM B HMMOYJbCHOM MPHINOBEPXHOCTHOM paspsne
MO3BONMAO  OOHAPYXHUTb  OIHOBPEMEHHOE  CYLUECTBOBaHHE  IBYX
MAKCUMYMOB KOHUEHTpPAUMH 3apsXKEHHBIX YacTHU Ha pa3jIMuHBIX
pacctosHusX (h) OT NOBEPXHOCTH CTEHKH, COOTBETCTBYIOLIMM IBYM
KaHajaM  paspsaa  (CepeaMHa  MeXDIEKTPOAHOro  NMPOMEXYTKa,
sxcno3uuns 4Mkc, U =5kB) (cM. puc.).

Ne,108cm™>
13 v v -

12 + o 4

1.1 L4 : 3

09 } 3

08 t 3

Puc. Pacnipeuenenue 311eKTPOHHOMN KOHIEHTPALKH

AHanu3 pacnpejeseHds HHTEHCHBHOCTEH CHNEKTPaIbHBIX JIMHUH
nokasaj, 4YTO TepBbli  MaKCMMyM  3JIEKTPOHHOH  KOHUEHTpPAUHUH
COOTBETCTBYET BbICBEUMBAHHUIO aTOMHBIX CAEKTPAIbHbIX JIMHHHA, @ BTOPO#
MakCUMyM — HOHHBIX CIHEKTPaIbHBIX JHHHH. XoA KOHUEHTpauuu
3JIEKTPOHOB COOTBETCTBYeT Habnionaemoit Ha COP-rpammax kapTuHe

TCUYCHHUA pa3psla.
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HMIIVIHbCHBI KOAKCHAJLHEIN IUIASMEHHLI
M3TYYATEID LIS HAKAYKH MOIIHHKX
JTA3EPOB HA KPACHUTEJISX

B.A. BAPUXUH., E.3. IAHYCEBHY
I'ponuenciknit rocyuusepcurer, 230023, yn. Oxeniko, 22, ['ponxo,
Benopyccus
boyarkin@univer.belpak.grodno.by

Annotaims.  PaccmarpuBaercs — IUTasMeHHBIH  SJIEKTPOPaspARHLIA
H3JIydaTesb,  ONTHYECKHE  CBOMCTBA  KOTOPOro  YHOBJIETBODSIOT
TpebGOBaHHAM, IMIPEABABIAEMHM K HCTOYHHKY HaKadKH Jia3epoB Ha
kpacuresax. IlpuBoasTcs 3/IeKTpUYECKHE H CBETOBHIC XAapaKTEPHUCTHKH
nanyqatens. Ocoboe BHEHMaHHWE YIOEJIEHO YGIOBHAM (OPMHPOBAHHA
OMHOPOIOHOTO IUTa3MeHHOr0 0bpazoBaHAs.

ObnyHO J1a3epHHM MOOysnb Ha pacTBOpax KpacHTeliel INOCTpoeH
mo ciuenyiomefi cxeme paspsOHOro KOHTYpa: “CHCTEMa YTPaBIICHHSA
pexHMoM PaboTH PaspsAOHOro KOHTYPa <> €MKOCTHOH HAaKONHMTIL —>
YIPaBISiEMbIH BHCOKOBONBTHHH KOMMYTAaToOp —» TOKOBeNYMIas JIHHHSA —>
Harpy3ka”. B namnoif paboTe B xauecTBe Harpy3km paccMaTPHBAETCA
INa3Ma IeKTPHUECKOro paspsAfa B MMIYILCHOM KOaKCHANLHOK JamMme
(UKJT). HcrouHnk NHUTaHMA JIa3epHOro MONYNS HOJKEH obecrnedwBars
BO3MOXHOCTh OIICPATHBHOTO MaHEBpPa BEIMIMHON DHEPTHH, BLIAEIACMOMH
Ha Harpyske, H UIMT&ILHOCTHIO HMIIYJIbCA, B Te4EHHE KOTOPOro OHA
BLUIEJISIETCS. OHeprus MMIIYJILCa Olpenessercs YpoBHeM pabouero
HaNpsAXeHHS MCTOUHHKA H DBJIEKTPHYECKOH €eMKOCTBIO HAKOIHTENA.
H3MeHeHnHe IUIHTEIbHOCTH HMITyJIbCa B CXEME PaspsAHOTO KOHTYpa
obecnieunBaercs H3MeHeHHEM BOJIHOBOIO CONPOTHBJIEHHS TOKOBeXymiei
JIMHHH.

ITockonbky s Bo3OyxzaeHMs aKTHBHOH cpenn  J1asepa
HCTIONIB3YEeTCA M3JTydeHHe IU1a3MH (OITHYeCKass HaKayka), CBOHCTBA 3TOro
M3JIy4eHNSI MOKHO H3MEHATh B COOTBETCTBHH C YCJIOBMSIMH TIOCTaBJIEHHOM
3ajaym, BHOupas HeoOXoAMMEIE YPOBEHD HANPAXKEHUS, TIPHIOKEHHOIO K
anextponaM paspanHo#t nonocru (PII), w paBnenue pabowero rasza
(Bbarrakor u gmp., 1975). Onexrpuueckast €MKOCTh OMMCHBAEMOro
Pa3spALHOro KOHTYpa OIlpeHeNsercds €MKOCTBI HAKODHTeNd, KOTOpHIl
npencrasisier cobodf  Harapelo M3 KOHAEHCATOPOB, COEAHMHEHHBIX
mapanensHo, obmieit eMxocthio (B ceximu) Co ~10% Mx®D. HEAYKTHBHOCTS
KOHTYpa o0yciioBNIeHa cOOCTBEHHRIMH HHAYKTHBHOCTSMH TOKOBeRyImIeit
JINHHH M Harpy3ku Hu cocrasnser Ly = 0,1 mxI'n. Harpyskoit cmyxwur MKJI,
y KOTOpOif aKTHBHOE COIPOTHBIIEHHE pa3spsaaHOH IUIa3Mhl R~107OmM B
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MaKCHMyMe HMIynhca Toka. HaxomuTenb 3sapsxaerca no pabouero
nanpsoxeHns 0 < up < 40 xB. Paspsmuas nonocts HKJI nowre sBakyannu

sanonHserca Xe, pabouee nasienue raza Py > 1 kIla. YiazanHoe BHmIe

sHaueHHe R, peaymusyercs B muanasone 1 < Po < 10 xlla.

Yenosus H TpebOBaHHS K HCTOYHHKY HAaKaykyd Jiasepa Ha
KPACHTEIAX B MaKCHMATLHOM CTeleHW ydreHn B koHcrpyxunud MIJL, B
KOTOpO# B OT/IHYME OT paHee HCTOIb3OBAHHHIX KoHcTpyxumi (Mapmiax,
1978) npenycMoTpeHHL:

1) PasBsska MeTa/uTHIeCKHX M KBApPLEBHIX 3JIEMEHTOB IS IOBLIIEHHS
Mexanpyeckoi mnpoundoctw HKJl mpu MMIOynbCcHEIX Harpyskax ¢
KPYTEIM IIEpeTHUM QPOHTOM.

2) BO3MOXHOCTL H3MeHEHMS! TEOMETPHYECKHX pPa3MEpOB Pa3pANHON
NONOCTH IJI TOBHIIeHHs Mexanuyeckod mnpounoctn HKIL u
PacIIMpPEHHs QHANIa30Ha YIIPABIICHHs CIIEKTPOM H3JIy4eHHs] HAKadKH.

3) Bo3MOXHOCT, yMeHbIIEHHS HaBjieHWs pabodero rasa B paspanHoi
MOJIOCTH HE3aBHCHMO OT HaNpSKeHHs Ha HCTOYHHKE INHTAaHMS UL
noBHOIeHHs Mexanuyeckoid mnpouHocrh HKII wu  pacmupenss
OHana3oHa YIpaBleHAs CIEKTPOM H3JydeHHsS HAKadKH.

4) KoucrpykrusHoe pemenne obpartoro Toxomposoaa HKJII mnsa obec-
feYeHHss PABHOMEPHOILO OCBEIUIEHHS H3NydYeHHeM HakKaukd aKTHBHOA
cpenHl nasepa.

ObriaHoe  Texmuueckoe  pemenwe  xoHcrpykumn — HMKJI
npefycMaTpuBaeT 06paTHHMH TOKONPOBOA B BHAC CIUIOLIHOH NpoBoAdiieH
IMUTHHApHYecKoH Tpybnl, KOTOpOoe ONHOBPEMEHHO SBJIACTCA HecCymeH
KoHcTpykuum JaMnu. OAHako IpH 9TOM YIYcKaeTcs H3 BHAA TO
0bCcTOATENLCTBO, 9YTO B CIUIOMHONW Tpybe BO3MOXHO BO3HHKHOBEHHE
a3HMYTAJIBHHX, T.€. HEMapaUIILHEIX OCH TPYORl, TGcKOB, MpHBOAsNIEE K
KOHTPAaKIHH paspsiAa B OTAeNbHEX obsacrax mo mepumerpy PII, uro
CHHXaeT onHopomHocTh paspsna B PII M paBHOMEPHOCTE OCBeLIEHHS
60KOBOM IMOBEPXHOCTH @KTHBHOTO 3JIEMEHTA. TeM CaMBIM YXYAMIAKTCA
MIPOCTPAHCTBEHHKE XapaKTEPUCTHKH H3IydUeHHd Jiaszepa, B YacTHOCTH
YIJIOBAA PacXOQMMOCTh, H3IMEHSETCA paclpeNeIeHHe HAKAUKH 10 06neMy
aKTHBHOM cpeanl, YTO NPHBOAMT K CHHXXEHHIO BRIXOJHOH SHEPrHM H K.ILI.
nasepa.

IIpsAMLIMH H3MEPEHHSAMHA B CXeME C NOCTOSHHON aKTHBHOH Harpyskoi R,

= 102 OM ycraHoBJIeHO, WTO HHAyKTHBHOCTh memu Lo = 0,3 mxT,

BOJMHOBOE CONpPOTHBIeHMe KoHTypa Zy = 5102 Om, paspsn -

NepHOTHIECKHH, 3aTyXaIONMiA, MOCTOSHHAs 3aTyXaHusd Y, = 5,81 104 ¢t

mobpoTHocTs paspsnHoro koHTypa (= 3,5, OTHOILIEHHE 3HEPIHH,

BBOIHUMOI B paspsl 3a NEPBHI IMOJIylepHod AMIYIbca Toka (21,8 Mkc), K
SHEprMH, 3alaceHHON B KoHAeHcaTopHoM barapee pasHo 0,6. Ha puc. 1
IIPHBOAMTCS OCI[HIUIOTpaMMa pa3psAHOro TOKa, Ha HMIYILC KOTOPOro

64
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HaJlOXXeHa  pacCYNTAHHAA  KPHBAS  MHTErpabHOro 1o  obnémy
MEX3JIEKTPOAHOIO IIPOMEXYTKA 3JIEKTPHYECKOr0 CONPOTHBIIEHHS R,
3NeKTpopaspsanHod muasmu. Ha puc. 2 npHBoAATCS OCHHIUIOrpaMME

-.:j"“-

~4

Pmc.3

paspAnHOro Toka (HHXHHH JIyd) H MMIY/Ibca ONTHYECKOTO H3JIYICHHA
TU1a3MEl (BepXHHMIL J1yq).

B skchmepEMeHTaX ¢ CEKUHMOHHDOBAHHHIM  HaKOIHTeETEM
HCCICNOBAH PEXHM paboTH paspAMHOTO KOHTYpa HNpH KOMMYTAlHH Ha
UKJI nmByx cexumid Haxonurens. O6paboTka MONydeHHHX OaHHBIX
TOKA3LIBAET, TTO B 3TOM (JIyJae MapaMeTPH BTOPOTO HMITYNIbCa pa3psiaa
HECKOJIbKO OTJIMYAIOTCA OT apaMeTpoB HepBoro. OTJIHYMS COCTOST B TOM,
UTO B HCQICNOBAHHOM [IMala3oHe 3aepikek MeXTy MMIyascaMu (1o ~1
MC) aKTHBHO€ COTIDOTHBJIEHHE IUIA3MH Pa3psa BO BTOPOM HMITy/bce R oo
0,8 R, Kpome Toro, WIHTENLHOCTh IEPBOrO IIONYIIEPHOLA TOKA BO
BTOPOM HMINyjbce OGonbme, yeM B mepBoM I ~ Ti. Oprako
TMIPHHIHIIMATILHOTO XaPaKTePa 3TH OTIIHYHS He HOCHAT.
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TlapannensHo ¢ W3MEPEHHSIMH MapaMeTPOB SNIEKTPHIECKOTO pas-
pana B MKJI npoBOOHIHCh H3IMEDEHHS €€ CBETOSHIX XapaKTEPHCTHK.
@dopMa HMITYJIECA HATYUeHHs TUIA3MBI 3JIEKTPHIECKOTO paspsna (BepXHHi
JNyd Ha pHC. 2) PETHCTPHpPOBANAch KOAKCHATBHHMH BaKyyMHHIMH
dorosnementamu THna OOK. M3 monyueHHEIX AAHHHX MOXHO CHENATh
BHIBOZ O MoAobHM TepeqHHX (POHTOB HMIIYJIbCOB TOKa M CBETOBOIO
manydenns (B cnexkrpansHoif obmactu 320 — 600 HM B mpegenax TOYHOCTH
n3Mepenuit). SIpkocTHas TeMmeparypa paspaga 1 ompepensulach 1o
Pe3YNILTATaM KATOPHMETPHIECKHX H KaTHOPOBOUHEIX H3IMEPEHHH.

Jlna nmonydenns GonbuIMX 3HAYeHWH BEIXOIHOH SHEPTHH Jaszepa
HeoOX0IHMO Cpeld MPOYNX PEMIHTh 3a0aYH PABHOMCPHOCTH OCBEIICHHS
PacTBOPa KPACHTEIS O MEPHMETPY IOIEPEYHOTO CEUEHHS AKTHBHOH
cpennl H obecredeHnst BLHICOKOH MeXaHHIECKOH MPOYHOCTH KOHCTPYKIIHH
HUKJI npm ymapHeix Harpyskax. IlepBas 3ajaua wMeeT pemaioniee
3HadeHHe WA 3¢dexTHBHOro npeobpasoBaHMA ONTHYECKOH HAKaYKH B
reHepHpYeMOe H3TydeHHE.

C nensio yIyumieHHsT IPOCTPAHCTBEHHBIX H SHEPreTHYECKHX
xapakrepucruk m3nydenns JIOK mnyreM noBHmieHHs paBHOMEPHOCTH
OCBEm[eHHsT OOKOBO# IOBEPXHOCTH aKTHBHOLO SIE€MEHTa, ObOpaTHEIH
tokonposox HMKJI Bumomusercs B Buaoe Habopa BHCOKOBOILTHHIX
KoakcHalbHHX kabenmeif. B 3TroM ciydae mNOBHINIEHHE ONHOPOIHOCTH
paspana NOCTHIacTcA TeM, 4To ofpaTHHI TOKOIpoBoI B BHAc Habopa
xabemneit obecneanBaer “npUHYOUTENLHYIO” YCTOHYHBOCTh TOKA B HEM IO
CPABHEHMI0 CO CIUIONIHHM, T.K. H30JIHPOBAHHLIE IMPOMEXYTKH MEXIY
Kabe/IaMH NPENATCTBYIOT Pa3sBHTHIO a3UMYyTaJIbHHX HeycTofunBocreif. Ha
pHC. 3 mMOKa3aHH JIHHAH PaBHOrO MAarHHTOTHAPOAHHAMHYECKOro
IaBJIEHAS B IUIa3Me dJIeKTpHueckoro paspsna B obbeme PII. Kpusaa
BepXHell YACTH pPHCYHK3a OIIMCHBAeT pacHpefesieHHe MHaBIeHHS B
nomepegHom ceuenun HKJl, paccuuraHHoe B paMkax obnIgHOMH
MarauTorunponuHamudeckoit monentn (Kuondens, 1978). Jlerxo Buaers,
YTOo Takoe pacnpefelieHne obecmeunBaer IpPOAONLHYIO YCTOHYHBOCTE
MOJIOr0 IWIMHAPHIECKOTo cTonba I[UIasMhl H HCKJIIOYaeT pPa3sBUTHE
a3UMYTATBLHHX HeYCTOWYHBOCTEH MpPH CTAIMOHApHOM IPOTEKAHHUH
PaspsAAHOTro TOKa.
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1. INTRODUCTION

LS or Russell-Saunders coupling is dominant for many transitions in the
spectra of light elements. This is the case spin-orbit interaction in atomic
Hamiltonian is more important than the electrostatic separation between
levels of the same principal quantum number n. Since electrostatic
separation increases as Z while the spin-orbit interaction grows as Z‘a?
where a is fine structure constant, the LS-coupling scheme becomes
inappropriate at a certain point. Systematic failure of the LS-coupling
approximation is expected from lower to higher elements of an
isoelectronic sequence for nl-nl' transitions. The aim of this paper is to
test gredictions of LS-coupling theory for the transitions within 3sS-
3p°P° and 3p?P°-3d’D multiplets of singly ionized carbon. In addition we
tested whether plasma electron density influences spontaneous emission
coefficients as suggested by Chung et al.

2. THEORY

For LS coupling theory see e.g. Glenzer et al. Theoretical values
calculated from multiconfiguration Dirac-Fock (MCDF) wave function of
moderate accuracy are compared with our measured intensity ratios. For
the case of pure LS coupling the relative line strength for a transition
between levels J; and J, is proportional to the factor (Cowan, Appendix I)

L $1 1 2
Die = (RN +1)(2J2 +1 ]
ine = (2J1+1)(2J2 ){J. 1 Lz} 1)

Values of the 6j symbol are given in Appendix D of Cowan. The
intensity ratio of two multiplet components is represented by Glenzer et al

A\ 4 2 3
I _[2)( D ) gof E=E )
I' (2 ) \ D kT,

where I, X and I’, A’ are the total intensities and wavelengths of the two
components, and E and E’ are the energies of the upper levels of the two
components, respectively.
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3. EXPERIMENT
The light source was a low pressure pulsed arc with quartz discharge tube
24 mm internal diameter. The distance between aluminum electrodes was
16.2 cm and 3 mm diameter holes were located at the center of both
electrodes to allow end-on plasma observations to be made. The central
part around the pulsed arc axis was imaged 1 : 1 onto the entrance slit of
the 1 m monochromator by means of the concave 1 m focal length,
focusing mirror. A 30 mm diaphragm placed in front of the focusing
mirror ensures that light comes from the narrow cone about the arc axis.
The monochromator with inverse linear dispersion 0.833 nm/mm in
the first order of the diffraction grating was equipped with the
photomultiplier tube (PMT) and a stepping motor. Signals from the PMT
were led to a digital storage oscilloscope, which was triggered by the
voltage pulse from the Rogowski coil induced by the current pulse
through the discharge tube. The discharge was driven by a 15.2 pF low
inductance capacitor charged to 2.2 kV (peak current 15 kA) and fired by
an ignitron. Greatest care was taken to find the optimum conditions with
the least line self-absorption. It was found that the percentage of oxygen
in the mixture was of crucial importance for the elimination of self-
absorption. The ratio C;H, : He = 4.8 : 952 was determined after a
number of experiments in which C;H, was diluted gradually until strong
line intensities C II are find proportional to the concentration of C in the
gas mixture. During the spectral line recording continuous flow of
acetylene-helium mixture was maintained at a pressure of about 400 Pa.

4. PLASMA DIAGNOSTICS

For the electron-density measurements we use the width of He II P 468.6
nm line. The full width at half-maximum AXrwuwm of this line is related to
the electron density N, using the following relationship (Bischer et al)

N, (cm™)=2238*10" AX"*™ s (3)
where AArwnm is in 0.1 nm units. This equation is based on the fitting of
the experimental data, and in fact closely agrees with calculations by
Griem and Shen. Our main concern in electron-density measurements is a
possible presence of self-absorption of the 468.6 nm line, which may
distort the line profile. This would result in erroneous reading of the line
half width, which, after the use of Eq.(3), introduces an error in electron-
density measurements. There are several experimental methods which can
be used for self-absorption check (Konjevi¢ and Wiese) but unfortunately,
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none of them is convenient for the He I 468.6 nm line or for our long,
pulsed plasma source. Recently, in order to determine the optical
thickness of the investigated line Kobilarov et al have introduced in the
discharge an additional movable electrode. By positioning the movable
electrode at two different positions and by recording the line profiles from
two plasma lengths it is possible to determine kjl where k; is the spectral
line absorption coefficient and 1 is the plasma length along the direction
of observation. If k;!l is not large (kal < 1, Wiese) it is possible to recover
the line profile (Fig.2 of Kobilarov et al) for the optically thin case. The
same method is used here for the He II 468.6 nm line self absorption
testing. For this purpose an additional aluminum electrode (10 mm thick)
is located inside the discharge tube and the profiles of 468.6 nm line are
recorded with two plasma lengths. Since the measured kil was smaller
than 0.64 it was possible to recover the line profile for the optically thin
case.

5. EXPERIMENTAL RESULTS AND DISCUSSION

The experimental intensity ratios R, for 3s*S-3p®P’ and 3p*P’-3d’D
multiplet of C II ions are given in Table 1 together with theoretical ratio
Ru and electron concentration. The agreement between averaged <R>
and theoretical Ry, ratios for both multiplets are within £9%.

Tableilg.
Nc(lg) cm Rm 383p th 3s-3p Rm 3p-3d Rth 3p-3d
4.70 1.82 1.61
4.38 1.83 1.66
3.89 1.82 1.68
3.08 1.83 1.66
2.33 1.88 2.00 1.63 1.80
3.11 1.82 1.58
3.06 1.98 1.65
2.45 1.94 1.68 j
<Rp,>=1.87 <Rp>=1.64

This is good indication that theory (Wiese et al) predicts well spectral line
intensity ratios within multiplets. Within the investigated plasma electron
density range spontaneous emission coefficients remain constant what is
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in agreement with results and discussion in Griem et al (1996) and Griem
(1991).
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Peslome. DkcrepuMEHTansHO M TEOPETHUECKH HCCIENOBAHbI OCOGEHHOCTH
¢opMupoBanus KpaTepa Ha METAIHYECKHX MUILEHSX NPH  J1a3epHOM
BO3JICHCTBHH B peXXHMe MOBTOPSIOLIMXCS JIA3€PHBIX HMITYJIBCOB.

Pacummpenne cdepel npumenenns naseproit o6paotku MaTepHaJIOB
TpeOyeT MOAPOGHOro M3yYeHHUs MEXaHHU3MOB BO3ZEHCTBHA MOLUHBIX CBETOBBIX
TIOTOKOB Ha MOBEPXHOCTH TBEPALIX Tell. Llenpio HacTosiweil paboThl sBngercs
HcceoBaH1e GOPMHpPOBaHHS penbeda Kak BHELIHel (Maru1aBiieHHO#), Tak 1
BHYTPEHHEH 30HBI KpaTepa Ha noBepXHOCTH MeTamios (In, Pb, Sn), obryyaembix
NOBTOPAIOIUMMHCA ~ OTHOCHTENIBHO  KOPOTKMMHM  (HECKOJIBKO  JIECSTKOB
HAHOCEKYH]) MIaJIKUMH JIa3epPHBIMH UMITyJbcaMi ¢ q ~ 10° Br/cm?,

Cxema  IKCTIEDUMEHTANBHOM  YCTAHOBKH  [7iS  HCCNIEQOBAHMS
(OpMHpPOBaHHS KpaTEpOB Ha MOBEPXHOCTH TBEPABIX Ten, Gbiia nono6Ha
HCMONB30BaHHOH B pabore Bacunsera C.B. u mp. (1995). B kauectse
MCTOYHHKA BO3ACHCTBYIOWIEr0 Ha o0pasell H3lydeHHs GBUT NpHMeHeH MOIyb,
Co3NaHHBIA Ha ocHose jasepa ['OC - 1001 (A = 1,06 MkM). [Ins  monydeHus
MOHOHMITY/ILCHOrO M MMIYJIBCHO - MEPHOAMYECKOrO pexXHUMa TreHepaLdu
NMPUMEHSIIMCH KPYNHOrabapHTHBIE MACCUBHBIE 3aTBOPHI U3 PTOPHCTOrO JTUTHS ¢
F2 - uentpamu oxpackn (Bacwes T.T. u mp., 1982; MuHsko JLA., Yymakos
A.H. u Bocakx H.A., 1990). Ynpasnenue uactoroii NOBTOPEHHSA J1a3epHBIX
MMITynbCOB B aHanasoHe S5 - 50 k' ocywecTBNANOCh M3MEHEHHEM YPOBHS
HAKaYKW M ONTHYECKOH IUIOTHOCTH MACCHBHBIX 3aTBOPOB.  JUIMTENBHOCTD
OTAENEHOTO J1a3ePHOr0 MMITY/bCA OMpEAENsNach MapaMeTpaMu pe3oHaTopa
XapaKTepHCTHKaMu HCrONb3yemMoro 3atBopa (Mumsko JIS. u ap., 1990) u
cocraBnina v = 80 Hc. Msnyyenwe nasepHOro MOOyns  NpH  MOMOLIM
¢oxycupylomeH cHCTEMbl  HAaNpPaBALIOCH Ha NOBEPXHOCTh HCCIELYEMOro
obpasua. CMeHHbIe OTPaXAIOWME CHCTEMBI, BKIIOYAIONIHE TIPU3MY MOJIHOTO
BHYTPCHHEIO OTP&KEHHS, IO3BOJISUTH HAaNpaBIIATh CBETOBOH My4oK Ha obGpasel
MO IPOM3BOILHLIM YITIOM, B TOM 4MC/I€ 110 HOPMAJIH, KAK BEPTHKAIBHO (CHH3Y
BBEPX WM CBEPXY BHM3), TaK M FOPHU3OHTAILHO. JIJIA MONy4YeHHs Ha obpasue
OTHOCHTENLHO OAHOPOAHOrO MATHA (OKYCHPOBKH J1a3€PHOTO U3TyueHHUs (JIN) ¢
Pe3KUMH TpaHHuamMM AuameTtpoM d = 2,0 MM ucrosb3oBanack nuadparma
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auameTpoM 10 MM, H300pakeHHE KOTOpPOH CTPOMJIOCH Ha TOBEPXHOCTH
muleHd. YacTh Ja3epHOro M3NMy4YeHHs, OTPaXKEHHAs OT TMepelHeH TrpaHH
CTEKISHHOrO KIWHA, Hanpapianach Ha usmepurens sHepruu UMO-2H |
CBETOBOH MOTOK, OTPaKeHHBIH OT 3aJiHEH IpaHd KIHHA, HANpaBjAicid Ha
koakcHanbHei  ¢ortosnement OK-19, uro mno3BONANO BHU3YaIH3UpPOBAaTh
BpPEMEHHYIO GOPMY JIa3€PHOrO MMITYJIbCa MPH NIOMOUIH ocumnorpaga C8-14.
Dueprusa onHoro ummyasca JIM nsmeHsnace B mpenenax ot 2 mo 6 JDk;
BpeMenHas ¢opma ero Obuta GnM3Kka K TraycCOBOW; CpelHAS MUIOTHOCTDb
MOLLHOCTH H3/Ty4eHHs B OTAENLHOM HMITyJIbCe COcTaBnsna npumepHo (0,8 - 2,5)
-10° Br/cm® . CyMMapHas SHeprus Ja3epHOrO MMITy/bca BapbHpOBanach ot 4
JIx (MoHoumMmyibe) 10 150 Ik (n=35 uMITyILCOB).

Jlns onpenenenus penbeda  obGmydaemoro  ofpasua HaMH
MCIIONB30BAICS METOA TMPOEKLUHH TO0J0C, KOTOPBIH peau30BbIBAICS Ha
ycTaHOBKe, OnMcaHHOW B pabore Bacunwesa C.B. u np., (1993), nossonssuuei
onpenensTs ryGuHy (BO BHEIUHeMH 30He - BBICOTY) h moboil ToukH KpaTtepa no
OTHOUIEHHIO K  HeoOJy4eHHOH  IUIOCKOM  TMOBEPXHOCTH  MHLICHH ¢
MOrpeWHOCTEI0, He npesblinatoed 50 Mxm. OOHapyKeHO, YTO BHYTPEHHAA WK
“oTpuuaTesbHas” 30Ha kpaTtepa (OTKya METAIT B XO/le BO3ACHCTBHA JIa3€PHOro
M3lydeHHs  BBLIHOCWJICA)  HMMEET  JOCTATOMHO  MIAAKyl0 MW POBHYIO
KynonooGpasHylo NMOBEPXHOCTb (3HaunTenbHO Gonee riaznkyio, 4em B pabore
BacuneeBa C.B. u ap. (1995), npuueM kak riyGHHa 30HBI, TaK M €€ AHameTp
BO3PACTAIOT ¢ yBesMueHHeM n (puc. 1). BHewmnss, uin “nonoxurensbHas’ 30Ha
(Ha KOTOpYIO BBIHECEHHBIH METall HarUlaBleH) HMeeT ¢opmy, GaM3KyI0 K
okpyrioi. Cnenyer OTMETHTb, 4TO IpH Bo3acHcTBuM JIM Ha BeliecTBO
rOPU3OHTAIBHO MJIM CBEPXY BHM3 11 n > 6 - 8 BHELUHSAS 30HA MPeICTaBIieT
coboii HaGop BeIGpocoB (“OnMHOB”) TonmMHOM oT 50 no 250 MKM,
HarUIaBJAEHHBIX APYT Ha Apyra. 3HaueHHe n, HAYMHas ¢ KOToporo HabJyioaeTcs
dopMUpOBaHHE “CTOMBI” BEIGPOCOB, ONpPEAENAETCS SHEPIUAMH (M OTHOLICHHEM
sHepruil) n-ro H (n-1) -ro nuukos. IIpxH BO3NEHCTBHM 1a3ePHOrO H3JTy4YEHHS
cHu3y BBepX (opMHupoBaHHe “cTonbl” He Habmomanocs. Ha kparo kaxporo
okpyrJioro BeiGpoca umescs HeGonbluoii (bicoTol < 100 MkM) 6ypTHK.

Ha “BHewHux” Bbibpocax (B Cilydae BO3NEHCTBHS CHH3y BBEpX - Ha
nepudepun equHCTBEHHOro “O/MHA”), a TaKke Ha MOBEPXHOCTH obpasua 3a
npejaenamu HauGosiee KPYIHOrO OKpYIJIOro BeIOpOca UMEIOTCs HAIUlaBIeHHbIe
“myuyn”. HccnenoBaHHs MOBEPXHOCTH KpaTepa MpPH MOMOLIH OMNTHYECKOro
MHKPOCKOINA MOKA3&IM, YTO YKa3aHHBIC JIyWM MPEACTaBIAIOT COOOH Lenovku
OTAENbHBIX AOCTATOYHO KpYMHBIX (auamerpom ot 100 mo 500 mxM) kanens.
Bonee MeikHe Karuld HaOMIOJalOTCs M BHE Jiyyed, B TOM 4YHMCIE M Ha
NOBEPXHOCTH BHEIIHeH 30HBI KpaTepa.
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pasMephbl BHELUHeH 30Hbl pPacTYT 3HAYMTENBHO ObICTpee, 4eM raybGuHA M
0COGEHHO AMaMeTp BHyTpeHHeit 30Hb!. [Tpu 5TOM Macca BHeLHel 30HBI kpaTepa
cocrapier mpumepHo 80% oT macchl BhIHeceHHOro Marepuana. OGpataer
BHUMAHHE H TO, 4TO NpH Bo3zaeiictBuu JIM Ha obpasen cHu3y BBepX pasmepbl
BHEIIHEH 30HBl NpuMepHO B 1,5 pa3a Oosblue, 4eM NpH BO3NEHCTBHH B
FOPU3OHTAILHOM HarpaBJIeHHH U CBepXY BHH3. Bce aTo moaTBepskaaer, uto npu
paccMaTpHBaEMOM PEXHME BO3ACHCTBHA CBETOBBIX HMITYJILCOB HAa BELIECTBO
BHYTDCHHAA 30Ha o0Opasyercs 3a cueT “BHITUIECKMBAHMS” (BBITEKaHHs)
MaTepHasa U3 BaHHbI pacIulaBa, a He 3a CHET MCHapeHHs H TeM Golee He 3a cueT
pa3bpbisruBanus (CyMMapHas Macca Kanenb COCTaBlfeT MeHee 1% OT Macchl
BBIHECEHHOI'O BELIECTBA).

Hnst BbisscHeHMst TMpUYMH (JOPMHPOBAHMA KpATEPOB C YKa3aHHBIMH
¢opmamu Hamu GBUT MPOBENEH pacyeT W3MEHEHHs TeMnepaTypbl T WHIHEBOro
obpasua, 06my4aeMOro Ja3epHbIMH  HMMITYJICAMH C MCHOJb30OBAHHBIMHU B

3KcrepumenTe napamerpamu. [lokasano, uto T 6ricTpo BO3pacTaeTr Mo
3Ha4YCHHA TMpPEBBIIAIOUIErO TEMIIEPAaTypy IUIABIEHHA HHAOWUA H  JOBOJILHO
ObicTpo; Mpu mosave uyepe3 ~ 20 MKC 2-rO JIa3epHOrO MMITyJbCa BpEMEHHasl
3aBucUMocTe A T ocTaercss Takoit ke, MeHSeTCs TONbKO To. Takum oGpasom,
nocie Mojayd 8 JlasepHBIX HMMITYJBCOB TEMIEPaTypa MHINEHH A0 MOAAYM
CJIEQYIOLUErO HMITYJIbCA HE OITYCKAETCS HIDKE TEMIIePaTyphl IUIABICHUS HHIUSA.
Ha wnaw B3rasp, JadHblE 9KCNIEPUMEHTAIBHBIX HCCIEAOBAHMH KM
pe3yneTaThl  pacyeTOB  CBHMACTENLCTBYIOT O  CHEAYIOLIEM  MEXaHU3Me
¢opmupoBanus kparepa. IlepBbiifi nasepHblil UMMIYIBC MPOrpeBaeT, HO He
pacmiasaset Metayut. Ilpu mogaye 2-ro ummysnsca ~ 2 Mr MeTaula IUIABHTCS M
BBIIUICCKMBACTCA 33  MpefieNbl  MATHA  (QOKYCHPOBKM  M3mydeHusa (o
BBITUIECKHBAHHY, 2 HE O JJAMHHAPHOM BBITEKaHHH rOBOPUT HaliMuHe GypTHKa Ha
nepr¢epuu Kaxaoro BeiGpoca). Takue ke BEIGPOCH MPOM3BOAATCS 3-m, 4-M, 5-
M MHYKaMH, [IPHYEM HU3-32 OoNee BHLICOKOH HauanbHOM TEMMNEPATYpbl U Manoi
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rmyOMHBL JIyHKH Macca BBITUIECKMBaEMOro MeTajlla C KaXIeIM  pa3soM
ysenuuuBaercs. [1o3ToMy QquaMeTp KXA0ro CIEAyromero "OauHa" MpeBBILIAET
JAMaMeTp TMpebIOyIero; KpoMe TOro, u3-3a GOJBLIOH TEIIONpPOBOAHMOCTH
uuaus (~ 48 B1/m - K) MeTann nepemelurBaeTcst U BHIPABHUBACTCA 10 BBICOTE.
Tak GopMHpyeTCs BHELUHsAs 30Ha KpaTepa npu n < 6-8.

Hanpasnenue pacnosOKeHHBIX Ha MOBEPXHOCTH Hauboiee KpymHOro
Bpibpoca M 3a ero nmpenenaMu “Nydeil”  ONMpENENACTCA  FPAAMEHTOM
OCBELICHHOCTH B O6/My4aeMOH 30HE MHMIUEHH, YTO COrjacyercs ¢ JaHHBIMH
pa6otsl Bacuisea C.B. u ap. (1995). BeposTHo, MeXaHH3M HX obpazoBaHus
aHAJIOTHYEH YKa3zaHHOMY B 3ToH paborte. Kamnu, BeUieTeBLIHE MO YIJIaMH,
OT/IMYAIOWUMMHCH OT ONTHMAIBLHOTO, a TAaKXKe HMEIOLHe Malible HayaJlbHbIe
CKOpOCTH, HE BBUICTAIH 3a NMpEJE/bl MIa3MEHHOro obnaka 1 B TEHCHHE BCEro
BpEMEHH MoNeTa MOABEpPraiuch ACHCTBUIO Na3epPHOrO W3nmyueHud. Metamn B
KAIisX YacTHYHO WCMApANCH, KAIUId yMeHbLaTHCch W apoGunuce. Iloatomy
LleHTpaibHas 30Ha Kpartepa umeeT Oojiee TIAAKYI0 MOBEPXHOCTh, UEM
nepudepuiinas.

Takum 00pa3oM, NpH BO3AEHCTBH J1a3€pHOrO M3JyHeHHS Ha META/UIBI B
pexuMe TIOBTOPSIOIMXCS JIA3EPHBIX HMMITY/bCOB Kparep (¢opmHpyercs B
OCHOBHOM IMyTEM MHOFOKPAaTHOI'O BBITUIECKHBAHHA pacriaBa M3 obiy4qaeMoit
30Hpl MuleHd. dopMa BHEWIHEH 30HBI KpaTepa OTpeleNseTcs BpPEeMEHHOH
3aBUCHMOCTBLIO TEMIIEPATYphl B OCBELIEHHOH O0JaCTH MHMUIEHH H YCIOBHUAMH

BLITEKAHHS MeTanaa - [IyOMHOW JyHKH, TOBEPXHOCTHOM OHeprded M
HanpaBJIeHHEM BO3/IEHCTBHA M3TydeHHs Ha obpasel.
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Abstract. Continuing previous work, and using a simple change of variables proposed in

existing literature, an analytical equation of state for a non-relativistic degenerate Fermi gas
in a magnetic field is developed.

1. INTRODUCTION

This paper is a continuation of previous work (Celebonovic, 1998a) on the equation
of state (EOS) of a degenerate non-relativistic Fermi gas. In that paper, an analyt-
ical expression for the Fermi-Dirac (FD) integrals of arbitrary order was proposed
and applied in obtaining the EOS. The purpose of the present paper is to propose
an analogous expression, but applicable in the case of a degenerate Fermi gas in a
magnetic field. The nature of the source of the field is irrelevant.

2. CALCULATIONS

The FD integrals have the following form (for example, Cloutman, 1989)

Fa(n) = / " f(e)de/[1 + explB(e — W] )

In this expression f(¢) =¢', I is a real number, p is the chemical potential 3
denotes the inverse temperature and 7 = Su. The EOS of a degenerate Fermi gas is
(for example, Cloutman, 1989)

n = (4r/k®)(2mkgT) 2 Fy 5(n) (2)

All the symbols in this equation have their standard meanings. It has recently been
shown (Celebonovic, 1998a) that the FD integrals of arbitrary order can be expressed
as

Fo(n) = /0”(5)d5 +T D (S () /n)L - (=D)MT" 1 - 27" 0(n + 1)¢(n+ 1) (3)
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The symbols I and ¢ denote the gamma and zeta functions. How does this equation
change when an external magnetic field is applied to the system? It has been proposed
(Landau and Lifchitz, 1976) that the influence of such a field an be described by the
following change of variables:

p—pFpupH =p(l¥F a) (4)

where pp=eh/2mec is the Bohr magneton, H is the magnetic field and a=ppH/p.
The sign in eq. (4) depends on the orientation of the electronic magnetic moments
with respect to the field. Inserting eq. (4) into eq. (3), and using the definition of f(¢),
one gets the following form of a FD integral of arbitrary order in the presence of a
magnetic field:

Fo(n) = [w(1F )] /(14 1)+

TS D F ) /nll — () - 24 Do)

Using the result for the chemical potential of the electron gas (Celebonovic, 1998a),
the parameter a can be expressed as follows

o = g H/[uo(1 = (1/12)(xT/po)? + (1/720)(xT/po)* — (1/162)(xT/po)° + -] (6)

In this equation po = An?/3 and A = (3pi?)?/3h?/2m,. Inserting eq. (6) into eq. (5),
and choosing the positive sign in eq. (4), one arrives at:

F1/2)(n) = (2/9)[(up H) + An*/® = (xT)?/(12An*/3) + («T)* /(720 4%n%)~

6 5,10/3 8 7..14/3\13/2 (7)
(xT)®/(162A%n%/3) 4 (xT)® /(754 A0 /332 (14 << 3 >>)

The symbol << .. >> denotes the number of omitted terms. Expanding eq. (7) in its
full form, it follows that the FD integral of the order 1/2 can be expressed as:

Fyo(n) =(np H)/(54 x 18854/%)[(2442960(pp H)A™n /3 +
22 5 S5m0 <9355

(8)

Inserting eq. (8) in its full form into eq. (2), it follows that the number density of the
electron gas can be expressed as the following function:

n =23.6954(upH) x (m.T)? x [((pp H)ATn'/3 4 A3p16/3
0.822467n T2 A® + 0.13529A%n3/3T* — 5.9345A%n*/3T5+ (9)
12.5843T%)/(A"n /32 /h34 << 23 >>

This equation, especially in its full form, is far too complex to be solvable analyt-
ically. However, its low temperature limit can be solved analytically. Developing the
full form of eq. (9) in series in T up to and including terms of the order T2, one arrives
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at the following implicit form of the EOS of a degenerate non-relativistic electron gas
in a magnetic field

n = (72%2/3 x h®) x (mn*3AT)3 (1 + (upH)/(An?/3))3/? (10)

This can be solved analytically under the assumption that & = upH/An2/3 — 0.
Physically, this limitation means that the solution is valid when the numbre density
of the electron gas is high, or when the magnetic field in which it is placed is weak.
Developing now eq. (10) into series in x, up to and including terms of the order z2,
the following expression is obtained:

(1= BT3?)y? = (Fy+ G)T3/? (11)
where the following symbols were used

y = n?3 B = (2%/%x/3)(mL/?/h)3A%/%, F = (3B/2)(up H/A)
G = (3B/8)(up H/A)?

Solving eq. (11) within S. Wolfram’s MATHEMATICA 2.2 software package on a
Pentium 166/MMX with a RAM of 32 MBytes, one gets that:

(12)

y=[~(FT)*?+ \[F2T3 - 4GT/(~1 + BT3/2)]/(2(~1+ BT*/2)) (13)

We have thus obtained the EOS of the non-relativistic degenerate Fermi gas in a
magnetic field. This is the implicit form of the EOS. Using the changes of variables
defined in eq. (12) it becomes possible to obtain the explicite form of the EOS.

What about the applications of the EOS derived in this paper? Equation (13) was
derived for the low-temperature regime, assuming that pupH/An%*/3 — 0. It follows
from this assumption that eq. (13) is applicable to the low temperature electron gas
whose number density is limited by n > (uBH/A)s/z. In astrophysics, situations like
this can be expected to arise in accretion disks around compact objects. Having in
mind laboratory work they can appear in high pressure experiments performed under
external magnetic fields (like, for example, in studies of organic metals in solid state
physics).
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Abstract. Using a semiclassical approach, we have calculated electron-, proton-, and doubly
charged helium-impact line widths and shifts for 4 K VIII multiplets, for perturber densities
1018= 1022 cm~3 and temperatures T = 200,000 — 3,000,000 K.

1. INTRODUCTION

Spectral lines of potassium are present in Solar (Moore, Minnaert and Houtgast,
1966) and stellar spectra (Merrill, 1956). For example, potassium has been found in
the ejecta of SN 1987 A supernova (Trimble, 1991). Potassium is a product of alpha
processes - neutron capture on slow time scale, and the data on the spectral line
broadening parameters of potassium in various ionization stages are of interest for
the considering and modelling of subphotospheric layers (Seaton, 1987), particularly
radiative transfer in stellar interiors. Such data are also of interest for the fusion
plasmas and laser-produced plasmas research and for the investigation of soft X-ray
lasers (see e.g. Griem and Moreno, 1990; Fill and Schoning, 1994).

Within the the semiclassical-perturbation formalism (Sahal-Bréchot 1969ab), we
have calculated electron-, proton-, and He ITl-impact line widths and shifts for 4
potassium XI multiplets. The used semiclassical perturbation formalism has been
discussed and reviewed e.g. in Dimitrijevié¢ et al. (1991) and Dimitrijevi¢ and Sahal -
Bréchot (1996).

2. RESULTS AND DISCUSSION

Energy levels for potassium VIII lines have been taken from Bashkin and Stoner
(1978). All other details of calculations are given in Dimitrijevi¢ and Sahal-Bréchot
(1998a).
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Table 1
This Table shows electron- and proton-impact broadening full half-widths (FWHM)
and shifts for K VIII for a perturber density of 10'® ¢cm~3 and temperatures from
200,000 up to 3,000,000 K. By deviding C with the full linewidth we obtain an estimate
for the maximum perturber density for which the line may be treated as isolated and
tabulated data may be used.

PERTURBER DENSITY = 1.E4+19¢m-3

PERTURBERS ARE: ELECTRONS PROTONS

TRANSITION T(K) WIDTH(A)SHIFT(A) WIDTH(A)SHIFT(A)
KVIII 3s 3p 200000.  0.445E-01 -0.444E-03 0.672E-03 -0.262E-03
519.4A 500000.  0.291E-01 -0.466E-03 0.168E-02 -0.616E-03
C=0.52E+22 1000000.  0.218E-01 -0.551E-03 0.250E-02 -0.969E-03

1500000. 0.187E-01 -0.517E-03 0.297E-02 -0.118E-02
2000000.  0.169E-01 -0.506E-03 0.316E-02 -0.133E-02
3000000.  0.148E-01 -0.490E-03 0.345E-02 -0.149E-02

KVIII 3p 4s 200000. 0.141E-01 0.903E-03 0.464E-03 0.945E-03
221.3 A 500000. 0.983E-02 0.108E-02 0.120E-02 0.156E-02
C=0.25E+21 1000000.  0.772E-02 0.104E-02 0.185E-02 0.194E-02

1500000. 0.677E-02 0.102E-02 0.219E-02 0.215E-02
2000000.  0.620E-02 0.989E-03 0.244E-02 0.233E-02
3000000.  0.549E-02 0.888E-03 9.284E-02 0.256E-02

KVIII 3p 5s 200000. 0.135E-01 0.183E-02 0.142E-02 0.194E-02
142.8 A 500000. 0.985E-02 0.174E-02 0.264E-02 0.273E-02
C=0.41E+20 1000000.  0.794E-02 0.171E-02 0.342E-02 0.331E-02

1500000.  0.703E-02 0.159E-02 0.391E-02 0.368E-02
2000000.  0.646E-02 0.146E-02 0.430E-02 0.391E-02
3000000.  0.573E-02 0.127E-02 0.508E-02 0.418E-02

KVIII 3p 3d 200000. 0.391E-01 0.513E-03 0.982E-03 0.226E-03
4414 A 500000. 0.255E-01 0.658E-03 0.212E-02 0.521E-03
C=0.38E+22 1000000.  0.192E-01 0.754E-03 0.298E-02 0.801E-03

1500000. 0.166E-01 0.803E-03 0.329E-02 0.973E-03
2000000.  0.150E-01 0.768E-03 0.350E-02 0.110E-02
3000000.  0.133E-01 0.752E-03 0.376E-02 0.122E-02

The complete results of our calculations of electron-, proton-, and He IIl-impact
line widths and shifts for 4 potassium VIII multiplets, for perturber densities 1018—
1022 ¢cm~2 and temperatures T = 200,000 — 3,000,000 K, will be published elsewhere
(Dimitrijevi¢ and Sahal-Bréchot, 1998ab). Here, in Table 1, only data for perturber
density of 10'® cm™3, as a sample of obtained results are shown. We also specify the
parameter C (Dimitrijevi¢ and S.Sahal-Bréchot, 1984), which gives an estimate of
the maximum perturber density for which the line may be treated as isolated when
divided by the corresponding full width at half maximum.
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The results shown here are the first Stark broadening data concerning potassium
VIII spectral lines. Besides the interest of such data for astrophysical and laboratory
plasma research, they are of significance for the theoretical considerations of system-
atic trends along isoelectronic sequences and development and rafinement of the Stark
broadening theory for multiply charged ion lines.
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Abstract. Using a semiclassical approach, we have calculated electron-, proton-, and ionized
helium-impact line widths and shifts for 2 T1 III, and electron-, proton-, and He III-impact
line widths and shifts for 2 Pb IV multiplets, for perturber densities 10i7— 1029 cm™3 and
temperatures T = 20,000 — 500,000 K, and T = 50,000 — 1,000,000 K, respectively.

1. INTRODUCTION

The interest for a very extensive list of line broadening data is particularly stimulated
by the developement of space astronomy where an extensive amount of spectroscopic
information over large spectral regions of all kind of celestial objects has been and will
be collected, stimulating the spectral—line—shape research. Not only in astrophysics,
but also in physics and plasma technology, a number of problems depend on very
extensive list of elements and line transitions with their atomic and line broaden-
ing parameters. One may mention as examples calculation of stellar opacities, stellar
atmospheres modelling and investigations, abundance determinations, interpretation
and modelling of stellar spectra, laboratory plasma diagnostic, research and modelling,
radiative transfer calculations and investigation of laser produced plasmas (not only
in laboratory but as well in industry during the laser welding, melting and evapora-
tion of different targets), and plasmas created in fusion research (particularly inertial
confinement and pellet compression fusion), development and modelling of lasers, as
well as of light sources.

In order to provide to astrophysicists and physicists the needed Stark broaden-
ing data, we have calculated within the semi-classical perturbation method (Sahal-
Bréchot, 1969ab) Stark broadening parameters for 79 He I, 62 Na, 51 K, 61 Li, 25 Al,
24 Rb, 3 Pd, 19 Be, 270 Mg, 31 Se, 33 Sr, 14 Ba, 28 Ca I, 30 Be II, 29 Li I, 66 Mg
IT, 64 Ba 11, 19 Si II, 3 Fe 11, 2 Ni II, 12 B III, 27 Be 111, 23 Al III, 10 Sc III, 32 Y III,
10 TiIV, 39 Si1V,90 CIV,5 01V, 114 PIV, 190 V,30 NV, 25C V,51 P V, 34
SV,26VV,2F VI, 300 VI 21S VI, 14 O VII, 10 F VII, 10 Cl VIII, 20 Ne VIII,
4 K VIII, 30 K IX, 4 Ca IX, 8 Na IX, 48 Ca X, 57 Na X, 4 Sc X, 18 Mg XI, 7 Al XI,
4 5i XI, 10 Sc XI, 4 Ti XI, 9 Si XII, 27 Ti XII, 61 Si XIII and 33 V XIII multiplets.

Data for particular lines of F I, Ga II, Ga III, CI1 I, Br I, 11, Cu I, Hg II, N III, F
V and S IV also have been provided by us.
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By using the semiclassical-perturbation formalism (Sahal-Bréchot 1969ab), we have
calculated electron-, proton-, and ionized helium-impact line widths and shifts for 2
T1 III and electron-, proton- and He Ill-impact line widths and shifts for 2 Pb IV
multiplets, in order to continue our attempt to obtain a large set of reliable Stark
broadening data. The used formalism has been reviewed shortly e.g. in Dimitrijevié
et al. (1991) and Dimitrijevié¢ and Sahal - Bréchot (1996).

2. RESULTS AND DISCUSSION

Energy levels for T1 111 and Pb IV lines have been taken from Gutmann and Crooker
(1973). All other details of calculations are given in Dimitrijevi¢ and Sahal-Bréchot
(1998). Our results for electron-, proton-, and ionized helium-impact line widths

Table 1
This table shows electron- and proton-impact broadening full half-widths (FWHM)
and shifts for T1 III for a perturber density of 107 ¢cm™3 and temperatures from
20,000 up to 500,000 K. By deviding C with the full linewidth, we obtain an estimate
for the maximum perturber density for which the line may be treated as isolated and
tabulated data may be used.

PERTURBER DENSITY = 1.E417cm-3

PERTURBERS ARE: ELECTRONS PROTONS

TRANSITION T(K) WIDTH(A)SHIFT(A) WIDTH(A)SHIFT(A)
TIIII 6S 6P 20000. 0.170E-01 -0.341E-04 0.436E-03 -0.106E-04
1350.7 A 50000. 0.110E-01 -0.538E-04 0.822E-03 -0.270E-04
C= 0.12E+21 100000.  0.820E-02 -0.531E-04 0.109E-02 -0.483E-04

200000. 0.650E-02 -0.726E-04 0.123E-02 -0.730E-04
300000. 0.584E-02 -0.660E-04 0.132E-02 -0.887E-04
500000. 0.523E-02 -0.657E-04 0.141E-02 -0.105E-03

TIIII 6S 7P 20000. 0.999E-02 0.653E-04 0.914E-03 -0.840E-05
618.6 A 50000. 0.746E-02 0.209E-04 0.120E-02 -0.200E-04
C= 0.59E+19 100000. 0.634E-02 0.103E-03 0.135E-02 -0.318E-04

200000. 0.556E-02 0.649E-04 0.147E-02 -0.439E-04
300000. 0.520E-02 0.662E-04 0.151E-02 -0.494E-04
500000. 0.481E-02 0.745E-04 0.154E-02 -0.566E-04

and shifts for two Tl III multiplets, for perturber densities 10— 10%° ¢cm~3 and
temperatures T = 20,000 — 500,000 K, and electron-, proton-, and He III-impact line
widths and shifts for two Pb IV multiplets, for perturber densities 1017— 102° ¢m~—3
and temperatures T = 50,000 — 1,000,000 K, will be published elsewhere (Dimitrijevié
and Sahal-Bréchot, 1998). We present here in Tables 1 and 2, only data for perturber
density of 1017 ¢cm™3, for T1III and Pb IV respectively. We also specify a parameter C
(Dimitrijevié¢ and S.Sahal-Bréchot, 1984), which gives an estimate for the maximum
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perturber density for which the line may be treated as isolated when it is divided by
the corresponding full width at half maximum.

There is no experimental data concerning T1 III and Pb IV Stark broadening pa-
rameters. There is however a theoretical result (Purié, Dimitrijevié and Lakiéevié
(1978) for TI II1 6s2S-6p2P° multiplet, obtained within the semiempirical approach
(Griem, 1968). The obtained width for 15000 K is two times smaller than our lowest
value at 20000 K. We hope that the presented results will be useful for astrophys-
ical and laboratory plasma research, as well as for the theoretical considerations of
systematic trends along isoelectronic sequences.

Table 2
This table shows electron- and proton-impact broadening full half-widths (FWHM)
and shifts for Pb IV for a perturber density of 1017 cm~3 and temperatures from 50,000
up to 1,000,000 K. By deviding C with the full linewidth, we obtain an estimate for
the maximum perturber density for which the line may be treated as isolated and
tabulated data may be used.

PERTURBER DENSITY = 1.E4+17cm-3

PERTURBERS ARE: ELECTRONS PROTONS

TRANSITION T(K) WIDTH(A)SHIFT(A) WIDTH(A)SHIFT(A)
Pb IV 6S 6P 50000. 0.737E-02 -0.545E-04 0.290E-03 -0.272E-04
1108.7 A 100000.  0.534E-02 -0.647E-04 0.449E-03 -0.508E-04
C= 0.11E421 200000.  0.404E-02 -0.750E-04 0.595E-03 -0.807E-04

300000. 0.352E-02 -0.785E-04 0.641E-03 -0.978E-04
500000. 0.304E-02 -0.723E-04 0.699E-03 -0.120E-03
1000000.  0.259E-02 -0.687E-04 0.768E-03 -0.144E-03

Pb IV 6S 7P 50000. 0.347E-02 0.358E-04 0.390E-03 0.124E-04
464.8 A 100000. 0.276E-02 0.160E-04 0.470E-03 0.213E-04
C= 0.63E+19 200000. 0.228E-02 0.357E-04 0.530E-03 0.307E-04

300000. 0.208E-02 0.260E-04 0.562E-03 0.367E-04
500000. 0.183E-02 0.269E-04 0.586E-03 0.423E-04
1000000.  0.166E-02 0.272E-04 0.610E-03 0.503E-04
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Abstract. Using a semiclassical approach, we have calculated electron-, proton-, and doubly
charged helium-impact line widths and shifts for 4 Ti XI multiplets, for perturber densities
1018 1022 cm~3 and temperatures T = 500,000 — 5,000,000 K.

1. INTRODUCTION

Stark broadening of spectral lines for titanium ion in various ionisation stages is of
interest for the investigation and modeling of stellar plasma, since this element is
present in stars. E.G. Rogerson and Ewell (1985) have found 7 Ti IV lines in the 7
Sco spectrum. Stark broadening parameters for 10 Titanium IV multiplets, have been
calculated within the semiclassical perturbation approach by Dimitrijevi¢ and Sahal -
Bréchot (1992). Such data for higher ionization stages are of interest for the considera-
tion of subphotospheric layers (Seaton, 1987), as well as e.g. for fusion plasma research
and for investigations of systematic trends along isoelectronic sequences. Conjointly
with Ti IV Stark broadening parameters, Dimitrijevi¢ and Sahal - Bréchot (1992)
have determined also Stark broadening parameters for 10 scandium III multiplets,
belonging to the same isoelectronic sequence. Moreover, Stark broadening parameters
for 27 titanium XII multiplets have been determined recently (Dimitrijevi¢ and Sahal
- Bréchot (1998ab)).

By using the semiclassical-perturbation formalism (Sahal-Bréchot 1969ab), we have
calculated electron-, proton-, and He IIl-impact line widths and shifts for 4 titanium
XI multiplets. The used semiclassical perturbation formalism has been discussed and
reviewed e.g. in Dimitrijevié et al. (1991) and Dimitrijevi¢ and Sahal - Bréchot (1996).

2. RESULTS AND DISCUSSICN

Energy levels for titanium XI lines have been taken from Wiese and Musgrove (1989).
All other details of calculations are given in Dimitrijevi¢ and Sahal-Bréchot (1998a).
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Table 1
This Table shows electron- and proton-impact broadening full half-widths (FWHM)
and shifts for Ti XI for a perturber density of 10!° ¢cm~2 and temperatures from
500,000 up to 5,000,000 K. By deviding C with the full linewidth we obtain an estimate
of the maximum perturber density for which the line may be treated as isolated and
tabulated data may be used.

PERTURBER DENSITY = 1.E4+19c¢m-3

PERTURBERS ARE: ELECTRONS PROTONS

TRANSITION T(K) WIDTH(A) SHIFT(A) WIDTH(A)SHIFT(A)
Ti XI3S 3P 500000.  0.129E-01 -0.142E-03 0.258E-03 -0.140E-03
386.1 A 750000.  0.107E-01 -0.155E-03 0.401E-03 -0.204E-03
C=0.39E+22 1000000.  0.943E-02 -0.179E-03 0.518E-03 -0.258E-03

2000000. 0.704E-02 -0.174E-03 0.802E-03 -0.400E-03
3000000. 0.601E-02 -0.171E-03 0.986E-03 -0.486E-03
5000000. 0.500E-02 -0.162E-03 0.113E-02 -0.589E-03

Ti XI3P 4S 500000. 0.213E-02 0.161E-03 0.113E-03 0.211E-03
123.9 A 750000. 0.181E-02 0.165E-03 0.171E-03 0.258E-03
C=0.11E+21 1000000. 0.162E-02 0.159E-03 0.218E-03 0.297E-03

2000000. 0.126E-02 0.154E-03 0.352E-03 0.373E-03
3000000. 0.110E-02 0.149E-03 0.423E-03 0.416E-03
5000000. 0.932E-03 0.131E-03 0.515E-03 0.473E-03

Ti XI3P 58 500000. 0.177E-02 0.245E-03 0.245E-03 0.352E-03
81.1 A 750000. 0.153E-02 0.243E-03 0.351E-03 0.417E-03
C=0.25E+20 1000000. 0.139E-02 0.239E-03 0.405E-03 0.447E-03

2000000. 0.111E-02 0.230E-03 0.541E-03 0.540E-03
3000000. 0.985E-03 0.208E-03 0.633E-03 0.600E-03
5000000. 0.843E-03 0.177E-03 0.776E-03 0.667E-03

Ti XI3P 3D 500000. 0.104E-01 -0.560E-04 0.325E-03 -0.509E-04
327.2 A 750000. 0.858E-02 -0.450E-04 0.476E-03 -0.757E-04
C=0.28E+22 1000000. 0.753E-02 -0.568E-04 0.595E-03 -0.978E-04

2000000.  0.560E-02 -0.614E-04 0.859E-03 -0.164E-03
3000000. 0.478E-02 -0.531E-04 0.985E-03 -0.200E-03
5000000. 0.398E-02 -0.532E-04 0.109E-02 -0.256E-03

Our results for electron-, proton-, and He IIl-impact line widths and shifts for 4
titanium XI multiplets, for perturber densities 1018~ 1022 ¢cm~2 and temperatures T
= 500,000 — 5,000,000 K, will be published elsewhere (Dimitrijevié and Sahal-Bréchot,
1998). We will show here in Table 1, data for perturber density of 10!° cm~3, while
the complete results will be published in Dimitrijevié¢ and Sahal-Bréchot (1998ab). We
also specify the parameter C (Dimitrijevi¢ and S.Sahal-Bréchot, 1984), which gives
an estimate of the maximum perturber density for which the line may be treated as
isolated when divided by the corresponding full width at half maximum.
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The results shown here are the first Stark broadening data concerning titanium
XI spectral lines. Such data are of interest for astrophysical and laboratory plasma
research, as well as for the theoretical considerations of systematic trends along iso-
electronic sequences and development and rafinement of the Stark broadening theory
for multiply charged ion lines. Such data are of interest also for fusion plasma research
and for the consideration of laser produced plasmas. Experimental Stark broadening
data for titanium XI spectral lines will be of course very interesting also for the above
mentioned topics as well as for the further checking of the semiclassical perturbation
method.
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Abstract.  Using a semiclassical approach, we have calculated electron-, proton-, and
doubly charged helium-imgact line widths and shifts for 2 F VI and 10 Cl VII multiplets,
for perturber densities 1017— 1022 cm™3 and temperatures T = 100,000 — 2,000,000 K.

1. INTRODUCTION

Chlorine and fluorine spectral lines have been observed in Solar (Moore, Minnaert and
Houtgast, 1966), as well as in stellar spectra (Merrill, 1956). Trimble (1991) reports
that chlorine and fluorine have been found in the ejecta of SN 1987 A supernova. Flu-
orine is a product of hydrogen burning in stellar interiors and envelopes and chlorine
a product of alpha processes - neutron capture on slow time scale. Consequently, the
data on the spectral line broadening parameters of fluorine and chlorine at various
lonization stages are of interest for the considering and modelling of stellar plasma,
particularly subphotospheric layers (Seaton, 1987) and radiative transfer in stellar
interiors. For the investigation and developing of soft X-ray lasers, such data are also
of interest (see e.g. Griem and Moreno, 1990; Fill and Schéning, 1994). Line broad-
ening data for multiply charged ions are equally of significance for the fusion plasmas
and laser-produced plasmas research and for the investigation of Stark broadening
parameter systematic trends along isoelectronic sequences.

Within the semiclassical-perturbation formalism (Sahal-Bréchot 1969ab), we have
calculated electron-, proton-, and He III-impact line widths and shifts for 2 fluorine
VI and 10 chlorine VII multiplets. The used semiclassical perturbation formalism has
been discussed and reviewed e.g. in Dimitrijevié et al. (1991) and Dimitrijevi¢ and

Sahal - Bréchot (1996).

2. RESULTS AND DISCUSSION

Energy levels for fluorine VI and chlorine VII lines have been taken from Bashkin and

Stoner (1978). All other details of calculations are given in Dimitrijevié and Sahal-
Bréchot (1998a).
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Table 1

This Table shows electron- and proton-impact broadening full half- widths (FWHM)
and shifts for F VI for a perturber density of 101® cm~2 and temperatures from 100,000
up to 2,000,000 K. By deviding C with the full linewidth, we obtain an estimate of
the maximum perturber density for which the line may be treated as isolated and

tabulated data may be used.

PERTURBER DENSITY = 1.E4+19c¢m-3

PERTURBERS ARE:

TRANSITION T(K)
F VI 2S 2P 100000.
535.2 A 200000.
C=0.54E+22 500000.
1000000.
1500000.
2000000.
F VI 2P 3S 100000.
173.1 A 200000.
C=0.70E+20 500000.
1000000.
1500000.
2000000.
Table 2

ELECTRONS
WIDTH(A)SHIFT(A)

0.322E-01
0.229E-01
0.149E-01
0.111E-01
0.953E-02
0.859E-02

0.928E-02
0.699E-02
0.500E-02
0.397E-02
0.349E-02
0.319E-02

-0.329E-03 0.117E-03
-0.549E-03 0.322E-03
-0.586E-03 0.899E-03
-0.608E-03 0.142E-02
-0.574E-03 0.175E-02
-0.567E-03 0.190E-02

0.613E-03 0.279E-03
0.795E-03 0.667E-03
0.760E-03 0.136E-02
0.736E-03 0.185E-02
0.670E-03 0.218E-02
0.617E-03 0.238E-02

PROTONS
WIDTH(A)SHIFT(A)

-0.174E-03
-0.366E-03
-0.780E-03
-0.112E-02
-0.133E-02
-0.142E-02

0.655E-03
0.102E-02
0.149E-02
0.180E-02
0.199E-02
0.210E-02

This Table shows electron- and proton-impact broadening full half- widths (FWHM)
and shifts for Cl VII for a perturber density of 10'® cm™2 and temperatures from
100,000 up to 2,000,000 K. By deviding C with the full line width we obtain an
estimate of the maximum perturber density for which the line may be treated as
isolated and tabulated data may be used.

PERTURBER DENSITY = 1.E4+19cm-3

PERTURBERS ARE:

TRANSITION T(K)

Cl VII 3S 3P 100000.

804.8 A 200000.

C=0.80E+22 500000.
1000000.
1500000.
2000000.

ELECTRONS

PROTONS

WIDTH(A)SHIFT(A) WIDTH(A)SHIFT(A)

0.183
0.131
0.879E-0
0.674E-0
0.586E-0
0.534E-0

88

-0.160E-02 0.149E-02
-0.211E-02 0.350E-02
1-0.262E-020.711E-02
1-0.236E-020.997E-02
1-0.234E-020.110E-01
1-0.227E-020.117E-01

-0.859E-03
-0.180E-02
-0.366E-02
-0.510E-02
-0.585E-02
-0.633E-02
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Table 2 continued

PERTURBER DENSITY = 1.E4+19c¢m-3

PERTURBERS ARE: ELECTRONS PROTONS

TRANSITION T(K) WIDTH(A)SHIFT(A) WIDTH(A)SHIFT(A)
Cl VII 3S 4P 100000.  0.277E-01 0.264E-03 0.102E-02 0.129E-03
196.2 A 200000.  0.204E-01 0.211E-03 0.165E-02 0.256E-03
C=0.18E+21 500000.  0.143E-01 0.297E-03 0.235E-02 0.455E-03

1000000. 0.114E-01 0.280E-03 0.267E-02 0.608E-03
1500000. 0.102E-01 0.268E-03 0.286E-02 0.678E-03
2000000. 0.942E-02 0.271E-03 0.299E-02 0.727E-03

Cl VII 4S 4P 100000. 4.35 -0.842E-01 0.132 -0.643E-01

21904 A 200000. 3.24 -0.983E-01 0.217 -0.112

C=0.22E+23 500000. 2.33 -0.966E-01 0.320 -0.176
1000000. 1.88 -0.949E-01 0.377 -0.211
1500000. 1.68 -0.938E-01 0.413 -0.234
2000000. 1.56 -0.861E-01 0.441 -0.251

Cl VII 3P 45 100000. 0.416E-01 0.236E-02 0.637E-03 0.149E-02

294.3 A 200000. 0.308E-01 0.255E-02 0.170E-02 0.252E-02

C=0.40E+21 500000. 0.218E-01 0.277E-02 0.352E-02 0.387E-02

1000000. 0.174E-01 0.266E-02 0.466E-02 0.463E-02
1500000. 0.154E-01 0.261E-02 0.536E-02 0.515E-02
2000000. 0.141E-01 0.247E-02 0.598E-02 0.549E-02

Cl VII 3P 3D 100000. 0.114 -0.447E-03 0.171E-02 -0.147E-03
602.6 A 200000. 0.814E-0  1-0.418E-030.359E-02 -0.317E-03
C=0.45E+22 500000. 0.543E-0  1-0.484E-030.641E-02 -0.731E-03

1000000.  0.416E-0  1-0.380E-030.807E-02 -0.111E-02
1500000.  0.363E-0  1-0.405E-030.872E-02 -0.136E-02
2000000. 0.332E-0  1-0.395E-030.915E-02 -0.153E-02

Cl VII 3P 4D 100000. 0.403E-01 0.685E-03 0.158E-02 0.112E-02
2248 A 200000. 0.302E-01 0.870E-03 0.262E-02 0.182E-02
C=0.75E+20 500000. 0.214E-01 0.809E-03 0.402E-02 0.275E-02

1000000. 0.172E-01 0.750E-03 0.499E-02 0.332E-02
1500000. 0.153E-01 0.660E-03 0.564E-02 0.369E-02
2000000. 0.141E-01 0.576E-03 0.620E-02 0.395E-02

Cl VII 4P 4D 100000. 3.11 0.119E-01 0.143 0.525E-01

1680.4 A 200000. 2.34 0.239E-01 0.217 0.875E-01

C=0.42E+22 500000. 1.69 0.120E-01 0.293 0.134
1000000. 1.37 0.111E-01 0.345 0.161
1500000. 1.23 0.706E-02 0.379 0.179
2000000. 1.14 0.239E-02 0.404 0.192

89



M.S. DIMITRIJEVIC and S. SAHAL-BRECHOT

The complete results of our calculations of electron-, proton-, and He III- impact
line widths and shifts for 2 fluorine VI and 10 chlorine VII multiplets, for perturber
densities 1017— 1022 ¢cm~2 and temperatures T = 100,000 — 2,000,000 K, will be

published elsewhere (Dimitrijevié¢ and Sahal-Bréchot, 1998ab). Here, in Tables 1 and

2, only data for perturber density of 10!° cm~3, as a sample of obtained results are

shown for fluorine VI and chlorine VII respectively. We also specify a parameter C
(Dimitrijevi¢ and S.Sahal-Bréchot, 1984), which gives an estimate for the maximum
perturber density for which the line may be treated as isolated when it is divided by
the corresponding full width at half maximum.

There is not experimental results concerning F VI and Cl VII. However, predictions
on the basis of systematic trends along isoelectronic sequences exist for F VI 3s!S -
3p'P?, 2464.8 A line for T = 45000 K and the electron density of 107ecm~3 and
for Cl VII 4s2S - 4p2P?, 2178.8 A line for T = 60000 K and the electron density of
10'7cm =3 (Purié et al., 1988). Electron temperatures in this paper are too low for the
comparison with our data.

We hope that the obtained results are of interest for astrophysical and laboratory
plasma research, as well as for the theoretical considerations of systematic trends
along isoelectronic sequences.
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Abstract. Using a semiclassical approach, we have calculated electron-, proton-, and
doubly charﬁgad helium—imgact line widths and shifts for 10 Sc XI multiplets, for perturber
densities 101 — 1022 cm™2 and temperatures T = 500,000 — 5,000,000 K.

1. INTRODUCTION

The various atomic data concerning scandium element, including Stark broadening
parameters of its spectral lines for various ionization stages are of interest for astro-
physical plasma research and modeling, since this element is present in stellar plasma.
Stark broadening data for higher ionization stages are additionaly of interest for the
modelling and theoretical considerations of subphotospheric layers (Seaton, 1997), as
well as for investigations of systematic trends along isoelectronic sequences.

By using the semiclassical-perturbation formalism (Sahal-Bréchot 1969ab), we have
calculated electron-, proton-, and He III-impact line widths and shifts for 10 scandium
XI multiplets. A short review of the formalism is given e.g. in Dimitrijevié et al. (1991)
and Dimitrijevi¢ and Sahal - Bréchot (1996).

2. RESULTS AND DISCUSSION

Energy levels for scandium XI lines have been taken from Bashkin and Stoner (1978).
All other details of calculations are given in Dimitrijevi¢ and Sahal-Bréchot (1998).
Our results for electron-, proton-, and He IIl-impact line widths and shifts for 10
scandium XI multiplets, for perturber densities 10'8— 10?2 cm~3 and temperatures
T = 500,000 — 5,000,000 K, will be published elsewhere (Dimitrijevi¢ and Sahal-
Bréchot, 1998). We present here, in Table 1, only data for perturber density of 101°
cm™3. We also specify the parameter C (Dimitrijevié¢ and Sahal-Bréchot, 1984), which
gives an estimate of the maximum perturber density for which the line may be treated
as isolated when divided by the corresponding full width at half maximum.

91



M.S. DIMITRIJEVIC and S. SAHAL-BRECHOT

Table 1
This Table shows electron- and proton-impact broadening full half- widths (FWHM)
and shifts for Sc XI for a perturber density of 10'® ¢cm~2 and temperatures from
500,000 up to 5,000,000 K. By deviding C with the full line width, we obtain an
estimate for the maximum perturber density for which the line may be treated as
isolated and tabulated data may be used.

PERTURBER DENSITY = 1.E4+19cm-3

PERTURBERS ARE: ELECTRONS PROTONS

TRANSITION T(K) WIDTH(A)SHIFT(A) WIDTH(A)SHIFT(A)
ScXI 3S-3P 500000.  0.247E-01 -0.340E-03 0.526E-03 -0.406E-03
510.9 A 750000.  0.205E-01 -0.413E-03 0.816E-03 -0.579E-03
C=0.51E422 1000000.  0.181E-01 -0.439E-03 0.106E-02 -0.711E-03

2000000. 0.136E-01 -0.413E-03 0.165E-02 -0.105E-02
3000000. 0.116E-01 -0.400E-03 0.202E-02 -0.128E-02
5000000. 0.966E-02 -0.389E-03 0.237E-02 -0.147E-02

ScXI 35-4P 500000. 0.215E-02 0.174E-04 0.150E-03 0.216E-04
95.0 A 750000. 0.181E-02 0.205E-04 0.185E-03 0.299E-04
C=0.68E+20 1000000. 0.161E-02 0.173E-04 0.215E-03 0.367E-04

2000000. 0.125E-02 0.176E-04 0.259E-03 0.523E-04
3000000. 0.109E-02 0.166E-04 0.282E-03 0.617E-04
5000000. 0.930E-03 0.156E-04 0.315E-03 0.707E-04

ScXI 4S-4P 500000. 0.511 -0.142E-01 0.321E-01 -0.207E-01
1327.8 A 750000. 0.435 -0.137E-01 0.404E-01 -0.256E-01
C=0.13E423 1000000.  0.390 -0.133E-01 0.475E-01 -0.296E-01
2000000.  0.306 -0.129E-01 0.601E-01 -0.374E-01
3000000. 0.268 -0.126E-01 0.674E-01 -0.419E-01
5000000. 0.230 -0.107E-01 0.790E-01 -0.476E-01
ScXI 3P-4S 500000. 0.240E-02 0.184E-03 0.130E-03 0.236E-03
1279 A 750000. 0.204E-02 0.190E-03 0.192E-03 0.288E-03
C=0.12E+21 1000000. 0.183E-02 0.182E-03 0.246E-03 0.332E-03

2000000. 0.142E-02 0.177E-03 0.391E-03 0.415E-03
3000000. 0.124E-02 0.172E-03 0.470E-03 0.461E-03
5000000. 0.105E-02 0.152E-03 0.575E-03 0.523E-03

ScXI 3P-3D 500000. 0.146E-01 -0.714E-04 0.477E-03 -0.729E-04
378.7 A 750000. 0.121E-01 -0.609E-04 0.692E-03 -0.108E-03
C=0.28E+22 1000000. 0.107E-01 -0.870E-04 0.861E-03 -0.140E-03

2000000. 0.795E-02 -0.831E-04 0.123E-02 -0.233E-03
3000000. 0.679E-02 -0.750E-04 0.140E-02 -0.283E-03
5000000. 0.566E-02 -0.726E-04 0.155E-02 -0.361E-03
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Table 1 continued

PERTURBER DENSITY = 1.E4+19¢m-3 1
PERTURBERS ARE: ELECTRONS PROTONS

TRANSITION T(K) WIDTH(A) SHIFT(A) WIDTH(A)SHIFT(A)
ScXI 3P-4D 500000.  0.261E-02 0.374E-04 0.186E-03 0.116E-03
104.9 A 750000.  0.220E-02 0.315E-04 0.234E-03 0.145E-03
C=0.37E+20 1000000.  0.196E-02 0.333E-04 0.279E-03 0.167E-03

2000000. 0.152E-02 0.345E-04 0.365E-03 0.214E-03
3000000. 0.133E-02 0.282E-04 0.419E-03 0.239E-03
5000000. 0.113E-02 0.224E-04 0.498E-03 0.272E-03

ScXI 3P-5D 500000. 0.335E-02 0.867E-04 0.430E-03 0.319E-03
78.8 A 750000. 0.288E-02 0.935E-04 0.521E-03 0.379E-03
C=0.11E+420 1000000. 0.260E-02 0.941E-04 0.574E-03 0.406E-03

2000000. 0.207E-02 0.787E-04 0.720E-03 0.489E-03
3000000. 0.183E-02 0.668E-04 0.830E-03 0.541E-03
5000000. 0.159E-02 0.574E-04 0.968E-03 0.603E-03

ScXI 4P-4D 500000. 0.364 0.190E-03 0.296E-01 0.813E-02
1042.3 A 750000. 0.310 -0.108E-02 0.367E-01 0.106E-01
C=0.37TE+22 1000000. 0.278 -0.620E-03 0.415E-01 0.121E-01
2000000. 0.218 -0.432E-03 0.495E-01 0.162E-01
3000000. 0.192 -0.880E-03 0.550E-01 0.181E-01
5000000. 0.165 -0.129E-02 0.636E-01 0.205E-01
ScXI 4P-5D 500000. 0.361E-01 0.633E-03 0.445E-02 0.293E-02
242.7 A 750000. 0.311E-01 0.660E-03 0.525E-02 0.349E-02
C=0.10E+21 1000000. 0.281E-01 0.681E-03 0.577E-02 0.373E-02

2000000.  0.225E-01 0.539E-03 0.717E-02 0.449E-02
3000000.  0.200E-01 0.435E-03 0.818E-02 0.498E-02
5000000.  0.174E-01 0.355E-03 0.946E-02 0.549E-02

ScXI 3D-4P 500000. 0.672E-02 0.106E-03 0.512E-03 0.120E-03
168.6 A 750000. 0.566E-02 0.122E-03 0.631E-03 0.162E-03
C=0.21E+21 1000000.  0.504E-02 0.120E-03 0.731E-03 0.192E-03

2000000.  0.389E-02 0.117E-03 0.875E-03 0.264E-03
3000000. 0.340E-02 0.111E-03 0.954E-03 0.297E-03
5000000. 0.291E-02 0.106E-03 0.106E-02 0.341E-03

There is no experimental data or results of other calculations, concerning scandium
XI Stark broadening parameters. We hope that presented data will be of interest for
astrophysical and laboratory plasma research, as well as for the theoretical consider-
ations of systematic trends along isoelectronic sequences. The corresponding experi-
mental data will be of interest for checking and rafinement of the Stark broadening
theory for multicharged ion lines.
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SPATIAL DISTRIBUTION OF ARGON EMISSION
IN RF DISCHARGE

S. DIUROVIC
Institute of Physics, Trg Dositeja Obradovica 4, 21000 Novi Sad, Yugoslavia

1. INTRODUCTION

Radio frequency (rf) discharges are useful for many applications in material
processing such as etching, sputtering, thin film deposition, treatment of surfaces
etc. (Powell, 1984; Einspruch, 1984; Morgan, 1985; Miyake, 1992; Tokonami,
1992). Knowledge about processes inside of radio frequency discharges even of
simple system such as argon discharges is still far from satisfactory.

In this paper results of spatially resolved optical emission measurements from
pure argon rf discharge are reported. The radiation of neutral and ionic argon
spectral lines is emitted from well defined 13.56 Mhz rf reactor in pressure range
from 6.67 to 66.67 Pa and 200 V applied rf voltage. The time averaged
spectroscopic measurements showed that different spectral lines have different
positions of the peaks of the emission distribution.

2. EXPERIMENTAL

As the plasma source the Gaseous Electronic Conference (GEC) Radio Frequency
Reference Cell was used. The details of the design of the Cell are given in Ref.
Hargis et al. (1994). Briefly, the GEC RF Reference Cell is a parallel plate
discharge chamber with 102 mm diameter electrodes separated by 25 mm. The
electrodes are cylindrically symmetric and their surfaces are horizontal. The top

electrode contains 169 holes 380 pm in diameter to provide a showerhead gas
inlet. The cylindrical vacuum chamber is constructed of stainless steel and has 8
cooper gasket side ports symmetrically positioned to the chamber midplane. Two
203 mm diameter ports are fitted with 136 mm diameter quartz windows for
spectroscopic observations. Two additional ports, orthogonal to these, are 152 mm
diameter flanges, one of which accommodates a turbo molecular pump for
establishing a base pressure of < 10° Pa. The bottom of the vacuum chamber is
constructed so the pumpout of the gas is accomplished by four symmetrically
placed 70 mm diameter ports piped into a single exhaust line to a mechanical
vacuum pump. The top electrode is grounded to the chamber on the outside of the
vacuum interface. The bottom electrode is powered by a 13.56 Mhz rf power
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supply isolated by a filter box in external circuit. The flow rates were 10 standard
cubic centimeters per minute.

The experimental setup for spectroscopic measurements is described elsewhere
(Djurovic et al, 1993). The monochromator is equipped with a cooled 5 cm
diameter end-on photomultiplier for detection of the optical signal. The
photomultiplier tube is connected to a picoameter and signal from the picoameter
is fed to a personal computer through IEEE-488 interface.

3. RESULTS

The Ar1750.4 nm and Ar II 427.8 nm lines were observed in the pressure range of
6.67 to 66.67 Pa. The time averaged intensity distributions along the discharge
axis for Ar I 750.4 nm line for different pressures are shown in Fig 1. To obtain
good signal-to-noise ratio every experimental point in Fig. 1 represents the average
value of 40 readings from the picoameter.

MIP

Tmax Arl 750.4 nm

66.67 Pa
33.33 Pa ]
13.33 Pa

8.67 Pa T

Imax /2
e O ® O

o % o e R
Distance from Powered Electrode (mm)
Fig. 1 Spatially resolved time averaged optical emission for Ar I 750.4 nm line.

The measurements of the optical intensity distributions of Ar II 427.8 nm line
for different pressure are shown in Fig. 2. These measurements are taken under

[ y - v —

Arl 427.8 nm

o 66.67 Pa
e 3333 Pa
o 13.33 Pa
= 8.67 Pa

Signel (au)

— T T a e
. Distance from Powered Electrs ;s (mm)
Fig. 2 Spatially resolvedresolved time averaged optical emission for Ar II 427.8 nm line
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same conditions as the measurements of Ar I line and show similar behaviour.

The intensities of both Ar I and Ar II lines are highly dependent on the discharge
pressure. As the pressure is increased the most intense regions of emission shift
toward the powered electrode and the well defined sheats (dark zone near the

electrode surface) are formed.

The characteristic of the spatially resolved emission between the electrodes is
defined by three parameters: Maximum Intensity position (MIP), Dark Space (DS)
and Bright space (BS), which are showed in Fig. 1. Pressure dependence of the
three defined parameters for Ar I 750.4 nm line with applied pea-to-peak rf voltage
of 200 V is shown in Fig. 3. The same for Ar IT 427.8 nm line is shown in Fig. 4.

Vakie (mm)

Arl 750.4 nm

o Bright Space
& Maximum Position
« Dark Space

Pressure (Pa)

Fig. 3 Pressure dependence of three parameters for Ar I 750.4 nm line

Value (mm)

0

16 +

10}

ArH 427.8 nm

o Bright Space
4 Maximum Position
e Dark Space

[]

30 T 50 60 70 80
Pressure (Pa)

Fig. 4 Pressure dependence of three parameters for Ar II 427.8 nm line

From these measurements one ca conclude:
- Emission intensity at the electrodes (positions 0 and 25 mm in Figs. 1 and 2) is
not zero (after noise subtraction), which implies that the plasma extends outside

the electrode region.
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- Spatially resolved profiles of both ArIand Ar I lines show considerable pres-
sure dependence.

- The maximum intensity position of the Ar II line is closer to the powered elec-
trode than maximum intensity positions of the Ar I line.

The last conclusion is the most important one. This in contradiction with the
intuitive picture that can be produced for secondary electron sustained discharge.
In that picture electrons get accelerated from zero energy and thus should excite
transitions with lower thresholds first. An explanation of this apparent inverted
distribution of the emission is offered in Ref. Petrovic et al (1995).
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BJIMAHHUE XAPAKTEPA PA3JIETA NNIAPOB MUIIEHH HA
OBPA3OBAHHE NMPUITIOBEPXHOCTHOM JIASEPHOH ILIAZMBI

B.B.EOPEMOB, J1. 4. MUHBLKO, 10.A YUBEJIb, A HYYMAKOB
Hueruryr Mmonekynaproit 1 aromuol ¢pusnku HauuonansHoi Axaxemun HayK
Benapycu, 220082 Murck, Benapycs
E-mail Irppd@imaph bas-net.by

Pestome. OGHapy:xeHa H HccnesoBaHa pa3MepHas 3aBHCHMOCTD NOporos
NMPUNIOBEPXHOCTHOIO JIa3¢PHOro riasmMoobpazoBanus, o6ycnoBneHHas GOKOBbIM
Pa3vIeTOM MapoOB MHIIEHH H3 00/1aCTH BO3ACHCTBHA.

1. BBEAEHHUE

O6pa3oBanue NMPUMOBEPXHOCTHON NAa3EPHOM IUIa3MBI, CYIIECTBEHHO
M3MEHAIOWES XapaKTep B3AMMOACHCTBHA nadepHoro uanydenna (JIM) c
obmyyaeMbIMH ~ MaTepHAJIaMHM, SBIAETCA  TPEAMETOM  MHOTOYHMCIEHHBIX
HCCNIENOBAHHH. OJKCMEPHMEHTAIbBHO  BBIABIIGHA CTENEHHas  3aBHCHMOCTH
BPEMEHH Ha4yaJbHOro IIa3MooOpa3oBaHUA OT IUIOTHOCTH MowqHocTu JIU B
MMITyJIbCe, XOPOLIO COOMOAAIOWIAACA NPH Ja3CPHOM BO3ACHCTBHM HA pAX
NOTJIOWAIOIMMX ~ MAaTEePHANOB B  YCIOBHAX KBa3HOAHOMEDHOrO painera
obpasyromerics nnasmer (Kosmosa HH., u ap., 1975; Beccapa6 A.B. u ap.,
1978; Hauunsives B.A. u ap., 1980; Yusens FO.A. u Yymakos A.H., 1983).
[lpennoxens! SMnUpuyeckue M TeOpeTHYeCKHe OBOGLIEHHS 0obOHapyXeHHBIX
3aKOHOMEPHOCTEH, OMMCHIBAIOLIHE TAKKe 3aBHCHMOCTb BPEMEHM 0Opa3oBaHHs
mia3Mbl oT GopMul nasepHerx Emnyiabcos (Bepuenko E.A. u np., 1981,1984;
Munpko JLA. u ap., 1984; Munsko JI.A. u Uymakos A .H., 1991; bopeu-Ilepsak
W10, Bopobres B.C.. 1995), a Takke BnMAHHE YCIOBHH Ia3epHOTO
BO3JACHCTBHA HAa OCOOEHHOCTH OOpPAa30BaHHA MPUNOBEPXHOCTHOM na3epHOi
nnasmel (Janeumikos EB. u mp., 1982, 1985). B 1o ke Bpems 0cOGEHHOCTH
MPHIOBEPXHOCTHOrO NIa3MOO0Pa30BaHKA B YCIOBHAX MEPEXOAA K TPEXMEPHOMY
pa3neTy ras3Mbl BIIOTH 4O CTPYHHOrO €€ UCTEYEHHA MOYTH HE HCCIEHOBAHBI.

Hacroswas paGora mocesmeHa HcCneaOBaHHIO BNHMAHMA XapakTepa
PadieTa mapos MHIDEHH Ha MOPOrM MCMAPEHMA M IUIa3MoOOPa3OBaHHMA NpH
HMITYABCHOM Ja3epHOM BosaedcTsuu (A = 1,06 MkM) Ha IUIOCKHE
MONHPOBAHHBIC MHINEHH M3 AIOMHHHA M AJIOMHHHEBBIX CIUIABOB B BO3AYyXe
HOPMAaJIbHOM MJIOTHOCTH.
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2 9KCNEPUMEHTAJILHBLIE PE3VJILTATHI K KX OBCYXIAEHUE

B akcnepuMeHTax MCNONB30BANCA MOHOHMMNYNBCHEIR Ja3ep Ha
HEOZHMOBOM CTeKsie ¢ 3Heprued B ummynbce po 50 k. [lepexonm or
KBa3HOAHOMEPHOro K TPEXMEpPHOMY pallieTy MapoB MHIIEHHM OCYWIECTBILUICA
H3MEHEHHEM nNATH2 obnyueHus B auanaszoHe 0,25+4 MM H UTHTENBHOCTH
Na3ePHBIX HMMYIBCOB OT MHKPOCEeKYHAHOM (T = 0,35 MKM) 10 HAHOCEKYHIHOH
(t = 60 Hc). Bnarogaps H3MEHEHMIO KaK AMAMETPA NATESH OONydYeHus, Tak U
ATUTENBHOCTH  J1a3€PHBIX  MMIYNbCOB  obecnedupanach  BO3MOXHOCTh
pasaeneHHs BIHAHHA HA NOPOTH MIa3Moo0pa30BaHHA XapaKTepa panera napos
MHIIGHH C OQHOH CTOPOHBI, H CODCTBEHHO pa3MepoB NATHA OOMydYeHMA - C
apyroi. Pacnpenenenne mnorsoctH mMomHoctH JIM Ha rutockHX MHIEHsAX B
narHax obmydenus 1+4 MM Oputo OMH3KO K NPAMOYTOIBHOMY €
HEPaBHOMEPHOCTbIO He Xyxe 20%, a B naTHax auamerpoM MmeHee 0,5 mm -
O (pPAKLIHOHHEIM.

JKCNEPHMEHTATLHO H3y4YeHB! 3aBHCHMOCTH BPEMEHH Hayala HCIapeHns
H nna3mMoobpa3oBaHHA OT Pa3MEPOB MATHA OOMy4eHHA H IUIOTHOCTH MOLIHOCTH
JIM ans nasepHBIX HMIYIbCOB ABYX THIOB C KPYTH3HOH nepeanero ¢ponra 350
H 80 wHc (puc.l). MomeHT Hawana wHcCnapeHHs M MIa3MOOOPa30OBaHHA
YCTaHABIHBANCA MO JAOCTHXKEHHIO HEKOTOPOH INOPOrOBOH APKOCTH CBEYCHHA
napoB H 3po3HoHHoM miasmbl (Munpko JI.A., Yusens 10.A., Uymakos AH,,
1985). B yacTHocTH, 33 NMOpPOr MCNAapeHHsA NPHHHMAJOCh NOCTHIKEHHE B IATHE
obmyyenHs spkoctHOM Temnepatypsl 2700 K, cooTsercTByromeii TeMmnepaType
KHNEeHUA aMOMHHHA NMPH HOPMAJbHBIX ycnoBusx. O6HapyXkeH CyINeCTBEHHbIH
POCT NMOPOroB HCTIAPEHHS M IUIa3MOOOPA30BaHMA MMPH MATHAX OONMydeHHA MeHee
0,5 mm. [ns BCEX MCCNEAOBAHHBIX NATEH OONYYeHHS MPH MHTEHCHMBHOCTH MO
1,5-10° MBr/cM’, HaGmogmanack OZHOTMIHAA CTeNEHHAA 3aBHCHMOCTb
(Munbko JI.A. u ap., 1984) Bpemenn Hawana ucnapesHs U oOpa3oBaHHUA
mnasMel o1 TIoTHOCTH MommuocTH JIM, uro ceumerenscTByeT 00 3PO3HOHHOM
Xapakrepe HaYaNbHOro N1a3MO00pa30BaHHA. [Toporosbie Ans
1asmoobpa3oBaHuA oTHOcTH MowHocTH JIM cocrasmsior 25 u 50 MBr/cm?
mpu t© = 350 u 80 Hc cooTsercTBEHHO (d=4 MM).

Ipu nepexone x narHam auamerpoM 0,25 mm (1 = 350 nc) noporu
nnaimoobpasosanus sospactaetr mo 80 MBr/cM’, a moporm ucnapenus
TIOBBILIAOTCA NMPH 3TOM MOYTH BABOE HE3ABHCHMO OT UTMTCIBHOCTH JA3EPHBIX
umnynbcoB. CpaBHeHHE MNOPOTOBBIX I[UIOTHOCTEH JHEPrHH MCMAPEHUR U
rU1a3Moo6pa30BaHHs B MNMATHaX OOMydeHHA AUaMeTpoM 1-4 MM s NasepHBIX
HMITYJIbCOB  PA3NIMMHOM  JUIMTENBHOCTH NPHBOAMT K  MPHOMHXKEHHOW
3asucumoctu E ~1 %7,
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obmyyenus - 4 (L), 1 (4), 0,5 (0) u 0,25 mm (O); anutemsHOCTH (pOHTA

na3epHO

ro ummynsca 350 (1-5) u 80 uc (6-9).

ObHapyxeHHas pasMepHas 3aBUCHMOCTb MOPOroB Ma3Moo0pa3oBaHuA

HabmonaeTcA NMWE B YCIOBHAX CYLIECTBEHHO HEOZHOMEPHOrO pa3nera,
PEaTH3yIOLEero MpH BO3ASHCTBHH JI23¢PHBIX HMITYNIbCOB € T = 350 Hc, Toraa kak
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pasMepHas 3aBHCHMOCTb MOpOra MCMapeHHs HabmomaeTcs H B YCNOBHAX
KBasHoaHoMmepHoro pasnera (Tt =80 Hc). Takum o6pa3oM, 3KCMEPHMEHTAIbHO
oOHapyeHa  pa3MepHas  3aBHCHMOCTb NOPOroB  IUIa3MOOOpa3OBaHHA,
obycnosneHHas GOKOBBIM Pa3feTOM MApOB MHUIIEHH H3 OONacTH BO3NEHCTBHA.
Habmogaemas  3aBHCHMOCTb  [IOPOroB  MIa3MooOpa3oBaHMA  OCIOXKHEHA
BO3PaCTAaHHEM IOPOroB UCMApPEHHA B ManibiX mATHaX obmydennsa (d < 0,5 mm),
YTO yKa3blBaeT Ha JIOKAJMbHBIH XapakTep Ha4aJIbHOrO HCMapeHHA.
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ABLATION OF TiN COATINGS BY TEA-CO,
LASER BEAM

B.Gakovic, M.Trtica, T.Nenadovic, SPetrovic-Stepanovic and NMijatovié
The Institute of Nuclear Sciences "Vin&a”, P.O.B. 522, 11001 Belgrade, Yugoslavia

1. Introduction

Although the laser-beam interaction on thin films/coatings is used in many
areas of technology, a better understanding of interaction kinetic is required. The
surface features during the interaction processes depend on the beam
characteristics but also on the physical and thermomechanical properties of
target and the surrounding atmosphere of the bombarded target.

Laser sputtering causes rapid removal of surface material and many combine
thermal and collisional effects. Process may be divided into laser induced
ablation which presents high-yicld sputtering process and laser induced
desorption which include low-yield sputtering. The process of laser beam target
interaction can be described in terms of heat model including few characteristic
stages: absorption of the laser beam and transformation of its energy in radiative
or non-radiative processes, heating of the target without damage, ejection of
material from the interaction region, formation of the plume above the surface
and finally rapid cooling when interaction occurs (Kelly et al. 1992).

In many application material processing relies on the heating effect due to
the absorption of the beam energy which is characterized by photon energy,
pulse duration and fluence F (J/cm?®). The amount of the absorbed energy
depends on the optical and thermal characteristics of target. It increases with
decreasing the wavelength (E=hc/A). The reflectivity of the most metals in the
optical range of wavelengths reaches 70-95% of incident radiation. At the
wavelength 10.6 um that corresponds to the TEA-CO, laser beam the reflectivity
on polished metal can be higher (Rykalin et al. 1988)

The analyses of the laser beam induced changes allow us to determine the
threshold damage on different coatings, the damage area induced by different
shape of the laser pulses, and the mechanism of the interaction.

2. Experimental

In this work the laser induced surface modifications of thin film studies were
carried out by pulsed, UV preionized, TEA carbon-dioxide laser. The laser
operated with nontypical COx/X, X= Ny/Hy; H, gas mixtures. The presence of
hydrogen in the laser makes that efficiency of the system greater in comparison
when it has been absent. The laser gave multimode output of a pulse repetition
of 1Hz. The beam cross-section was typically of quadratic form so that spatial-
uniform distribution of intensity can be assumed. Output pulse was in the
interval from 3 to 40 mJ for CO./H, gas mixturc and FWHM = 80 ns.
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The bombardment of coatings was performed with focused laser beam. The
NaCl lens with focal length of 6.0 cm ensured the focusing on the target. Surface
area of the laser spot of 0.0008 cm® was measured optically. The laser beam
interacted with coating on zero incident angle.

The TiN layer (thickness = 0.85 pum) was deposited by reactive d.c. ion
sputtering from a 99.98% titanium target, on polished austenitic stainless steel
AISI 316 type (Gakovi¢ et al. 1998).

The coating characterization has been performed by X-ray diffraction
analysis, wavelength dispersive - XRD and energy dispersive analysis — EDX.
For morphology studies the SEM analyses has been employed. We used both,
the secondary electron (SE) and backscattered electron (BSE) detectors.

3. Results and Discussion

XRD as well as EDAX analysis done before laser irradiation of TiN
coatings have confirmed its polycrystalline structure and stoichiometric
composition. The surface topography of TiN coatings was homogeneous
relatively dense with spherical growth features on the surface. Analyses of the
cross section have shown columnar crystal structure typical for low temperature
zone, presented in a three zone model of structure. This have been expected
since the deposition temperature (T = 473 K) was lower than 0.3 from the
melting temperature of material (T, = 3220 K). The grain sizes varied from few
tens to one hundred nanometers.

Investigation of TiN coating morphological changes, induced by the laser
radiation, has shown their dependence on laser fluence, number of pulses and
laser pulse shape. In this work we present the results of 20 and 340 TEA CO,
laser pulses interaction with TiN/AISI layer.
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Fig.1. Damages yield as a function of the fluence for twenty laser pulses.
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Three types of interaction were obtained depending on the incident laser .
fluence. At the beginning target acted as a mirror for laser radiation (reflectivity
97%) and laser pulses were reflected without noticeable changes on the target
surface. A damage threshold defined as the minimum fluence that creates a
detectable damage on the surface. In this experiment the registered damage
threshold was observed after twenty accumulated pulses The obtained value of
9.9 J/em® is presented on Fig.1.

Finally the action of 340 laser pulses with fluences of 14 J/cm® and laser
intensity I ~170 MW/cm’® leads to important changes in morphology of TiN
coating, Figure 2. (a-c). During the laser action on the coating the three zones in
damage area, can be distinguish.

Fig. 2 (a-c). The morphology of TiN coating changes induced by 340 pulses
of TEA CO;, laser: a- as deposited coating surface, b- central part of the spot
and c- rim of the spot periphery.

SEM analyses have shown that the target surface of this type of interaction
shows signs of superficial melting. Heating in the zone of interaction must be the
primary process of lascr sputtering ablation (Nenadovi¢ et al. 1992).

Each shot after twenty pulses ignites a discharge in front of the target. The
emitted particles above the target surface form a plume. The plume above the
surfaces is always present after about twenty pulses. It increases up to 3-4 mm
after about 100 pulses. The present of the plum suggests that there are also a
thermal effects in sputtering (desorption and ablation) connected with induced
surface morphology.

The X-ray analyses have shown that the composition of heated area differs
from those of as deposited materials. The processes form an alloy layer of a
specific composition. The analyses (EDAX) of the composition ( */o) of the
targets are presented on the Table 1. The obtained composition do not improve
the cutting properties of laser bombarded coatings.
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Table 1. The EDAX analyses of the targets.

Ti N Fe Cr Ni (Mo Mn Si)
substrate - - 66.27 17.74 12.65 343
AISI 316
coating TiN 4905 | 24.88 17.25 520 3.16 047
on AISI 316
dark area in the 68.33 - 21.05 6.63 3.99 -
bombarded zone
bright area in the 6.92 - 59.37 16.04 11.68 5.99
bombarded zone

4. Conclusions

The interaction of the radiation of laser radiation of TiN coatings can
be summarized as follows:

- Laser induced processes in central part of the spot cause the
decomposition of the coatings and wave like structure in the interaction
area. The distance between two following waves is about 10 um, which
corresponds to the wavelength of TEA CO; laser radiation.

- In the outer zones pulse shots produced thermally activated changes:
material removal out of the interaction region and droplet formation.
Solidified droplets melting of TiN are noticeable. Subsequently fast
heating and cooling during multi-pulse laser bombardment cause the grain
growth in the bombarded zone.
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TANGENTIAL FLOW MIP SOURCE WITH DESOLVATION SYSTEM
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Abstract. In this paper we present the description of a tangential flow microwave
induced plasma source witch enables generation a temporally and spatially stable discharge,
located in the center of the discharge tube. In such a configuration etching of the tube walls and
thermal losses are greatly reduced. The desolvation systems which is also described enables
enhancement of the detection limits of analytical species, whose spectral lines are overlapped by
OH bands.

1. INTRODUCTION

After the introduction of the Beenakker (1976) cylindrical resonant cavity
microwave-induced plasmas (MIP) has received considerable attention as an excitation
source for atomic emission spectroscopy (sce e.g. Q. Jin et al. 1997). This cavity, which
operates at 2.45 GHz in the TMy,, mode. make possible the generation of a plasma at
atmospheric pressure in argon or helium. Further modification of this cavity by Van
Dalen et all. (1978) enables more efficient excitations of various elements in aqueous
solutions.

It was noticed that at input power above 50 W plasma moves to the wall of the
tube. Same spatial distortion of the plasma is observed at higher support gas flow rates
also. This characteristic of MIP has several detrimental effects. Plasma. which touches
the inner wall of the discharge tube will etch the wall. and shortens the tube lifetime.
Etching may also lead to analyte memory effects due to occlusion of salt particles at the
etched surface. The plasma also has a tendency to wander about the inner wall of the
discharge tube making difficulties to couple the plasma image to a monohromator.
Therefore. it would be desirable to obtain a plasma discharge which is temporally and
spatially steady and which do not liec along the discharge tube wall to reduce etching
and thermal losses.

The introduction of aqueous solution of investigated samples results in a
existence of very intense OH bands. Such a bands overlap low intensity spectral lines
of analytical samples. and in this way reduce detection limits. For some elements this
problem is so pronounced that analytical line detection is practically impossible. In
such case it is desirable to remove water from sample gas before entering discharge
vessel. The method for obtaining dry and spatially and temporaily stable plasma is
presented in this paper.

2. EXPERIMENT

We used commercially avaiable Van Dalen et all. (1978) modification of the
Benakeers (1976) cylindrical resonant cavity (model HMW 25-471) supplied via
coaxial cable by the 300 W, 2.45 GHz microwave generator GMW 24-302DR (both
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produced by AHF analysentechnik, Tiibingen.Germany). The resonant cavity with
inner diameter 88 mm and depth 7.65 mm is made from silver electroplated brass.
The microwave power is coupled into the cavity by the inner conductor of the coaxial
cable, which ends like an antenna inside the cavity. Variable capacitive coupling is
obtained by variation of distance between end of the antenna and opposite wall of the
inner part of the cavity. This allows transformations of the plasma impedance to the
impedance of the coaxial cable and getting an optimal matching of the load to the
generator. Tuning of the cavity resonance frequency, is acheived by adjusting the
radially mounted ceramic stub. in order to compensate dielectric effects induced by
different plasma conditions.

Tangential flow torch In applied configuration spatial distortion is
eliminated by using discharge tube similar to the tangential flow MIP torch reported by
A. Bollo-Kamara (1985). This torch. constructed entirely from quartz. utilizes a
concentric tube arrangement. with a thread insert to generate a tangential flow. The
thread is fused to the inner and then sealed to the outer tube. We also use two
concentric tubes. made from Al oxide. separated by the cooper wire (see Fig 1). These
tubes (outer diameters 4 and 2mm) are fixed by stainless steel body and holding nut via
graphite gasket. Windings of the cooper wire are the same as coils of a A.Boilo-
Kamara (1981) threaded insert.

SUPPORT GAS STAINLESS STEEL
INLET BODY

FIXING

DEVICE HOLDING NUT

-«

ANALYT GAS
INLET

\__GRAPHITE GASKET

OUTER TUBE  p|5TANCE WIRE

TM 010 CAVITY m INNER TUBE

Figure 1. Cross section of tangential flow MIP torch

The optimal positioning of the Al oxide tubes are shown in Figure 1. Analyte
sample gas goes through the inner tube while the plasma support gas is introduced
through the outer sleeve and exit from the cooper wire windings with a spiral
trajectory. In such a manner, by increasing the flow rate of support gas. discharge
behaves as a rod like filament. suspended in the center of the discharge tube. extending
the length of the cavity. Once this so called “suspended plasma” is formed the gas flow
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rate can be decreased to the lower values. The obtained discharge is spatially and
temporally stable and separated from tube walls.

Desolvation system This used desolvation system is similar to the one
described by Veillon et all. (1968) see Figure 2. It consists of right angle pneumatic
ICP nebulizer. spray chamber. evaporating chamber and modified Liebig-Graham
condenser.

HEATER
TEMPERATURE
CONTROL

COOLING
TEMPERATURE

CONTROL  |—pp—gp T >

to MIP torch

1- PNEUMATIC NEBULIZER

2- SPRAY CHAMBER

3- HEATER CHAMBER

4- LIEBIG-GRAHAM CONDESER

drain

——

Figure 2. The desolvation system

For generation of aerosols from aqueous solution of analyzed samples we used
Meinhard right angle pneumatic ICP nebulizer. Aerosols produced from this nebulizer
have both extremely wide drop size ranges and very turbulent gas flow patterns
[Browner et all.1984]. In order to reduce in this way generated random fluctuations of
spectral line intensities dual tube Scott-type (1974) spray chamber was used [see
Fig.2]. The purpose of the central tube is to separate the forward and reverse aerosol
flows, the latter produced as a result of the low pressure in the region of high aerosol
velocity. Evaporation of water was realized by the use of glass chamber heated to the
temperature of 300 C and controlled by thermocouple and corresponding electronics.
The water vapor is then condensed by Liebich Graham condenser cooled by water.
which temperature is sustained at 3 C. Water droplets are accumulated in the drain and
dry gas with analytic sample is lead to the discharge tube. This desolvation system
removes water vapor from discharge. what is verified by lowering of the OH band
spectra by two orders of magnitude (see Figure 3).
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Figure 3. OH band spectra in wet and dry nebulizer gas

Surprisingly a little effects to the intensity of the analytical sample spectral
linesis noticed. The drying of the nebulizer gas makes MIP discharge more stable and
detection limits enhanced.
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1. INTRODUCTION

Recently we have reported measurements of electric field strength in the cathode fall
region of an analytical glow discharge, determined from Stark splitting and shifting of three
visible He I lines and their forbidden components (Kuraica et al., 1997). In this paper, we
present the results of an attempt to use relative line intensities of the He I 447.1 nm allowed
line (2p *P° - 4d >D°) and its forbidden component (2p *P° — 4f >F°) for the measurement of
electric field strength in the cathode fall region of the same analytical glow discharge (GD)
in helium-hydrogen mixture. For determination of electric field strengths we calculated the
He I relative line intensities following classical Foster’s paper (Foster, 1927). An
experimental testing of electric field measurements in helium-hydrogen mixture is
performed using Stark spectroscopy of the hydrogen Balmer Hj line (Videnovié et al,
1996).

2. EXPERIMENT

The experimental setup is presented schematically in Fig.1. Our discharge source, a
modified Grimm GD is laboratory made and described in detail elsewhere (Kuraica et al.,
1992, 1997). Here, for completeness, minimum details will be given. The hollow anode 30
mm long with inner and outer diameters 8.00 mm and 13 mm, has a longitudinal slot (15
mm long and 1 mm wide) for side-on observations along the discharge axis. The water
cooled cathode holder has an exchangeable iron electrode, 18 mm long and 7.60 mm in
diameter, which screws tightly into its holder to ensure good cooling. A gas flow of about
300 cm*/min of helium-hydrogen mixture (95% He : 5% H,) is sustained at a pressure of
200 Pa by means of needle valve and a two-stage mechanical vacuum pump. To run the
discharge a 0-2 kV, 0-100 mA current stabilized power suply is used. A ballast resistor of
10 kQ is placed in series with the discharge and the power supply.

After polarization with a Glan-Thomson prism or a plastic polarizer, the radiation from
the discharge source is focused with unity magnification (8 cm focal length achromat lens)
onto the entrance slit of the scanning monochromator-photomuliplier system, see Fig.1. For
electric field intensity axial distribution measurements, the discharge tube is translated in
~0.1 mm steps by a stepping motor, so that the discharge image obtained through the
observation slot is translated in the plane of the entrance slit (30 um) of the monochromator.
For the spectral recordings, 4 m Hilger and Watts Ebert type spectrometer with inverse
dispersion of 0.242 nm/mm is used. All spectra are recorded with 30 pm entrance and exit
slits, giving a Gaussian instrumental profile with 0.022 nm half-width. The monochromator
is equipped with a stepping motor which enables minimum wavelength change in steps of
0.0028 nm. For radiation detection, a photomultiplier with Peltier cooling is used. A lock-in
signal amplification technique is employed. The entire experiment is controlled by a PC.
The same computer is used for data acquisition and analysis.
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Fig. 1. Schematic diagram of the central part of Grimm GDS and experimental setup for
side-on observations. Symbols: VP - vacuum pump, SM 1 and SM 2 - stepping motors; P -
polarizer; L - lens; PM - photomultiplier.

3. RESULTS AND DISCUSSION

As an illustration of the influence of electric field strength on the He I 447.1 nm allowed
line and its forbidden component intensities, typical n-polarized spectra recorded in the
cathode fall region of our GD, at electric field strength 12.1 kV/cm, is given in Fig.2. Both,
allowed and forbidden lines marked in this figure contain two m-components which cannot
be resolved in our experimental conditions, see Fig.2. The third feature, marked with £ in
Fig.2, originates from the discharge protruding through the longitudinal observation slot
into the field free space (Kuraica et al., 1997). Therefore, in order to estimate the total
intensity of unresolved two m-components of allowed line, it is necessary to subtract the
radiation intensity of the ff feature from the overall profile. This is done by fitting the
experimental data with two independent Gaussian profiles. Than, from the whole fit, the
area of the ff profile is subtracted. The results of forbidden-to-allowed He I n-profile
intensity ratios, measured along the cathode fall region of our GD (at various electric field
strengths, determined from Hp line shapes at same positions, see Kuraica ef al., 1997), are
given in Fig.3. The solid line in Fig.3. represents our calculation of theoretical intensity
ratios for this line following Foster (1927).
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Fig.2. Typical n-polarized spectra recording of the He I 447.1 nm allowed line and its
forbidden component at electric field strength of 12.1 kV/cm in the cathode fall region.
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Fig.3. Comparison of experimental and theoretical intensity ratios of m-components of the
He1447.1 nm allowed and its forbidden line.
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Electric field strength is determined from the Hj line shapes at same positions (Videnovic et
al., 1996). From the comparison of our experimental and theoretical data in Fig.3, one may
conclude that, in spite of some difficulties like e.g. deviation from theoretical predictions at
low electric field strengths, intensity ratios of the n-components of forbidden and allowed
He I 447.1 nm line may be used for electric field measurements. At low electric fields, the
partial overlapping of the the ff feature with allowed line makes the substraction of the f
line impossible, which results in increasing the allowed line total intensity. Consequently,
the intensity ratio shows systematical decrease at low electric fields.
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1. INTRODUCTION

Existence of the singly ionized nitrogen (N II) spectral lines in a great number of
various star spectra make them interesting for diagnostic purposes. A number of the
papers (Day and Griem 1965; Berg et al. 1967; Jalufka and Craig 1970; Purcell and
Barnard 1984; Pittman and Konjevi¢ 1986) deals with the Stark width measurements
of the 455.254 nm N II spectral line that belong to 3d-4f transition (multiplet No. 58).
The existing experimental values lie between 18 000 K and 36 000 K electron tem-
perature and show mutually scatter up to the factor 5. No theoretical Stark FWHM
(full-width at half intensity maximum, w) calculations exist for this transition, to the
knowledge of the authors (Fuhr and Lesage 1993, and references therein).

The aim of this work is to extend the knowledge of the Stark FWHM of the 455.254
nm spectral line up to 54 000 K electron temperature.

2. EXPERIMENT

The modified version of the linear low pressure pulsed arc (Djenize et al. 1990; Djenize
et al. 1998; Milosavljevié and Djenize 1998) has been used as a plasma source. A
pulsed discharges driven in a quartz discharge tube of 5 mm inner diameter and
has 6.2 cm effective plasma length. The tube has end-on quartz windows. On the
opposite side of the electrodes (Fig. 1 in Djenize et al. 1998) the glass tube was
expanded in order to reduce erosion of the glass wall and also sputtering of the
electrode material onto the quartz windows. The working gas was nitrogen and oxygen
mixture (83% N2 + 17% O3) at 70 Pa filling pressure in flowing regime. Spectroscopic
observation of isolated spectral line was made end-on along the axis of the discharge
tube. A capacitor of 14 uF was charged up to 3.0 kV. The line profile was recorded
by a shot-by-shot technique following the procedure described earlier (Djenize et al.
1990). The photomultiplier signal was digitized using oscilloscope, interfaced to a
computer. A standard deconvolution procedure (Davies and Vaughan 1963) was used.
The deconvolution procedure was computerized using the least square algorithm. The
Stark width was measured with +15% error. The plasma parameters were determined
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using standard diagnostics methods. The electron temperature was determined from
the ratios of the relative intensities of the 348.49 nm NIV to 393.85 nm N III and the
previous N III to 399.50 nm N II spectral line, assuming the existence of LTE, with
an estimated of £12% error. All the necessary atomic parameters were taken from
Wiese et al. (1966). The electron density decay was measured using a well-know single
wavelength He-Ne laser interferometer for the 632.8 nm transition with an estimated

error of +7%.
3. RESULT AND DISCUSSION

The observed Stark FWHM of the 455.254 nm N II spectral line is 0.256 nm £15%
at T= 54 000 K electron temperature and N = 2.8 x 1023 m~32 electron density.
Experimental Stark FWHM (taken from various papers and our measured value)
dependence on the electron temperature, at electron density of N = 1 x 1022 m~3, is
presented graphically in Fig. 1.

w(01nm)
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e

184 A=455254nm

024 N=1x10" m°

0 10 20 30 40 50 T(10K)

Fig. 1. Measured Stark FWHM vs electron temperature: A, Day and Griem (1965); [,
Berg et al. (1967); o, Jalufka and Craig (1970); V, Purcell and Barnard (1984); *, Pittman
and Konjevi¢ (1986); e, this work. The error bar includes the width and electron density

uncertainties.
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It is evident that the existing experimental results show mutually scatter. Berg et
al. (1967) and Purcell and Barnard (1984) have measured the highest Stark FWHM
values in comparison to the results of other authors. Our new Stark FWHM value at
54 000 K electron temperature follows the trend estimated by the results of Pittman
and Konjevié¢ (1986). Results from Day and Griem (1965) and Jaulfka and Craig
(1970), at about 20 000 K electron temperature, lie under other experimental data.
Theoretical calculations of the Stark FWHM value of the 455.254 nm N II spectral
line would be helpful.
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1. INTRODUCTION

The overall shape of our galaxy, Milky Way, has mainly been revealed - it is classified
as a SAB(rs) type galaxy with a bar (Kuijken 1996, and references therein; Gyuk
1996), weak rings and a four arms spiral structure (Valée 1995).

A model for the rotation curves of spiral galaxies by Sofue (Sofue 1996), could be
applied to the Milky Way introducing;:

o nuclear mass component (scale radius » ~ 100 — 150 pc, mass M ~ 3 —5 x 10°

M®)7
e central bulge (r ~ 0.5 — 1 kpc, M ~ 10%° M),

e disk (r ~ 5 — 7 kpc, thickness ~ 0.5 kpc , and M ~ 1 —2 x 10! M),
e massive halo (r ~ 15 — 20 kpe, M ~ 2 — 3 x 10** My).

The fifth component could be added (Sofue 1996) for the Milky Way — the very
nucleus (r ~ 30 pc, M ~ 10" M) with a ”dark” mass at a dynamical center of the
Galaxy (r < 0.01 pc, M ~ 2.6 x 105M,).

The distribution and influence of different ionizing sources throughout the Galaxy
(even some local like the great Gum Nebula) could be described by the Taylor-Cordes
model (TC93) (Taylor and Cordes 1993), with Galactic center (GC) component added
(Lazio and Cordes 1998, hereafter LC98), using a number density of free electrons in
the interstellar medium as a parameter of ionization. In this contribution we discuss
the fifth (GC) component that becomes dominant from the galactocentric distance of
0.5 kpc towards the GC.

The opened question remains whether the ”dark mass” in GC is directly responsible
for the high ionization of that region, or only indirectly through the accretion disk, if
it is a supermassive black hole (BH).
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2. THE CENTER OF THE MILKY WAY

The complete activity of the GC region has been studied for almost two decades
now, and numerous nonthermal and thermal sources have been revealed. All of them
contribute to the total electron density of the last component in the equation that
represents the overall estimate of electron density (n.) distribution (TC93, LC98):

ne(z,y, z) = nigi(r)sech®(z/hy) + naga(r)sech®(z/hy)+

+ngsech®(z/hq) Z figa(r, s5) + ngga(uw) + nacgac(r)hae(z) (1)
j=1

where r is the Galactocentric distance projected onto the plane and is equal r =
(2% + y?)1/2, the sum goes over four spiral arms, n;, 7 = 1...5 denotes the density
in different regions, f;, 7 = 1...4 are scale factors, ¢;, 7 = 1...5 are functions of
position, h;, i = 1...4 are scale heights and z is the height above the galactic plane.
The detailed description of each component is given in TC93 and LC98.

The GC component has a following shape:

nagcgae(r)hge(z) = (10 em™3) x e~ (55)" x e~ (adw)? (2)

104 N, in the vicinity of the Galactic Center
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Fig. 1.  Dependence of electron density n. as a function of Galactocentric radius r in

the vicinity of the GC (up to ~ 500 pc) for different heights above the galactic plane — z,
according to LC98.
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The overall contribution of the GC component to the total electron density n. of
the Galaxy, according to eq. (2), is shown in Fig. 1. The problem of the ionization
throughout a spiral galaxy is briefly discussed in Samurovi¢, Cirkovi¢, Milosevié-
Zdjelar and Petrovié (1998) (Paper I).

Electron densities as functions of r are presented in TC93 (in their Fig. 3).

Local contributions from the GC area come from a complex set of sources. At a
dynamical center of the Milky Way lies a nonthermal synchrotron radio-source SgrA”,
of yet unrevealed nature, surrounded with thermal orbiting plasma SgrA West (within
a Central Cavity, r ~ 1 pc), which is ionized by IRS 16, a cluster of hot Hel/HI
(spectral type O) stars in the vicinity of GC (r ~ 0.6 pc) (Zylka et al., 1995). Cavities
like this one are usual features around stellar associations which blow out surrounding
interstellar matter by stellar winds, leaving hot rarefied gas cavity surrounded with
envelope of neutral and ionized gas (Bochkarev and Ryabov 1997). In our case the
envelope is a Circum-Nuclear Disc beginning at the outer edge of SgrA West (the
Arc) at (r ~ 1.7 pc) and extending as far as 12 pc. SgrA West complex consists
of a three arm minispiral and an extended ionized component, and contributes with
ne ~ 10% cm™3 (minispiral) and 102 c¢m™3 (extended component) (Beckert et al.,
1996).

Some other local features of the smaller scale, like the Bullet (Yusef-Zadeh et al
1998), and the Sickle (Yusef-Zadeh et al., 1997b), contribute the n, ~ 10* em~3 and
102 em~3, respectively.

Another contribution of n, ~ 6 cm™2 (Koyama et al., 1996) comes from a probable
supernova remnant SgrA East located 30 pc behind the GC. It is heated by a cluster
of hot O stars behind SgrA West (Sofue 1993). There have been some attempts to
describe its unusual feature, more energetic than supernova, as a Seyfert-like activity
like in the nuclei of some other spiral galaxies (LaRosa and Kassim 1985). SgrA East
is physically interacting with a ”50 km s~! molecular cloud” forming new stars in the
areas of collision, and is considered to be the source of the high energy activity of the
GC (Yusef-Zadeh 1997a). The GC region (r ~ few hundred pc) is responsible for 10%
of the total star forming rate of the entire Galaxy (Sofue 1993).

The contribution of SgrA complex to the total electron density is n, ~ 6 cm™3,
and it drops outside of that area to 0.3-0.4 cm™3.

One of the largest luminous HII plasma/molecular region in the GC vicinity is
SgrB2 at a distance of 100 pc from GC. It consists of several active star forming
regions with numerous associated dense HII regions (Gordon et al., 1993). Besides
SgrB2, within the Nuclear Disc (r ~ 200 pe, thickness 50 pc), there are several other
HII (SgrC, D, and E), and star forming regions.

ASCA observations detected strong Ka lines from highly ionized various elements,
and showed presence of high temperature plasma over the GC region (Koyama et al.,
1996).

On the large scale, hot plasma is distributed symmetrically along the galactic plane
with a strong concentration at the GC. X-ray spectra obtained from ASCA showed
high energy (10 keV) spectra of the similar shape over the emission region (Koyama
et al., 1996). Their results show that energy generation rate resembles the rates at
the active galactic (Seyfert-like) nuclei, having a large mass concentration at the GC.
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Weaker thermal emission is detected extending 80 pc along the Galactic plane on
both sides of GC. Vertical to the Galactic plane, various thermal arched filaments
extending more than 100 pc, are detected along magnetic field, having turbulent
motion, preferably towards the GC. Similar vertical structures exist in other galaxies

(Sofue 1993).

3. THE NATURE OF SgrA*

Motions of the ionized gas can not reveal characteristics of the central object as the
stars can, because the gas is influenced by the magnetic field. Also, high temperature
plasma can not be bound by the galactic gravity.

By proper motions of the stars within central 0.01 pc one can draw conclusions
about the mass and nature of the central object (Yusef-Zadeh 1998). The most recent
research (Eckart and Genzel 1997) finds the value of stellar proper motion greater
than 1000 km s~! and undoubtedly estimates the central mass: 2.6 x10° M.

Different models could be applied to the SgrA* — a central ”dark mass”. If we
consider a black hole model, we have to examine all the problems related to such an
object. Radio-emission detected from GC due to cyclo-synchrotron and synchrotron
radiation is consistent with a theoretical prediction of an accreting disk around a
10° Mg BH (Bower and Backer 1998). There are few models successfully applicable
to it:

e advection dominated accretion (Narayan et al., 1995, Lasota 1998)
e spherical accretion (Melia 1994).

The crucial problem related to the BH model is low X and y-ray flux detected
from SgrA*. The strongest source in the vicinity of GC is 1E 1740.7-1942, hard X-ray
source, and a strong source of annihilation 511 keV line (e.g. Wehrse et al., 1996), but
it is not coinciding with SgrA* (it is situated in a dense molecular cloud 50’ away from
GC). It shows all the features (similar shape and luminosity) as CygX-1, another BH
in a Milky Way.

There have recently been some quite different approaches to the ”blackness” of the
SgrA*. We briefly mention here the recent proposal that SgrA* is a neutrino ball, i.e.
there is no BH — instead there is a ball made of self- gravitating, degenerate neutrinos
with the same total mass of 2.5 x 10° Mg (Tsiklauri and[B Viollier 1998a,b). These
neutrinos have masses m, > 12 keV/c? (for g = 2) and m, > 14.3 keV/c? (for g = 1),
where g is the spin degeneracy factor. These neutrinos are, according to cosmological
constraints, decaying thus producing X-ray emission lines. Another way to distinguish
the existence of the neutrino ball is to examine in detail the trajectory of stars in the
vicinity of the GC. If there is the BH the trajectory will be an ellipse with the BH at
the focus, while in the case of the neutrino ball the center of the ellipse will be the
center of the ball.
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flBneHus Ha NOBEPXHOCTU U UX BNUSIHUE HA NPOLIECChI
NPUNOBEPXHOCTHOIO HU3KONOPOroBOro NNasmoobpasoBaHus
npu UMMNYNLCHOM BbICOKO3IHEPreTUYECKOM
nasepHoM BO3AEeMCTBUN

MuHbko J1.4., Yusens HO.A.
UHemumym MonekynsprHol u AmomHod @usuku HAH Benapycu
220072, benapycs, 2. MuHck, np.®.Ckapuxbl 70

AHHOTauus OKCNEepUMEHTaNbHO WU3YYeHO M3MEHEeHUe COCTORHUS NOBEpPXHOCTU B
npoyecce BOSAGVICTBHH UMNYNbLCHOMO NA3epHOro NanyyeHus U snusiHue BO3HUKaKOLUX
NOBEPXHOCTHbLIX CTPYKTYPp Ha npoueccoi npunoBepxHOCTHOrO ﬂﬂBJMOOﬁp&SOBaHHﬂ.

1. BBegeHue

K HacTosuwemy BpemMeHn yCTaHoBreHa u NOATBEPN/AEHa 3PO3NOHHAS npupo-
Aa@ Ha4anbHOro nnasMoobpas’oBaHMA y MOBEPXHOCTW TBEPAbIX TEn Npu UM-
NynbCHOM NnasepHOM BO3AeHCTBUM (CM. Hanpumep [peunxud J1.U., MuHbko
N.A., 1967, Bpyros B.B. u ap., 1986; Muxbko N.9. u ap., 1988). Moporosble
napameTtpbl NpUNoBEpPXHOCTHOrO NNasmMoobpa3oBaHWUA CyWECTBEHHO 3aBUCST OT
ANWTENLHOCTH, ANWHBLI BOMHbI, NHTEHCMBHOCTK BO3AewncTByoLero JIA u yeno-
BUW BO3NENCTBUS.

B naHHoi paGote npeaocTasneHbl pe3ynbTaTbl UCCMEA0BAHUIA MOPOTOBbIX
3aBUCUMOCTEN NazmMoobpa3oBaHus U BIUSIHUSL COCTOSHUSi MOBEPXHOCTM Ha
NMPOUECChl HayaneHOra paspylleHUs NOBEPXHOCTU U NNasMoobpa3oBaHusi B
LIMPOKOM fuanasoHe ANuH BOMH U ANWUTENIbHOCTEN UMMYNLCOB BO3AEHCTBYIO-
wero NN,

2. JkcnepuMeHT
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4 J o ° [
Pt °
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(8) Puc.2. 3asucumocts Temnepartypel no-
BEPXHOCTU B NATHe oBnyYyeHUA B MOMEHT
B aya Wi o-[11 - -
7 Havana paspyileHus (e- [116T %-Zn, ¢

Bi), TeMnepaTypbl NOBEPXHOCTM B MOMEHT
Puc.1. ®opMbi uMnynbcoB nasepHoro usny- nnasmoobpasosanus (o - 16T, @ - Zn)
4eHun a - Nd nasepa, 6 - COy-nasepa, B - OT MaKcUManbHOR MMNOTHOCTH MOLLHOCTH
pPOAaMUHOBOrO nassepa. .
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3KCnepuMenTbl Bbinn BbINONHEHbL! NP aTMOCKEPHOM AaBNEHWK U B BaKyy-
Me C WCNONbL30BaGHWEM NAa3epHON CUCTEMbl HA HEOAMMOBOM CTEKIE, reHepu-
pyloLEeA MOHOUMNYNLCHL! ANUTENLHOCTLIO ~40HC M 300HC (puc. 1). Psg skcne-
PUMEHTOB BbINONHEH HAa 3NeKTpouoHusaymonHoMm CO,-nasepe C ANWTENbHO-
CTbIO MMNynNbCa ~1MKC H pPoOAaMUHOBOM fasepe C ANUTENBEHOCTLKD UMNynbCa
~10mMmke (puc. 1).

B xayecTBe MULUEHEW WMCNONbL30BANUCh MEXAHWYECKW NONMPOBAaHHbLIE O06-
pasubl 3 anwMuHma AS9, gropanioMmunusa 016T, unHka, BucmyTa, MHAUS. KoH-
TPOnb COCTOSIHUSE MOBEPXHOCTU B NPOUECcCe BO3AEUCTBUS U OnpeaeneHue nopo-
rOBbIX XapakTepUCTUK nnasmoobpasoBaHus OCYLLECTBMSNOCs MOCPEACTBOM
U3IMEPEHUST AUHAMUYECKUX XAPAKTEPUCTUK 3epkanbHOn, Auddy3HON, paccesit-
HOWM KOMMOHEHT OTpaxeHHoro 1A, TeMneparypbl NOBEPXHOCTU U AABMNEHUA Ha
NMOBEPXHOCTU B NsATHE 0BNyYEHUst C BDEMEHHBIM pa3speLueruem ~1 0%c. Ucnonb-
30BanuChL AaT4YUKU RaBREHUs B pexumMe "reHepatopa Toka". Kanubposka AaTyu-
KOB AaBMNEHWsi OCYLLECTBIIANACL C MOMOLLLIO NaslepHou yaapHouk TpyBku. Co-
CTOSIHME NOBEPXHOCTW A0 M Nnocne BO3AENCTBUA M3y4anCcCb METO4aMMU OrTh4ye-
CKOW U pacTpOBOW 3MEKTPOHHON MUKPOCKOMUU, NPOBOAUIICS PEHTIEHOCTPYKTYpP-
HbIW aHanu3 NOBEPXHOCTHOrO CNOsS Marepuaros.

3. PesynbTtarthl M 06CcyxaeHue

NcenepoBanns mopdponoruu u pacnpegenerdua edeKToB Ha NOBEePXHOCTH
MEXAHWUYECKM NOnMpoBaHHbIXx 06pa3yoB nokaszanu, UTO OCHOBHAaA Macca fe-
hekToB C xapakTepHbiM pasmepom ~0,5+1MkM U KOHUEHTpayuen ~1 0%:107cm™?
3TO LapanuHbl, OCTaBrneHHble 3epHamu abpasmBa v yacTuusl abpasnsa (Al,O3)
BHEApPEHHbIE B NOBEPXHOCTb., [MNMOTHOCTL AedexTOB [OCTaTOMHO BbICOKA U
MOXHO NPeAnONOXWTh, YTO BbICOTa HEPOBHOCTENR penbeda Tawke ~1MKM npu
nepuoae 1-10MkM. NpoBeAEHHbIE KOMMNIIEKCHbIE IKCNEPUMEHTLI NO3BONUNIN Bbl-
fiIBUTb OCOBEHHOCTM Ha4YanbLHOro paspylueHns nosepxHocTu. MNokasaHo, 4To no-
KanbHOCTb NOBPEXAEHMA B 0Onact naTHa obnyyeHust B UCNApUTENbHbLIX pe-
Xnumax B Bonbluen crenexn onpeaensieTcs HepPaBHOMEPHOCTbLIO 0BnyyeHwus,
Hexxenu pacnpegenexveM fedekToB, YTO MOXHO ObiNo npegnonarath, UMes
BBUAY BbICOKYIO WX KOHUEHTpauuio. YCTaHOBNEHO, YTO HE3aBUCUMO OT ANU-
TENLHOCTU NasepHbiX MMNYNbCOB (t1,=40-300xC, A=1,06MKM) B npouecce BO3-
[eiACTBMA, 40 MOMEHTA nna3moobpa3oBaHna APKOCTHAs Temnepartypa roeepx-
HOCTW focTturaet 3HadeHud 3000°-4000°K (puc.2). Hapacraxsue 3ameTHoro no-
FMOLLYEHWA B Napax Ha4MHaeTCs NpU 3TOM ypoBHE TeMmnepaTyp. MNepexoq napos
M3 COCTOSHMA NPAKTUYECKW TMONTHOW NPO3PavyHOCTM B CUNBHONOTMOWAIOLY
nnasMy B 3aBUCHMMOCTM OT KPYTM3HbI (PpoHTa mmnynsca JI npoucxoaut 3a
Bpemena ~10°c (t=40HC) n ~1 0'c (z=300HC). Ha passuTue nnasmoobpazosa-
HUS B napax CyweCTBeHHOe BNMAHWE OKa3biBaeT BOKOEBan BONMHA Pa3pPEesKEHWA.
Mpu nepexofe OT KBA3UOAHOMEPHOrO K TPEXMEPHOMY Pa3feTy napos, a 970
Habnopaetcsa npu naTHax obnyyenust <0,2MM(t,~300HC) NPOUCXOAUT yBENMUYE-
HUE BpemMeHu 3agepxky nnasmoobpasosanus (Edpemos B.B. u ap., 1988) u
noporosbLIX Ans nnasMootpaiosaxus NNOTHOCTER MowHocTy [N (puc.3).
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ABJIEHUA HA IIOBEPXHOCTY U UX BJIVAHUE HA NPONECCHI IPUIIOBEPXHOCTHOTIO...

Panee (L.Ya. Min’ko, Yu.A. Chivel, 1993) HaMu yCTaHOBREHO “B3pblBHOE"
paspyuieHue noBepxHOCTU METArMoB 38 BpeMeHa ~1 0% ¢ BbIOpOCOM HacTuy
KOHEHCUPOBAHHOW AUCNEPCHOM Pas3bl U NOSIBMEHUEM HE NMOBEPXHOCTU MUKPO-
CTpyktyp paaMepoM 1-10MKkM C TepMOU3ONUpPOBaHHbIMU pparMeHTaMu pasme-
pom <1MmkMm. Lins psaa Me-
Tannos pa3pylieHue umeer f,’
MEeCTo Mpu Temnepartypax

HE & ]
NMOBEPXHOCTN HWXKE TOYKH
kunenus B obnactu rtemne-
patyp =2000°K (puc. 2). 49, 5. o

Moka3saHo, YTO Takoe HU3KO- 5~ '
noporosoe paspyuieHue 2 \ 1

obycnosneHo 06BbeMHON

HEOAHOPOAHOCTLIO TBEPAO- 92

ro tena. Mopory nnasmoob- -~

pa3oBaHWA B 3TUX YCNOBUAX €9 s

ONPeaensiTCs  yxe  He R 2

TONbLKO HavarnsHbIM COCTOS- 4 A T

HAEM nNOBEPXHOCTM, HO W

BO3HMKLIEH MOBEPXHOCTHON 3 G B e

CTPYKTYPOW C XapaKTepHOW p j 2 : 2
PyKTYD pakTep 2 4 10 Mw/mt_

ANA MEeTannos NJOTHOCTLIO m

~10%cMm™. Puc.3. Bpema HauansHoro nnasmoobpa3oBaHMA Ha

Mpu Bosgencteum JIA  AropanioMuHUeBO# MULLEHW B BO3AyXe B 3aBUCMMOCTM
MUKDPOHACTALYA MNU Tenno- OT MaKCUMANbLHOW NIOTHOCTY MoujHoCTU JTA (1,06MKM):

N30NMpoBaHHbii gecekt Ha 1. 1w=300HC

NOBEPXHOCTH CYLLECTBEHHO O - AWaMeTp NATHA oBnyderus - 4Mm
NoBMMSIET HA Nnamoobpa- 0 - guamMetp nsaTHa obnyderus - 0,25MM
2. 7,=40Hc:

30BaHWe B TOM cnyyae, ec-
NN UX Harpes W ucnapexue
npoTekaT BbiCTpee OCHO-
Bbi MeTanna. COornacHo 3KCMEepUMEHTanbHbIM AaHHbIM, pa3Mepbl BbiGpachi-
BaeMbIX 4acTuy < 1MkM. Pacyertbl BpEMEHU HarpeBa 4acTul A0 Ty , BPEeMEeHu
€€ UCNapeHUsi C YHeTOM BbICOKOW nornoujatensHod cnocoGHOCTU YacTul pas-
mepom A>d>A/6 (A=1,08MKM) npu MHTeHCMBHOCTﬂX TN B puanasoHe NoporoBbIX
ans nnasmooﬁpazoBaHuﬂ 3nauenuit ~10° Br/cm’ (t.=40HC; A=1,06MKkM) u ~10’
Br/cM? (z,=300Hc; A=1 OGMKM) noxaaanu 4YTO UCnapeHue npou3onaeT 3a Bpe-
MeHa cooTeeTcTeeHHo ~10%c u ~107¢c, Ha nepeaHem poHTe uMmnynbca A,
4TO XOpOLLQ COrflacyeTcs C IKCMepUMEHTOM. Ha nokanbHbI XapakTep ucnape-
HWAA YKasbiBAOT U PE3ynbTaThl UIMEPEHNA AABNEHUA B UCMAPUTENLHBLIX PEXH-
Max Bodaeuctsun usnyyenus Nd-nasepa c 1, = 40 HC. MaMepeHHble 3HaYEHUS
aMnnuTyAbl UMNYNLCHOTO AaBJIEHUSA B NATHE 06MYy4EHUA 3HAYUTENLHO MEHbLLE
3HAYEHWH MONYYEHHbIX U3 NPEANONOXKEHUS] O PABHOBECHOM Xapakrepe haso-
BOrG nepexofia B npeaenax natHa obnyyerus.

A - AvaMmeTp naTHa - 4MM
X - avaMmeTp nATHA - 0,25MM
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MepekpbiTue oTaeNbHLIX 0ONaYkoB Napa, BO3HMKLLIMX HA MWKPOHEOAHOPOM-
HOCTAX, NPU CKOPOCTH 3BYKa B nape ~10°cm/c npousonger 3a ~1 0%cus Aanb-
HENLIEM FEOMEeTPUst TeYeHus1, BINMAIOLLAan Ha nopor nnaiMmoobpasosanus dyaer
ONpeaensaTca pasMepoM BCErO MATHA, YTO U NOATBEPXKAAETCH IKCIEPUMEHTOM
(pnc.3).

Mo peaynbTaram uamepe- E%« ?f
HUA  BpPEMEHU  3a[1EePXKKN e . 2
nnasmoobpasosaHua  Bbinu X/ cm VY cal
paccuuTaHbl TIOPOroBbiEe na- 2y 6 ¢ &0
pamMeTpbil: MTHOBEHHan l
NNOTHOCTb MOWHOCTM B MO- , \ | 50
MEHT nnaamoobpasoBaHus u
YAENbHLIE  3HEPreTUHEecKne 10 : / Q0
3aTpatbl Ha nnasMmoobpaso- 37 i
BaHue E*/S (puc.4). Ycra- ; 3 f ] B
HOBNEHO, 4TO B YCNOBWSX 2 *‘//

BO3AEWCTBMA MMnynbcos NN 5 e 20
ANNTENLHOCTHIO <1mKkC i L u:’;;

nna3moobpazoBaHue  HOCUT 2 : Tt 13
HeCTauMOHaPHbIN  Xxapakrep,

T.€. UMEET MECTO NPU MHTEH- TR AR B RC T
cuBHOCTSIX I npesocxoas- 4 =il e o MW o2
LWMX MOpOroBbIE U YCrIOBUEM 7"’

nnaamoobpa3oBaHus  sBMS-
Puc.4. 3asucumocTte napameTpoB nnasmoobpa-

€TCA TNpPEeBbLILUEHUE HEKOTO-
poU nnoTHOCTU E*/S, Heob-
XOAUMOK BEPOSTHO ANS WUC-
napexus aedexrtos. 3aBucu-
MOCTb BpPEMERU nnaaMoob-
pa30oBaHusi OT MaKCUManNbHOM
NMOTHOCTU MoWwHoCTU TN g

30BaHUA OT MaKCWMaribHOW MNOTHOCTM MOLLHO-
cTu Jin:

1. q* - 1- 4167 (~=0,59MKM - poaamun),

2- A16T (A=1,06MkM; 1,=300HcC)

3- In (A=10,6MkM; T,=1MKC)

2. E*/S: 456 - [O16T

In (A=10,6mkm), O16T (A=0,59MKMm)

(A=1,06MKkM),

B 3TOM crny4ae xopoLwlo Onu-

CbiBAETCA CTEMEHHOW 33BUCUMOCTHLIO t'zﬁ\/r/qm. [Ona ANWHHBIX UMYNLCOB,
nnasMoo6pa3oBaHne HOCUT KBA3UCTALMOHAPHBIA XapaKTep U nna3Ma Bo3HuKaeT
B CTPy€ NapoB C YCTAHOBUBLLUEWUCH CTPYKTYpOur. Mpu chopMupoBaBLLERCA r330-
AUHAMU4ECKOW CTPYKTYpe napoBOmn CTpyu Ans nnazmoobpasosanua Heobxosu-
MO NPEBbILLIEHWE HEKOTOPOW NMOPOrOBOM NNOTHOCTM MoWHOCTY [N qn , 4TO OCO-
GEHHO APKO NPOABNAETCA ANA UMNYTNLCOB CIOXHOA POPMBI.
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KBA3UCTALMOHAPI ILIMA [TPUNIOBEPXHOCTHbINA
OINTUYECKHUHA PA3PSIJL ITPH PA3JIMUHBIX JABJIEHUAX
OKPYXXAIOHIE'O MULLIEHDL T'A3A

JLJL.MHHBKO, B.A. HACOHOB
Hucmumym monexyusipnoi u amomnoii puszuxu,
D.Crapunn 70, 220072 Munck, benapyce

AHHOTAUMSA. DKCUCPHMCHTANBNO HCCICOOBAHA MAHHAMHKA pa3BHTHA
KBA3HCTALHOHAPHOIO  NPHIOBCPXHOCTHONO ONTHYCCKOIO  paspsaa npH
BORACHCTBHA KBA3HHCMPCPHIBHOTO WIYHYCHHY HCOAMMOBOrO nascpa (q=0,1-
10 Br/cm®) na JIIGT, A99 u Bi B sozayxe (1 atm) u asore (mo 17 aTt™m)
YCTaHoBACH BHA 3SABHCHMOCTCH OT (  HAYANBHBIX HCHADEHHA H
WIa3sMoo0pas’oBakua, A TAKKC HPKOCTHOH TEMOCPATYPBI JPO3HOHHAIX
(akenoB. BhuBACHBI H NPOAHAJIMIKPOBAHBI [BA BHAA NCPHOIHYCCKHX
HEYCTOIYHBOCTCH MNa3MooOPAI0BiHHA H HCYCTOWYMBOCTL PA3BHTHA TIA3MBI,
cawniasn € (1), B ICICHIC JENCPIOTO HMITYJILG.

Hacrosmas pabGora nocesuieHa 3KCHEPUMEHTAILHOMY
MCCJIENOBAHMIO  KBa3UCTAal(HOHAPHOIO  MPHUTIOBEPXHOCTHOrO
orrrnyeckoro  paspsna  (KIIOP),  peamuszyemoro  npwu
BO3J1€HCTBHM KBa3HMHENPCPLIBHOrO JiazepHoro u3nydenus (JIH)
(A=1,06 MkM, T ~ 1,5 MC) Ha mopamomunnii J16T, amomunmit
A%9 wu BucMyr (Bi) B pexume ¢opmupoBaHus
HENOPAaCIWIMPEHHOrO  J1a3epHOI0  3PO3HOHHONO  TUIA3MEHHOIro
daxena (JISID) B armocdepe BO3/yxa HOPMAIBLHOIO NABJIEHHS
M azora nasaenuem 10 17 arm. IlnorHocts momuocrn JIM q B
30H€ BO3ACHCTBHA OMAMeTpoM ~ 3.5 MM u3MeHsJiach B
nuanasone 0,1 - 10 MBr/cm’. ‘

OKCNepUMMEHTAJIbHO NPOCHeXeHa AUHAMHKA [POLECCOB,
COMPOBOXAAIOWMX  Jla3epHOE  BO3AEACTBHME OT  CTANMH
HAYWILHOTO UCMNapeHus 4epe3 MPOMEXYTOYHYIO CTaguio

HEYCTOHYHBOTO nia3mMoobpaszoBanms pilo) cTaguu
ycranosuBluerocs cocrosiiusa KIIOP. BeiaBienbl ¥ u3yuyeHbl
0coDCHIOCTH B PRIBITHIL IPHTOBCPXIOCTHON  11a3MBl - |
OIITUHMCCKOIO  paspsia, TCCHO  yBiu3aHHble ¢ (pusuko-

XUMHYECKUMH CBOICTBAMM Marepuala MULUEHH, PEXHUMOM H
YCJIOBHAMH BO3ACHCTBMA HA 1HOBEPXHOCTD. [1py BO3AEHCTBUHU HA
MHILIEHH B BO3JAYyXE€ [0JIyMeHbl KOJHUYECTBEHHbIE NaHHbIE 00
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SHEPreTHYECKMX 3aBMCHMOCTAX HAuYalbHOrO0 HCMapeHus U
NPHUNOBEPXHOCTHOroO Mnasmoobpasosanus . IlepeoHauanbHOE
rasmoobpasopanne (puc.1,2, kpusbie 2), nposBisAs CBOKO
3PO3MOHHYK) NMPHUPOLY, BCETAa Pa3sBHBATIOCH CMYCTS HEKOTOPOC
BpEMsi OTHOCHTENILHO Hadana ucnapeHus (puc.1, 2, kpusbie 1).

‘\ 1.2 — DI6T &b .
L, 3 —AY w3k Bi
200} 3 el f
™ b
‘° N 2
00 |
100} \\
1
wk\
) - 0. 10\10—91'—010
0 2 4 6 q MBrom? 0 2 4 & 8q.wvad
Puc.1 Puc.2

Ha ocHoBe w3ydeHus otpaxenus JIM B ycrnoBusx
cyuwecrBoBanust KITOP ycraHosneno, 4To Bksian niasmbl B
nornouwenne JIM He BenuK, a perucrpupyemMas 3KpaHHpOBKa
NOBEPXHOCTH MHweHn (¢akensoM OOYCNOBleHA  TIaBHbIM
06pa3oM NOrJoLEeHHeM U PaccesiHUeM H3JTYyYeHHH 4acTUUAMH
spo3uu muwend. IIpu Bospeiictsuu Ha (16T nokasaHo, 4TO
CBA3aHHbIE C 3THM J3HEPreTHYECKHE MOTEPH, & TAKXKE NOTepH,
obycnosnennsle pasnerom (akena, MOryT KOMMEHCHPOBATBHCA
TennaoBbLIM JelicTBueM camoro (axena Ha MNOBEPXHOCTb
BCJIICACTBHE TMEPEU3TyyeHHs YaCTH 3HEPruu 1a3sMof,
YBEIMYMBAKOUIErOoCs € POCTOM (, a@ Takke BKIaAOM
MHULIMHPYEMOii B IPUrpaHM4HBIX C BO3NYXOM obnactsx daxena
peakuMu ropeHHus YacTull , NoBbiluatoLleii Temneparypy Qaxena
M ero usnyuqawowyio cnocobnocte. B pesynbrare npu
Bo3aeiicteun JIM na J116T B nuanasone q = 4-8 MBT/cm?
3anasgblBaHHe Hayana Mia3moobpa3’oBaHUst OTHOCHTENBHO
Ha4yaja MCMApEeHMsl OCTAeTCs TIPUMEPHO nocrosHHbM (puc. 1).
CylecTBeHHbIE OTJIMYHS B TMOBENEHHH MMOPOroB Ha4ajbHOroO
nnasmoobpaszosanus ¢ muwensamu u3 JI16T u A99 B npenenax
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KBABUCTAIIMOHAPHBIA MIPUIOBEPXHOCTHBIA ONTHUYECKUL PA3PAIL..

paccMaTpHBaEMOro AMana3oHa  MOXKXHO OOBACHHTH HA OCHOBE
pasiMYHOro BKJIAAA NpUMecHbLIX koMmoHent cnnasa J{16T B
masmoobpasoBanue B Haualice 11 B koHue auanasona (Min'ko
and Nasonov , 1996). C BHcMyroBoii MuleHbl0 (pHC. 2) nipu
M3MEHEHHH q HMMEET MCCTO PE3KO HENHHEHHas 3aBHCHMOCTb
3ana3blBaHMs  Hayana  1a3mMoo0pa3oBaHUsi  OTHOCHTENILHO
HaYala  HMCMapeHHs.  YMCHLUICHWE  33ACPXKU  Hayana
o0pa3oBaHuA IasMbl OTHOCHTEIBHO HAYANA WCMAPEHUS TNPH
yBenRHUeHUH q ¢ Bi, Bepositiio, MOXKHO OOBACHUTL TEM, HTO MpH
Gonee BLICOKHX ( B XOUE BO3JAEHCTBHA B OTHOCHTENbHO
OOHOPOJHOM MEJIKOAMCHIEPCHOM 3po3HoHHOM  dakene  Bi
Jierde JOCTHraloTCs [OPOI'OBbIE YCIOBUA Pa3sBUTHA  IJa3Mbl
( Munbko 1 HacoHos, 1996, Munbko u Haconos, 1998 ).

JIaHHbIE BBLICOKOCKOPOCTHBIX CbEMOK WM  H3MEpPEHHit
HHTEHCHBHOCTH cBeuenus JIBIIP noxasanu, uro ans Bcex
MaTEPHAIOR CyHIECTRYIOT IMFICPBMILI (], BRYTPH KOTOPLIX 1PH
Kax oM q obpasosanuc 11J1a3mMbl B8 3pO3HOHHOM (akene HUMeeT
HEeyCTOH4MBbIi Xapaktep.. BbisBjeHbl ¥ u3yyeHbl ABA BMIa
HEeYCTOHYHBOCTEH 1EPHOLMHECKOTO Xapakrepa -
BbICOKOYACTOTHbBIE C MEPUOJIOM B HECKONLKO MHKPOCEKYHI W
OTHOCHUTENILHO MEAJICHHbLIC C IIEPHOAOM B HECKONbLKO NECATKOB
MHUKpOCcekyHa.. Heycroiiunsocru cBsAi3aHbl ¢ HEOAHOPOAHOCTLIO
TennoQU3HUECKHX CBOHCIB MHWeEHEH W  XaPaKTEPOM MX
pas’pyleHus, ¢ AMCKPETHhIM, HEPABHOMEPHBIM NOCTYIJIEHHEM
yactul, B (daken W ero  DKPaHUPYIOWWM HeiicTBUeM, C
BbICOKOYACTOTHBIMU  KosieDanusimu  mHTEHcuBHOCTH  JIH,
BMELHMHU MECTO Ha orubatoutei peansHOro
KBAa3sWHENPEPhIBHOI'O  JIa3eploro  UMMAYInCa, a TaKkKe ¢
HEYCTOHYMBOCTBIO  JIOKAJILHOIO — meperpeBa  NOBEPXHOCTH,
BbI3BAHHOH TENOBOM KOUTpakined npu TeruioobMeHe Mexay
HArpeTol (BbillE TEMIIEPATYPbl UIABJICHHUS) NOBEPXHOCTBIO H
TU1a3MOH.

C wmuwensio w3 JUI6T npu q 2 3,5 MBr/cm®
O0HAPYKCHBL HCYCTOIMHUBOCTH  PAIBICIHA TIAIMBE B TCHCIHHC
N1a3epHOro MMNyJibea, 0bycloBiieHHbIe NOPOTOBbIM XapPaKTEPOM
nnasMoobpa3zoBaHms, CBA3aHHLIM C MIHOBEHHOH MJIOTHOCTBIO
MOILHOCTH ((t), IHEPIreTHHECKIIM BKIANOM PEaKUHH NOpeHUus
4aCTHU JPO3HHM MHLICHH W HKPaHnpyowum neiicteuem dakena
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Ha mnosepxHocTb. (Tmeucio, 4T0  aMana3’oH NOpOTrOBbIX
3HAYEHHH (¢, 0pH  KOTOPLIX  (POABASIOTCS  yKa3aHHbIE
HEYCTOMUMBOCTH, onpencascrcs  pa3bpocoM  ONTHYECKHX
CBOMCTB NOBEPXHOCTH H CICIIEHLIO OAHOPOAHOCTH MULLIEHEH.

JAMHaMnky npoueccon, CONPOBOXAAIOUMX JIa3epHOE
BO3ACHCTBME HA MULICHH B BO3JlyXC MNPH HW3MEHEHUH (]
WJLTIOCTPUPYET NMOBEACHIIE SPKOCTHLIX TEMIEPATYP 3PO3HOHHBIX
(axkenos, npeacrasnentbix na puc. 3 u 4. Tak, Hanpumep,
BUCMYTOM y4acTtok AB COOTBETCIBYET MCNapUTEIbHON CTaguH
Bosaeiictaus, BC - npeanpoboiinomy cocrosuuio napos, CD -
HeyCToH4yuBOMYy uiazmoolpazosanmio, DE -  ycroitunsomy
passutuio KIIOP, EF - npocsernenio KITOP.
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B oskcnepumenrax ¢ muwensmu n3 16T u Bi B
atMocdepe asora HONYUCILI  KOJIMHECTBEHHbIE JAaHHbIE,
YKa3biBalolllHe Ha yMeEHbIUCHHE BLIHOCA MAacChbl BELLECTBA W3
30HbI BO3ACHCTBUA M CHMXCHUE (B HECKOJBKO pa3) CKOPOCTH
GpoHTa niasmeHHoro o0pa3oBaHus NPH NOBLILUEHVUH NAaBJICHHS
raza ot | no 17 arm. Tlpn pocTHxxeHWH HeEKOTOPOro
noporosoro 3nauenns  JIM B xoue Bo3peiicTBus ynameHue
dpouta mnasmeHHoro  oOpa3oBaHUs ~ OT  MOBEPXHOCTH
coxpaHsercs nocrosiHbiM, a KITOP oxa3sbiBaercs «npuxarbiM»
K MOBEPXHOCTH U TEM CaMhiM CIOCOOCTBYIONIHM NOJUIEPKAHUIO
HPOUCCCH AWICPIO-TBIAMEHHOTO BOCTCTBIN 1A MHINICT,,
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PLASMA BROADENED 433.3 nm AND 433.5 nm Ar I SPECTRAL
LINES

D. NIKOLIC, S.DJUROVIC, Z. MIJATOVIC,
R. KOBILAROV AND N. KONJEVIC*
Institute of Physics. Trg D. Obradovida 4, 21000 Novi Sad. Yugoslavia
Institute of Physics. P.Q. Box 68. 11080 Belgrade, Yugoslavia
E-mail: dnikol@unsim.ns.ac.yu

Abstract. Two close plasma broadened spectral lines of neutral argon, 433.3 nm
and 433.5 nm were experimentally investigated. Obtained widths and shifts were
compared with the results of other authors. Some discrepancies with the results
of other authors are explained by rough approximation in deconvolution procedure
used by other authors.

1. INTRODUCTION

Many experimental papers are devoted to study of neutral argon spectral lines
(Konjevi¢ et al. 1976, 1984. 1990) in order to obtain Stark broadening parameters.
A few questions about the accuracy of existing data is still opened. This accuracy
15 influenced by several procedures: a) spectral intensity measurements, ) wave-
length measurements and c¢) separation of different line broadening mechanisms.
In the last one the critical is deconvolution of Gaussian (instrumental -+ Doppler)
and Stark broadened profile j4 p(z) which is asymmetric and defined as (Griem
1974):

o

e 17 Hp(83)d3
JA.R\T) = T / 1+ ((/\ = (/\0 +de))/we - A4/3'62)2

where & is reduced wavelength. [1;(3) is microelectric field distribution, R is di-
mensionless parameter and A is ion broadening parameter. Incorrect deconvolution
procedure introduce systematic error in line width measurements up to 25 %. This
is particularly important when strongly asymmetric lines. like Ar I 433.3 nm and
133.5 nm lines. are in the question.

The aim of this study was to obtain Stark broadening parameters of Ar I 433.3
nm and 433.5 nm lines, reliable as much as possible.

2. EXPERIMENTAL

Particular attention was paid on precise spectral intensity measurements, since
this is the first step in the measurements and produces unrecoverable errors. Wall
stabilized arc. as very stable plasma source, was used. The arc operated under
atmospheric pressure with 99 % Ar + 1 % H, gas mixture. Hy was introduced for
plasma diagnostics purposes. An averaging technique (Mijatovié et al. 1995) for
spectral intensity measurements was applied introducing the error less than 1%.
Radiation from the arc was focused 1:1 onto the entrance slit of 1-m monochro-
mator equipped with 1200 g/mm grating, photomultiplier and stepping motor. The
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accuracy of wavelength settings was 0.0025 nm. The height of entrance slit was 0.3
mm while width of entrance end exit slit was 20 pum resulting in 0.018 nm instru-
mental width. Plasma was observed side-on at twelve positions along the plasma
column radius.

Geissler tube was used for shit measurements (Mijatovié et al. 1995).

Plasma electron densities ranging (0.74 - 2.90)x10'® cm™2 were determined
from Hjy line width (Vidal et al. 1974), while the temperatures ranging 9000 -
10800 K were determined from plasma composition data (White et al. 1958).

After Abel inversion numerical procedure for deconvolution (Nikolié et al. 1998)
was applied. Contribution of Van der Waals and resonance broadening was ex-
tracted also.

3. RESULTS AND DISCUSSION

An example of experimental line profiles (after Abel inversion) is presented in
Fig. 1, together with the reference line used for shift measurements. As it can be
seen from the Fig. 1 fitted profile (Gaussian + j4 r(z)) is in very good agreement
with measured ones. This agreement ensures high quality data of width and shift
measurements.

T T T M T ¥ T % v

Ar} 433.3 nm N. =2.7"1016 cm-3
0.04 |- T =10700 K g

0.03 Fitted profile

Experimental poinL/
Arl 433.5 nm

433.5 nm deconvoluted profile
433.3 nm deconvoluted profild

0.01 |-

Spectral intensity (a.u.)

((Ar 1 433.3 nm emitted from Geissler tube

-

0.00 -

21 " 1 " 1 " Il N 1 s 1
433.0 433.2 4334 433.6 433.8 434.0

Wavelength (nm)

Figure 1. An example of experimental, fitted and deconvoluted line profiles
of 433.3 nm and 433.5 nm lines.

The obtained widths and shifts for 433.3 nm line are plotted versus electron
density in Fig. 2. Experimental results of other authors (Bues et al. 1966-67:
Musielok 1994) are included also together with the errors ranging 15 - 30 % (30 %
is presented) estimated by critical reviews (Konjevié¢ et al 1976, 1984 and 1990).
The exception is result taken from Musielok (1994). For this point the error of
10 % stated by the author is taken. Theoretical data for this line are not available.
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Figure 2. Measured widths and shifts of Ar 1 433.3 nm line vs electron density.
Full symbols - widths, open symbols - shifts.

As it can be seen from Fig. 2 agreement between experimental results is inside
error bars. It should be noted that deconvoluton procedures used in '60 and *70-ties
have not taken asymmetry of the lincs into account.

Ratios of measured to theoretical values (Griem 1974) for widths and shifts of
433.5 nm versus electron density is given in Fig. 3. Results of other authors (Bues
et al. 1966-67: Schulz and Wende 1968) are also included together with the errors
estimated by (Konjevié and Roberts 1976).

T T T T T T T T
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Electron density (10 16 cm-3)

Figure 3. Ratios of measured to theoretical values of shift and width of
Ar 1 433.5 nm line vs electron density.

Disagreement between results of this work and the results of other authors
is considerable in the case of Ar I 433.5 nm line. Results of other authors are
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systematically higher in both cases, shifts and widths. This can be explained by
overlapping of the 433.3 nm and 433.5 nm lines. It can be seen from Fig. 1 that
vicinity of neighbour line influences much more the shape of 433.5 nm line, while
the shape of 433.3 nm line is almost uninfluenced. This is due to the difference
in intensity of these two lines. Contribution of blue wing of weaker line (less than
one half) to the intensity and shape of stronger one is almost negligible, while the
coutribution of red wing of stronger line to the intensity and shape of the weaker
one is considerable. From Fig. 1 can be seen that the last influence contributes in
wider and more shifted weaker line (compare fitted profile and separated profile of
weaker line).

Finally, it can be concluded that, besides quality in spectral intensity measure-
ments. in case overlapping lines, correct procedures for separation and deconvo-
lution of the investigated lines must be applied in order to obtain high precision
data.
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Abstract. Electron-impact widths and shifts for four astrophysically important lines of
singly ionized europium have been calculated by using the modified semiempirical method.
The influence of the electron-impact mechanism on line shape in a hot star atmosphere has
been tested.

1. INTRODUCTION

The lines of ionized rare earth elements are present in spectra of hot CP stars (see e.g.
Kupka et al. 1996, Golbmann et al. 1997, Ryabchikova et al. 1997, etc). Considering
that in the layers of a hot star atmosphere Stark broadening mechanism can be
the main impact broadening mechanism, Stark broadening parameters are needed in
numerous problems concerning line formation in stellar atmospheres. Here we present
the Stark broadening parameters for four astrophysically important Eu II lines. The
spectral lines of singly ionized europium are present in solar as well as in stellar
spectra (see e.g. Grevesse and Blanquet 1969, Molnar 1972, Adelman 1987, Mathys
and Cowley 1992, etc.). Here we direct our attention to several lines which are very
strong in CP star spectra.

Due to the lack of known energy levels as well as of realiable transition probabili-
ties for this emitter, the approximative method can be applied for Stark broadening
parameter calculations. Here we have applied the modified semiempirical approach —
MSE (Dimitrijevié¢ and Konjevi¢ 1980, Dimitrijevié¢ and Krsljanin 1986, Popovié and
Dimitrijevi¢ 1996ab).

2. METHOD OF CALCULATION

Taking into account very complex spectra of Eu II, as well as that higher levels have
no designation, we were able to calculate the electron-impact broadening parameters
only for 6s-6p transitions by using the modified semiempirical approach (Dimitrijevié
and Konjevi¢ 1980, Dimitrijevi¢ and Krsljanin 1986). Due to the complex spectrum
we have applied here this method as it was described in Popovié and Dimitrijevié
(1996). We have estimated also the electron-impact width for Eu II (5d° D2 — 6p° Ps)
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X =6645.064 A line by using the MSE approach with the estimation of the pertur-
bation of the partialy known 5f levels (in accordance with Popovié¢ and Dimitrijevié

(1998)).

Table 1. Stark full widths (FWHM) and shifts for Eu II lines as a function of tem-
perature. The electron density is 1023m™3.

[ Transition | T (K) ] W (nm) | d (nm) ]
5000. 0.451E-01 -0.391E-02
65°5% — 6p° Ps 10000. 0.314E-01 -0.278E-02
20000. 0.219E-01 -0.198E-02
A = 381.967 nm 30000. 0.179E-01 -0.161E-02
40000. 0.158E-01 -0.142E-02
50000. 0.146E-01 -0.132E-02
5000. 0.557E-01 -0.169E-01
65°S9 — 6p° Py 10000. 0.388E-01 -0.122E-01
20000. 0.270E-01 -0.897E-02
A =412.970 nm 30000. 0.221E-01 -0.759E-02
40000. 0.195E-01 -0.688E-02
50000. 0.181E-01 -0.654E-02
5000. 0.570E-01 -0.173E-01
65°S9 — 6p° Py 10000. 0.397E-01 -0.125E-01
20000. 0.276E-01 -0.916E-02
X = 420.505 nm 30000. 0.226E-01 -0.776E-02
40000. 0.200E-01 -0.705E-02
50000. 0.185E-01 -0.671E-02
Transition I T (K) | W (nm)
5000. 0.930E-01
5d° DY — 6p° Ps 10000. 0.644E-01
20000. 0.447E-01
A = 664.505 nm 30000. 0.367E-01
40000. 0.327E-01
50000. 0.306E-01

Atomic energy levels needed for calculations were taken from Martin et al. (1978).
Matrix elements have been calculated by using the method of Bates and Damgaard
(1949). Since for nonet terms the line factors are not presented in the tables of Oertel
and Shomo (1968), they have been calculated as

%nne:vQJ—}-vaJ'-i-l{‘f i], ;,}

where S is the total spin; J and J’ are total angular momentum quantum numbers;
while L and L’ are total azimuthal quantum numbers. The quantum numbers of
perturbing level are denoted with the primes.
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3. RESULTS AND DISCUSSION

In Table 1. the results of our calculation are presented as a function of tempera-
ture, for an electron density of 1023cm™3. We have tested also the importance of the
electron-impact broadening effect in stellar atmospheres. As an example of this influ-
ence we have synthesized line profile for Eu IT A=6645.064 A line using SYNTH code
and the Kurucz’s model of stellar atmosphere with T¢;; = 10000 K and logg=5.0.
The synthesized line profiles are shown in Fig. 1. As one can see from Fig. 1, the
electron-impact effect causes that equivalent width is larger. Consequently, for the
determination of elemental abundance by comparing the observed to the synthetic
spectra one should take into account this effect, especially in the case when europium
is overabundant (see e.g. the case of silicon in Lanz et al. 1988). The detailed discus-
sion of the electron- impact broadening effect in stellar atmospheres will be discussed
elsewhere (Popovié et al. 1998).

Intens ity

2 A O G B i i i o
6644.5 6645.0 6645, 5 6646.0

wavelengths CA)

Fig. 1. The synthesized profile of Eu IT A=6645.05 A: profile shown by full line has
been calculated when the electron-impact width is taken into account, and the dashed
profile without this width.
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Abstract. Long-term Hg line shape variation in spectra of Akn 120 is discussed. We have
analysed the Hg line shape from 96 spectra observed from 1977. till 1990. The Hg line
has been fitted with two broad and one narrow gaussians troughout the whole considered
period. The broad components of Hg and shelf cause the Hg line shape variation. Two broad
gaussians of Hg may suggest existence of two broad line region in Akn120 — central part.The

mean redshift of Hg line amounts to 213 kms™ L.

1. INTRODUCTION

Optical spectra of Seyfert 1 galaxies (Syl) usually show significant emission lines and
continuum variabilities. Investigations of these variations may bring more information
about the structure of Broad Line Regions (BLRs) in them (e.g. Peterson 1993).
One of the Syl galaxies which has a large-amplitude variability in continnum and in
spectral line shapes is Akn120 (Peterson et al. 1985, Peterson and Cota 1987, Winge
et al. 1996).
Here we present the preliminary results of our analysis of Hg line shape variation

in Akn120.

2. THE DATA AND ANALYSIS

We have analysed 96 spectra in the wavelength interval 4500-5300 A obtained by K.
K. Chuvaev on 2.6 m Shajn telescope at Crimean Astrophysical Observatory (CrAO)
during the period 1971-1990 (HJD 2443435 till 2447944).

All spectra were scanned on two-coordinate CrAO microphotometer. The further
treatment, including the correction for film and sky background, instrumental spectral
sensitivity, as well as wavelength and flux calibration were made using the SPE data
reduction package, developed by S.G. Sergeev. The wavelength calibration was based
on the night sky lines and narrow emission lines of the galaxy. The redshift of Akn120
was accepted equal to z=0.03428 (Foltz et al. 1983).

In order to investigate the long-term variability of Hg line shape and to take into
consideration the big gaps in the observations, spectra have been divided into 10
groups (see Table 1).
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Table 1. Time-distribution and number of the observed spectra (in Heliocentric Ju-
lian Days - HJD.)

{ group l 1 | 2 ] 3 l 4 [ 5 ] 6 [ 7 ] 8 ] 9 I 10 |
from HJD |3435 | 3790 |4173 | 4522 |4881 | 5263 | 5619 | 5997 | 6853 | 7832
2440000 +

till HID | 3574 {3934 | 4289 |4672 {5054 | 5412 | 5734 | 6088 | 7124 | 7944
2440000 +
mean HJD | 3474 | 3879 |[4229 | 4577 | 4958 | 5331 | 5695 | 6058 | 7014 | 7888
2440000 +
numbers of | 14 14 9 5 15 12 11 6 6 4
spectra

The spectra within groups have been averaged. In the mean spectra noises and
some short-term variability are to some extent suppressed and possible long-lasted
features better expressed. The local continuum in two narrow zones around 4900 and
5260 A was interpolated with a straight line. The mean spectra have been normalized
to this continuum.

The broad Hg line has two peaks shifted blueward and redward from the line center
defined by the narrow emission lines. The peaks are more or less clearly resolved. Be-
sides, the Hp is blended with OII1(4959,5007) and some other emission lines (Jackson
and Browne 1989, Meyers and Peterson 1985).

3. RESULTS AND DISCUSSION

In order to decrease the number of free parameters, some relations among the fitting
gaussians have been established a priori (Popovié¢ and Mediavilla 1997). Namely, the
three gaussians representing two narrow OIII lines and a narrow Hs component are
preconditioned to have the same systemic redshift (z=0.03248, according to Foltz et
al. 1983), and the intensity ratio of the two OIII lines has been supposed to be 1 :
3.03 . Also, the ratio of the full widths of these two lines and narrow Hg component
are fixed in proportion with their wavelengths as
Why — Wagss ~ Wsoor

4861 ~ 4959 ~ 5007’
where Wg, is width of Hg narrow component, Wags9 and Wiso07) are widths of the
two OIII(4959,5007) lines.

We obtained the best fit with six gaussians (Figure 1). During the considered
period, in all groups, Hg can be resolved into three components. Two of them are
broad with the full width from 654 to 1707 kms™! (red peak) and from 3225 to 3328
kms™! (blue peak) and one, narrow, is about 550 kms~! wide.

The slow time-variations of Hg broad gaussian shifts can be noticed in the sense
that the red peak progressively decreases its line-of-site velocity, while the blue one
exhibits a minimum during the observed period (Figure 2).
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Fig. 1. The data of the seventh group of the mean spectra as an example of decomposition
of the Hz and OIII lines. (0 o o) — observed data, (—) - the best fit, (- - -) - gaussians of
the resolved spectral lines, (- —) - the broadest gaussian (shelf).

~ 2900

o -

X

€ B

~ 2300 —

>~ 1700 —

o ]

21100

@ it

5 500 —_ - ]
° SN —
27190 W
12 _
«7@@||||l|||1|1!l||1||l|l||1

3000 5000 7000
Time (in JDH, 2 440 000 + )

Fig. 2. The line-of-site velocities of the blue and red gaussians (circles and triangles
respectively) relative to the narrow Hg component having the systemic redshift z=0.03248
(the horizontal solid line) are shown as functions of time. The asterisks are the weighted
mean of the red and blue broad Hg wings. The dashed line represents the gravitational
redshift estimated by Peterson et al. (1985).

The presence and behavior of two broad gaussians in Hg line may indicate the exis-
tence of two broad line regions in Akn120, as it was suggested by Gaskell (1983, 1996)
for the 3C390.3 — type of galaxies. However, in all considered groups, the intensity
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of the blue Hg gaussian is higher than intensity of the red one. It is an accordance
with the curves in Figure 3. Alternatively, these results can be taken as a kind of a
”blue boosted, redshifted” spectral line usually connected with a rotating disk (e.g.
Stuchlik, 1998).

The overall redshift of Hg line is in a way presented by the weighted mean of the
blue and the red wing line-of-sight velocities, asterisks in Figure 2. The areas under
the corresponding gaussians were taken as weights. This velocity averaged amounts
to 213 kms~1. It is slightly lower than the value of 400 kms~! found by Peterson et
al. (1985) as the gravitational redshift of Akn120.

The detailed discussion of the obtained results will be presented elsewhere (Popovié

et al. 1998).
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Fig. 3. The areas of the red broad Hy gaussian (triangles), blue broad gaussian (circles),
and shelf (filled squares) as functions of time.
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Abstract. The influence of Stark broadening mechanism on Au IT (A=1740.484) and Ti

II (A= 3761.32&) lines originating in layers of A, DA and DB type star atmospheres, have
been considered.

1. INTRODUCTION

It was noted in several papers that Stark broadening mechanism is the main broad-
ening mechanism in hot star atmosphere (see e.g. Dimitrijevi¢ 1989, Popovié and
Dimirtijevi¢ 1996a). Also, this mechanism may be important in the case of cooler
stars as e.g. solar type stars (see Vince et al. 1985) especially in photospheric and
subphotospheric layers.

It is very important to consider and to take into account the Stark broadening
parameters in the case of the chemical abundance determination in the atmospheres
of magnetic, CP stars and white dwarfs by using the atmosphere model method (see
Hohlova 1994).

We have discussed here the importance of Stark broadening mechanism in stel-
lar plasma with the help of Kurucz’s (1979) model atmosphere of an A type star
(Ter=10000K, logg=4) and with models of DA (T.x=10000K, logg=6) and DB
(Ter=15000K, logg=7) white dwarfs atmospheres (Wickramasinghe 1972).

2. RESULTS AND DISCUSSION

Considering that Au IT (A=1740.48A) and Ti IT (A= 3761.32A) lines have been
used for gold and titanium abundance determination, respectively ( for gold see e.g.
Fuhrmann 1988, Adelman 1994, Wahlgren et al. 1995 and for titanium see e.g. Guthrie
1987, Boyarchuk and Savanov 1987), in CP stars, we have tested the influence of Stark
mechanism on widths of these lines in layers of three hot star types.
We consider here Stark broadening mechanism with the help of an A-type
(Texr=10000 K, logg=4), DA(Tq=10000K, logg=6) and DB (T.x=15000K, logg="T)
atmosphere models. Also, we use the Stark broadening parameters (Popovié et al.
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1998, Tankosi¢ et al. 1998) calculated here, within the modified semiempirical ap-
proach (Dimitrijevi¢ and Konjevié¢ 1980, Popovié and Dimitrijevié¢ 1996b).

The results of our investigation are presented in Figs. 1-3 and in Tables 1 and 2. As
one can see from Fig. 1, for the case of hot A type star, Stark broadening mechanism
is important for both considered lines. In photospheric layers the Stark broadening
line width is one order of magnitude larger than thermal Doppler one. In higher layers
of the stellar atmosphere (7 ~-4) however,the thermal Doppler mechanism is more
important.

As we can see from Figs. 2 an 3, in the case of white dwarfs atmospheres Stark
broadening mechanism is important in all layers of atmospheres and in deeper atmo-
sphere layers the Stark width is two or three orders of magnitude larger than thermal
Doppler width. In Tables 1 and 2 the Stark and thermal Doppler widths for Au II
(A=1740.48 A) and Ti II (A=3761.32 A) lines are shown as functions of optical depth,
for an A-type star (T.g=10000K, logg=4).

For all three considered atmosphere models Stark broadening effect for ivestigated
lines should be taken into account in abundance determination.

Table 1. Thermal Doppler and Stark widths for Au II ()\:1740.4SA) line as a function
of optical depth for an A type star (Tes=10000K, logg=4).

I tau Stark FWHM[A] Thermal Doppler FWHM[A]
-2.57851 0.786004E-05 0.145411E-03
-1.91422 0.286703E-04 0.149050E-03
-1.563557 0.653420E-04 0.152124E-03
-0.99829 0.356666E-02 0.355163E-03
-0.58649 0.935110E-03 0.196676E-03
-0.08239 0.210489E-02 0.223318E-03
0.09867 0.281302E-02 0.233914E-03

Table 2. Thermal Doppler and Stark widths for Ti IT (A=3761.32 A) line as functions

of optical depth for an A type star (T.#=10000K, logg=4).

[ tau Stark FWHM[A] Thermal Doppler FWHM[A]
-2.57851 0.680424E-04 0.308503E-03
-1.91422 0.248070E-03 0.316223E-03
-1.53557 0.565113E-03 0.322746E-03
-0.99829 0.413068E-03 0.167404E-03
-0.58649 0.805063E-02 0.417266E-03
-0.08239 0.181118E-01 0.473791E-03
0.09867 0.241986E-01 0.496271E-03
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Fig. 1. Thermal Doppler and Stark widths for Au IT (A=1740.48 A) and Ti IT (A=3761.32
A) lines as functions of optical depth for an A type star (Teg=10000K, logg=4).
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Fig. 2. Thermal Doppler and Stark widths for Au IT (A=1740.48 &) and Ti II (A=3761.32
A) lines as functions of optical depth for DA (Teg=10000K, logg=6) white dwarfs.
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Fig. 3. Thermal Doppler and Stark widths for Au IT (A=1740.48 &) and Ti IT (A=3761.32
A) lines as functions of optical depth for DB (Teg=15000K, logg="7) white dwarfs.
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Abstract: Electrical gas discharge is a source of plasma in many spectroscopic
experiments. In this paper it has been shown that those experiments, with some
additional measurements, could be used for determination of other plasma
parameters, electrical ones before all. There is an example of measurements in
cascade arc and Z-pinch.

1. INTRODUCTION

Electrical gas discharge is being used as a plasma source in many experiments
with a purpose, before all, to obtain spectroscopic data. Generally used ones
are: classical cascade arc, spark, different kinds of pinches, impulse arc, glow
discharge, etc. In those discharges meritorious spectroscopic diagnostics could
be done, so that temperature and electronic concentration parameters could be
correctly determined. Those two values, with measurements of absolute and
often only relative radiation intensities in a field observed enable relevant
interpretation of spectral line width and shift, continuous discharge origin and
intensity, spectral series merging, etc. Due to possibility of reliable interpretation
of spectroscopic values, in those measurements other plasma parameters are
not being taken into account enough. Very often even basic technical data about
discharge, such as volt-ampere characteristics are not being determined.
In this paper at the example of cascade arc and Z-pinch it is shown that in these
experiments, with some additional measurements, data about other “"useful”

values could be obtained. The data about electrical conductivity from an arc
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plasma are obtained and compared with the data from an pulse arc
measurements. The data from Z-pinch are used for a determination of a very
interesting resistant dependence of current during the discharge. A comparison
of the data with data from other experiments has been done.

2. WALL-STABILIZED STATIONARY ARGON ARC

A high-pressure wall-stabilized arc used in this experiment predicted especially
for spectroscopic measurement is described in Goldbach et al. (1972). A plasma
channel (length: 70mm; diameter: 5mm) is inducted within six electrically
insulated copper plates (thickness: 10mm).

The plates are water-cooled. The arc is burning between two water-cooled
tungsten cylinders. The whole device operated at a chosen pressure within a
high-pressure steel cylinder. Four fused silica windows, located in side walls and
the electrodes, allow either end-on or side-on observations. The pressure in the
chamber was measured by membrane pressure gauge connected to a digital
voltmeter. We have used additional procedure for performed electrical
measurements. The axial electrical field strength was measured as a function of
arc current and pressure. Each plate was individually connected to a stepping
switch and the voltage drop between two successive plates was measured using
a digital voltmeter. The slope of the linear part of the voltage distribution versus
the plasma length yields the axial field strength. This method excludes electrode
drops in the plasma field determination. The arc current Was measured using a
shunt in the power line, Goldbach et al. (1978).

In that way, with known arc current, axial component of the electrical field
strength and corresponding radial temperature distribution T(r) we were able to
determine electrical conductivity by well known procedure, Popovié (1986). The
electrical conductivity value obtained by the procedure is presented at Fig. 1. in
form o(T, p=const.) and compared with the value obtained in pulse arc.
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Fig. 1. Plasma electrical conductivity: O - wall stabilized arc E=15V/cm;
Il -wall stabilized arc E=18V/cm ; A- wall stabilized arc E=23V/cm;
@ - pulsed arc.

3. RESISTANCE OF THE BEGINNING OF HIGH CURRENT DISCHARGES

The knowledge of the main discharge characteristics (current, resistance,
voltage, etc.) during the transition period between a breakdown and a steady
state regime of high current discharge is interesting both for practical purposes
(calculation of circuit elements) and for physical reasons (comprehension of the
main processes occurring in the discharge). Many papers have studied the
development of the spark, suggesting models and relations between different
quantities, for instance resistance and current, Popovi¢ et al. (1976) to be used.
In order both to investigate dependence between particular parameters and
especially to determine a function R(,d,r,t) we have used Z-pinch, which is
mainly applied in spectroscopic measurements, Fig. 2.
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Fig. 2. Resistance versus current integral in case
Z-pinch for different lenghts: o X=5cm, mX=10cm, AX=15¢cm

4. CONCLUDING REMARKS

It is shown that spectroscopic experiments with electrical gas discharge as a
plasma source could be used for determination of other, particularly electrical
plasma parameters.

Acknowledgment: This paper is supported by the Ministry for Science and
Technology of Republic of Serbia.

References

Goldbach C., Nollez G. and Peyruraux R.: 1972, JQSRT 12, 1089.

Goldbach C., Nollez G., Popovi¢ S. and Popovi¢ M.M.: 1978, Z. Naturforsch.
33a,11.

Popovic M. M. et al.: 1976, in Gas Discharge (ed. C. Grey Morgan), IEE Conf.
Publ. No. 143. London.

Popovié M.M. and Popovi¢ S.:1986, in Strongly Coupled Plasma Physics (eds.
F.J. Rogers and H. E. Dewit), Plenum Press, N.Y.

150



Publ. Astron. Obs. Belgrade No. 61 (1998), 151 — 154 Poster paper

STARK PARAMETER GENERAL
REGULARITIES FOR THE ION LINES

J. PURIG! and M. SCEPANOVIC?

L Faculty of Physics, University of Belgrade, P. O .Box 868, 11001 Belgrade, Yugoslavia
2 *Faculty of Sciences and Mathematics, University of
Montenegro, P. O.Boxz 211, 81000 Podgorica, Yugoslavia

1. INTRODUCTION

Stark widths and shifts published data (Griem, 1974; Dimitrijevié, 1998, 1993.a,b;
Dimitrijevié and Sahal-Bréchot,1992. a,b,c,d, 1993.a,b,c,d, 1996; Dimitrijevié et al.
1994, 1996, Popovié and Dimitrijevié¢ 1996; Popovié et al. 1993.) and their dependence
on the upper level ionization potential (Puré, 1996; Puré et al. 1993.) x are used here
to demonstrate the existence of the other kinds of regularities within similar spectra of
different elements and their ionization stages. The emphasis is on the Stark parameter
dependence on the rest core charge and the electron temperatures for the lines from
similar spectra. The found relations connecting Stark broadening and shift parameters
and upper level ionization potential, rest core charge and electron temperature were
used for a prediction of new Stark broadening data, avoiding much more complicated
procedures. For opacity calculations and investigation of stellar atmosphere, when a
large number of line broadening data was required, present investigation are useful
in enlarging the number of needed data. This field of research remains largely open
to other demonstrations of regularities and similarities, as long as one can relate
the same kind of spectroscopic transition. Also, the obtained dependencies can be
used as an additional criterion for checking accuracy of the particular theoretical and
experimental data from different sources.

Stark widths dependencies on the rest core charge and electron temperatures within
spectral lines originating from 2p-nd (n=3,4,5); 2s-np (n=2,3); 2p-3s; 3d-np (n=4,5);
3d-4f; 3p-nd (n=3,4,5); 3p-ns (n=4,5); 3s-up (n=3,4,5); 4s-np (n=4,5); 4p-nd (n=4,5);
4p-bs; bp-5d; 5s-5p under the same plasma conditions have been found and discussed
here. After being well established and checked using existing theoretical (Puré 1996)
data the dependencies can be used to predict additional Stark broadening data for
the lines for which there is neither theoretical nor experimental data so far.

2. REGULARITIES

In order to investigate Stark parameters regularities an accurate set of theoretical
and experimental data is needed for a multiplet, supermultiplet transition array, ho-
mologous, isoelectronic and isonuclear sequences or the same type of transition along
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the Periodical system of elements for different stages of ionization under the same
plasma conditions characterized by particular electron density and electron tempera-
ture. Therefore the Stark parameters dependencies on the electron density and elec-
tron temperature has to be well determined to make it possible to normalize data
given for different temperatures and densities to particular ones at which the other
types of regularities have to be investigated. Of special interest are dependencies on
the rest core charge of the emitter within isoelectronic or isonuclear sequences or on
the nuclear charge number within particular transition of homologous group of atoms
or ions and on the upper level ionization potential in all the above mentioned cases.

The Stark parameter dependence on the electron density is well established and
in the case of nonhydrogenic emitters is linear. However, Stark paramter dependence
on the electron temperature is of different kind from line to line in every spectrum.
Therefore, the correction to temperature dependence has to be done with a great care
for all data used in particular case of the verification of certain type of mentioned
dependencies. For instance instead of usually used temperature dependencies as T=1/2
for ion lines, one has to use the whole spectrum of the functions from line to line of
the form:

W=f(T)=A+BT"° (1)

Different kinds of regularities within Stark parameters of the given spectra can be
explained on the bases of their dependencies on the upper level ionization potential
(Puré 1996; Puré et al. and Refs. therein). A general form of that dependence in the
case of the particular transition array along the Periodical table of the elements is:

W = Ngf(T)z°ax™" (2)

where w is line width in angular frequency units; x is the corresponding upper level
ionization potential expressed in eV; z is the rest core charge of the emitter seeing
by the electron undergoing transition. Coefficients a, b and ¢ are independent of the
temperature, ionization potential and the electron density for a particular transition.

The procedure for Stark broadening data predictions was described elsewhere (Puré
1996; Pur¢ et al. and Refs. therein). A comprehensive set of Stark broadening data of
the investigated ions has been used here to demonstrate the existence of Stark width
data regularities within this group of spectral lines.

3. RESULTS AND DISCUSION

It has been verified that the Eq. (2) is appropriate for all the investigated transitions
in all groups of the ions, above mentioned, at different temperatures and electron
densities. Namely, it was found that the best fit can be obtained if f(T') is taken as
given by Eq. (1) instead 7-/2. As an example, the reduced Stark width:

W* = wf(T)z=¢x? (3)

as the function of the inverse value of the upper level ionization potential y of the
corresponding transition is given in Fig. 1 for all of that transitions.
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By a comparison of the above described regularities and those presented elsewhere
(Dimitrijevié 1993a). one can conclude that the method used here differs in the choice
of the variable conveying atomic structure information. Prior work (Puré et al. and
Refs. therein) was based on the hydrogenic model. Consequently, it used integer prin-
cipal quantum nuinbers instead of the upper level ionization potential. Although both
parameters take into account the density of states perturbing the emitting state, the
advantages of the present method are: (i) x based trend analyses achieve better fits;
(ii) in x values the lowering of the ionization potential (Teller 1937) is taken into
account, predicting merging with continuum when the plasma environment causes a
line’s upper state ionization potential to approach zero; and (iii) the w dependence
on x is theoretically expected (Puré 1996).

The corresponding correlation’s factor was almost equal to unity. Less then 17%
of all our data correspond to values that are twice bigger than prediction values.
Therefore, the Eq. (3) can be used to calculate Stark widths of the multiply charged
ion from this transition of different elements along the Periodic table of the elements
not calculate so far taking T" and x in K and eV, respectively. All data is at an electron
density N. = 1 x 1022 m~2 for different temperatures being normalised using the Eq.
(1) at T = 10° K.
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4. CONCLUSION

Stark parameters dependence on the upper level ionization potential, after being
well established within particular transition array can be used for prediction of the
parameters for the corresponding ion of heavier elements where not available so far.
The electron-impact widths predicted by intratransition arrays regressions analyses
are of the same accuracy as the accuracy of the results used in the course of the
calculation of coefficients a, b and ¢ from Eq. (2). In order to generate widths for
lines of heavier elements from this types of transitions one has to find the upper level
ionisation potential for that lines and substitute it in the Eq. (3) using the coefficient
as anb b obtained from Fig. 1 and taking that the coefficient ¢=5.20. This method used
here is computationally simple, involving each line’s upper level ioniation potential
and one multiplicative and one exponential fitting parameter per the investigated
group of spectral lines originating from all of the investigated transition arrays, for
the given emitter, temperatures and electron densities. Such method is conductive
to the method’s incorporation into mathematical simulations of stellar atmosphere
opacities.
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Abstract. Quasi-periodic time-spatial structure of an arc was found out in a
mode of fullerene synthesis. Spatial distributions of the spectral component
radiation of arc plasma were studied, and radial profiles of temperature were
measured. Mechanism of cathode deposit formation is also discussed.

1. INTRODUCTION

The most perspective approach to study the processes of fullerene
formation is an experimental determination of plasma characteristics of the arc
between graphite electrodes in inert gases at lowered pressures. Saito and
Inagaki (1993) observed only C;, bands and lines of C and C” in emission spectra
of such arc. Afanasiev et al. (1994) measured average over discharge gap
temperature of plasma by molecular bands of C, and CN, and found it to be T =
5000-7000 K, depending on the discharge mode. Similar temperatures were
obtained by Huczko et al. (1995) for AC arc. All this results based on
assumptions about stability of the arc plasma. However, according to°
Finkelnburg and Maekker (1961), the DC arc is a non-uniform and non-
stationary plasmoid in many operation modes.

The research of pulsation characteristics of carbon arcs at current [ =
60+100 A and helium pressures Py = 1+500 Torr was carried out in the present
work. The 6 mm rods of pure graphite were used as electrodes, the discharge
gap amounted ~5 mm and the arc voltage was U =20+40 V.

2. TIME-SPATIAL STRUCTURE OF THE ARC

The change of shape of electrodes during the discharge is one of
possible reasons of the arc plasma instability. Within the first several seconds
after arc ignition, relatively uniform layer of carbon deposit is formed on the
cathode. At the subsequent discharge stages the deposit is grew on periphery of
the cathode end face and its lateral surface. Two areas are distinctly observed in
the section of cathode deposit. The internal part of deposit has some millimetres
in diameter and represents friable structure, consisting of a mix of nanoparticles,
nanotubes and amorphous carbon (see for example Ebbesen and Ajayan (1992)).
The hard external metallic-grey shell is formed from needle and sector
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structures focused mainly in a direction of their growth. For some arc modes
there is a hollow crater in the central zone of cathode deposit. The formation of
cathode deposit may result in changing the mode of cathode operations and
discharge parameters during a work cycle of fullerene synthesis.

The faster processes in the near-electrode regions of discharge result in
pulsations of plasma parameters. In the present work, pulsation characteristics
were studied with the help of high-speed camera in modes of imaging and
continuous scanning with time resolution up to 1 ps. The analysis of obtained
data shows, that the considered carbon arc may operate in two modes,
distinguished by time-spatial structure. The first mode concerns to the diffuse
symmetric stationary arc channel with uniform anode erosion, and other
represents non-uniform and non-stationary structure with quasi-periodic
pulsations of brightness with frequency 10+20 kHz. As the high-speed imaging
has shown, the diameter of current-conducting channel decreases in this mode,
and the channel is bent and continuously displaced in space like moving "spiral"
arc, described by Asinovsky et al. (1976).

The transition of arc into non-stationary mode is accompanied by
voltage drop of 4+6 V and by considerable rise of plasmoid brightness. The
brightness pulsations correspond to voltage pulsations with amplitude 0.5+2 V.
When increasing the duration of non-stationary stage, the pulsation is increased
in frequency and disturbed in periodicity. The mode transition occurs
spontaneously every 0.5+5ms and does not depend on discharge external
parameters. Times of existence of the modes, structure and frequency of
pulsations in the non-stationary stage of discharge depend on pressure, kind of
gas as well as on arc current. At Po= 100 Torr the total duration of non-
stationary mode is approximately equal to that of arc in stationary stage. At
pressure lower 1 Torr only the non-stationary mode exists.

3. EMISSION SPECTRA OF THE ARC AND PLASMA DIAGNOSTICS

The emission spectra of arc plasma were registered in visible and UV
areas by diffraction and prism spectrographs with reverse linear dispersion
6 A/mm. It was found that spectra do not contain components of radiation of
other molecules, except for earlier observable C, and CN. In addition to the
data of Afanasiev et al. (1994) and Saito and Inagaki (1993), the band near A =
2320 A was found out in UV area. This band, according to Landsverk (1939),
belongs to molecule C; or molecular ion C,". It is necessary to note also
registration of the line of carbon double ion at A = 2296 A.

The intensities of spectral component have approximately identical
distributions over the arc radius. The distinctions are observed in distributions
over length of discharge. Molecule CN radiates approximately equally over
whole discharge gap. For bands C, and lines of carbon atoms and ions, the
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maxima of radiation are observed in near-electrode regions. The intensity of C,
near the anode is much higher than that near the cathode, and the radiation of
ions is located in cathode region in the main. The molecular band close A =
2320 A emitted mainly near the cathode.

In the present work the radial distributions of arc temperature were
measured in approximation of stationary equilibrium plasma. The radial
distributions of spectral emissivity were calculated by Abel inversion of
registered integrated chordal intensities. The measurements were carried out by
Fowler-Milne method from band edges of C, 5165 and 4737 A for arc cross-
section at distance ~1 mm from the anode at initial helium pressure in the
chamber Py = 1 and 100 Torr. The results of measurements by different
molecular bands are well consistent. Instrumental uncertainty of temperature
determination does not exceed 10%. Maximal plasma temperature was found to
be T= 4100 and 4500 K, for initial helium pressure Po= 1 and 100 Torr
respectively. Temperature of plasma monotonously falls down to periphery of
the discharge. The temperature profile at Po= 1 Torr lies below by ~500 K
relatively the profile at Py = 100 Torr.

4. DISCUSSION

The results of performed optical and spectroscopic investigations of the
arc discharge in fullerene synthesis mode may be interpreted in view of
properties of plasma with carbon particles as follows.

The plasma parameters are determined by processes at electrodes. The
electrons, emitted by the heated up cathode, ionize the gas at collisions. The
formed ions under action of an electrical field are directed to the cathode and
take part in creation of deposit on its surface. According to Abrahamson (1974)
the important role in the cathode deposit formation may belong to carbon
crystallites arising from erosion of the anode. When heating in plasma the
crystallites get a positive charge due to thermoemission. Thus, the cathode
deposit is a result of deposition of the ions and positively charged carbon
particles, accelerated by an electrical field, as well as of physical and chemical
transformations during high temperature growth and subsequent cooling.

Instability of arc in question is substantially caused by a competition of
physical processes under entering of carbon vapour and particles from the anode
into the arc and removing them from a zone of the discharge. At small content
of carbon atoms and crystallites in plasma, the quasi-periodic fluctuations of
plasma arise from development of overheating instability, described by
Alexandrov and Ruhadze (1976). This accompanied by contraction of
cylindrical arc channel into spiral-like one with an anode spot formation, that
lead to rising of input energy density on the anode surface. The increase of
erosive flow results in rising the plasma thermal conductivity, therefore the
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overheating instability is dumped and non-stationary arc passes into the
stationary mode. The increase of electron emission due to heated carbon
particles reduces the current density near anode and also promotes the
suppression of overheating instability. The arc mode transition repeats
repeatedly during all time of the arc discharge existence.

The obtained emission spectra of the arc appear to be superposition of
spectra of plasma both in stationary and non-stationary modes. The molecules
C, and CN are the coolest components of plasma of considered discharge. Their
radiation may be attributed to the stationary mode with uniform anode erosion.
The excitation of ion lines in spectra is apparently due to increase of
temperature in the non-stationary arc. Thus, it is possible to assume that
measured radial temperature distributions correspond to the stationary mode of
arc discharge.

The obtained information on processes in carbon arc at the lowered
pressure of helium should be taken into account when measuring the plasma
parameters, developing the models of fullerene formation in the arc and
designing the reactors for fullerene synthesis.

This work was carried out under support of the Fund of fundamental
investigations of Belarus.
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1. INTRODUCTION

The great number of the papers (Fuhr and Lesage 1993, and references therein; Pel-
lerin et al. 1997) devoted to the Stark width of the singly ionized argon (Ar II) spectral
lines testify to their topicality in the plasma diagnostic. The aim of this paper is to es-
tablish regularities of Stark HWHM (half-width at half intensity maximum, w) along
a one type of the quantum transition in the Ar II spectrum. Namely, with the es-
tablished regularities a quick and reliable estimation of the Stark HWHM values is
possible that have not yet been measured or calculated. We have established trends
of the Stark HWHM within 4s-4p and 3d-4p type of transitions. In view of these
regularities new measurements of these Stark HWHM values can be recommended.

2. REGULARITIES

The simplest way to estimate values of Stark HWHM is to use the established regular-
ities of w along the same type of quantum transition in the ionic spectra (Djenize et al.
1989 and references therein). On the basis of the existing experimental Stark HWHM
values of the spectral lines that belong to 4p-4d transition in the Ar I spectrum it was
found (Djenize et al. 1989) that simple analytical relationship exists between w and
corresponding upper-level ionization potential (I) of a particular spectral line for the
same type of the transition. The found relationship, normalized to a N = 1x 10?3 m~3
electron density, is of the form:

w=aT" Y217 (rad/s). (1)

The upper-level ionization potential I (in V) specifies the emitting ions, while the
electron temperature T' (in K) characterizes the assembly. The coefficients a and b are
independent of I and 7'. The found form in the case of the 4p-4d transition is presented
in Djenize et al. (1989). This relationship was confirmed by new w experimental
results (Sreckovi¢ and Djenize 1998). On the basis of Eq. (2) in Djenize et al. (1989)

it was possible to predict w values for the spectral lines that have not been measured

159



A. SRECKOVIC and S. DJENIZE

or calculated before. These predictions were summarized in Sreékovi¢ and Djenize
(1998). In the meantime, since 1989, the results of the new Stark HWHM values have
been published for various transitions of the singly ionized argon. These values, and
those before 1989, enable establishing the trend of the Stark HWHM values along
the 4s-4p and 3d-4p transitions. In Figs. 1 and 2 we present, graphically, the reduced
Stark widths (wT'/?) vs the inverse value of the upper-level ionization potential (1/

I) for: 4s-4p and 3d-4p type of transitions, respectively. The necessary atomic data
were taken from Wiese et al. (1969).
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Fig. 1. Reduced Stark HWHM (wT™/?) vs inverse value of the upper-level ionization
potential at 1 x 1023 m~3 electron density. —, established trend; e, Labat et al. 1974 (L);
®, Nick and Helbig 1986 (NH); M, Dzierzega and Musiol 1994 (DZ); o, Pellerin et al. 1997
(P); o, Djenize et al. 1989; a , Konjevi¢ et al. 1970; V, Chapelle et al. 1968; A, Vitel
and Skowronek 1987; ®, Aparicio et al. (1997); *, Mazing and Vrubljovskaia (1962).
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Fig. 2. Same asin Fig. 1. Complement: ©, Chapelle et al. 1967 (CH); @, Lhuissier (1987).

An evident scatter exists between experimental Stark HWHM values. However,
one can conclude that in the selected particular experiments (L, NH, DZ, P, CH)
(Labat et al. 1974; Nick and Helbig 1986; Dzierzega and Musiol 1994; Pellerin et al.
1997, Chapelle et al. 1967) the measured Stark HWHM values follow also regularities
described by Eq. (1) (dashed lines in Figs. 1 and 2). The full lines show their averaged
values. In order to ilustrate the magnitude of the scatter of the reduced Stark HWHM
values we have their uncertainties (+ 20%), like error bars, presented in Figs 1 and
2. The averaged values can be expressed by formulae:

Was—ap = 1.35 x 1057~ 1/2[=205  (rad/s). (2)
Wad—4p = 3.36 x 101°T~1/2[~246  (rad/s). (2)

3. CONCLUSION

On the basis of the existing experimental data we have established trends for Stark
HWHM values for spectral lines that belong to 4s-4p and 3d-4p transitions. The
evident scatter between results of particular experiments can be explained on the
basis of various uncertainties of the electron density and temperature measurements
in these experiments. It should be pointed out that these experiments were performed
with various plasma sources and the plasma parameters were obtained using various
diagnostics methods. In any case, new measurements of the Stark HWHM values for
spectral lines that belong to 4s-4p and 3d-4p transitions would be helpful.
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Abstract. Problems related to the structure and radiation of a strong shock
waves propagating in the Earth’s atmosphere with velocities D<50 km/s at heights H<50
km are considered in this paper on the basis of real thermodynamic and optical properties
of air. Data on shock adiabatic curves of air obtained both in the supposition of complete
thermodynamic equilibrium of air behind the shock wave front, and with account of pos-
sible transparency of gas for self radiation are presented. The hierarchy of scales of vari-
ous physical processes in a shock wave permitting to simplify solution of the problem
concerning the front structure is considered. The modes of SW propagation, profiles of
parameters, spatial scales, spectral and integrated radiation fluxes have been determined
for various heights and velocities.

1. Hugoniot adiabatic curves. The condition of gas behind the shock wave
front (SWF) is determined by thermodynamic parameters prior to break and the magni-
tude characterizing the wave’s amplitude (for example its velocity D). If the equation of
state is represented as that for ideal gas € = (y - 1)"'p/p, the jump of pressure, density

and temperature at the shock wave is determined by equations:

M? +1 P
E.L:Yl) + - | Y:M4_2Y()(~.Y|—_l)+yf . (])
Po Yol v+l Yol

_p_|= (Y1+l)p|+(y|_l)pn Yu-l -
Po (Yo+l)pn +(Yn—'1)p| Y -1 Tu Ko Po P, \qupn/po

Here M is the Mach number, index 0 corresponds to the state in front of the shock wave,
I - to the state behind its front. The equation of the shock adiabatic curve represented as

€,—¢€,=(p, + p,)(p;' —p,")/2, can be numerically calculated. The parameters of un-

disturbed air were taken from the CIRA atmosphere model. Composition and thermody-
namic functions of air were determined according to equations of ionized and chemical
equilibrium in Debye approximation of the large canonical ensemble (Romanov 1995).
The results are presented in figs.1,which illustrates the dependence of temperature T, and
compression & = p, / p, on shock wave velocity at various altitudes.

At sufficient transparency of plasma for its own radiation when absorption and
emission processes are not compensated, spontaneous decay of excited levels, the proc-
esses of a photo- and dielectron recombination result in deviation from boltzmann popu-
lation and shift ionization equilibrium in plasma to smaller ionization degree (Romanov
1988, Panasenko 1995). The shock adiabatic curves calculated as per the radiative-col-
lision model in the supposition of a full transparency of plasma are shown in fig.2. Their
comparison with equilibrium data is presented here in as well. As seen from the curves,
noticeable differences in temperature and compression in SWF are observed at altitudes
over 40-50 km. If partial reabsorbtion of radiation, which reduces the contribution of
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radiative transitions in level population, is taken into account, the distinctions of shock
adiabatic curves are maintained at altitudes H =60 km.

T, eV T,.ev o
L) L] Ty ' T L] L 18 L] LR ' l!l’Y ¥ T L4
16'- /\ ]
10 /, . H =60 km// X"\ e
E 0 12- W\\%
i 1 1of 0\\"\§
i 60 | 8 = .
i T 6
1 1 1 1 4 I L 111; 1 1L
1 D 10 10 D 1 10 D. kmi/s

Fig. 1. Dependence of T, and compression 8 from SW velocity D at various altitudes.
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Fig. 2. Shock adiabatic curves of air at H=20, 40 and 60 km, obtained in LTE approxi-
mations and as per the RCM- model for transparent plasma.

2. The structure of a powerful SW front. Analysis of hierarchy of scales describing
various physical processes indicates (Stepanov et al. 1998) that the largest scale of length
is associated with plasma heat radiation free lengths. The radiation free length exceeds
the scale of lengths of dissociation and ionization, the area of relaxation of electrons and
heavy particles temperatures to uniform plasma temperature as well as the length of the
zone, where electronic thermal conduction is considerable. Further it is supposed, that
the dissociation and ionization processes «monitor» the medium’s temperature and den-
sity, that the temperatures T.=T;, electronic thermal conduction is small as compared to
radiation transfer. Therefor the problem concerning the structure can be formulated as a
problem concerning radiation relaxation in the front of a powerful SW (Zeldovich 1966).
Further we shall assume that the thickness of shock compressed gas behind the front is
adequately for it to be optically dense. The structure of a SW having velocity D, is de-
scribed by a set of gas dynamics and radiation transfer equations

2 2
pu=p,D, p+pu’=p, +p,D?, e+—E+-u———+—S—=z~:"-4~—pi+D—+i )
p 2 p,D P 2 pD
di =
p——=x,(I,-1), s, = [1,QdQ, S=[S,dv 3)
dx (4x) 0

As the laws. of conservation of mass and impulse determine linear dependence of pres-
sure on the magnitude of inverse compression p=p,+p,D’(1-7m),n=p,/p, it is
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possible to construct the tabulated equations &(T), p(T), p(T), dependent from one

variable and describing the modification of gas characteristics in a wave. Then we find
the relationship between T and S

S=8,-p,DF(T), F(T)=€(n)-€o~'§"’*(l—n)—92—(1-n)’, n=n(T) 4

0

F. MJig Function F(T) for a SW with a

T T 7] given velocity for various H is
, A7 | shown in fig3. Flux S=§,, ie.
g
N VZ/Z ///0 ] F(T,) =0 corresponds to the ini-
9
1 AP 3/, b tial state; in equilibrium state be-
V%1V q

A A
5 / . 1 = 0 pD * S 0 < >

_1 %é the final temperature behind the
P S SV PO T NP P N P wave front will be less than if there
062 4 6 8 10 12 14 1 18 Tev was no outgoing radiation. If the

Fig. 3. F(T) for SW with D=50 at various H. energy emitted is neglected in
comparison with the hydrodynamic
energy flux (S, << p,D'/2) T, is determined by condition F(T,)=0.

3. Diffusion “gray” approximation. In order to find a solution of the equations
of radiation transfer and hydrodynamics it is necessary to set “good” initial profiles of
parameters, to solve equations of spectral transfer, to determine radiation flux S and to
construct a converging iterative process. Such a distribution of parameters can be found
by considering the transfer in a gray diffusion approximation. The appropriate equations

d d 4cT!
S c dU u =4o )

—=c(U_ - U), S=—-——o, ;
dt (U, -1 3dt ’ c

where 1 is the “average” optical variable (dt = kdx ), with account for of energy con-
servation law (5) can be reduced to a phase plane equation

du - 3(,)(,0)’ F(T)(F(T) -S, / (p,D))
dr U,(M-U

(6)

C

The phase plane of (6) is given in fig.4.
Points of initial (0) and final (1) states are
singular for (6) should satisfy conditions
T=T: U=U/(T,) KT)=0 i=0,.
After the problem on the phase plane is
solved, it is possible to find the distribu-
tion of T, p, S along t counted from
the SWF. The profiles of T and S along
1 are shown in figs. 5 at H=50 km for

. ) 8- o 9=TT=  SWs having velocities D=50, 30 and 20
Fig. 4. The phase plane of (6) at S, = 0. km/s. Note a considerable difference in

optical thickness of the warming up layer and relaxation area behind SWF.

U = Uy(Ts,
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Fig.5. Distri-
v butions of T
and S along
] . H=50 km.
1-D=50 km/s,
2-D=30 km/s,
3-D=20 km/s.

X . " 1 s
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4. Radiation transfer in real spectrum. The recalculation of gas-dynamic pro-
files from the optical variable 1 to a spatial coordinate x was performed with account of
the character of radiation transfer in various layers. In super critical amplitude waves
temperature T(t) varies weakly on scale At =1 in the warming up zone. Radiation heat
transfer occurs here in the mode of radiation thermal conductivity. Therefore it is natural
to use the Rosseland free length. The distances from the viscous jump upwards along the
flow were found by ratiodx = L, dt. The Planck coefficient was used as the recalcula-
tion scale in the vicinity of the SW front and in the front part of the warming up zone
(dx = K;'dt). In the iterative process the most complicated problem is to obtain a self-
consistent solution in the neighborhood of the front and periphery of the warming up
zone. Here it is necessary to determine the average absorption coefficient
K, (Ax = At/K) by averaging «, on the field of self radiation.

Integral representation of the flux was used to describe radiation transfer

S:(1,) =2 [, ()exp(- (x, - 1))~ (x, ~OIE Gz, ~ 1) de' 4L () (D)

S:.<r,)=2'Jsv,(r')[exp(—(r'—u))—(r'—rv)E.(r'—rv)]dr'+szo(rv) (8)

The integral radiation was determined by direct integrating on spectrum. It overlapped
a the range of quan-
10° . tum energies, in

k., cm’

10°

10

of quantum ener-

o .
107 - 00 b w.h@h Plasma. ra-
10° - !r,\ diation is consider-
107 F 10" 25— sy able. In the range

r

X

F 10-' k' -
10': s ¥ s gies E < 17.35 eV,
:g.m Vo 107N 560 spectral groups
PP sE were taken, the

" dasiuel o
10 10" 10° 10'E. eV, averaging interval

-l
Fig. 6. Absorption coefficients of air. T=3-10° K (A), 10* B),3.16 Was 250  cm

-1 3 -2 _1n= (0.031 eV). Start-
.1-p, =123 ,2-p,=10%p, 3-p,=10"p,. |
eV (C). 1-p, =123-10" g/em’, 2 - p, P13 - Py Pre ing at 1735 ev

scale was used, on which the averaging spacing was set by a ratio AE, = E, - 1097,

where Eo= 8.-10% eV. Thus 1300 spectral groups in the range of radiation transfer energy
were used (fig.6).
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5. Calculation results. Further we shall consider the spatial structure of shock
waves. Fig.7 illustrates the results of calculations of physical characteristics in the
warming up zone before the shock wave at altitudes 30 km (in this case for convenience
the wave is moving from left to right). The dependence on distance from the front of
temperature, radiation flux, degrees of dissociation and ionization of air and compression
in shock waves being propagated at velocities D = 50, 40 and 30 km/s is shown. Waves
with such D at H>30 km are supercritical ones. Comparison of the dependence of a ra-
diation flux and parameters a,, o; shows that maximum flow divergences correspond to

sections where in-

T, eV ) . .
BKH 4 St ,,,1,“41@0 tensive gas disasso-
\ ] ] . -
AN N N 075 c'latlon and ioniza-

) ] \\ N tion takes place. As
4 ;\ \ 2 050 seen from the plots,
1 2 ] . ..
2 \ \ disassociation  and
4 1 025 . ..
| \\ ] ionization waves are
[+ )R U S P s 0 R T .
0.0 05 10 15 2.0 ba 05 Ao 45 mep sufﬁcxently strongly
S, MW/icm? s separated in space.
10* Forrropreerrrrn 1,08 BT
1 E 1,06 \1
1 ] ' \2\ ] Fig. 7. Spatial pa-
10" \ 1,04 rameter profiles at
b Wiy S ] - altitude H=30 km.
NN TRAL ] ] 1 - D=50 kns,
100 NS R T 1,00 b I e - =
00 05 10 15 x (10°cm) 00 05 10 15 x(10°cm) i B ;g tmjs’
-D= m/s.

First of all it is necessary to note the very strong dependence of warming up area spatial
scales on altitude. In particular, the ratio of distances from the front, at which tempera-
ture T=1 eV, at appropriate velocities is equal (X, /X,)., =40 and

(X /! X)p = 16-10° for all D>30 km/s. The ratio of distances, where the air com-
pletely is dissociated, (X,,/X,,),,., #35 and (X,,/X,,)
depends on the SW velocity. The ratio of distances from the front, on which single ioni-
zation of gas (a,=l) is achieved, is equal (X, / Xw)a =40-50 and
(Xy /X,,). . =(2-5)-10" At alteration of the altitude from H=40 to H =50 km the air

density is reduced ba a factor of 4, and the ratio of densities at altitudes 30 and 50 ki is
Po’ Pw = 18 Ifitis taken into account that in the range of temperatures T = [-10 eV the

~15-10° and also poorly

a =l

average Rosseland path of radiation is well approximated by dependence L ~ p;”
where [3=1.5, it appears that it increases (L,,/L,,), =8 and (L,/L,), =76 times.
167



K.L. STEPANOV, L.K. STANCHITS and Y.A. STANKEVICH

Therefor, the ratio of warming up area scales at various altitudes is approximately
(X, /Xy Ve =Ly /Podw, / (Ly /P,)y, 1. Estimated data on the mass of the air layer

heated by radiation (the area with T > 1 eV) for the considered modes of SW propaga-
tion are presented in Table 2 (M = p X_,).

Table 1. Mass of gas heated by shock wave radiation (g/cm?)

D=50 km/s D=40 km/s D=30 km/s
H=50 km 1.5+0 1.0+0 7.0-1
H=40 km 1.5-1 1.0-1 7.0-2
H=30 km 1.5-2 1.0-2 7.0-3

The structure of SWs at altitude H=20 km with D=20 and D=50 km/s is pre-
sented in fig.8. In distinction from the previous data, the parameter profiles are given
here for the area behind the SW front too. The following parameters are presented: tem-

perature, radiation flux S and radiation flux in the “visible” area of the spectrum Svis

(1.5<E<6.5 eV, up to band Schumann-Runge), degrees of ionization and dissociation,
free length in the visible range averaged on the local spectrum of radiation 1 ;.

T.eVv

i

sl dadad

O - N W A
T

Fig. 8. Shock wave structure at H=20 km. A - D=20 km/s, B - D=50 km/s.

It is seen that at D=20 km/s “visible” radiation contain at SWF near 15% of full flux, at
distance from front 40 cm radiative flux is completely “visible”. For wave with D=50
km/s this part contain not much larger 1% at SWF and is completely “visible” at 10° cm
from it. It is interesting nonmonotone alteration of the degree of ionization o, . For ex-
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ample, for H=20 km and D=50 km/s in precursor zone near SWF a, =3.5, behind front is
4.2 and in final state o, =3.

The spectra of radiation of shock waves at various distances from the viscous
jump are presented on fig.9 and 10 for series D and H. The spectra of black-body radia-
tion with equilibrium temperature T, and peak temperature T, are specified on the wave
front. It is seen that for quantum with E <7 eV the temperature peak is optically trans-
parent, the radiation in this area is close to Planck radiation with T, . The radiation flux
in spectral lines is closer to B.(T,). As a whole, the temperature peak radiates a spec-
trum characteristic for semitransparent layer.

0 8 ‘OE ¥ Y T v T 77T 2 | , g - SEI Mw,cmzev
| (L S . gy EL S e R
0.6 - 'éﬁ# 3
. % N o1y
04 N{ 10" 2 } \ ?\EQ:
0.2 i BE(Tl)\\1
.
0.0 107 . * *
2 4 6810 20 40 E, 0 5 10 15 20 25 E,eVv

Fig. 9. Normalized spectrum of SW with Fig. 10. Spectral radiation flux of SW with
D=50 km/s at H=30 km. 1 - distance from D=20 km/s at H=20 km. 1 - x=0, $=8.76
SWF x=50cm S=107 MW/cm?; 2 - x=10°, MW/cm?; 2 - x=4 cm, $=2.92; 3 - x=55,
S=4;3 - x=10%, $=0.27. $=0.93; 4 - x=9.2-10°, $=0.405.

The space distributions of spectral and integrated radiation fluxes are determined by
opacity of the air. At adequately large distances the entire radiation is concentrated in the
visible area of the spectrum. The absorption coefficient in this range is small in compari-
son with other spectrum sections where the SW radiates. At temperatures ~ 10° K the
absorption coefficient (Avilova, 1970; Landshoff, 1969) poorly depends on T, its de-
pendence on quantum energy and density can be approximated by expression lgk, =
E(4.33-0.66E)-114 +15lg(p/p,), where quantum energy E in eV and p, = 12310
g/em’. The free length (with E=3 eV) in “cold” air at H= 30 km is ~ 107 cm.

At analysis of radiation exiting to “infinity” it is conventionally assumed that
cold air is transparent for visible light. Noticeable absorbtion begins in the Schumann-
Runge band at wave lengths A <190 nm. Large though final free lengths of visible ra-
diation cause heating of gas up to temperatures T~(1-3)-10° K at large distances, the ra-
diation flux is exponentially reduced. Therefore, the largest physical scale, which is the
distance from the SW front to the boundary of the air dissociation area, can be adopted as
the width of the warming zone. The radiation exiting from this boundary (conditionally
a, =0.05) is in the visible spectrum band and weakly excites the initial medium pa-
rameters. It may be considered as exiting to “infinity”. When noticeable dissociation of
air before the front is absent, the radiation exiting from the SW front practically is not
screened. In this case the shock wave radiates as a black body with equilibrium tempera-
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ture T, and the radiation flux to “infinity” is equal to the fraction of the visible spectrum
of the total radiative flux oT,. The flux of radiation exiting to “infinity” S_ and its frac-
tion relative to the hydrodynamic flow of energy S, thus calculated are contained in

table 2. The results for S_ and « indicated in the usual font, were obtained according to

Table 2. SW energy flow S; =p,D’ /2 (MW/em?), flux S_and ratio a =S 1Sq (%)

D
H 50 40 30 20 10
50 Sg 6.375 3.264 1.377 4.08-1 5.1-2
S. 1.2-2 9.7-3 7.2-3 4.8-3 2.5-3
o 1.88-1 2.97-1 5.23-1 1.18 4.9
40 Sg 2.54+] 1.30+1 5.495 1.628 2.035-1
S. 5.2-2 4.1-2 3.1-2 2.07-2 1.04-2
o 2.05-1 3.4-1 6.16-1 1.39 5.1
30 N 1.15+2 5.888+1 2.484+1 7.360 9.20-1
S. 2.55-1 2.03-1 1.53-1 1.02-1 4.7-2
o 2.22-1 3.45-1 6.2-1 1.4 5.1
20 N 5.556+2 2.845+2 1.200+2 3.556+1 4.445
S. 1.32 1.08 8.08-1 5.37-1 1.0-1
o 2.37-1 3.8-1 6.73-1 1.51 2.81
10 Sg 2.619+3 1.341+3 5.657+2 1.676+2 2.095+1
S. 6.96 5.57 4.19 2.8 1.28-1
o 2.66-1 4.15-1 7.4-1 1.67 6.9-1
0 Sa 7.688+3 3.936+3 1.660+3 4.920+2 6.15+1
S. 2.21+1 17.7 12.9 8.61 1.65-1
a 2.88-1 4.5-1 7.77-1 1.75 2.68-1

criterion o, = 0.05. For weaker shock waves (D=10 km/s, H=20 and 10 km) the gas
before the front is not dissociated, and S_ = B, cT, (bold font).
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Abstract. Based on the results of quantitative spectroscopic diagnostics the
character of relaxation of parameters (n, 7., n,) of recombining laser
produced plasma has been analyzed.

Laser-produced plasmas in the recombination phase have been used
for formation of atomic, molecular and cluster beams, for generation of laser
oscillations, as X-ray and vacuum ultraviolet sources etc. (Schriever et al,
1998, Ohyanagi er al, 1996). For optimization of these applications and
refined management of ablation plume characteristics it is of great
importance the understanding the character of plasma parameters relaxation.

In the present paper based on diagnostics of plasma composition and
its spatial-temporal changes at different irradiation conditions relaxation
aspects of laser-produced plasma dynamics have been examined. The main
attention has been focused on the temporal evolution of parameters (n,, T,
ng) of recombining laser produced plasma, relaxation dynamics of the
ionized and atomic states of Al after action of the excimer XeCl laser
radiation (A=308nm) on the Nd:YAG laser-ablated aluminum plume, the
elucidation of self-regulating regime of recombining laser-produced plasma
evolution with a frozen ionization state in the late stages.

Details of the experimental apparatus employed in studies of laser-
produced plasma composition have been described elsewhere (Burakov et
al, 1997). Briefly, plasma was produced by focusing of a Nd:YAG laser
radiation (1064nm, 10ns, 100mJ, 10%-10° W/cm?) on the surface of the
metallic (Al, Ti) samples in the helium (air) atmosphere at pressures of 0.1-
500 Torr. Relaxation dynamics of the ionized and atomic states was studied
by the time-resolved emission spectroscopy and laser-induced fluorescence
(LIF) techniques. The electron density (n,) was determined from the
emission linewidth measurements according to the Stark broadening theory.
The shapes of some selected lines were analyzed at different delay times
(with respect to the leading edge of the laser pulse) in order to obtain the
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temporal evolution of n, The electron temperature (7,) was deduced by the
relative intensities of lines from a given state of ionization.

Optical observation of the plasma emission was performed by
imaging the section of the plasma plume onto the entrance slit of
monochromator equipped by the fast photomultiplier. The emission spectra
of plasma were recorded in the UV and visible region (spectral resolution of
AL 2 3¢107nm) at different distances from the target surface. The detection
of the photomultiplier signals was accomplished by a transient digitizer,
connected to a personal computer for data processing, storage and analysis.

For LIF measurements a tunable dye laser radiation at the
fundamental wavelength (560 - 630 nm) or its second harmonic was used to
probe the ground state atoms and ions with the regular delay times after
ablating laser pulse.

The emission spectra, electron temperature and density are found to
be influenced by the irradiation conditions and ambient atmosphere. The
profiles of the All 396.15nm line for different delays and the temporal
evolution of electron density deduced from Stark broadening of this line are
shown in the Fig.1.
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Fig.1. (a) All 396.15nm line Stark profiles at delays 0,4(s), 0,7(H), 1,0(A),
and 2 us (V) after the ablating laser pulse and (b) time evolution of electron
density (n.) and temperature (7,) in aluminum/air plasma at distance of
0.5mm from the target and laser irradiance of 500 MW/cm?.

The temporal evolution of n. for each distance can be characterized by an

approximately biexponential decrease. The initial more fast decay rate can
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be attributed to the propagation of the recombining plasma, while the slow
decay is preferably due to the recombination processes. The electron
temperature rapidly decreases in the time interval where maximal line
emission is observed. After this time 7, is not practically changed with time,
showing that there is a quasistationary equilibrium between the rates of
cooling of electrons and their recombination heating.

The similar behavior of recombination dynamics with a very slow
recombination of ions with electrons in the late stage has been observed in
recombining titanium/air laser produced plasma. The characteristic
recombination time essentially exceeded the gasdynamical expansion one.
So, plasma has had time to fly apart without a complete recombination. It is
supported by the temporal dependence of relative concentrations of ions and
atoms as determined by fluorescence measurements. Such situation in
recombination dynamics called "frozen" ionization is caused by decreasing
of electron density and delivering the kinetic energy to them in the
recombination process and as result there exist a tendency to maintain the
plasma temperature.

Relaxation dynamics of the excited atomic states of Al after action of
the excimer XeCl laser radiation (A=308nm) on the Nd:YAG laser-ablated
aluminum plume was studied by measuring the time histories of the All
396.15nm emission line. The relaxation rates were found to be dependent on
distance from the target and XeCl laser pulse delays. The more shorter
duration of the All 396.15nm signal, its faster decrease at longer delays and
the change of the spectral shape (Fig.2) were observed. The results obtained
indicated that the resonant photoionization of the Al atoms via 32D3/2 level
with radiative recombination (predominantly at short delays), and collisional
deexcitation of laser excited atomic level (3d2D3/2) with the excitation
transfer to the adjacent 4p2P0 levels resulting in the cascade of emission
transitions 4p°P%-4s’S-3p’P° were the most probable mechanisms of
populating of Al (4s°S;) level.

So, time-resolved spectroscopic diagnostics of the recombining laser
produced plasma allowed us to make some conclusions concerning character
of relaxation of its parameters (n,, T, n,). The investigations showed, that it
possible to distinguish two main stages in the time and space evolution of
laser-induced plasma in gas environment. The first stage is associated with a
plasma expansion. Plasma evolution in this stage is ruled mainly by
processes with charged species (ionization by electron impact, and three-
body electron-ion recombination). At the end of this stage plasma involving
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Fig.2. The XeCl laser produced All 396.15nm emission line profiles at
delays 3 (2), 20 (3) and 46 ps (4) after the ablating Nd:YAG laser pulse and
the All 396.15nm line profile from the Nd:YAG laser produced plasma in
150 Topp He atmosphere at the Nd:YAG laser irradiance of 500MW/cm?
and the XeCl laser radiation intensity of 60MW/cm?.

electrons and multicharged ions is turned to plasma consisting of atoms
(molecules) and one-charged ions (predominantly in ground states). The
processes that govern the ablation plume-gas dynamics in this stage are
chemical kinetics of the ablated species with background gas, material or
thermal diffusion in background gas, and cluster/particulate formation
(condensation) as plasma cools.
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THE INFLUENCE OF THE FINE STRUCTURE TO THE HYDROGEN BALMER
LINE SHAPES IN THE CONDITIONS TYPICAL FOR THE ANALYTICAL
GLOW DISCHARGE CATHODE FALL REGION

1. R. VIDENOVIC and M. M. PLATISA
Faculty of Physics, University of Belgrade, P.O.Box 368, 11001 Belgrade, Yugoslavia

Abstract. The influence of the fine structure to the shapes of the hydrogen Balmer Hg and H, lines in
the external electric field strengths in the range 0 - 20 kV/cm, and excited hydrogen atoms tempera-
ture ranging from 0.1 to 300 eV is studied. No significant deviations of the line shapes calculated

with and without fine structure influence has been encountered. The reasonable accuracy of the sim-
ple symmetrical Stark manifold for the cathode fall region diagnostic purposes is approved.

1. INTRODUCTION

Knowledge of the external electric field axial distribution 1s essential for the diagnostics
of the cathode fall region (CFR) of a glow discharge. The nonintrusive spectroscopic
method for the determination of the electric field distribution in the CFR of various types of
glow discharges have been employed in several recent experimental studies (Barbeau and
Jolly, 1991; Ganguly and Garscadden, 1991; Donko et al., 1994; Videnovié et al., 1996).
This method 1s based on the polarization-dependent Stark splitting coupled with Doppler
broadening of hydrogen Balmer lines. The influence of the fine structure to the Stark pro-
files of the hydrogen Hp line is first investigated by Liiders (1951), providing Stark patterns
of polarized Hg profiles for the electric fields of 2, 4 and 6 kV/cm. For the same electric
field strengths, our previous studies (Videnovi¢ et al., 1996, Videnovi¢ and Platisa, 1998)
showed that, when the temperature of the emitters - excited hydrogen atoms exceed S eV,
the effects of the fine structure splitting to the line shapes of both hydrogen Balmer Hg and
H, lines may be neglected. In this paper, we extend our previous calculations to the electric
field range of 0 - 20 kV/cm and excited H atoms temperature range of 0.1 - 300 eV, with
intention to cover all conditions typical for the analytical glow discharge CFR (see Vide-
novié et al., 1996).

2. THEORY
2.1. SYMMETRICAL STARK SPLITTING

Both semiclassical and quantum mechanical theory of the linear Stark effect, applied to the
hydrogen and hydrogen-like emitter, yield the same result (Condon and Shortley, 1977):
each energy level is splitted into equidistant sub-levels. Therefore, the hydrogen spectral
lines consist of numerous components which are polarized either lincarly, parallel to the

vector of external field F (T-components), or circularly, in the plane perpendicular to F
(o-components). The relative wavelength positions of these components are proportional to
the electric ficld strength and form the characteristic symmetrical Stark pattern. In numeri-
cal modeling of Stark profiles of hydrogen lines we assumed that plasma broadening effects
in the CFR of a glow discharge may be neglected. Thus, to each Stark component we have
assigned a Gauss function only which takes into account the instrumental and Doppler
broadening. The overall profile is calculated as the superposition of all components. A de-
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tailed explanation of the theoretical basis of these calculations one can find in Videnovi¢ et
al. (1996).

2.2. FINE STRUCTURE COMPONENTS AND INTENSITIES

For the calculation of hydrogen atom eigenvectors and eigenvalues, the perturbed Hamilto-

nian in the external electric field F is taken, with eigenvalues E, obtained by solving the
Schrodinger equation. The intensities of the components including fine structure splitting of
the transition n — n’ are given by the relationship (Gigosos and Gonzélez, 1998)

- -

1,=2Ret(d,, Ud,U,), (1)

n'n n“nn

where d

'
states n with the n’ one and U, is the evolution operator of the group of states with main
quanturn number #n for a given configuration of the static electric field. Using the projector
P, on the subspace of states with eigenvalue E,, one obtains:

i . - -
I, =2R -—(E,-E)t|tr(d,, Pd, P). 2
nn e;;exp[ h( v l) } ( Hnn vnn ") ( )

is the nn’ box of the atom dipole momentum operator that connects the group of

The inclusion of the Z components of the vector J,,,,, yield intensities of the T transitions,
while X and Y components yield intensities of the o transitions.

3. RESULTS

For the quantitative characteristics of the Hg and H, line profiles, we used the full half-
width AX and the distance between strongest maximums A, see Videnovi¢ et al. (1996),
Videnovi¢ and Gigosos (1998). For the H, (o) profiles, for numerical reasons, AA only is
calculated. The electric field and temperature dependencies of the line profiles parameters
are shown in Figs. 1 and 2.

By intercomparison of the surfaces at the left-hand and right-hand side of both figures,
one may, at first sight, recognize them as identical. That approves once again that the fine
structure splitting does not play an important role in the spectroscopic diagnostics of the
CFR of a glow discharge, which employs Stark profiles of hydrogen lines. The usage of
simple symmetrical Stark manifold of hydrogen lines enables quick estimation of the local
electric field strength in the CFR and, by fitting the experimental profiles with theoretical
ones, the temperature of the excited hydrogen atoms.

In addition, by analyzing the surfaces in Fig. 1, one may conclude that the halfwidth of
all profiles depends linearly both, on the electric field strength and on the excited H-atoms
temperature, for Ty < 10 eV. In absence of high-resolution spectral equipment, this feature
can be used in determination of low electric fields, near the negative glow region, where
Stark profiles has no distinguished maximums (see Videnovié et al., 1996).
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SHOCK FRONT VELOCITY IN MODIFIED MAGNETICALLY
DRIVEN T-TUBE

B. VUJICIC, S.DJUROVIC, DJ. KALOCI, L. SAVIC
Institute of Physics, Trg Dositeja Obradovica 4, 21000 Novi Sad, Yugoslavia

1. INTRODUCTION

The magnetically driven shock tubes (Wright, 1961; Colb, 1957) has been widely
used as a plasma source for spectroscopic investigation of atomic processes In
plasma, plasma dynamics behind a shock front, plasma chemistry etc.

The parameters of the shocked gas behind the shock front (flow velocity,
gas pressure and temperature) strongly depends on shock front velocity thus,
changing the front velocity one can change parameters of the plasma produced in a
T-tube. Because the shock velocity depends only on the voltage across the
discharge electrodes and ambient pressure of the gas it is possible to produce the
moving plasma with requested parameters by change those two parameters.

It is clear that the velocity of the shock front appears as a magnitude of
primary importance in shock tubes.

2. EXPERIMENT

The plasma source used in this experiment is a small magnetically driven T-tube
made of glass with an inner diameter of 27 mm. The end of the tube 160 mm from
the discharge electrodes is connected with glass balloon 160 mm in diameter. The
sock front produced in a tube expands through the balloon heating the gas.

The T-tube energized from a low inductance 4 pF capacitor bank which
was charged between 9 kV and 18 kV. The discharge current 1s cntically dumped
and initiated by a 10 kV trigger pulse via spark gap. The filling gas was a pure
hydrogen under a pressure between 100 Pa and 500 Pa.

The method of velocity measurement is modified and improved method
used earlier (Djurovic, 1980; Djurovic, 1997). The apparatus set-up i1s shown In
Fig. 1. The image of the central part of the T-tube along the tube axis i1s focused
(1:1 magnification) on a plane, where is placed precise positioner P. The two

narrow tubules are placed on the positioner on the mutual distance of Ax = 15 mm
and coupled on pfhotomultiplier via optical fibers.
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Fig. 1 Apparatus set-up

By changing position of the lens it is possible to focus any position along the line
parallel to the tube axis.

3. RESULTS AND DISCUSSION

The passage of the luminous front image of a shock wave across the front ends of
the tubules changes the photomultiplier signal. The signal from photomultiplier
was led to the digitized oscilloscope and its typical form is shown in Fig. 2.

The time interval At = t, - t; between two maxima t; and t, is the time

during which the incident shock front pass the distance Ax between the tubules. In
this way the shock front velocity on the observed point along the tube axis can be

obtained as v = Ax/At.

The time interval At was measured at different positions along the tube
axis (with 5 mm steps) starting from x = - 20 mm (see Fig. 1).

The evaluated velocities of the shock front versus position x along the tube
axis for three different filling pressures of hydrogen are presented in Fig. 3.

180



SHOCK FRONT VELOCITY IN MODIFIED MAGNETICALLY DRIVEN T-TUBE

2=
‘@
g ol
E
s 8f
c 3
()
o 10 F
12 F
14 |-
M 1l " 1 1 A
0 5 10 15 20
Time (us)
Fig. 2 Signal from oscilloscope
L= | Il LI ! V L L L
30 | 'I. L §
- E U =13.0 kV
[ | b
251 o i u 1
| e | an
°, m 150 Pa
@ 20r L .I e 300Pa
B s ' * A 450Pa
' =
o 15F I“fA‘ °. . -
BN B
10 S 4a o "n 1
L ' ., o "=u
i ®e Il
5" : A A .I.= b
' A44a.
o U S [P,y ; P B B BN EEPUN GNP SN SN S
-30 -20 -10 O 10 20 30 40 50 60 70 80 90

x [mm]

Fig. 3 Shock front velocity along tube axis for different gas pressures

181



B. VUJICIE, S. DJUROVIC, DJ. KALOCI and I. SAVIC

The shock front velocity for the given gas pressure and position depends
on the voltage across discharge electrodes. This dependence is presented in  Fig. 4.
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Fig. 4 Shock front velocity vs voltage across discharge electrodes

The error bars in Figs. 3 and 4 represent evaluated uncertainties in velocity
determination which lies between 6% and 10%.

This preliminary measurements show that shock front velocity in the
modified T-tube can change by varying the gas pressure and voltage between the
electrodes. For the pressures P > 500 Pa in the case of the hydrogen measured
velocities become unreliable especially for long distances from zero point (Fig. 1).

References

Djurovié, S., Mijatovié, Z., Pavlov, M., Kobilarov, R. and Vuji¢i¢ B. T., Zhumnal
Prikladnoj Spektroskopii 64, 566 (1997).

Djurovié, S. Pavlov, M., Rev. Res. Fac. Sci. Novi Sad 10, 263 (1980).

Kolb, A. C., Phys Rev. 107, 345 (1957).

Wright, J. K.: 1961, Shock Tubes, John Wiley & Sons, New York.

182



PROGRAM OF THE 2™ YUGOSLAV-BELARUSSIAN SYMPOSIUM
ON PHYSICS AND DIAGNOSTICS OF LABORATORY AND

900 . 930

930

1000
1030

1045

1100_1130

1130

1200

1230

1300_1500

1500

5%

16

ASTROPHYSICAL PLASMAS

SATURDAY (September, 5)

OPENING CEREMONY
Chairman: M. S. Dimitrijevié
G. S. Romanov: Theoretical Investigations of High - Temperature Multi-
charge Plasma.

J. Purié, R. Atanasijevié¢, M. Cuk: Plasma Focus Ezperiment in Yugoslavia.

V. M. Astashynskii, L. Ya. Min’ko, M. Cuk, M. M. Kuraica, J. Purié: Com-
pact Quasi-Stationary Plasma Accelerator as a Source of Plasma for Atomic
Spectroscopy.

V. D. Shimanovich, I. P. Smyaglikov, A. I. Zolotovsky, S. M. Pankovets:
Optical and Specroscopic Investigations of Arc Discharge at Fullerene Syn-
thesis.

Coffee break

Chairman: V. I. Arkhipenko

A. A. Mihajlov: Eleciric Characteristics of the Total Ionized Plasmas in
Constant and Time-Variable External Fields.

V. K. Goncharov, M. V. Puzyrev, A. F. Chernyavskii: The Parameters and
Phase Composition Control of Laser Erosion Jets with an Employment of
Electric and FElectromagnetic Fields.

Z. Myjatovié, D. Nikolié, S. Djurovi¢, R. Kobilarov and N. Konjevié: Stark
Broadening of Neutral Argon Lines in Plasmas.

Lunch break

Chairman: J. Purié

V. I. Arkhipenko, L. V. Simonchik, S. M. Zgirovskii: The Effect of Cath-
ode Temperature on the Eleciric Field Intensity Distibution in Chatode Fall
Region of the Kiselevskii Plasma Source.

L. C. Popovié: Spectral Line Investigation of Active Galactic Nuclei (AGNs)
at Belgrade Astronomical Observatory.

L. Ya. Min’ko, Yu. A. Chivel: Surface Phenomena and Their Influence on

Near-Surface Low-Threshold Plasma Formation Under the High-Energy Ac-
tion on Solids.

183



1615-16%

1645
1715

1745

18001900
2008

1000

10%

1100

1130
1145

Coffee break

Chairman: V. K. Goncharov

M. M. Skorié: Self-organization Processes in Plasmas.

L. Ya. Min’ko: Radiative Plasmadynamics as a New Direction in Plasma
Physics.

M. M. Popovié, D. Djordjevié: Usage of Spectoscopical Experiments for De-
termination of Other Plasma Parameters.

Poster section

CONFERENCE DINNER

SUNDAY (September, 6'1)

Chairman: L. Ya. Min’ko

A. N. Chumakov, N. A. Bosak: Multipulse Near-Surface Optical Discharge
as an Effective Source of Erosive Plasma.

E. Ershov-Pavlov, K. Stepanov, L. Stanchits, Yu. Stankevich: Emission of
an Atmospheric Pressure Arc in a Gas Flow.

D. M. Sulié: Characteristics of Guiding VLF Waves by Field-Aligned Irreg-

ularities in the Magnetosphere.
N. V. Tarasenko: Studies of Relazation Processes in Laser-Producted Plasma.
CLOSING OF THE CONFERENCE

184



AUTHORS INDEX

Ananun C.U. 43, 44
Antanasijevié R. 33, 48
Arkhipenko V.IL 9
Arsenijevié J. 51
Acramuuckuii B.M. 44, 55
Aspamenko B.B. 59
Bapuxuu B.A. 63
Blagojevié B. 67

Bon E. 139
Bocaxk H.A. 13, 71
Chernyavskii A.F. 21
Cirkovié¢ M.M. 118

Cuk M. 33, 48, 55, 111
Celebonovié¢ V. 75
Yuseas 10 .A. 99, 123
Yymakos A.H. 13, 71, 99
Dimitrijevié¢ M.S. 78, 81, 84, 87, 91, 135, 143
Djenize S. 115, 159
Djordjevié D. 48
Djordjevié D.S. 147

Djurié¢ Z. 25
Djurovié S. 27, 95, 131, 179
Doroshenko V.T. 139
E¢pemor B.B. 99
Ershov-Pavlov E.A. 17
Gakovié B. 103
Goncharov V.K. 21
Wsanos A.IO. 71

Ivkovié M. 107
Joksimovié D. 48
Joviéevié S. 107
Kaloci DJ. 179
Kobilarov R. 27, 131
Konjevié N. 27,67, 107, 111, 131
KocTtiokesuu E.A. 44
Kubicela A. 139
Kuraica M.M. 55, 111
Kyssmuukuit A.M. 59
ManbkoBCcKuii A A. 44
Markovié S. 51
Mihajlov A.A. 25
Mijatovié N. 103

185



Mijatovié Z.
Milosavljevi¢ V.

Milosevié-Zdjelar V.

Muusko JI.S.
Haconos B.W.
Henoanyros B.W.
Nenadovié T.
Nikolié D.
Obradovié B.M.
Pankovets S.M.
IManycesuu E.3.
Pavlovié Z.

Petrovié-Stepanovié S.

Platisa M.M.
Popovié¢ L.C.
Popovi¢ M.M.
Popovié¢ M.V.
Purié J.
Puzyrev M.V.
Pomanos I'.C.
Sahal-Bréchot S.
Samurovi¢ S.
Savié 1.

Sergeev S.G.
Shimanovich V.D.
Simonchik L.V.
Smyaglikov I.P.
Sreckovié A.
Stanchits L.K.
Stanié I.
Stankevich Y.A.
Stankevich Yu.A.
Stepanov K.L.
S¢epanovié M.
Skorié M.M.
Suli¢ D.M.
Tankosié¢ D.
Tarasenko N.V.
Trajkovié¢ N.
Trtica M.
Bacunnes C.B.
Videnovié I.R.
Vujiéié B.
Zgirovskii S.M.
Zolotovsky A.L

927, 131
115
118

28, 55, 59, 71, 99, 123, 127

127

71

103

27, 131

111

155

63

107

103

175

32, 135, 139, 143
147

67

33, 48, 55, 151
21

35

78, 81, 84, 87, 91
118

179

139

155

9

155

159

17, 163, 167
139

163, 167

17

17, 163, 167
151

39

40

143

171

139

103

71

175

179

9

155

186



LIST OF PARTICIPANTS

Ananua C. M., MHcTuTyT MOJekynapHOit u aTomuoit ¢usuku HammonannHoit
Axanemun Hayk Benapycu, Munck, Beaapycs

Antanasijevié¢ R., Institute of Physics, Zemun-Belgrade, Yugoslavia

Arkhipenko V.I., Institute of Molecular and Atomic Physics National Academy of
Sciences of Belarus, Minsk, Belarus

Arsenijevi¢ J., Astronomical Observatory, Belgrade, Yugoslavia

Actamuackunii B.M., UncturyT MosekynsapHOM U aToMHOM ¢usukn Hanmonamn-
Hoit Axamemun Hayk Benapycu, Munck, Benapych

Aspamenko B.B., UHcTuTyT MosnekynapHo# u atomuol ¢usvku HaumonanbHoit
Axanemun nayk Benapycu, Munck, Beaapych

Bapuxun B.A., I'poanenckuit rocyuusepcurer, ['poano, Benapych

Blagojevié¢ B., Institute of Physics, Zemun-Belgrade, Yugoslavia

Bon E., Astronomical Observatory, Belgrade, Yugoslavia

Bocak H.A., HNHcturyT MONIeKynapHOi M aromuoil ¢usuku HaumonanbHob
Axanemuu nayk Benapycu, Munck, Beaapych

Chernyavskii A.F., Scientific-Research Institute of Applied Physical Problems, Minsk,
Belarus

Cirkovié¢ M.M., SUNY at Stony Brook, Stony Brook, NY, USA; Astronomical Obser-
vatory, Belgrade Yugoslavia

Cuk M., Faculty of Physics, University of Belgrade, Belgrade, Yugoslavia

Celebonovié V., Institute of Physics, Zemun-Belgrade, Yugoslavia

Yusenr 10.A., UHCTUTYT MOIeKyIApHOM U aToMmHOH ¢usukm HammomanbHoit
Axanemun Hayk Benapycu, Munck, Benapychs '

Yymaxos A.H., UncturyT MosekynsapHoi u atomuHoil ¢usuku HaumonananHoit
Axanemun Hayk Benapycu, Munck, Benapych

Dimitrijevié M.S., Astronomical Observatory, Belgrade, Yugoslavia

Djenize S., Faculty of Physics, University of Belgrade, Belgrade, Yugoslavia

Djordjevié¢ D., Institute of Physics, Zemun-Belgrade, Yugoslavia

Djordjevié¢ D.S., Institute of Physics, Zemun-Belgrade, Yugoslavia

Djuri¢ Z., Institute of Physics, Zemun-Belgrade, Yugoslavia and Dept. of Materials,
Oxford University, Oxford, Great Britain

Djurovi¢ S., Institute of Physics, Novi Sad, Yugoslavia

Doroshenko V.T., Crimean Astrophysical Observatory, Nauchny, Ukraine

E¢pemor B.B., MHcTUTYT MOJeKynaApHOH M aToMHON ¢usuku HauwmonannHoit
Araznemun Hayk Benapycu, Munck, Benapycs

Ershov-Pavlov E.A.| Institute of Molecular and Atomic Physics National Academy of
Sciences of Belarus, Minsk, Belarus

Gakovié B., Institute of Nuclear Sciences ”Vinca”, Belgrade, Yugoslavia

Goncharov V.K., Scientific-Research Institute of Applied Physical Problems, Minsk,
Belarus

Wpanos A.1IO., UncturyT MosekynsapHO u aTtomHOW ¢usnku HanmonanbHoM
Axanemuu Hayk Beaapycu, Munck, Benapycs

187



Ivkovié M., Institute of Physics, Zemun-Belgrade, Yugoslavia

Joksimovié D., Institute of Physics, Zemun-Belgrade, Yugoslavia

Joviéevié S., Institute of Physics, Zemun-Belgrade, Yugoslavia

Kaloci DJ., Institute of Physics, Novi Sad, Yugoslavia

Kobilarov R., Institute of Physics, Novi Sad, Yugoslavia

Konjevié N., Institute of Physics, Zemun-Belgrade, Yugoslavia

KocTiokeBuu E.A., UHCTUTYT MOJIEKy IApHON 1 aToMHOM ¢usuku Hamronannuoi
Axanemun Hayk Benapycu, Munck, Bemapycs

Kubiéela A., Astronomical Observatory, Belgrade, Yugoslavia

Kuraica M.M., Faculty of Physics, University of Belgrade, Belgrade, Yugoslavia

Kyspmungunit A.M., MacTuryT MosiekynapHoit u aromMHoit ¢usuxu Hanuonanbpnoi
Axanemuu Hayk Benapycu, Munck, Beaapyco

ManbkoBckmit A.A., UacTuTyT Mosnekyapuoit u atomuoi ¢usuxku Hanmonamnn-
HOM Axazemuu Hayk Bemapycu, Muuck, Beaxapycs

Markovié S., Astronomical Observatory, Belgrade, Yugoslavia

Mihajlov A.A., Institute of Physics, Zemun-Belgrade, Yugoslavia

Mijatovié N., Institute of Nuclear Sciences ”Vinéa”, Belgrade, Yugoslavia

Mijatovié Z., Institute of Physics, Novi Sad, Yugoslavia

Milosavljevié V., Faculty of Physics, University of Belgrade, Belgrade, Yugoslavia

Milosevié-Zdjelar V., Public Observatory, Kalemegdan, Belgrade, Yugoslavia

Munsko JI.f., MHcTuTyT MOJeKynapHOit m aromuoi ¢usukn HammonamabHOI
Axkangemuun Hayk Benapycu, Munck, Bemapycsk

Haconos B.U., UHcTUTYT MOJekyisapHOi 1 aToMHON ¢m3mu HammonanabHON
Axagemuu Hayk Benapycu, Munck, Benapycs

Henoayros B.M., UncTuTyT MOJEKYIApHOI 1 aToMHOR ¢usukn HarmonanbHol
Axangemun Hayk Benapycu, Munck, Bemapych

Nenadovié T., Institute of Nuclear Sciences ”Vinéa”, Belgrade, Yugoslavia

Nikolié¢ D., Institute of Physics, Novi Sad, Yugoslavia

Obradovié B.M., Faculty of Physics, University of Belgrade, Belgrade, Yugoslavia

Pankovets S.M., Institute of Molecular and Atomic Physics National Academy of
Sciences of Belarus, Minsk, Belarus

Manycesuu E.3., I'poauenckuii rocynusepcuret, I'ponno, Benapych

Pavlovié Z., Institute of Physics, Zemun-Belgrade, Yugoslavia

Petrovié-Stepanovié S., Institute of Nuclear Sciences ”Vinca”, Belgrade, Yugoslavia

Platisa M.M., Faculty of Physics, University of Belgrade, Belgrade, Yugoslavia

Popovié¢ L.C., Astronomical Observatory, Belgrade, Yugoslavia

Popovié¢ M.M., Institute of Physics, Zemun-Belgrade, Yugoslavia

Popovié M.V, Institute of Physics, Zemun-Belgrade, Yugoslavia

Purié J., Faculty of Physics, University of Belgrade, Belgrade, Yugoslavia

Puzyrev M.V., Scientific-Research Institute of Applied Physical Problems, Minsk,
Belarus

Pomanos I'.C., AkazeMudeckuii HayuHbiii komruiekc ” MHCTUTYT Temso- U Mac-
coobmena uMm. A .B. JInkoBa” Axkamemuu Hayk Benapycu, Munck, Benapycs

Sahal-Bréchot S., Observatoire de Paris, Meudon Cedex, France

Samurovié¢ S., Public Observatory, Kalemegdan, Belgrade, Yugoslavia

188



Savié I., Institute of Physics, Novi Sad, Yugoslavia

Sergeev S.G., Sternberg Astronomical Institute, Moscow, Russia

Shimanovich V.D., Institute of Molecular and Atomic Physics National Academy of
Sciences of Belarus, Minsk, Belarus

Simonchik L.V., Institute of Molecular and Atomic Physics National Academy of
Sciences of Belarus, Minsk, Belarus

Smyaglikov I.P., Institute of Molecular and Atomic Physics National Academy of
Sciences of Belarus, Minsk, Belarus

Sreckovié¢ A., Faculty of Physics, University of Belgrade, Belgrade, Yugoslavia

Stanchits L.K., Heat and Mass Transfer Institute, Minsk, Belarus

Stanié I., Intel Computers and Digital Radio, Belgrade, Yugoslavia

Stankevich Y.A., Heat and Mass Transfer Institute, Minsk, Belarus

Stankevich Yu.A., Heat and Mass Transfer Institute, Minsk, Belarus

Stepanov K.L., Heat and Mass Transfer Institute, Minsk, Belarus

Séepanovié¢ M., Faculty of Sciences and Mathematics, University of Montenegro, Pod-
gorica, Yugoslavia

Skori¢ M.M., Institute of Nuclear Sciences ”Vinéa”, Belgrade, Yugoslavia; National
Institute for Fusion Science, Toki-shi, 509-5292, Japan

Suli¢ D.M., Astronomical Observatory, Belgrade, Yugoslavia

Tankosi¢ D., Astronomical Observatory, Belgrade, Yugoslavia

Tarasenko N.V., Institute of Molecular and Atomic Physics National Academy of
Sciences of Belarus, Minsk, Belarus

Trajkovié¢ N., Astronomical Observatory, Belgrade, Yugoslavia

Trtica M., Institute of Nuclear Sciences ”Vinéa”, Belgrade, Yugoslavia

Bacunpes C.B., MHcTUTYT MOJEKyIApHON M aTomHON ¢usuku HarmonaabHOM
Axanemuu Hayk Benapycu, Munck, Benapycs

Videnovié I.R., Faculty of Physics, University of Belgrade, Belgrade, Yugoslavia

Vujici¢ B., Institute of Physics, Novi Sad, Yugoslavia

Zgirovskii S.M., Institute of Molecular and Atomic Physics National Academy of
Sciences of Belarus, Minsk, Belarus

Zolotovsky A.I, Institute of Molecular and Atomic Physics National Academy of
Sciences of Belarus, Minsk, Belarus

189



NMYBJINKAIINIE ACTPOHOMCKE OIICEPBATOPHMIJE Y BEOTPAILY
PUBLICATIONS OF THE ASTRONOMICAL OBSERVATORY OF BELGRADE

Ne 1 (1947)
ES®EMEPHUIE 98 MAJIUX IIJIAHETA 3A 1947 TOJIUHY
EPHEMERIDES DE 98 DES PETITES PLANETES POUR L’AN 1947

Ne 2 (1947)
E®EMEPUIE 106 MAJIUX IIJIAHETA 3A 1948 TOIUHY
EPHEMERIDES DE 106 DES PETITES PLANETES POUR L’AN 1948

Ne 3 (1949)
E®EMEPUIE 106 MAJIUX MJIAHETA 3A 1949 TOIVHY
EPHEMERIDES DE 106 DES PETITES PLANETES POUR L’AN 1949

Ne 4 (1951)

P. M. Djurkovi¢, B. M. Sevarli¢ et Z. M. Brkié
OIPEDBUBAILE TEOT'PAPCKE IMIUPUHE ACTPOHOMCKE
OTICEPBATOPUIE ¥ BEOTPALY, 1947
DETERMINATION DE LATITUDE DE L’OBSERVATOIRE ASTRONOMIQUE
DE BELGRADE, 1947

Ne 5 (1957)
B. M. Sevarlié
SUR LE PROBLEME DE LA VARIATION DES LATITUDES ET
DU MOUVEMENT DU POLE INSTANTANE DE ROTATION
A LA SURFACE DE LA TERRE

Ne 6 (1961)
Ljubisa A. Mitié
COOSCILLATIONS DES PENDULES ASTRONOMIQUES
Ne 7 (1961)
Zaharije M. Brkié¢
NNPUJIOT UCITUTUBAIBUMA CUCTEMATCEUX YTULAJA
HA ACTPOHOMCKO OIIPEBUBAIBE BPEMEHA
CONTRIBUTION AUX ETUDES DES INFLUENCES SYSTEMATIQUES
A LA DETERMINATION ASTRONOMIQUE DE L’HEURE

Ne 8 (1961)
B. M. Sevarlié¢
[NPOMEHE TEOTPA®CKE HINPUHE ACTPOHOMCKE OIICEPBATOPUIE
Y BEOTPAILY OIl 1949.0 — 1957.0
VARIATIONS DE LA LATITUDE DE IL’OBSERVATOIRE ASTRONOMIQUE
DE BEOGRAD DE 1949.0 — 1957.0

Ne 9 (1961)
Branislav M. Sevarli¢
PRILOG ISPITIVANJU PROMENA GEOGRAFSKIH SIRINA BEOGRADA
CONTRIBUTION A I’ETUDE DES VARIATIONS DE LA LATITUDE
DE BEOGRAD
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Ne 10 (1964)
Vasilije Oskanjan
THE UV CETI VARIABLE STARS

Ne 11 (1965)

P. M. Djurkovié¢, M. Protié, J. Arsenijevié, A. Kubicela, O. Kovacevié,
R. Gruji¢, Lj. Dagié, M. Djoki¢, C. Cepinac
OBSERVATIONS DU SOLEIL EN 1957, 1958 ET 1959
A I’OBSERVATOIRE ASTRONOMIQUE DE BEOGRAD

Ne 12 (1968)
Editor: P. M. Djurkovié
SIMPOZIJUM ASTRONOMA JUGOSLAVIJE
POVODOM 75. GODISNJICE OSNIVANJA ASTRONOMSKE
OPSERVATORIJE U BEOGRADU (1887 - 1962)

Ne 13 (1967)
G. Teleki
A CONTRIBUTION INTO THE RESEARCH OF ASTRONOMICAL
REFRACTION AND ITS ANOMALIES ON THE BASIS OF
AEROLOGICAL MEASUREMENTS CARRIED OUT IN BEOGRAD

Ne 14 (1968)

RADOVI NA ISPITIVANJU FUNDAMENTALNIH ASTROMETRIJSKIH
INSTRUMENATA, NJIHOVIH ORGANA I PRIBORA
TRAVAUX SUR L’EXAMEN DES INSTRUMENTS ASTROMETRIQUES
FONDAMENTAUX, DE LEUR ORGANES ET ACCESSOIRES

Ne 15 (1968)
Aleksandar Kubicela
UNE MODIFICATION DU SPECTROGRAPHE CHROMOSPHERIQUE
A PLAQUE MOBILE

Ne 16 (1969)
Editor: P. M. Djurkovié
RADOVI PRIKAZANI NA IV KONGRESU
MATEMATICARA, FIZICARA I ASTRONOMA, OKTOBRA 1965 U SARAJEVU

Ne 17 (1972)
Sofija N. Sadzakov, Dusan P. Saletié ‘
CATALOGUE OF DECLINATIONS OF THE LATITUDE
PROGRAMME STARS (KSZ)

Ne 18 (1974)
Editor: G. Teleki
THE PRESENT STATE AND FUTURE OF THE ASTRONOMICAL
REFRACTION INVESTIGATIONS
Proceedings of the Study Group on Astronomical Refraction
of the International Astronomical Union Commission 8
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Ne 19 (1974)
Georgije M. Popovié
THE FIRST GENERAL CATALOGUE OF DOUBLE-STAR
OBSERVATIONS MADE IN BELGRADE, 1951-1971

Ne 20 (1975)
Editor: Dj. Teleki
ZBORNIK RADOVA NACIONALNE KONFERENCIJE
JUGOSLOVENSKIH ASTRONOMA - 1973, BEOGRAD
PROCEEDINGS OF THE NATIONAL CONFERENCE
OF YUGOSLAV ASTRONOMERS - 1973, BELGRADE

Ne 21 (1975)
S. Sadzakov, D. Saleti¢
DECLINATIONS AND THE PROPER MOTIONS OF THE STARS
OF THE INTERNATIONAL LATITUDE SERVICE ON THE BASIS
OF MERIDIAN CATALOGUES FROM 1929 TO 1972.

Ne 22 (1975)
Ivan Pakvor
ISPITIVANJE NAGLAVAKA VELIKOG PASAZNOG INSTRUMENTA
ASTRONOMSKE OPSERVATORIJE U BEOGRADU
PIVOT-EXAMINATIONS OF BELGRADE OBSERVATORY’S
LARGE TRANSIT INSTRUMENT

Ne 23 (1975)
Lj. A. Miti¢
PRIPREMNI RADOVI NA VELIKOM PASAZNOM INSTRUMENTU
BEOGRADSKE OPSERVATORIJE
PREPARATION OF THE LARGE TRANSIT INSTRUMENT OF THE
BELGRADE OBSERVATORY FOR REGULAR OBSERVATION

Ne 24 (1978)
Sofija N. Sadzakov
IZVEDENI KATALOG SIRINSKIH ZVEZDA (IKSZ)
GENERAL CATALOGUE OF LATITUDE STARS (IKSZ)

Ne 25 (1978)
Danilo J. Zulevié

PRILOG STATISTICKOM ISPITIVANJU UTICAJA ODNOSA MASA

KOMPONENATA NA DINAMICKE PUTANJSKE ELEMENTE (e, P, a)
KOD VIZUELNO DVOIJNIH ZVEZDA

STATISTICAL INVESTIGATION OF THE RELATION BETWEEN THE

MASS RATIO AND THE DYNAMICAL ORBITAL ELEMENTS ¢, P, a

OF THE VISUAL BINARIES
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Ne 26 (1979)
Editor: Dj. Teleki
ZBORNIK RADOVA III NACIONALNE KONFERENCIJE
JUGOSLOVENSKIH ASTRONOMA, BEOGRAD, 1977.
PROCEEDINGS OF THE III NATIONAL CONFERENCE
OF YUGOSLAV ASTRONOMERS, BELGRADE, 1977.

Ne 27 (1979)
S. N. Sadzakov
ISPITIVANIE SISTEMATSKIH GRESAKA TIPA Aé, SIRINSKIH
POSMATRANJA RAZNIH OPSERVATORIJA NA OSNOVU NJIHOVOG
UPOREDIJIVANJA SA BEOGRADSKIM IZVEDENIM KATALOGOM
SIRINSKIH ZVEZDA I FOTOGRAFSKIM KATALOGOM AGK3

INVESTIGATION OF THE SYSTEMATIC Aé, - TYPE ERRORS IN LATITUDE
OBSERVATIONS OF VARIOUS OBSERVATORIES BY THEIR COMPARISON
WITH BELGRADE GENERAL CATALOGUE OF LATITUDE STARS AND THE
PHOTOGRAPHIC CATALOGUE AGK3

Ne 28 (1980)
Jelisaveta Arsenijevié
POLARIZACIJA ZRACENJA NEKIH HLADNIH SUPERDZINOVA

Ne 29 (1982)
Editors: G. Teleki, B. Sevarli¢
EPITOME FUNDAMENTORUM ASTRONOMIAE, Pars II
Photographic Catalogues and Charts of Star Positions

Ne 30 (1981)
S. N. Sadzakov, D. P. Saleti¢, M. D. Dacié
KATALOG ZVEZDA PROGRAMA SFZT
CATALOGUE OF NPZT PROGRAMME STARS

Ne 31 (1981)

ASTROKLIMATSKA ISTRAZIVANJA ZA IZBOR MESTA VISINSKE STANICE
ASTRONOMSKE OPSERVATORIJE U BEOGRADU
ASTROCLIMATIC EXPLORATIONS FOR SITE SELECTION OF THE HIGH
ALTITUDE STATION OF THE BELGRADE OBSERVATORY

Ne 32 (1984)
Vojislava Protié-Benisek
MERKUROVI PROLAZI I PARALAKSA SUNCA
TRANSITS OF MERCURY AND SOLAR PARALLAX

Ne 33 (1985)
Editor: G. M. Popovié
ZBORNIK RADOVA VI NACIONALNE KONFERENCIJE
JUGOSLOVENSKIH ASTRONOMA, HVAR, 1983.
PROCEEDINGS OF THE VI NATIONAL CONFERENCE
OF YUGOSLAV ASTRONOMERS, HVAR, 1983
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Ne 34 (1986)
Bozidar Popovié¢
EQUATIONS DES PERTURBATIONS DES ELEMENTS HELIOCENTRIQUES
VECTORIELS DES ORBITES DES PETITES PLANETES ET COMETES

Ne 35 (1987)
Editor: G. Teleki
PROCEEDINGS OF THE WORKSHOP ON REFRACTION DETERMINATION
IN THE OPTICAL AND RADIO ASTROMETRY, LENINGRAD, USSR, 1985

Ne 36 (1989)
STO GODINA ASTRONOMSKE OPSERVATORIJE U BEOGRADU

Ne 37 (1 (1989)
Vladimir Krsljanin
STARKOV POMAK JONSKIH LINIJA KOD TOPLIH ZVEZDA
ION LINES STARK SHIFTS IN SPECTRA OF HOT STARS

Ne 38 (1990)
S. N. Sadzakov, M. D. Dacié
BEOGRADSKI KATALOG DVOIJNIH ZVEZDA
BELGRADE CATALOGUE OF DOUBLE STARS

Ne 39 (1990)
Milan S. Dimitrijevié
ISTRAZIVANJA OBLIKA SPEKTRALNIH LINIJA U JUGOSLAVIJI 1962 - 1985
(Bibliografija i indeks citata)
LINE SHAPES INVESTIGATIONS IN YUGOSLAVIA 1962 — 1985
(Bibliography and citation index)

Ne 40 (1990)
Editors: G. Teleki and B. Sevarli¢
EPITOME FUNDAMENTORUM ASTRONOMIAE, Pars III
Parallaxes, Proper Motions and Radial Velocities

Ne 41 (1991)
Milan S. Dimitrijevi¢
ISTRAZIVANJE OBLIKA SPEKTRALNIH LINIJA U JUGOSLAVIJIII
(1985 - 1989)
(Bibliografija i indeks citata)
LINE SHAPES INVESTIGATIONS IN YUGOSLAVIA II (1985 — 1989)
(Bibliography and Citation Index)

Ne 42 (1991)
Gojko Djurasevié
ISPITIVANJE AKTIVNIH TESNIH DVOJNIH SISTEMA
NA OSNOVU FOTOMETRIJSKIH MERENJA
INVESTIGATION OF ACTIVE CLOSE BINARIES
BASED ON PHOTOMETRIC MEASUREMENTS
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Ne 43 (1992)

Editors: O. Atanackovié-Vukmanovi¢ and M. S.- Dimitrijevié
Astronomska opservatorija u Beogradu
AKTIVNOSTI I KRATKI SADRZAJI RADOVA 1980 — 1990
Astronomical Observatory in Belgrade
ACTIVITIES AND ABSTRACTS OF PAPERS 1980 - 1990

Ne 44 (1993)
Editors: M. S. Dimitrijevi¢ and D. Djurovié
ZBORNIK RADOVA X NACIONALNE KONFERENCIJE
JUGOSLOVENSKIH ASTRONOMA, 22 — 24 SEPTEMBAR 1993
PROCEEDINGS OF THE X NATIONAL CONFERENCE
OF YUGOSLAV ASTRONOMERS, BELGRADE, SEPTEMBER 22 - 24, 1993

Ne 45 (1993)
B. Jovanovié, L. Djurovi¢, M. Jovanovié
HOMOGENIZOVANI SISTEM UTgr1 ZA PERIOD 1964 - 1986
HOMOGENEOUS SYSTEM UTgr1 FOR 1964 — 1986

Ne 46 (1994)
Luka C. Popovié
STARKOVO SIRENJE SPEKTRALNIH LINIJA TESKIH JONA
U SPEKTRIMA TOPLIH ZVEZDA
STARK BROADENING OF HEAVY ION SPECTRAL LINES
IN SPECTRA OF HOT STARS

Ne 47 (1994)
Milan S. Dimitrijevié
ISTRAZIVANJE OBLIKA SPEKTRALNIH LINIJA U JUGOSLAVIJI
I SRBIJI III (1989 — 1993)
(Bibliografija i indeks citata)
LINE SHAPES INVESTIGATIONS IN YUGOSLAVIA
AND SERBIA IIT (1989 — 1993)
(Bibliography and citation index)

Ne 48 (1995)
Editors: O. Atanackovié-Vukmanovi¢ and M. S. Dimitrijevié
ISTRAZIVANJA U ASTRONOMIJI I
RESEARCHES IN ASTRONOMY I

Ne 49 (1995)

Editors: 1. Vince, M. S. Dimitrijevié and L. Baldzs
PROCEEDINGS OF THE FIRST HUNGARIAN-YUGOSLAV
ASTRONOMICAL CONFERENCE
April 26-27, 1995, Baja Hungary
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Ne 50 (1995)

Editors: M. S. Dimitrijevi¢ and L. C. Popovi¢
PROCEEDINGS OF THE FIRST YUGOSLAV CONFERENCE
ON SPECTRAL LINE SHAPES
September 11-14, 1995, Krivaja, Yugoslavia

Ne 51 (1996)

Editors: M. S. Dimitrijevi¢ and L. C. Popovié
Actponomcka OncepBatopuja y Beorpany
AKTUBHOCTHU U KPATKU CAINPXKAJN PAILIOBA (1991 - 1995)
Astronomical Observatory in Belgrade
ACTIVITIES AND ABSTRACTS OF PAPERS (1991 - 1995)

Ne 52 (1996)
Milan S. Dimitrijevié
BEOTPAICKA ACTPOHOMCKA OIICEPBATOPUIA ¥ 1995
BELGRADE ASTRONOMICAL OBSERVATORY IN 1995

Ne 53 (1996)

Editors: V. S. Burakov and M. S. Dimitrijevié
PROCEEDINGS OF THE FIRST BELARUSSIAN-YUGOSLAVIAN
SYMPOSIUM ON PHYSICS AND DIAGNOSTICS
OF LABORATORY & ASTROPHYSICAL PLASMA
PDP-I°96
July 1 - 3, 1996, Minsk, Belarus
In memoriam of M. A. Elyashevich, academician of Belarus AS

Ne 54 (1996)

Editors: M. Vukiéevié-Karabin and Z. Knezevi¢
3BOPHUK PAIOBA XI HAUMOHAJIHE KOH®EPEHIINIE
JYTOCJIOBEHCKUX ACTPOHOMA
Beorpan, 9 — 11, okto6ap 1996
PROCEEDINGS OF THE XI NATIONAL CONFERENCE
OF YUGOSLAV ASTRONOMERS
Belgrade, October 9 — 11, 1996

Ne 55 (1997)
Milan S. Dimitrijevié
BEOT'PAIICKA ACTPOHOMCKA OIICEPBATOPHUIJA Y 1996
BELGRADE ASTRONOMICAL OBSERVATORY IN 1996

Ne 56 (1997)
Editors: M. S. Dimitrijevi¢, J. Milogradov-Turin and L. C. Popovié
PA3BOJ ACTPOHOMMUMIE KOl CPBA
DEVELOPMENT OF ASTRONOMY AMONG SERBS
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Ne 57 (1997)

Editors: Luka C. Popovié¢ and Milivoje Cuk
PROCEEDINGS OF THE SECOND YUGOSLAV CONFERENCE
ON SPECTRAL LINE SHAPES
September 29 — October 2, 1997, Bela Crkva, Yugoslavia

Ne 58 (1997)
Milan S. Dimitrijevié
LINE SHAPES INVESTIGATIONS IN YUGOSLAVIA
AND SERBIA IV (1993 - 1997)
(Bibliography and citation index)
ISTRAZIVANJE OBLIKA SPEKTRALNIH LINIJA U JUGOSLAVIJI
I SRBIJI IV (1993 - 1997)
(Bibliografija i indeks citata)

Ne 59 (1998)
Milan S. Dimitrijevié
BEOTPAICKA ACTPOHOMCKA OIICEPBATOPHIA ¥ 1997
BELGRADE ASTRONOMICAL OBSERVATORY IN 1997

Ne 60 (1998)

Editors: M. S. Dimitrijevi¢ and L. C. Popovié
PROCEEDINGS OF THE 4" YUGOSLAV-ROMANIAN
ASTRONOMICAL MEETING
(4*" YaRoAM)
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ZADUZBINA ANDREJEVIC

ZADU2BINA ANDREJEVIC je neprofitna i nevladina institucija, osnovana 1994. godine a reg-
istrovana 1995. godine od strane Ministarstva kulture Republike Srbijc. Njeni ciljevi su:

1. Pomaganje stvaraladtva u svim nauZnim oblastima i disciplinama.

2. Pru%anje pomodi i podrike talentovanim nau&nim stvaraocima u objavljivanju njihovih prvih naunih
dela - magistarskih teza i doktorskih disertaciju.

3. Stvaranje fonda aktuelnih nau€nih knjiga i &asopisa iz svetske nauke.

4. Podsticanje razvoja jugoslovenske nauéne kriti¢ke misli.

ZADUZBINA objavljuje najboljc radove talentovanih naucnika Jugoslavije koji se biraju putem javaih
konkursa. Do sada je bilo pet konkursa, na kojima je u€e¥cc uzelo vite od 400 autora. Iz prva tri konkur-
sa Stampane su 52 monografije. U toku je Stampanje nau&nih dela koja su odabrana na IV konkursu (16
discrtucija i 10 magistarskih 1cza), dok je izbor najboljih disertacija i magistarskih teza iz V konkursa u
toku. Do sadu jc publikovano 60 monografija iz svih nau&nih oblasti.

Tzabrane doktorske disertacije se $tampaju u Biblioteci DISSERTATIO (predsednik Redakcije dr Milan
S. Dimitrijevic. dircktor Astronomske opservatorije u Beogradu) a magistarske teze u Biblioteci ACAD-
EMIA (predscdnik Redakcije prof. dr Moméilo Babid, direklor KBC "BeZzanijska kosa”). U ove dve redak-
cije je angaZovano S0 profesora univerziteta.

Nau¢nim radom ZADUZBINE upravlja Nauni savet (predsednik ukademik Miroslav Panti¢, generalni
sekretar SANU). Clanovi su akademici SANU i CANU, predstavnici jugoslovenskih univerziteta i drugi
istaknuti naugnici Jugoslavije.

ZADUZBINA ima svoj program na INTERNETU. U pripremi je stvaranje baze podataka savremene
svelske nauke koja ce sluiti jugoslovenskim nauénicima, prvenstveno mladima.

ZADUZBINA sva objavljena dela promovise, kao i njihove stvaraoce, putem medija, naugnih i drugih
skupova.

Podriavajuci aktivnost ZADUZBINE, stalno se §iri "porodica” zaduZbinara i polasnih osnivala, koja
danas broji preko trista ¢lanova - fizi&kih i pravnih lica, §to sc registruje na izdanjima ovih biblioteka, dok
sc sponzori upisuju u knjigama Cije su izdavanje pomogli.

Predsednik Upravnog odbora,
Prof. dr Kosta Andrejevié



EIEXTROPRIVRE

-@- Mikrotalasna Tehnika instituta za fiziku Beograd, Yugoslavia

Beograd, 11080 Zemun, Pregrevica 118, Tel/iFax: 3161-804, 3161-976, 3162-286, Telex: 11002 YU INFZ

Preduzece MTT INFIZ bavi se istmiivanjem, proizvodnjom,
plasmanom i servisiranjem iz oblasti mikrotalasne
tebnologije, optoelektronike i svetiosnih izvora

VTR,

- mikrotalasna tehnologija - radarski sistemi

- vakuum tehnologija - optoelektronika

- laseri - wéila iz prirodnibh nauka
- magoetroni - bljeskalice

- lampe - laserski daljinomer

Struénost, iskustvo, kvalitet, pouzdanost, veliki broj Kijenata i posiovnih partnera, garancijy su
postojmosti, dobrih posiovnih odnosa i ozbiljhosti preduzeca MTT INFIZ.
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WHAT IS CIGOTA?

CIGOTA is a popular dietetic and recreational programme which will help you
during your stay on the Mt. Zlatibor, lose surplus weight, rest, freshen up, restore
fitness and above alllearn to live in a different style — actively and healthy.

This programme, which has been in use since 1989 at the Mt. Zlatibor, was created
for you by a group of authors.

I have had the honour and pleasure of being at the head of this team, which besides
my associates, also includes distinguished professors of the Belgrade University School
of Medicine and School of Physical Training.

The result of our joint effort is a modern treatment based on a well-balanced dieting
plan and diversified physical activities.

In other words, the CIGOTA PROGRAMME is a reliable and efficient way of
restoring the disturbed equilibrium between energy intake and consumption.

The proper diets, exercises in the gym and CIGOTA swimming pool, and long
recreational walks, all under specialist supervision, on an ideal altitude of 1,000 metres
a.s.l., help you do a lot in only 7 days, not only for your appearance, but for your
health, too.

Anyway, come and see for yourself. My associates and I are expecting you.

We’ll teach you the CIGOTA LIFE PHILOSOPHY.

Your cordially, Dr MILISAV CUTOVIC, Manager, ZLATIBOR Institute




WITH CIGOTA AGAINST OBESITY AND INTO HEALTHY
AND ACTIVE LIVING

Obesity is a health problem caused by improper nutrition and wrong life style. It
affects all categories of healthy people and is manifest in the form of accumulation of
fat reserves.

There are many causes of obesity. Insufficient physical activity, finding full satis-
faction in consuming good food, disrupted balance of energy intake and consumption
— all that is conductive to exessive body weight which is increasingly difficult to get
rid off with time, which is not detrimental only to appearance, but also to health in
the first place.

In view of these facts, the CIGOTA PROGRAMME includes:

— a well-balanced dieting plan,

— a programme of physical activities,

— creation of a group, positive atmosphere and

— basic information on the importance of proper nutrition and recreation.

DIETETIC TREATMENT implies a daily energy deficit caused by consuming
foodstuffs that generate 900 to 1,200 cal. Five meals are recommended to be taken
daily, at three-hour intervals, consisting of various foodstuffs, without fats and sugar,
and with minimum salt.

PROGRAMME OF PHYSICAL ACTIVITIES makes provisions for indi-
vidual doses of loading by exercises in the gym and swimming pool, and long walks.

The rhythm of these activities is adjusted to the rhythm of meal taking, and they
are carried out two to three times daily.

POSITIVE GROUP ATMOSPHERE which is conductive to harmony, im-
proved disposition, incitement of will-power and motivation for, as well as confidence
in the possibility of being succesful in the new and healthy life style.

INFORMATION ON THE IMPORTANCE OF PROPER DITS-a series
of lectures on the importance and kinds of nutrition, physical exercises, their propor-
tioning, etc., is delivered in the course of every reducing cure.

The thus conceived CIGOTA programme lasting 7 or 14 days is a reliable and
efficient way of controlling body weight, it produces desirable impacts on health, and
the same time, it is only the first step towards a fuller and lasting weight control and
prevention of the harmful consequences of obesity.

INFORMATION AND RESERVATION:

»ZLATIBOR INSTITUTE — ZLATIBOR
Phone (381 31)841-141, Fax (381 31)841-182

»CIGOTA” AGENCY, Svetog Save 43, BELGRADE
Phone (381 11)444-31-82, Fax (381 11)459-874
»CIGOTA” MARKETING AND DEVELOPMENT, Bregalnicka 9,
BELGRADE, Phone (381 11)402-676 & 403-553,
Fax (381 11)401-685

Transport each Friday by CIGOTA bus. Besides that, you can also use regular bus
and railway service, and seasonal helicopter service.
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CIP - Kartanorusauuja y ny6amkanuju
Hapoauna 6u6nuorexka Cpbuje, Beorpan

533.9(063)(082)

YUGOSLAV-Belarussian Symposium on Physics and
Diagnostics of Laboratory and Astrophysical
Plasma (2 ; 1998 ; Zlatibor)

Proceedings of the Second
Yugoslav-Belarussian Symposium on Physics and
Diagnostics of Laboratory and Astrophysical
Plasmas September 5-6, 1998, Zlatibor,
Yugoslavia / edited by M.[Milan] S.
Dimitrijevié and V. S. Burakov. - Beorpan :

Astronomical Observatory, 1998 (Belgrade :
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