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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 (Vinca) 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. Purié 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 1. 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

[nstitute 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)
(Kiselevskit 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 Vmin. 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 g,
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.

[n 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 1. 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
& a)
-, 200 — >
o150 4 * g 200°
g 8
5 100 S 100
> 50 N > *
0 e —rrrr— 0 immmm.p"q
0.1 1.0 10.0 012 3 4567
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Fig.3.

in the approximately identical increase of voltage about S0V.

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 [S 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 Hg 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 Hg line. Electric field value measured by Hy line Stark broadening is ~ 60
kV/cm. Its distributions along anode-cathode axis for cold and hot cathodes are

11
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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 5 mm the magnitude of electric field decreases twice in
comparison with one at axis, and at edge of negative glow in three times. [t
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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MHOTOAMITY JILCHBLIA NPUIIOBEPXHOCTHBII onmtmcgmi
PA3PSI KAK DO®EKTUBHBII HCTOYHUK SPO3NOHHOHA
ILJIAZMBI

AHYYMAKOB, H A BOCAK
Hucmumym sonexynaprot u amomuou gusuxu HayuonanvHou Axademuu Hayx
Beaapycu, 220082 Munck, beaapycy
E-mail: chumakov@imaph.bas-net.by

Peztome.  Broisgpienst vcioBus 3ddexTuBHOro o0pa3oBaHMS 3PO3HMOHHOR
mnasMsl M yNpaBleHHd  ee  napaMeTpaMd B MHOTOHMITYJIbCHOM
MPHUITOBEPXHOCTHOM ONMTHYECKOM pa3pane.

I. BBEJEHHE

MHorouMmITynbcHOe  jlazepHoe  BO3AEHCTBHE HA  MMOTJIOLIAIOLIHE
MarTepuanbl Mpd OTHOCHTEIBHO HH3KHX IUIOTHOCTAX MOIIHOCTH JIa3epHOTro
wamydveHus (JIM) q < 10" Br/em® (A=1,06 Mxm), xoria MIPOLIECCHI
n1asmMoo0pa3oBaHHs [TDOTEKAOT B Ilapax MHINEHH ©Oe3 mnepexoja B
OKPYXaIOLIHH MHWEHb Ta3, B 3HAYMTEBHOH MeEpe HCCIEJOBAaHO W LIHPOKO
NpUMeHseTcs B TEXHONOIHH. B 3THX yC/IOBHSIX 4acTOTa CACHOBAHHSA J1a3epHBIX
HMITYABCOB  BIHAET IIPEUMYILNECTBEHHO Ha  IPOUECCHI pa3pyloeHus
00 Ty4aeMOro MaTepHa’la M CKazbIBAETCA NpEXJIE BCEr0 HAa BHIHOCE MAacchl,
dopMe JTyHKH M T.I. ABaIH3 JMHAMHKHM [UIa3MEHHBIX OOpa3’oBaHWH B TaKux
YCIIOBUAX NPHBEN K Pa3BHTHIO NPEACTABJEHHH O peXMME MOC/IeX0BaTEIbHOro
BBITAIKMBAHHA BO3MyXa H 3PO3HOHHBIX NMapOB NEPHOAMYECKHMH [UIA3MEHHBIMH
cryctkamu (Munsko JI.A. u ap., 198?).

[Tpu Gonee BoICOKMX TIOTHOCTAX MowHocTH JIH q~108+109 Br/cu?
JHEProBKJIAJ B MHIUCHbL OrPAHUUMBAETCH PA3BUTUEM S3KPAHHPOBKH MMLUEHH
wia3mod ¥ GopMHPOBAHHMEM JIa3€PHBIX BOJH HOrjowenys B raszax (HemuuHos
H.B., 1982). IlpoueccH na3zepHOro NPUNOBEPXHOCTHOrO MI1azMo00pa3zoBaHMA
[POTEKAIOT TIIpH 3TOM YK€ HE TOJBKO B JPO3HOHHOH IUlazMe, a
NPEeUMYLIECTBEHHO B OKpYXaloweM MHUILIEHs atMochepHoM raze. B Takmx
YC/IOBHAX TNepexod OT OZHOHMITY/BCHOTO JIa3epHOro  BO3OEHCTBHA K
MHOTCOMMITYJTECHOMY ~ JO/DKEH, BEpPOATHO, IMDHBOAUTE K  CYUIECTBEHHOMH
HEaIHTUBHOCTH A€HCTBHA OTIAENbHbLIX JTA3EPHAIX HMITYJILCOB CEPHH, OCOBEHHO
MPH BBICOKHMX YaCTOTAX HX [TOBTOPEHHS.

B pabore paccMOTpeHBl BO3MOXHOCTH HAaNpaBJIEHHOro Bhibopa
nnasmoobpasyroueit cpexnl (mapbl MHIIEHH WIK aTMOC(HEPHEIH ra3), B KOTOPOH
peaTM3yeTcs ONTHYECKHH pa3psl, H YNpaslIeHHA napaMerpaMH obpasyioueics
T1a3Mbl HA OCHOBAHHMHM HCCJIEJOBAHHH ONHO- ¥ MHOTOHMITY/IBCHOTO NA3epHOro
BO31EHCTBHA Ha MaTEPHATHI B ra3ax.
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2.9KCITEPMMEHTAJIBHBIE PE3YJIbTATHI M MX OBCYXIEHUE

IIpoBeneHsl CUCTEMaTHUYeCKHe HccnegoBanua BosaercTeud JIM Ha paa
MHLIEHEH (METabl, CTEKIOTEKCTONUT, TrpaduT, 300HHT) MPH DPa3THYHBIX
HaBieHHsX Bosmyxa 0,1-10 atM M mwiotHocTax MomHoctd JIA 107 < q <10°
Br/cm? (A=1,06 MxM) B pexuMax OJHHOYHBIX, ABOHHBIX, a TaKKe CEpUH
nazepHbIX WMITynbCOB € dactotamd mosropenus f < 200 xl'u. Ynpasnenue
Pe’KHMMOM T'eHEpaLlHH J1a3epa OCYWECTBISIOCH C MMOMOIIBIO KPYITHOrabapHTHEIX
naccuBHbIX 3arBOopoB ¢ F»~ - uenrpamu okpacku (Bocak H.A. m np., 1987).
JlnHamuka  nasepHeIX  [UT1a3M000pa3’oBaHHM  HCCNEAOBANIaCh  METOAAMHM
BBICOKOCKOPOCTHOH ¢oTorpadHu ¥ KHMHOCIEKTpOrpadHH, perMCTPHpOBAIOCH
OaBJIEHHE W MOTEHUHMAbI Ha MOBEPXHOCTH METATNHYECKHX MHLUEHEH.

[TokazaHo, YTO B BO3OYyX€ aTMOC(HEPHOro AaBACHHUS ITPH HHTEHCHBHOCTH
JIM q<2 - 10’ B1/cM’® He3aBHCHMO OT YACTOTHI C/IEIOBAHHS J1A3EPHBIX HMITYJIbCOB
MPHUIIOBEPXHOCTHBIA OITTHYECKWH paspal pa3BHBAETCA B JIPO3HOHHOH ruiazMe.
[Ipu mocTaTOYHO BBLICOKOH YacTOTE MOBTOPEHMA JIA3EPHBIX MMITYJIbCOB ~50-100
kU Hax OJpO3MOHHBIM ILIAa3MEHHBIM  (Qakesom obpasyerca ofnactb
TOBBILLEHHOM II0THOCTH BO3MyXa, 00YCJIOBIEHHAA B3aUMOEHCTBHEM YaapHEIX
BO/IH, HHHULIHUPYEMBIX OTIEJbHBIMH Ja3epPHBIMH HMITYJIbCAMH. C aTMOCQEPHBIM
soznyxoM (KoctiokeBmu E.A. 1 ap., 1980). B Takoii “npobke” cxatoro so3ayxa
HaJl 3PO3HOHHBIM IUTA3MEHHBIM 00pa3oBaHHMEM YK€ NPH HHTEHCHBHOCTH JIM
q~2+5-107 Br/cm’ MOXeT WMHMLMHPOBATBCS HHM3KOMOPOTOBBIH OMTHYECKHIT
npoboit (Muneko JI.SL w np., 1989), npusomawmmii Kk OXHOBPEMEHHOMY
CYUIECTBOBAHHIO 3PO3HOHHOH M BO3OYLIHOH IUIasMbl B pasnM4HBIX obnacrsx
I1a3MeHHoro gaxkena.

C nossumeHden HHTeHcHBHocTH JIM q > 510" Br/em?
NpeUMYLLIECTBEHHOE IU1a3MO06pa3oBaHHs MEpeMEeIaeTcs M3 IapoB B BO3MYX
ewe Ha ¢poHTE nasepHOro nmrryﬁbca, NPUBOAA K O9KPAHUPOBKE MHMILUEHH
Bo3nywHoi mnasmoit (Munexko JLS. w ap., 1994). Bonee 10% sHepruu
Na3epHOr0 WMITy/]bCa KOHBEPTHPYETCS B M3TyYeHHE IUIa3Mbl B BHAMMOH H
uHppaKpacHoi 06acTAX CNeKTpa, WHTEHCHBHOCTH KOTOPOrO KBa3WIHHEHHO
pacteT ¢ rotTHocThio MomHocTH JIM (Uymakos A.H. u ap., 1994, 1997). Takas
¢u3MUecKkas KapTHHAa XapakTepHa KakK AN OJHWHOUYHBIX JIa3€PHBIX HMITYJ/IbCOB,
TaKk U JUIS CepMM, €CAIM YacTOTa HMX IMOBTOpPEHHA He npesbnuaer ~1+5 x[u. B
3TUX YCJOBHAX ONTHYECKHH paspsl OCYLUECTBJAETCS INpPEHMYUIECTBEHHO B
BO3IYXe.

IIpu Gonee BHICOKMX YACTOTaX MOBTOPEHHSA Na3epHBIX UMITYNhCOB f > 5
k['n oOHapyxuBaeTci HEanIMTHBHOCTb JEHCTBHA OTAENBHBIX JIa3ePHEIX
HMITYJIbCOB CEPHM, KOTOpas MpOABIAETCA IIPH M3MEPEHMAX MHABJACHHA Ha
MHIIeHH (pHc.1), ee noTeHUManoB (puc.2), a TaKKe NPH PErHCTPALHH CIIEKTPOB.
3TO NPUBOLHUT K TOMY, YTO B ONpPENENEHHOM JHaNa3oHe MapaMeTpoB JIa3€PHBIX
umryascos (q > 0,2 TBt/em?; £> 5 k')
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MHOIOUMIYJIbCHbLIA NPUNTOBEPXHOCTHBIH ONTHUYECKUI PA3PAL...
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Puc.]l. Jasnenue Ha Al-MullleHH Puc.2.IToteHuunansr Al-MuweHu
npu BozgeicTeuu nepsoro (1) u npu Bo3aeHcTBUH ntepBoro (P )
sToporo (2) ummyiiscos . [1 ¥ rocneTyrounX HMmynscos JIA

peaiu3yeTcs pexnM 3Q(QEKTHBHOro  3PO3HOHHOrO  fI1a3MooOpasoBaHms,
KOTOpBIH  COMpPOBOXKIAETCA  TOBRILIEHHEM 3(dEeKTHFHOCTH  BO30Y)AeHHS
AaBjEHHMS ~ Ha  TOBEPXHOCTH  MHUIEHH,  YCHWIEGHHEM  3PO3HOHHOIO
azmoo0pa3oBaHusi M cMeHOH mnasMoobpasyroweit cpeasl (Munbko JISL,
Yymakos A.H. u Bocak H.A, 1990). Bosmymmnas mnasma, ofpaszoBaHHas
NepBbIM J1a3€PHBIM HMITY:.ILCOM, 001anaeT cneuHHIEcKOR NpPOCTPAHCTBEHHOH
CTPYKTYpO#, 0OyclOBIeHHOH HHHUMHMPOBAaHHEM  pPagMAaLMOHHOH, nubo
CBETONIETOHAUHMOHOH Na3epHBIX BOJH NOTMOWEHHA, W B AanbHeHUIeM NOpH
BO3AEHCTBHH  TOCHEMYIOIMX Ja3¢PHBIX MMITYJIBCOB  MOYTH  NONHOCTBIO
BBITECHAETCA J3pOo3vOHHOH rmnasmoH. [lpn s>TOM B rmasMeHHOM d¢akesne
obpasyrorcs YCTOHYHBbIE BHXDEBBIE CTDPYKTYDEI, NPENATCTBYIOLIHE
CMEWIMBAHHIO 3DO3UOHHON H BO3AYLIHOH I171a3Mbl B TEUCHHE HHTEPBANIA MEXIY
AazepHBIMH HMMyabcaMH. KlHaue rosops, cosnmaercs na3epHO-IUIa3MEHHbIN
Hacoc, OTCackiBalolMH BO3AYX M3 ofnacTH BO3neHcTBHA BOJAH3M MHUILEHH. B
3TUX YCJIOBHAX PeaTH3yeTca CreUHPUIECKHH MPHMOBEPXHOCTHBIA ONTHYECKUH
pa3psii B 3PO3HOHHOH IL1a3MEHHOH cpene. AHAMM3 AHHAMHKH IUIa3MEHHOTO
¢poHTa TMoOKa3an, YTO CBETOACTOHAUMOHHbIE BONHBI noryowenus JIA
GOpPMHUPYIOTCS ¥ pacnpOCTPaHAOTCS NPY 3TOM M B 3PO3HOHHON IUIa3zMe, a He
Tonbko B Bozayxe (Munrko JIA., Uymaxkos AH. u np., 1993). BeisicHeno, uro
ondcaHHas ¢u3Mveckas KapTHHA COXPAHSETCs W IPH MOHIKEHHH [aBJIEHUS
Bo3nyxa ao ~ 0,1 atm.

C yBenHyeHHeM JaBiieHus aTtMocdepHOro raza (a3oT) yMeHbluaercs
CKOPOCTH Pa3/eTa [U1a3Mbl, NPUBOAS K HAKOIUIEHHUIO B 0ONACTH KayCTHKH JIMH3LI
HECKOMBKMX TUTa3MEHHBIX CIYCTKOB OT psa Jia3epHBIX HUMITYJLCOB, @ TaKXKe
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M3MEHAETCA CTPYKTYpa MPHIIOBEPXHOCTHBIX JIa3€PHBIX ‘nna3MOO6paSOBaHHﬁ.
Kpome Toro Hag HUMH OOHAPYXUBAIOTCA NOKANBHbIE TUIA3MEHHBIE 06pa3oBaHuA
B OKpYXKarouweM MHIIEHb Ta3e, KOJHUYECTBO KOTOPBIX CTAHOBHTCA OCOGEHHO
3HAYMTE/LHBIM TP YBeJHueHWH pnaeneHus no 8 - 10 armocdep. IToatomy
s3¢pdexTuBHOCTS 0Opa3OBAHUA IPO3MOHHON IU1a3Mbl C TIOBBILUEHHEM AaBIEHHS
yMeHbmaerca. [lpu npasnenun p 2= 10 atM (a30T) B NPHIIOBEPXHOCTHOM
ONTHYECKOM  pa3psie OJHOBPEMEHHO COCYWIECTBYIOT oOnacTH Kak ¢
JIPO3HOHHOM, TaK H C a30THOH [UT1a3MO¥M JaXKe NPH ILTOTHOCTH MowgHocTH JIM q ~
50 MBT/cM® B Xa0THHECKOM PexuMe reHepalni (Al-Muiuens).

Bricokas 3PO3HOHHAs 3 deKTHBHOCTD MHOTOHMITYJIBCHOTO
TPUIOBEPXHOCTHONO  ONTMYECKOro  pa3pija  ofecrieudBaeT  LIMPOKHe
BO3MOXHOCTH €ro INpPHMEHEHMA B TEXHONOTMH. Tak JABYXHMITYJIbCHbIH
ONTHYECKMH pa3psan YyKe MpHMEHAETCd B JIa3EPHOM CIEKTPAIBHOM aHalu3e
(Mepuwmn CM., 1989; Ileryx ILJI. u mp., 1994), a BelcOKOYACTOTHBIH
MHOTOMMITY/IBCHBI - B JIa3€PHBIX TEXHONMOrusX oO6paboTkH MaTepHasoB

(Munsko J1A., Uymakos A.H., Bocax H.A. u np., 1995).
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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. | 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) = Tﬂ[l +A(r/ rn)“]_l (Bousrih, 1995). Here T, is the plasma axial temperature, r, is

the arc radius, a determins the temperature profile form (from a uniform at o — e 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, Il - 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
[pi~——l = i]smew
or | T

ol
—Cosb=x_(I,-1). (1
+=, CosO=x (L -1). (1)

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 = dy Sin¥ d¥, Cos¥ = SinBCoso, SinyCosy = SinBSin¢. (2)
Taking into account the symmetry, the flux has been determined from a one-dimensional

cylinder surface using the following expression
n/2 /2 nl

S, =4 [dy [Cos¥Sin¥1,(x,w)d¥ = TZWZCOS‘PJ. Sin¥, 1. (x,,¥)W,, (3)

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

dl
L(v)=1 (7, )e™ +I,(Ti)[l—e“A"’]—[—d$] [l—e"‘“"(1+Ati)], O]

It provided true asymptotics [ (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 (€ = 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, 11, III, 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?

>1078

1 6.5102 | 1.21-107" | 1.03-10% | 7.98.10° | 7.23-10" 1.58 2.51

1 3.87-107% | 9.63-107 | 7.60-10° | 5.29-10° | 1.74-107' | 9.73-107 | 4.19-10"

J§8 1.22-107 | 3.81-107 | 4.78-10° | 2.85.10° | 4.81-107 | 1.55-107% | 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,,15r,2r, (section l[). One can see from the spectra

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

[ )

L, kWicm’ eV sr

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
falling down up to the order and
more of the value at the axis, and
- spectral lines are totally reabsorbed.

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.,
NIA =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)

S KUND +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, N~(2-4)-10"" em™) 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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AND ELECTROMAGNETIC FIELDS.

V.K.Goncharov, M.V.Puzyrev, A .F.Chernyavskii.
Scientific-Research Institute of Applied Physical Problems, Kurchatova 7,
220106, Minsk, Belarus, Tel: (017) 2-77 - 56-44, E-mail:
pfp@llpd.bsu.minsk.by.

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 c¢m-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 4 kV cm. Investigation results we can see on fig.l. 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 !aser radiation to the
lead target drop density (N) 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. 0.08
We used a lead target. |

The interacting radiation was in

the form of near-rectangular =

neodymium laser pulses of 400- 004 o e

500 ps duration. The intensity of —

this radiation was 1.4x106 W cm- /

2 in all experiments and the 0.00 ——
irradiation spot diameter was 6
mm. The additional evaporation
was caused by radiation from a
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

d/um a)

__________

target surface, so that the lower T
part of the beam was screened 400 600 t/ps
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 ps 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 ~ 105 W cm-2 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-.
Fig.2 gives results of our experiments on a laser target exposed to

neodymium laser pulses of [.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 c¢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
case 2 was showed fig 3a. The

interacting radiation once again

had the intensity 1.4x106 W cmy 0.04 4 %/
2, The intensity of the radiation R
causing additional evaporation %92 1 TR -
was varied from zero to ~ 106 )
W cm2, The size of the particles 990 ~===— ' y '
first increased with increase in
the intensity of radiation
causing additional evaporation.
This was observed because the 920 7 (027 ¢m-3 b)
smallest particles formed by
bulk vapour formation were
evaporated completely and a 010 -

major fraction of the large

0.06 | d/um a)

0.05 e S

particles formed by the ™ , RN
hydrodynamics mechanism ¢ o9 ;o , , i :
remained in the jet. A further 0 100 200 300 400 1/us
increase in the intensity of the

radiation causing additional Fig. 2.

gvaporation 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 4. )
intensity of the radiation causing
additional evaporation and at some
intensity of this radiation the %!
particles could evaporate
completely. 0.05 {

2. RESULTS

Our investigation of the
kinetics of the condensed-phase .30,
particles in erosion jets in crossed
laser. beams showed that radiation
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. g, ' . . i
Radiation of lower intensity should 0 2 4 6 8 105g/W sm-?
be sufficient for this purpose and Fig. 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 7. DJURIG?

! Institute of Physics, P.0.Bog 57, 11001 Beograd, Yugoslavia
2Dept. 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 (III) 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 (Djurié ef al. 1991; Adamyan et al. 1994). Em-
ploying this method, the expression for static electrical conductivity, og, is obtained
in the form

4e? [ dw
Bp(B)r 2 dE, (1)

0="3.
where p(FE) is the density of one-electron states in the energy space, w(FE) is the
Fermi-Dirac distribution and 7 is the relaxation time. In this theory the quantity = is
obtained by expresion

1
"B @)
where v.(F) is the semiclassical analog of the corresponding RPA effective frequency
of electron scattering in plasma. Full expressions for v.(E) are given in the paper
mentioned (Mihajlov et ol. 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 oi;(w.) are being expressed through
qantities oy(w.), defined by expression
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_de? % (wer)? dw

=3 ). —l-i-(wCT)QEpTEdE) (3)

g
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 og 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 ¢,(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 oy with { = 1,2. Thus,
the following expressions are obtained for o,(w) and o;(w):

op =

2 o] 2 0
—41/ _ L g ®up = _41/ 9T g
dmJy 14+ (wr)? " dE dm Jy 14+ (wr)? " dE
(4)
where 7 is again given by the expression (2).

Using the expressions presented above, we have calculated the values of oi;{w.),
and o,(w) and o;(w) in the range of electron densities from 10'® to 1022 cm™3, and
in the temperature range 5-10% — 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. MIJATOVICY, D. NIKOLIC!, S. DJUROVIC!, R. KOBILAROV! and N. KONJEVIC?

LInstitute of Physics, Trg D. Obradovida 4, 21000 Nowi Sad, Yugoslavia
2 Institute of Physics, P.O. Boz 68, 11080 Belgrade, Yugoslavia

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 (0.74x10° - 2.9x10'¢
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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PAJUMALIMOHHASA TUIASMOJAUHAMHKA - HOBOE HAYYHOE
HATMPABJEIINE B ®UINKE IVIA3MbI

JL.A.MHHBKO
HHCTUTYT MOJSICKY ISPHOI H aTOMHOH (PH3HKH
Hauuonanshoii Akagemun Hayk benapycw,
220082 Munck, benapycs
E-mail: Irpd@imaph.bas-net.by

Papuaunonnas  nnasmogunamuka  (PIII)  wmsywaer  aHHAMHKY
JUIA3MEHHBX TIOTOKOB B YCJIOBHAX, KOTA32 B MX 3HEPrETHKE BAaXKHA PpOJb
PazHALHOHHKX ITPOLICCCOB, HIH APYTHMH CJIOBAMH, NEPEHOC HINYYEHHS HIPacT
CYUIECTBEHHYIO pOAb B 3HCPICTHKE mnnasmeHHbiX norokos. PIIJl nauana
(OpMHPOBATLCHE  KaK  HOBOC  CAMOCTOATENLHOC HAaydHOC — HampaBJiCHHE
HCCIICHOBAHHH B (u3Kke mnasmul B ccpeayHe 70-X rojoB Npewiac BCEro Ha
ociionc pabor MUTTY um. 1L7) baymana, Uncrivryra Qusnkin seMnit M.
O.10. Ulmugra, ®HAHa, HO®DAlla, UBTAH, Hucruryra ousuku um.

Bb.U.Crcnanosa (MMA®) AH BCCP, HUHUIIDIT um. A H.Ccpuernko mpu BI'Y
(UTMO um. A B.JImxosa All LCCP).

OcHoBubie npunuuns: PI1)] 6stnn chopmynuposannt Ha I Beecorosnom
cumnoznyme no PIIJL (1989 r., r.Mocksa). C 1ex nop cumnosuym perysspHo
nposogurcs MITY wum. H.O baymana. Ha 1l cumnosuyme (1994 r.) emy
npuaau craryc MexrocyaaperseiiHoro # o6pazoBaH NMOCTOAHHO ACHCTBYIOMIHI
Oprann3auMoHHbLIA komuTeT, B koTtopom mnpeacrasned u MMA® HAHB.
Ilpoweammii 8 1997 roay IV MexrocysapcTseHHBIH CHMMO3MYM, a TaKXke
GonbUIOE  KOJHHUECTBO INPHHIIMIHAJILHO HOBLIX (DHIHYECKUX PE3Y/NbTATOB
HCCNCAOBAHHI, MyONHKYEMBIX B TNCPHOAHYECKOH MEYaTH B TNOC/CAHEE BpPEMA,
CBHJCTENBLCTBYIOT, ¥TO (DYHAAMCHTANbHBIC ¥ MPHUKIAAHBIE HCCIACAOBAHHA TIO
PI/I BegyTca focTaTotho akTHBHO.

Kounemupms PI1J% COCTOHT B HU3YYECHHH pagHaLHOHHO-
NJa3MOAMHAMHYMECKMX  TIPOLICCCOB,  COMPOBOXIAIOWIHX  B3aHMOJACHCTBHE
BBRICOKO3HEPIE€THYECKHX HCTOYHHKOB 3HCPrHH C BELIECTBOM BCEX aArperaTHHX
COCTONHRI, W Pa3pabOTKe 111 GCHORE YIHX HCCICAORAHNHE (PHAMKO-TCXHHUYCCKHX
OPHHUMNOB  CORA@HUS  HORLIX  HIA3MCHUHBIX M JA3CPHO-TUIZ3MCHHBIX
3HEPreTHYECKMX MW TCXHOJNIOPHYCCKMX — YCTPOHCTE, @ TaKXkKE CHCTEM
BHICOKOHCPIETHUYCCKHX TOTOKOB, TMPCAHA3HAYEHHBIX JUIA  DCUICHHA psAa
aKTYanbHBIX 33134 nascpHoH (muznkd U GOTOXHMHH, BBICOKOTEMIICPATYpPHOH
TEMNOPM3INKH W pagHanuoNiioin  MCTPOJNOFHH, MCIHKO-OHOIOrHuecKuX
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KCCICAOBAHHIE M IPOrPCCCHBITBIX TCXHONIOTIIH,

PI]] sxatouact cicayiompe pasacasl  (Paanaunonnas nnaimomm-
Hamuka, Mockea, Sucproaromusaar, 1991 r.):

- 3KCICPUMCHTANbLHBIC M TCOPCTHNMECKHE HCCICAOBAHUS  PALHALHOHHO-
MIa3MOAHHAMHUCCKHX TTPOLCCCOR RIAHMO/ICHCTBHS TCIIIOBOTO H KONEPCHTHOrO
H3NY4YCHHS M CHJBHBIX YJAApHLIX BOJH C BCUICCTBOM Pa3lHYHHX arperaTHuHX
COCTOSHH,

- RMAarHOCTHKA PaHaLHOHHO-111a3MOAHHAMHUECKHX TTPOLICCCOB;

~ YHCICHHOC MOAC/AMDPOBAHUC H TCOPHA PaJHaLHOHHO-TIA3MOAMHAMHYCCKHX
MPOLECCOB B PAIHYHBIX YCIOBHHX,

- TCPMOJHMHAMHYECKHE W OfITHYCCKMC CBOHCTBA HANYYAIOLICH IM1a3Mbl;

- TUIABMOJHHAMUMYCCKHC HCTOMHUKH  H3MYy4YCHHS BBICOKOH CICKTPasibHOM
SIPKOCTH M TCHCPATOPH! CHAILHBIX YAAPHBIX BOJH;

- PAAHAUMOHHO-TIIA3MOIHHAMIFICCKHC CHCTCMbI  TTPOMBILITICHHOMO Ha3HAYEHHS.

Heencnonanns no PHYL w Hed um. .U .Crenanosa (MMA®) HAHD
SBU/IUCh ECTECTBEHHBLIM  1IPOACIDKCHUEM Hawwx pabor no dusnke u
JAWArHOCTHKC UMITYIbCHBIX (INASMCHHLIX YCKOPUTCNICH, HAuaThiX B Hauane 60-x
rOAOB MOA PYKOBOACTBOM arxancmuxa Muxauna Ancxcangposuua Enssiesnua
H obobwennsix B MoHorpaduiit (/1.4 .Munsko “TlonyucHue u ucciacaoBaHue
HMITYJIBCHBIX masMchnpix notokos”, Msa. Hayka u Texnuka, Muuck, 1970).
PII]]1 3zapomunace y hnac cuie B Hauane . 70-x roaoB kax jasepHas
MAA3MOAHHAMHKA, B NMOCACAYIOUCM TPAHCHOPMHUPOBABIIASCT B PAAUALIMOHHYIO
JIa3epHYIO TMIA3MOAMHAMHUKY, @ 3&TCM HCCcKOonbko noxxe ¢ 1975 r. madanuce
HCCIIGNOBAHHA TIO TJA3MOAMHAMHKE  KBA3HCTALHOHAPHBIX  TUIA3MEHHBIX
yckopureneit (KCITY) ¢ HoHHBIM TOKONEPCHOCOM.

OCHOBHBIC 3Tanbl HCCACAOBAHMH:

- JMHAMHKS JIA3ePHBLIX TUTAIMOAHHAMHIECKHX HMPOLECCOB MM JalepHast
mwiasmoauHamuka.  CHopmynuposaHsl [PHHUMIBL M COIAAHBI  HAYUHBIC
ocHOBB. Briepsrie B Hawnx pabotax BBCACHO B HAYYHYIO JIMTEPATYPY TOHATHE
NascpHas TNIA3MOAUHAMMKA, CYILIHOCTb KOTOPOH COCTOMT B TOM, YTO C
CO3JAHHCM JIA3CPOB TIOSBHAHCL HOBBIC BO3MOXHOCTH B JHHAMHKC NJIA3MbI,
Croio BOIMOXIBIM HOIY YD CHMONO/OKHERIONIICCS HMUYIBCHBIC OITHYCCKHG
paspsabl, T.C. MOAKHUracMbiC coBCTBCHHOI NACPHOI MIa3sMOH, CO3AaBAEMOH B
Hauasne Ma3cpHOro MMmyJsibca, BOACHCTBYIOWCro Ha TBepaoc teno. Tlossunace
BO3MOXHOCTb  CO3JdRaTh JIAUCPHHIC WCTOUYHHKH IUIA3MBbI, TICHECPHPYIOHE
3PO3HOHHBIC TUIAZMCHHBIC 1I0TOKH C YNPaBISCMbIMH TIAPpAMETPaMH, a TAaKKe
yaapubnie BosHbet  (JL.A.Munbko,  JlascpHbic TNA3MCHHBIC YCKOPHMTENH M
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(Gonbmmuc marHa  o0iny'cHis)  OAHOMCpHOTO  pasncta  obpasyroiciics
9PO3HOHHOH MNa3Mbl, T[O3BONHBILAS YCTAHOBHTb 3PO3HOHHYIO TPHUPOLY
HayansHOro miasmoobpasoBauus W BHIABUTL TypOYNCHTHYIO HEyCTOHUHBOCTH
NPHOOBEPXHOCTHLIX MNNASMCHHbBIX oﬁpazonaﬂuﬁ H BIAHWIHHEC XHMHUYCCKOIO
COCTaBa MaTepHana Ha  XapakTCp pacNpOCTPAHGHHS  Na3cPHBIX  BOJH
norjowwcHdA. B ycnopusx obpazoBanus kpynHoMacwrrabGHBIX —JA3CpHBIX
TIPHTIOBEPXHOCTHBIX  TUIASMCHHBIX  00pasoBaHuit oOHapyXeHO HCHapeHue
MHIICHH  (CTCKJIOTCKCTONNT)  Pa/IMALMOHHBIMH  TIOTOKAMH, HCITyCKaEMBIMU
NIa3MOH, 4TO TPOSBIISCTCS B OFTCCHCHHH CC OT MUIUCHU XOJIOJHBIMH TIADaMH ¢
HApPaCTAHHCM B MPOLICCCC  JIA3CPHOrO BOIACHCTBUA YAAICHHA KOHTAKTHOH
rpaHHLbl napul-ylasmMa.  YCTAaHOB/IEHO  BHAHMC  PESOHAHCHOrO
BIAMMOJIEHCTBHA NA3CPHOTO HINYYCHHA € MApaMU MATEpHaNa MHUICHH Ha
npouccehl HAYAJILHOIO 3POIHOIIHOrO HHMMOO6D&3OB&HH$(, JaKno4aromecca B
CHIKCHHH Topora muasmoo0pasonaHus B TCX CNydasiX, KOrAa JUIMHR BONHBI

B'JaHMOACﬁCTBy}OULCFO JNAICPHOTO  HINYYCHUA COBNAJACT C ANMHAMH BOJIH
CHCKTPAUILINEX JIHHNIT DTOMOR MATCPIEUI MITICIHT,

Hccenenosausl cRroiicTBa Na3CPHO-TITA3MCHHDBIX HCTOYHHKOB
OITTHYECKOr0 HUTyuYeHHs B armocdcpe u BakyyMe.
- Aunamuxa GopMHpPOBAHUNH, CTPYKTYPA U CBOiCTBA KpynHOMAacIITAGHBIX
KBA3HCTALHOHAPHDLIX KOMIIPCCCHOHHBIX TuIatmexHbix mnotoxos. Coanana
KapTHHA ONTHKO-TUIA3MOMHHAMHYCCKHX TPOLCCCOB M BMCPBLIC TOMyHEHA
KOMITPECCHA B DPO3HOHHBIX [UIA3MCHHBIX YCKOPHTEIAX M IUIA3MOrEHEpaTopax
JABYXCTYIICHYATOr0O KBasncraiyonapuoro nnasmeHsoro yckopurens (KCITY) u
camom KCITY  (oucprosanac 250 xJbx), TNO3BO/AIOWEM  NOYYaTh
KpyuHoMacinTabHbIC T1a3MCHHLIC MOTOKM mnpoTskeHHocTsio go 100 cm ¢
XapakTepHoi ckopocTeio csbiic 100 kM/C ¥ KOHLEHTPaUMEH 3AKTPOHOB B
obnactu kommpeccun ~ 10" cm”. YcraHonesa cBfdb Mexmy MarHuTo- M
TUIa3MOAMHAMMHCCKMMH  [1POLCCCAMM H CBOWMCTBAMH  KBA3HCTALHOHAPHBIX
KOMITPCCCHOHHBIX TnasmcHHbIX norokos B KCITY.

O,IlHOBpCMCHHO o paiBuUTHC ONTUKO-CIICKTPOCKOIMHYCCKH X H

HHTCPEPOMETPHHCCKHUX cnocobos H CpeacTB JHarHOCTHKH
OBICTPONIPOTCKAIOWMX MAAMOAMHAMHUCCKHX TIpoucccoB. B Hacrosmce Bpems
TCMATTTKQ TIANTHX HCCHCRORATHIT COCTIINCT CAMOCTONTCIRING PAVICTH PO

- pMIIMHOHllaﬂ TUIASMO)IHBAOMHKE HMOYJbLCHLIX HCTOYHHUKOB TIIA3MCHHBIX
MOTOKOB NPH Pa3fiHdHbIX AABJICIIHIX OKPYXKAKOLEH Cpeabl.

- PagMauuoHHas nAAIMOAHMHAMHKA HMIYALCHOTO BBICOKOIHEPrETUUECKOTO
BO3ACHCTBUSA HA TBCPAOE TCAO W NIa3My.
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nnasmorporsi, B ¢6.: “Tlnasmcunvic yckopurean u ux npumcHenuc”, Haa.
Hayka n Ttcxuuka, Musck, 1974). Tlonyuchsl BaxHBEIE pPe3yabTaThl IO
HEMMHEIHOMY B3AHUMOACHCTBHIO JIA3CPHOrO M3Ny4eHUs ¢ COOCTBCHHBIMH
3POIHOHHBIMH  TUIA3MCHHBIME  laKCIaMH NPY  HANMYHH  KOHICHCHPOBAHHOM
aucnepcHoi asbl U 10 HX IKPAHHPYIOUICMY ACKCTBHIO,

- JAHHAMHKA KOMIIPECCHOHHBIX TIJIAIMEHHbIX TOTOKOB, TeHEPHpPYeMbIX
OJHOCTYIEHYATHIMH KOAKCHANLBULIMH TWIAJMEHHLIMH YCKODHTEJISMH Tak
HAILIBAEMBIMH MarHHTOMIAIMEHHBIMH KOMIpeccopamH (MIIK).
Iporencunnie sxcncpumcutannunic uccncaosanus MIIK, npeacrasasiowmero
CaAMOCTOATENIbHLIH MHTCPCC KaK CHCTCMA, B KOTOPOM YCKOPCHHE IUIa3Msl
COMPOBOXAACTCA €€ CXKATHCM, TI03BONHIM  BHOCPBHIC JACTANIBHO H3YYHUTh
aunaMuKy  dopMuponanng  komipeccuonmioro masmennoro noroxa (KINT),
BbIABHTb TpyOuaTylo CTPYKTYpy Ha CTaAMH Cro pacnaza, TNoNy4uTh
PacnpeAciCHHE  OCHOBHBIX  Ta3OAHHAMHYCCKHX M TCPMOAHHAMHYECKHX
napamcipos KITHT Tposcuctnbie pance necinciosaiins BHCPBHC 10JiyieHHbBX B

BOYIYXC  upan Q’I'MOC(I)L‘-])IIUM Jusiciiin KOMHUPCCCHOUNLIX  IOPOIHOHILIX
nnasMCHHBIX NnOTOKOB, COCTan KOTOpPbIX onpcacascres MaTCpUANIOM
BHYTPECHHCTO JJICKTpOAQ, no3soNMnu H3Y4YHTb pagnalHOHHO-

NJI23MOAHHAMMYCCKHC TIPOICCCH, OTBCTCTBCHHBIC 33 (JOPMHPOBAHHE TAKHX
MOTOKOB, HaHTH cnocobm  yscanucius  3¢QQGCKTHBHOCTH BBOJA JHCPrUH
HCMOCPCACTBCHHO B KOMIIPCCCHOHHBIH  3PO3HOHHBIH  IMIA3MCHHBIM TIOTOK,
ONMPCAC/ANTL  €r0  OCHOBHLIC —TA30AHHAMHHYCCKHC, TCPMOAHMHAMMYECKHE H
H3NYyYATENbHBIC XAPAKTCPHCTHKH,

- Jlunamuka nalepubix pa/iHAIHOITHO-NIAIMOZHHAMHYECKHX TIPOLIECCOB

HJIH paaAHALHOHHAH J1a3ephan ITUa3MOaAHHAMHKA. H’Jy‘{CHbl AHHAMHKA

nnaauooﬁpaaoﬂamm 3 NasCpHLBIX TIPHNOBCPXHOCTHLIX nNasMCHHBIX

obpasosanui. Bpeaeno nonsroe u gano o6oCHOBAHME  H SKCMCPHMEHTAILHOE

TIOATBEPAKACHHC  “‘CAMONOACPIKHBAIOLMXCS  HH3KONOPOrOBBIX  OITHYECKHX
»

paspsgoB 7, AHHAMHKA KOTOPBIX ONPCACIACTCH B OCHOBHOM TCIUIOBBIM
H3NYy4CHHCM  cOBCTBCHHOIT  nasepnod  mdsmsl,  Bneperie ¢ BbICOKO#H

HAJICKHOCTHIO Onaropaps BBHICOKOCKOPOCTHBIM CHICKTPOCKOTIHYCCKHM
HCCICAOBAHHUAM C  BbLICOKHM  1IPOCTPAHCTBCHHO-BPCMCHHBIM — PAa3peLUCHHCM
ycTanobncha olinan INOTHONHAS npiposa HHIKOTIONOTOBBIX
HPHIOBCPXHOCTHBIX GNTHHCCKIX PAIPHAOE 8 WHPOKOM AUANAI0HC JIUH BORH

(or YO no cperuero MK) u gnurcisuocreid aMoynscoB BO3ACHCTBYIOMIERO HA
FOBCPXHOCTD JA3EPHOI'0 H3AYHCHUS.

Pa3suta paanalHonio-NiasMoaHaMHYecKas KapTHHA
B2AHMOJICHCTBHA JIA3CPHOIO IUIYUCHHS € ITOBCPXHOCTEIO B PCATBHBIX YCIIOBHAX
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SPECTRAL LINE INVESTIGATION OF ACTIVE GALACTIC
NUCLEI AT BELGRADE ASTRONOMICAL OBSERVATORY

L. & POPOVIC

Astronomical Observatory, Volgina 7, 11160 Belgrade 74, Yugoslavia
FE-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 102cm~=3 to 10'%2¢cm~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, Popovié 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. Popovi¢ 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 el al. 1998c).
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PLASMA FOCUS EXPERIMENT IN YUGOSLAVIA

J. PURIGY, R. ANTANASIIEVIC? and M. CUK!

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

The first experiment with a modified plasma focus device up to 2kJ input energy
was perlormed in the Laboratory for plasma spectroscopy at Faculty of Physics, Uni-
versity of Belgrade, in 1985 (Purié et al. 1986). The exper.ments on the model of
plasma focus device in the connection with nuclear aspects, in 1989 were provided
when Dt 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 10%°
n/pulse.

For producing a current up to IMA and 1us electrical discharges, a low inductance
capacitor bank (C = 45 puF, L = 62 nH, R = 15 mQ, Mz = 40 kV, Enae = 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
"locking” 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,
(Vukovi¢ and Antanasijevié, 1995)

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

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

- Electromagnetic interference analysis on the current profile during the plasma focus
collapse phase (Sevié 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
1s 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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TEOPETHYECKHE UCCIIE[IOBAHHA BBICOKOTEMIIEPATYPHOH
MHOTO3APAIHON MTJTA3MBI (OB30P)

[.C. POMAHOB
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AHHOTAUKA. PaccMaTpuBaoTcs MeTOAB pacyera onTUKo-PUInyeckux napamer-
pOB HarpeTbix razosB U MHOrO3apsAHOW Nnasmbl, HeoBxoAWMbIX ANA pelleHUa 3agad 803-
NEeRCTBUASA KOHUEHTPUPOBAHHGLIX NOTOKOB 3HEPIMU Ha BewecTso. MpusoasTcs npumepsl Ta-
K¥X PACYETOB, @ TAKKE PELLeHWs PAAE 3a4a4 AuHamiukv NadopaTopHOR U HAaTYpHOW Nnas-
Mbl (AEACTBYUE NA3EPHOrO UITYNEHWUSA U 3NEKTPOHHBIX NY4KOB HA MULLEHb, 3NIEKTPUYECKUM
B3apbiB NPOBOAHMKOB, ABWKeHUe B atMocdepe v yaap NO NOBEPXHOCTH 3eMAn KOCMu-
yeckux obvexTos).

Oanolt U3 akTyanbHeix npodneM coBpeMelHON (PHIMKW M HOBBLIX TEXHONOMUA ABAAETCS
u3yyeHue NPOUECCOB, NPOTEKAOUIMX NPK ACHCTBUK NA3CPHOTO UIAYUTHHA, MYUKOB 3APKEUHLIX
HaCTHU M APYrHX BLICOKOKOHUEHTPUPOBAHHBIX [OTOKOB JHEPIHH HA KOHACHCHPOBAHHLIE NOro-
WAoWHE cpeasl. Bonpocsl, BO3HMKAIOLIKME NPH aHaNK3e IPOUECCOB BO3AEHCTBHSA, BECLMA CIIOMHLI
H JaNekk OT NONHOrO paspewiCHHA. 3TO CBA3aHO ¢ MHorooOpasueM HabmionaeMmbIxX sBICHHH, HX
MHOFONAPaMCTPHUHOCTLIO, 3aBUCHMOCTBIO OT CONLIIOTO YKCha BHCWHUX (AKTOPOB, TPYAHOCTS-
MU B Opranu3aldu QU3IHYECKOTO IKCMNEPHMEHTA ¥ KOMMIEKCHOR AMArHOCTHKH BLICOKOTEMIEDA-
TYPHbIX, BLICOKODHEPreTHUHLIX GBICTPONPOTCKAIOWHUX NpoueccoB. Bee 310 Aenaer akTyansHoH
paipaboTKy K CO3JaHWE YUCREHIILIX MOIENEH NPOLECCOB U KBICHUH, KOTOPbIE NO3BONANH Obl AO-
NONHAT, QHUINYECKHA IKCNEPHMEHT ANCKBATHLIM €My YHCAEHHBIM, CNOCOOHBIM NPOTHO3IMPOBATH
NPEACTABAKIOUIME HITEPEC NapaMeTpsl i 3aKOHOMEPHOCTH, B nawiioil paboTe BO3MOXHOCTH, Ne-
KALMe HA NyTH pelleHns YKa3aHHOH npobaembl, aHATHIUPYIOTCA Ha NPHMEPaxX HeCKONLKHUX 3aday
OUHAMHAKH MJIOTHOR cpels! M Nuasmsl, BuiGOp M 10CTalnoBka KOTOPLIX 00yCAOBAEHBI MX NPAK-
THHECKMM 3HaueHHEM, 06eCNeYHBUIMM OCTaTOYHO NMONHLIE M PA3HOCTOPOHHHE 3KCMEPUMEHTANL-
Hble KCCNENOBAHMA, 3TO 3a1auu 0 ACHCTBHU MOULHLIX MOTOKOB MA3E€PHOTO HMIAYHEHHK] ¥ CHNBLHO-
TOUYHBIX DACKTPOHHBIX MY4KOB HA NOIJOWAOIHE (B OCHOBHOM METAUIMHECKHE) MACCHBHBIC H
TOHKHE MULIEHW. B 5Tux 3anayax. 6raronaps BeiCOKOH yaenbHOM KOHUEHTPAUKM JHEPriM, 3HaUu-
TEALHYIO POfib MOIYT WIPATh NPOUECCHI TEMIO- U MACCOMNEPEHOCA, CBA3AHHBIE C MHTEHCHBHbIM
HArpeBoOM. NNABACHUEM, KCNAPEHUEM BEWECTBA MULIEHM, PACOPOCTPaHEeHUeM B HCHR MOLHbLIX
YAAPHbIX BONIH, HOHU3aUHEH NapoB, BOIHUKHOBEHHEM MOLUHLIX NOTOKOB COOGCTBEHHOIO TENNOBOrO
HinyveHus obpasyiowed nnasmel. KOMHUECTBEHIOE M3YYeHME yKA3AHHLIX npoueccos Tpebyer
NpUBAEYEHUA JAHHBIX 00 HHAUBUIYANLIBIX ONTHKO-QUIHUCCKMX XaPAKTEPHCTHUKAX PAaCcCMATpPHBa-
€MBIX CPCA B LWIMPOKOM AMAMNA30IEe MIMCHCHHA ONPEAENSIOUNX NapaMeTPOB, TaKMX, HATNPUMED,
KaK TEMIEPATypa H MIOTHOCTL. [103TOMY BHAauYane KpaTko pacGMOTPHM UMEIOLLMECS 3AEChL AdHHbIE
M METOAb! MX [10/TYdEHHA.

1. Ounrnko-du3uyeckne napameTprl BLICOKOTEMIIEPATYPHLIX CpEL.

Ina pacueTon TEPMOAMHAMHUYECKHX XAPAKTEPHCTHK MNa3Mbl [IPH TCMIICPATYpaX, peaiu-
3YIOWHXCA B 1a00paTOpHBIX YCROBUAX (0 BCCATKOB JINEKTPOH-BONLT) B HACTOSIIEE BPEMA HC-
none3yr0Tcs Moaeny Caxa ¢ Nonpaskamy Ha KYJNOHOBCKOC Biammoaedcrse B obnacTu Heude-
ankHoCTH U Tomaca-DepMu PH BLICOKUX MAOTHOCTAX BEWECTRE, @ B OGRACTH NAPAMCTPOB MCCAE-
DOBABUICHACH B YNAPHO-BONHOBLIX W APYTHX IKCMEPUMEHTAX -- MOAYIMNUPHYECKUE Moaenu. Mme-
ouwancs “HGopMauMs 0 CTPYKTYPE YPOBHEH DHEPrHU aTOMOB M MOHOR, a TRKKE CYLICCTBYIOLIHE
MCTO/bI PACHETR H IKCNIEPHMEHTANILHBIE AHHBIE NO3BONSIOT B 3HAYUTEILHOM YHCIE CAYYAEB CHH-
TAaTh BOMPOC O HAXOKACHUM YDABLCHWA COCTOANMUS € Tpebyloweics AfS NPaKTH4ECKHUX TIPUIO-
KEHHH TOYHOCTBIO pewicHHmM. [IpH peweHun ra3oHHAMH4ECKHX 3a0ay ypaBHEHHS COCTORHUSA
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HCTONb3YeTCA OObIYHO B KANOpHueckoi dopMe, mpuyem yIOGHO NMOALIOBATLCA NABACHHEM P B
QyHKUHK BHYTpeHHEH JHEPrHU € W NOTHOCTH cpeast p: P = P (g, p). [Ing onpeaeneHua remne-
patypst T W OpYruX CBS3AHHLIX C HEKO BEJHYHH TEPMHUYECKOC YPABHCHHC COCTOSHHA 3a4acTCA B
suae: T = T (P, p) unu, wro Gonee npennouturensno, 8 suae I =T (& p).

Huaue 06CTOUT [AEN0 ¢ ONTHYECKMMHU XapaKTepUCTHKamMy nuiasmsl U, Gonee Toro, ontu-
YECKWUMU XAPAKTEPUCTUKAMH HATPETBIX MOMEKYNSPHBIX Fa30B - COEKTPAnbHLIMU KO3 uLMeHTa-
MU IOTTIOLIEHHS TIpY TeMIepaTypax ~ 10° K u suiue - B 061aCTH OAHOKPATHOMA M MHOTOKPATHOM
HOHM3aUMK, BBUAy OTCYTCTBHS MCXOLHOM CrEKTPOCKONKueckoHd uMHdOpMaLru ANS MHOTHX HO-
HOB, @ B PAAC CAy4aeB [N MOJEKYN W aTOMOB, a TAaKKE€ TPYAHOCTEH, CBA3AHHbIX C HEOOXOAM-
MOCTBIO Y4€Ta BO3MYLIAIOWIETO NEHCTBUS 3apAMEHHBLIX YaCTHL HA CTPYKTYpYy CNEKTPOB Henycka-
HUA W TOTNOWEHHS B MIAIME, KONHYECTBO AAHHBIX, NOCTATOYHO MOAHBIX LS TOrO, YTOGHI MX
MOXHO ObIIO HCMONL30BATh B ra30AMHAMHYECKHX Pacyerax, B HaCTOSILEE BPEMA OTPaHMuEHO.
3aece MOXHO ykadarhb Ha GaHku AaHHBIX TAKOIO POAA AAX BO3AYXa M HEKOTOPLIX APYruX
MOJEKYIAPHBIX Fa30B, HEKOTOPBIX MCTAMIO0B M AHDNCKTPHKOB, PSAa HHEPTHBIX FA30B 1 cMeceit. B
OTHOLEHMH nyBnukaumit no ko3dPuunentam nornoueHus miasmst e, C, Al Ne, Ar. Xe, Bi u
HEKOTOPbIM APYTHM TIPUXOLMTCA KOHCTATHPOBATH, YTO ITH PE3YNbTaThl B TOM 0ObEME, KOTODbI
HEOOXOMMM LN MPHIOKEHHH, NPOAOMKAOT OCTABATECA B OCHOBHOM NOCTOSHHEM TEX KOJIEK-
TMBOB HcCnenoBaTeneit. B KOTopbix oHM Obinn mosyueksl. TpyAHOCTH NpeacTaBECHHS ACTANBHON
CnexkTpanbHOH HHPOpMauMy B 0603pHMOM BUIE NOKA NPENATCTBYIOT €€ WMPOKOMY PacnpocTpa-
HEHHIO ¥ UCTIONLIOBAHMIO, 3ACTABNAR npu6era~rb K Pa3NUHHOTrO pOAa YCPEAHEHMAM NO CNEKTPY.

[TprMepamut Takux yCpeaHeHHIt CTyxXaT XOpowo H3BECTHbIE poccenaHaos npober uinyuenus lg u
ycpeasennsiit no INMnanky koadduunent nornowenus Kp HcnonszyeMele, COOTBETCTBEHHO, AN
onucanus paaralrorHoi auddy3un B onTHyeckd TONCTOH cpene M 06bEMHOTO Ty4EHCIYCKAHMA
B ONTHYECKH TOHKOH cpele. bonee akkypaTHbIM CMOCOOOM YCDENHEHHS ABAAETCS YCPEAHEHHE
(poccenanaoBo, NAAHKOBCKOE MM C eQHHHYHOK BECOBOM QyHKUMER) NO OTAENBHBIM CNEKTPANL-
HBIM HHTepBaiaM (rpynnam (OTOHOB), BHYTPH KOTOPBIX KOI((MHUUHEHT TOTNOWEHHS MOXET CYH-
TaThCst NPHOAMIUTENLHO NOCTOSHIBIM. Pacuer cnekTpansHbIX K03 (HUUHEHTOB MOrNOUWERNUSA CBS-
3ail ¢ CyMMHPOBAHHEM BKNAN0B GOMBLIOrO YHCNA KOMITIOHEHTOB M YHETOM A HUX MHOTOYHCTIEH-
HbIX NEPEXONO0B. KAXABIA U3 KOTOPLIX B ONPEAENEHHOM CMNEKTPAiLIIOM AMANAIOHE TIPH Onpeje-
NIEHHOH TeMMNepaType MOXET MIpaTh JOMHUHUPYIOWYIO poib. OCHOBHBIMY MEXAHH3MaMH, ofipene-
NAOLHMH NOTNOUWEHHE H3/TYUCHHR B ra3ax W M1a3Me, ABASIOTCA NPOUECCH TOPMO3HOro nornowe-
HUA B TIOJISX MOHOR, aTOMOB W MOJIEKY !N, OTOMOHH3AUMS H3 OCHOBHBIX U BO30GYKIOEHHLIX COCTOS-
HU aTOMOB M HOHOB, MOTJOWEHHE B nMpoucccax GOoToHOHH3AUNH W (OTOAMCCOLHALHN MONEKY,
(HOTOHOHM3ALMA BHYTPEHHHX 3JIEKTPOHHLIX 0000UEK 4acTHIL, MOrNOWeHHE B INEKTPOHHO-KONE-
6aTebHBIX MePEX0Rax MONCKYN, MOrNOIEHHE B CIEKTPANLHBIX TMHHAX aTOMOB i HOHOB. Cedckus
BCEX JJIEMEHTAPHLIX NPOLECCOB NpH pacyerax xodPdHUMENTOB nornolweHHs 6panuch 13 U3IBecT-
HOM CrIpaBOMHOM NHTEPATYPLI, & NIPH OTCYTCTBUM HX AR ATOMOB H HOHOB PACCHMTLIBANHCH 10 Me-
TOAY KBaHTOBOrO nedexra, meronam Xaprpu-®oka U Xaprpu-doka-Cnerepa.

2. Pacucrho - TeopeTu4veCcKHe MOae/IH NpoueccoB.

Bosepauiascs Teneps k Bonpocam pazpaboTkH QUIMHCCKHMX H MAaTEMATHYCCKUX MOENE
NpPOUECCOB, COMPOBOXAAIOUIMX BO3ACHCTBAE KOHUCHTPHPOBAHHLIX NMOTOKOB IHEPrHMU Ha Tperpa-
Ny, YK@XEM, 4TO Takue MOAEIH, MOMHMO A1EKBATHOrO YHETa OCHOBHLIX QHIMYECKUX MTPOLECCOB,
HE [IOJKHBI HaK/abIBaTh CYUECTBEHHLIX OMPAHHYEHUA HA FEOMETPUYECKUE M BPEMEHHBIE Macll-
Tabbl ABNEHUH. YuWTBIBAR TaKXKE TOT (AKT, YTO IKCMEPUMEHTANILHOC H3YYEHHE NPOBOAMTCA B
60NbIIMHCTBE CNy4aeB B YCNOBHMAX, KOTHA BAXHLI 3P(EKTHI HECTAUKOHAPHOCTH M HEOIHOMEP-
HOCTH, A0OCTATO4HO NOJHOE COMNOCTABICHHE BOIMOXHO TONLKO HA OCHOBAHHUM HECTALIMOHAPHBIX W
HEOJHOMEPHAIX HHCICHHBIX MOACREH.

OnuweM HauGonee CyUeCTBEHKbIE 0COBEHHOCTH HUCAEHHBIX Moaenell, pa3paboTannbIxX
ANS PEIICHUS YKA3AHHBLIX 3a0a4. Y4WUTBIBARK, Y4TO ACHCTBYIOUIME HA MOBEPXHOCTb MY4YKH MMEIOT,
KaK MPaBHNIO, OCEBYIO CHMMETPHIO M HANpaBACHL! K HEMl 1O HOPMANH, COOTBETCTBYIOLLYIO CHCTEMY
YPaBHEHHH NUHAMUKK CIUIOWIHOR CDPENb!, OMMCHIBAIOULYIO ABWKEHHE BO3ZHHKAIOWMX Y MOBEPX-
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HOCTH NapoB (MAH. 8 0BILEM Ciydae, MPOAYKTOB PA3PYLICHHS) 3AMHLIEM B DHNEPOBLIX MEPEMEH-
HBIX B UWARHHAPHYECKOR cHCTeME KoopanHaT rOz ¢ 0Cbl0 z, HaMpaB/ieHHOR MO BHEW e HopMa-

K ﬂOBCpXHOCTH:
%+ div(pw) =0

5(pv) S, =S,

+d1v(pvw)+—(P S, =-S)- =0

,
a(p )+a'zv(puw)+—(P Su)- —i(rS“)=
o r or
%+dz‘v(pE»D)«»g[(P—S“)u—Sl.‘v]+
+lai[w—s,.)vr-S.]ur]+dfvf=d—q
N

2
E=e¢+w' /2, P=Pp.e), T=T(pc)

3aech u W v - ocesas W paAHanbHas KOMIOHERTLI CKOPOCTH w, £ - nonunas, € - BRYTPEHUAS YACH k-

Hasg JHEprHs, Sy - KOMNOHEHTLI ACBHATOPA HAMPANEIUA, F- HITErpanLibié NOTOK JHEPrHH 34

CHET MEXAHHU3MOB nepcnoca ce TCHHOHPOBOHHOCTMO WM H3NYHCHHEM, dq/d.‘.’ - JHEpruna, Bblacndae-

Mas BHELIHWM WMCTOMHMKOM B CAMHWUE OObeMa B AaHIIOH TOYKE MPOCTPAHCTBA (r,2) B CiAMHMLY
BPEMCHH,

K cucreme (1) HeoOGX0AMMO NPUCOCAMHHTL ONPEACARIOLIEE YPABHEHME, ONHUCLIBAIOLLEE
CBOMCTBA MAaTEpPHANA NPU CABMIE, 3 KOTOPOr0 MOXHO NOAYHYHTL CBA3b AEBMATOPA HAMPSHKEHUH C
TEH30pOM CKOpocTEel nedopMaunit &;:

Sii = S;(e) (2)

Jlas OnNTHYECKHU TONCTHIX Cpel notok sueprun F B (1) onpeaensercs anexTponHo# (koddduun-
eHT x,) 1 Ay4ncToH (xoddduumenT k;) TENIONPOBOAHOCTLIO:

F=F +F, =—(k +k)AT (3)

B ofuwiem criydae cpea ¢ Npou3BoaLHONR Npo3payHOCTLIO JYHUCThiA NMOTOK OfpCaenseTCs
uepes CIeKTPANbHYK HHTEHCHBIOCTL M3AYUCHUA J,:

ol b - —-
Fyo=[de [dQ- Qo1 (4)
o 14x)
A8 HAXOXKACHHS KOTOPO# CNERYET PELLIHTL YPABHCHUE NIEPEHOCA HINYYEHMS
(QV), = ck, M, -1) &)

B (4,5) Q - ennHH4HBIA BEKTOD HANPABACHUR, ¢ - CKOPOCTh CBETA, [, - PABHOBECHAS
(MAaHKOBCKASN) HHTEHCHBHOCTL H3RYUYEHMS A (POTOHOB C DHEPTUEH £ &, - MOHOXPOMAaTHYECKUH

KOXPYHULMEHT NOrTOWEHHS POTOHOB C JHEPTHEH & MCMPABIEHHbIH HA BbIHYKACHHOC HCNyC-
kauue. [1pU U3yHeHUH ABHXEHHS CPEA. B KOTOPBIX NpoGern coGCTBEHHOr0 HIMydeHHs CPABHIMLI
¢ XapaKTEpHLIMWM pa3MEpaMi 3aRayid, WUCTIONL3YETCH OMHCAHWE MEPEHOCa W3NYHEeHus B npubiu-
WEHUM “Bnepei-Halan” BAONL KAWIZOW W3 ocCell KOOPHWHAT 7, z. 3aBMCHMOCTL MHTEHCHBHOCTH
M3JIYYEHHUS OT 2HEeprur (HJOTOHOB YUWTHIBAETCA BBEACHHCM HCCKONLKHX CHEKTPANbHBIX [PyNQ, B
npeaenax KOTopsix Ko3PQHUUKHEHT NOTNOWCEHMA CPEABI MOXKHO CHUTATL TOCTOSHHBIM, PaBHLIM €0
INaHKOBCKOMY cpefiHeMy. MowuocTs dg/dz ueTounuka sHeprossienehus s (1) onpeacnsercs

XapakTepoM paccMaTpuraeMolt sazauu. Hanpumep:
a) [Mpu neficTeuu Ha nperpaay Nyuka AA3CpHOrO M3NYHEHUS C MAOTHOCTHIO NOTOKA
SHEprun q_{r) B TOHKE (r.z) NOAYHUM:
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qlr,z)= qm(r)cxp(q k, dz ){l - R(T,)exp(—r_t[kn.dz') (6)

B (6) k, - x03@ULMERT NOTNOWEHRA NA3EPHOTO M3NYUEHUS, 3HEPrus HOTOHOB KOTOPOIro &,

NpoAyKTaMu paspylwieHus nperpaast, R(T) - kodQPHUMEHT OTPOKEHMS HINYYEHWS OT Mperpansi,
onpenenseMiii ee Temneparypoit T, OrpaxkeHue NPEANONAracTCa 3EPKANLHEIM.

6) [pu aeficTerK Ha mperpany My4yka 3apsXEHHBIX YacTHU (JJEKTPOHOB) JHEProBbine-
neHue cnedyeT cYuTaTh 06beMubiM. [103TOMY CTPyKTypa 30HBI JHEPrOBLIAENEHHA B NpErpaie M
BLIOPOWEHHOM 13 (OPMUPYIOWIETO B Hed XpaTepa BELIECTBE MEPECHMTHIBANACH MO METOMY
MonTe-Kapao kaxuablit pas, KOrja W3MEHEHME [IOTHOCTH BELIECTBA B KAKOW-1KGO0 pacdeTHOR
TOYKE 3a CHET ABKKEHHS pocTHrano 10%. Benuunna dg/dz B yTOM Cny4ac papha:

dgfdz=pa,- j, f(r)-e(t) (7
[AE a ,(2) - JHEPrUs, TEpAEMas ONHON YaCTHUEH B BELICCTBE MPH NPOXONAEHHH €10 MACCOBOrO Mny-
™ dx = p dz Ha ryBuKe z, j, - MAKCMMANEHAR NNOTHOCTL TOKA B Tyuke, [ () B @t} - GYHKLMY,

ONpPEAENAIOWHE NPOCTPAHCTBEHHO-BPEMEHHYIO 3aBHCHMOCTb NIOTHOCTH TOKA.
[TpH YHCIEHHOM HHTErPHPOBAHMIA CHCTeMbE (1) BMECTE C ONPE/ICNAOWNMY 3a4a4y Bbl-

POKEHHIMK F W dg/dz MaTepHANbHLIE XAPAKTEPUCTUKIA CPeibl 3a[AI0TCS B BIAAE CRTOUHBIX BYHK-
uull InP. Ink, InT, Ink, norapudmuyeckux nepemennsix Inp, Ing ¢ paHpiM WArOM H paspeliente.
obecrneuusaloldM J0CTATOYHYIO TOYHOCTS NIPH NUHERHOH HHTEPNONALUMY MEXY Y3NAMH.

Ins peweHns crerems! (1) HCMONB3YETCS KOHEYHO-PA3IIOCTHLIT METOA “KPYMHLIX Hac-
Tau" U TVD - cxema, B KOTOPLIX NMPeAyCMOTPEHBI CNEUHANbHBIE TPOLEAYPHI BbLACACHHS KOH-
TaKTHBIX NOBEPXHOCTEH, PA3NENAIOWMX BELECTBA, OTAHHYALOLIHECS CBOUMH TENNOQHINIECKUMY 1
ONTUYECKHMH XapaKTePHCTHKAMH. PelieHHe ypaBHeHHs NepeHoca OCyIeCTBAAETCS METOAOM Xa-
PAKTEPHCTHK HITU METOAOM AHUCKPETHBIX OpAXHAT

3. PemeHue KOHKPETHBIX 32044,

B kauecrse npuMepa HCIOIbL30BAaHWA Pa3pabOTAHHLIX METOAMK MPHUBOAATCH PEUICHHS
CNEAYIOUIMX PAnMallMOHHO-TINA3MORHHAMHYECKHX 3a4a4. NOJYYEHHbIE 1N PEANbHBIX ONTHKO-(u-
3WYECKUX MAPAMETPOB MATEPHANOB:
|.  Bo3geiCTBHe Na3epHOro M3fy4eHHs ymepeHHOH moTnocti notoxka g <10’ BT /cm’ wna me-

TaIM4ECKHE Nperpaibl B BOINYXE (TEXHONOTMHYECKHUE NPHMEHCHIS ).
2. Boasnefictue nazepHoro uanyvedns Gonwuioit MowHoctk ¢ <10 —10" BT /em® na muoro-

COMHBIE MULLIEHH (KORBEPCHS JIa3€PHOTO U3NYYCHHS B PEHTTEHOBCKOE).

3. BoaneficTBue Ha nperpany CHILHOTOMHOTO My4Ka 3/eKTPOHOB (06paGoTka MaTepUasnos, no-
JIy4EHHE PEHTFCHOBCKOrO TCHNOBOMO W3sYyHeHNS).

4. DNEeKTPUYECKUA BIPBIB MIOCKHX M UMIHHAPHYCCKHX [POBOAHMKOB M €r0 NPUMEHEHKS B Ka-
4eCTBE MOLUHBIX HCTOYHHKOB HM3/TyYEHHS B BHAMMOHR, YNbTpadHOETOBON W PEHTTEHOBCKOM
obnactax cnexrpa.

5. JIMHaMmHKa M3AYYeHHS, BOZHWKAIOWICTO NPW ABWKEHWH B atMOChepe 3eMau KOCMUYECKHX
00BEKTOB €O CKOPOCTAMH 40 50 kM/cek.

6. unamuxa M M3yYEHHE NNa3Mbl, BO3HHKAIOWEH fIPH ynape O MOBEPXHOCTb 3eMiu
KOCMHUYECKHX 06BEKTOB CO CKOPOCTAMH 10 50 km/cex.

PaGota BemonHena npu (QHHAHCOBOH MNomnepx ke MeXAyHAPOAHOro HayyHO-
Texunyeckoro 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 eflort 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 stmulations 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.
Skori¢, 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

project 01E11 is acknowledged
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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*t) 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 VLT 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 1s 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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YHCAEHHOE MOJIEJIMPOBAHHME MMPOLUECCOB B KCITY
C [TPOHHUUAEMbBIMH TPAHCOOPMEPAMHU

AHAHHWH C K.

Hucmumyvm voaexvispuol i amoxmoi husuvu HAH Beaapycu
220072, Leaapyew, o Muncrk, np. . Crapuinvt 70
E'mail: lrpdiccimaph. bas-net. by

B coBpeMeHHBIX KBAa3HCTAUHOHAPHEIX CHIIBHOTOYHBIX TITA3MEHHBIX
vekoputeasx (KCTTY) tumna T1-50 vexopATeTBHBIN KaHAT 00paso-
BAH «ITPO3PAYHBIMIDY CTEPIKHEBBIMH TpaHCHOPMEPAMH (INIEKTPOIAE-
MUH) C  UIMEHSIOWEHCS CTENEHBK) MATrHUTHOH 3KPAHHPOBKH,
3aBUCALLEH OT COOTHOWIEHHA MOMHOIO pa3paaHOro TOKA M TOKa,
TEKVIOETO TIO OTACHBHBIM cTep:kHaM. B pabote [1] Osrma mpen-
JOKEHA ABYMEDPHAA MOI€Ab. NO3BOMMBLIAR ONWCATh CTPYKTVPY
teueHns mnambl B KCI1Y ¢ npoHMUAeMbiM KATOAHBIM TPaHC-
dbopmepom. B pamkax TakoW MOJEITH TEYEHWE TUTA3MEI OITHCEHI-
BACTCA CHCTEMOM YPABHEHHMH HECTAUMOHAPHOM MATHUTHOH FUAPO-
JIUHAMWKH B TIPUOIMIDKEHWH KOMbLEBOTO BBOoAA [2]. Tlpu 3tom
KATO1 MOIETUPYETCH MPOOUIHPOBAHHON MOBEPXHOCTHIO C KOH-
UEHTPHUECKUMH OTBEPCTHAMH. LUMPHHA KOTOPbLIX XaPAKTEPU3YET
CTETICHB HETIOTHOTHI MAarHWTHOW YKpaHHWpoBKH. B manHOW padore
Ta MOZETb OBIMTa JOMOTHEHA Tak, YTOOBI BKIMOYHTH B Pac-
CMOTPEHHME BCIO PA3PAIHYI0 KAMEDY YCKOPUTEIA, B TOM YHCIE H
OpPOCTPAHCTBO, PACNONOKCHHOE CHAPYKU AHOAHDBIX CTCPIKHEH.
Kpome TOro. pacCMOTPEHO BITHAHHE HA CTPYKTVPY W MapaMeTpsl
N71a3Mbl CLEHAPUA TEUEHHMS. TO €CTh BCEH NOCAEAOBATEIbHOCTH €r0
IBOLOLMU. HAYHHAA C 3al0JHEHUA Pa3pAIHOM KaMepbl IL1a3MOH
BHb. TipoBeaeHo cpaBHEHHE C IKCTIEPUMEHTATBHBIMH JTaHHBIMH,
flOKA3aHA AJEKBATHOCTb NPEACTABIACHHOW MOIEIH.

Jutepartvpa

1. Ananun C.H.. Acrawuncknid B.M. Ousuka maasmer, 1997, Tom
23 Ne . e.37.
Ananud C M. ®usuka naasme. 1992 tom 18, Ne 3. ¢. 388.
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HWHTEPOEPEHIIMOHHO-TEHEBAS JMATHOCTHKA
ILIASMEHHBLIX IIOTOKOB
C HUOPOBOH OBPABOTKON N30BPAXKEHUI

C. M. AHAHUH, B.M.ACTAIIMHCKUI, E.A. KOCTIOKEBUY,
A A MAHLKOBCKHUI

UnctuTyT Moniexy 1apHOiA U aromuoit Gusuxu HAH Benapycn,
npocnext ®.Crapuinn, 70, Musnck, 220072, benapych

Pesrome. [Ipeacrasnen 0030p uccneAOBAHUH HMITY/ILCHOH H CTALIHOHAPHOH TL1a3-
MBI, BBITIOJJHEHHBIX ¢ MPHMCHEHHEM METOAOB BH3YANM3AUMH ONTHYCCKHX HEOQHO-
POXHOCTEH.

I. BBEJEHHE

B apcenanc miarHOCTIMMECKMX CPEACTB, HALICAUHX MPHMEHCHHE B H3yue-
HHH MIa3MOAHHAMUYECKIIX TPOLECCOB, 3AMETHOE MECTO 3AHMMAIOT MCTOAB BH-
3VANTH3A1IHH ONTHYECKHX HESOXHOPOXHOCTEH, OCHOBaHHBIE HA W3MEPEHHH ped-
PAKUHH NIA3MBL. 3HaA KOTOPYIO, MOXKHO PacCYHTaTh 3HAYEHHR N, C TOYHOCTBIO,
He jxocTvirHOH apvruam merozam (Ipum, 1969). Hanbonee yHHBEDCAUTBHBIM B
9TOM OTHOLICHHUH SBJISeTCA HHTEPQEPEHLHOHHBIN MeTOA 6aaroaaps BO3SMOXHO-
CTH MECHSTb B HIMDOKMX MpPEACiaxX €ro 4yBCTEHTC/IBHOCTHL M OAHOZHAYHOCTH
TPAKTOBKH NCAYMAEMEIX IAHHEX. BMECTe ¢ TeM €ro peanH3alHs AOCTATOHHO
TPYAHZ, YTO OOBACHIETCA B MEPBYIO O4EPEND CIOKHOCTBIO CXEMEI CTRHAAPTHRIX
npubopos. I'pomozaxocTs uHTEpdHEpOMETPa  CAYNMT NPHYHHOMN NMOBHLIEHHOMH
BOCIPHHMMYHMBOCTH pubopa K BHOpalsM H 3aTPYAHSIET €ro pa3MeIneHHE Ha
ycranoBke. KonebGanus 3epkasl XOTs M He MEWANT PErMCTPaLuH HHTEp(epo-
rpamMM C BHICOKHM BPEMECHHALIM paspemeHdeM, HO 6e3 MPUHATHA JOMOIHHTENb-
HBIX MED HE NO3BONAIOT FOCTHPOBATh NpuGop. Jis mpeoaonenus 3toro Heyaob-
CTB2 CTAHJAPTHHIE NPHOOPH CTPOST HA MACCHBHEIX OCHOBRHHUSAX C MPHMEHEHH-
eM BHOPO3aIMUTHHX pa3Bs30K. B urore, nanpumep, HHTepdepomerp UT42 ¢
noneM 3peHus 225 mm nmeet rabapurt 3x3x1 M opx Macce 0ko10 3 TOHH.

[Monoxenne 3HAYUTENLHO OCIONKHAETCA MPH MCCICAOBAHHH IPOLECCOB B
KPYITHRIX BaKyyMHBX Kauepax. 3Aech, KaK HPABRIO, BO3HHKAIOT HOBHIE, HE
MeHee cepbesHue npobnemul. Ilpexxae Bcero, B cirydae pacrooXCHHS 3epKall
pubOpa CHApYX M KaMEPH €€ CMOTPOBBIE OKHA I10 KAYECTBY H TOYHOCTH H3Ir0-
TOBNEHUS AOJDKHE ObITh CPABHHMK C camMuM¥ 3epkanamu. Jlanee, mpu orkayke
KaMEPH CMOTPOBHIE OKHA Je(OpPMUPYIOTCS, BHOCS CHIBHBIE HCKAXKEHHA B I1OJIE
uHTepdEPCHINM, LIS YCTPAHEHHS KOTOPHX TpebyeTcs M3rOTOBJICHHE KOMIICH-
CalMOHHBIX IIACTHH. ACTbTEPHATHBHHI BAPHAHT C Pa3MEIIEHHEM 3EpKal
BHYTPH KaMEPH CHHXKAET OCTPOTY IpolJieMbl CMOTPOBBIX OKOH, HO CYLICCTBCH-
HO OCJIOXHSET NPOLERYPY IOCTHPOBKM NpHOOpa 32 CYET HEOOXOAMMOCTH KaX-
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WHTEP®EPEHUMOHHO-TEHEBAA JUATHOCTHUKA NTJTASMEHHLIX ITIOTOKOB...

ABIA pa3 MPOM3BOAMTE pasrepMeTH3anuio kamepsl. Hakonew, Henbaa He yroms-
HYTb H O TOM, 4T0 00paboTka uHTepdeporpamMM A0CTATOMHO CJAOKHA H OTHHMa-
eT HeMmano BpeMeHH. Bee 3Ti GakTopel CAEPKMBAIOT PACHPOCTPAHEHHE METOAA
ONTHYECKOH HHTEP(EPOMETPHH B AMATHOCTHKE [LIA3MBI.

Hipke mpencraBneH kpatkuid 0630p paboT, BHIIOIHEHHBIX C MPHMEHEHHEM
asToKo/UTMManHoHHoro uHTepdepomerpa (KoctiokeBuw uw Muneko, 1981),
KOHCTPYKTHBHBIE OCODEHHOCTH KOTOPOrO YIPOLIANOT pEATH3AUMI0 METOAA.
IMpuBop cocToUT U3 HCTOHHHKA CBETA, KOMTUMATOPA, CBETOACAMTEN M ABYX
TIOTYTIPO3PAYHAIX 3EPKaJI, OTPAXKAIOMHX ONOPHBIH H NPEeAMETHBIH my4ku. Cee-
TOACNHTENb HAMPABIIAET HX B CHCMOYHYIO KAMEDY, IAe Habmogaercs peayisTar
KX wHTEpQEPEHIHH B BHIE CHCTEMBI NApaJUIC/IbHbIX TIOJIOC, YaCTOTa H OPHEH-
TaUMS KOTOPHIX 3aJACTCS TIOBOPOTAMH OIHOTO M3 3€pKa. 3@ CYET OJHOOCHOCTH
CXEMbI ¥ UCTIO/Nb30BAHHS ITPHHUMTIA ABTOKOIITMMHPOBaHHS NpUGOp oTimHyaercs
KOMTIAKTHOCTBIO W [IEFKO MOHTMPYETCH TNPaKTH4ECKH Ha JobOH yCTaHOBKE.
Tak, rabapuThi CaMOro KDVITHOrO M3 NMPHMEHSBIIMXCA B JKCNIEPHMEHTaX HH-
Tepdepomerpa ¢ nonem 3peHus 200 mm cocrasnann Beero 80x40x40 cm.

[lokagposas ceemxa HHTEphEeporpamm ¢ vactorot mo 250000 kamp/c mpo-
Boaunacs oroperucrparcpom COP. HcnonsizoBaslunecs 11 30HAUPOBAHMA
TITa3MBl J1a3€pbl Ha PYOHHE i HEoAMME. paboTaBLIHE B PEXIIME CBOOOIHOH re-
HCpallMH € CCACKUHEH MOI OOSCICHWMBAIIH BPEMCHHOE DPalPEUICHHE HE XyikKe
100 He npwu uacroTe cremxn 10 250000 xanp/c.

Jns obpaborkun unrepdeporpamm Obia  cO3jaHA aBTOMATHIUPOBAHHAA
cucrema (AHaHHMH W ap.. 1994), B cocTas KOTOPOH BXOAST BHAEOKAaMepa Ha
IM3C-marpuue, Gnok ynpasaenus, MOHUTOP ¥ kommnbiotep. Ha Bumeokamepy
3aITHCHIBAETCS HYXKHBII Kaadp KHHOHHTEepdeporpammul. brok ympasnenms
OLHQPOBBIBAET CUIHAIB € MATPHLBI, 3ATIOMHHAET M300paxkeHne, BLIBOAHUT €ro
Ha MOHHUTOP ¥ 00eCNeUnBacT BAINOJTHEHHE ONEPALMiT BBOAA-BBIBOAA.

[Tporpamma ofpaborxn uHTEphEpOrpaMm, CO3AABABUWIAACH C YHYETOM OCO-
GEHHOCTEH IKCTIEPHMCHTA, BKIIOYACT MPOLEAYPY aBTOMATH3MPOBAHHOIO IOHC-
K2 MAaKCHMYMOB HHTCP(GEPSHLMOHHBIX MO0C B 33AaHHBIX CCUCHHUSX, HHTEPAK-
THBHYIO KOPPEKUHIO ICIYIECHHOH MATPHUA! H IOCNEAYIOLIHE MALIHHHLIE BhI-
YHCJICHHS, ARIOIIHE B HTOTE pacrpeAecHie Ne B BU3yatn3Hpyemoit obaacru.

II. 3KCIEPMMEHT

1. BiaumogeiicTsue N1a3epHOro HATYYeHHUS C BELLIECTBOM

AHanu3 KHHOMHTEphEpOrpamMM BO3ACHCTBHSA CHOKYCHPOBAHHOIO HINYyYEHHS
Nd-nazepa B IMUYKOBOM peKHME HA AMIOMUHHEBYIO MuIneHb (KocTIOKeBHY H
ap., 1980) mossonua mpocieaudTs AMHAMHKY PasBHTHS jascpHoro ¢axena
BBISIBHTb XaPaKTep pacnpOCTpaHEeHUs YAapHuX BonH. Ilpu ux B3aumopeiicTBuu
B HaxdaxenpHOIT obnacTi oOpasyercs MIOTHAsA BO3AYLIHAS «podKkay», KoTopas
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MOXET CYIICCTBEHHO BIMATb HA MPOLECC B3AUMONCHCTBUSA /TA3EPHOTO U3Tyue-
Hud ¢ cobcTBeHHoH mnasmoil. [IpumeHense wHTEpGEPOMETPHH HA ABYX IUTH-
Hax BOMH TIO3BOJIMIO HAMTH pacmpeacneHne N, MaKCHMANBHOE 3HAYCHHUE KO-
Topoit coctasuno 2x 10" ey, IMpu Bo3AcHcTBUM HA MHIUEHD 1-MKC MMITYIBCOM
BBICOKOS BPEMEHHOE Pa3pemeHHe JOCTHIANOCh 33 CHET LIEJIEBOH pa3BepPTKH Io-
noc. B pesynsTate n3MepeHsl CKOPOCTH yZapHHIX (POHTOB M HANAEH BpEMEH-
Ho# xox Ne Ha ocu daxena.

2. AyroBoii IL1azMOTPOH

Tlpu ucencaoBanugx cTa0WIN3HPYIOLIErO ACHCTBUSA 3NCKTPHUCCKOR IYrH Ha
TEYEHHE I1a3Mbl B KAHANZ CTALMOHAPHOrO0 AYrOBOrO IUIA3MOTPOHA CO CTEPXK-
HEBBIM KATOAOM H TpyO4aTHM aHoxoM (Anciuuu U ap., 1983) okna cMoTpoBoit
cexudu Obind 3aMEHEHn 3epkanaMH uHTepdepomerpa (anamerpom 10 Mm),
KPCMMBLIMMHCS K (IAaHUAM 4epe3 dNACTHYHBIC YIUIOTHEHMS, 00ecreYMBaBIIme
repMCTHMHHOCTb KaHa/la l BO3MOXHOCTb IOCTUPOBKM npubopa. B peaymabrrate
ObLIM YCTaHORJEHB! (DAKTOPH, ONPCACLUOILME MEPEXO0A PEKHMMA TEYEHHA OT
TYPOVJICHTHOTO K JJAMHHATHOMY,

3. MITK » KCITY

Maranronnasmennsiii xommpeccop (MITK) npencrasnser codoit 3nexTpo-
Pa3PATHYIO CHCTEMY. COJICPKALIYIO PAZPILHOE YCTPOHCTBO € KOAKCHAILHO pac-
MONOXKEHHBIMM  3NCKTPOXAMH, KOTOPAd MO3BOMSICT NONYYATh HMITYJIbCHHIE
NNa3MEHHbIE  TOTOKH,  CHarble  COOCTBEHHbIM  MArHMTHBIM  TONEM
(Acrammuuckuit u ap., 1991).

YeTripe TakuX yCcTpOHCTEA HCMOAbLIYIOTCS B IMPHHUMIHAILHO HOBOH JBYX-
CTYNEHYaTOH CHCTEME - KBA3ZHCTALMOHAPHOM CWJIBHOTOYHOM ITIa3MEHHOM YyC-
xopurene (KCITY) - B xauecrse nepsoii cryneHd. OHH HHMKEKTHPYIOT NONHO-
CTBI0 MOHM3HPOBAHHBIE ILIA3MCHHLIE NOTOKH BO BTOPYIO CTYHEHbL - YCKOPH-
TeNbHBIH KaHan, 0Opa3oBaHHbIH BHELTHHM 3EKTPOIOM Jutnnoi 120 oM 1 aua-
MerpoM 50 €M H LIEHTPATBLHLIM 3JIEKTPOAOM cioknoro mpodruis. Takum oOpa-
30M, paspsX BTOPOH CTYNEHH MPOHCXOAHT B MPEABAPHTEABHO PA3OrPETOH cpe-
Ze, 4eM 0becrnedyuBaeTCs JOCTHIKEHHE BHICOKHX TapPaMETPOB Ha BHIXOAE YCKO-
pUTENA.

Yr1oOpl HCKMIOUMTL BaHsHHUE AcdopManuil CMOTPOBHIX OKOH, 3epkana 200-
MM HHTEPHEPOMETPA KECTKO KPEMHIHCh H3HYTPH Kamephl K ONpaBaM OKOH.
CrieumanbHash KOHCTPYKIHS OIIPAB OKOH MO3BOJIANA YOCTHPOBATh 3EpKana CHa-
py», He rpuberas x pasrepMernsauui kamepsl. Kpome Toro, sxecrkas cBs3b
3EPKANT CO CTEHKAMH BaKyVMHOH kamepnl obecrieuHBaa HaACKHYIO 3amUTY OF
BuOpanmii: rocTHpoBxa npubopa HE HApyIAnach HAXKE IOCIE MPOAODKHTENS-
HOIi paboThl BAKYYMHRIX arperaTos.

Ilpeapapurenshbie pacdersl nokazanu, 4ro B ycnoBuax MIIK u KCITY
pedpaxumsg rmaMbel B 06,1aCTH KOMITPECCHM  ONPEACIAETCS [NIABHBIM 00pazoM
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CBOOOHBIMH JJICKTPOHAMH, 2 BK/IAA TOKEIBIX YaCTHI HE NPCBAIIACT MOrpei-
HOCTH H3MEpeHMR. 310 AABAI0 BOSMOMXKHOCTD ONPEACIATs N, MO OJHOMIHHHO-
BOJIHOBRIM HHTEP(EPOrpaMman.

T, B obnacru kommpeccan KCITY onpeaensann no ckopocts 38yka B 1u1asMe,
KOTOpas OAHO3HGYHO CBS33HA ¢ YT/IOM OTXOXIECHHA CKauka YIUIOTHEHR, obpa-
3YIOIErocs NpH HaOGEraHHH IJIa3MEHHOIO MOTOKA HA TOHKHH KJIHH, YCTAHOB-
NEeHHHH TOJA HYJEeBHM yTiaoM arakd. Jn1 BH3yanu3anuH CKaykoB YTUIOTHEHHS
urTepdepomerp ObL1 NepecOOPyNOBAH B TEHEBOH MPUBOP NOCPEACTBOM 3aMEHN
32JHETO TONTTPO3PA4YHOro 3EPKaNa LITyXHM.

B peaynbTaTe npoBEAEHHHIX IKCIIEPHMEHTOB NpOCiexeHa JuHamuka (op-
mupoBaHug obnactu kommpeccud B MIIK w KCITY, naiigeso nmpoctpaHcreeH-
HO-BpeMeHHoe pacrpeaenesne N, B IOTOKE, OOHAPYKEHO, YTO HA CTAOMH pas-
Bana obnacre KoMIipeccHn rpuobperaer Tpybyaryro crpykrypy. Ilo 3naueHnsm
N, B KaHQIE U 33 CPE3OM VCKOPHUTENSA ONMPEACNIEHA CTEICHb CXKATHA IIa3MEHHO-
ro noToxa B obnacru kommpeccdd. Ha OCHOBaHHH TCHErpaMM B3auMOACHCTBHA
MOTOKA ¢ KIMHOM PAcCUYHTAHH 3Ha4eHHus T, (AHanuH » 1p., 1998).

1. 3BAKJIIOUEHHUE

PeavabTars! MPOBEACHHBIN HCCNEAOBAHMHA MOKA3aIH BRICOKYIO FHOKOCTS U YHH-
BEPCAJIbHOCTh ABTOKOUIMMALIHOHHOIO HHTEpdEepoMeTpa, NO3BONSIOUIYIO ITPM-
MEHSTD €70 B CAMBIX PA3HOOOPA3HBIX YCIOBHUAX.
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ON THE CHARACTERISTICS OF X-RAYS
EMITTED FROM THE PLASMA FOCUS DEVICE

R.Antanasijevi¢, D.Dordevi¢ and D.Joksimovié
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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. Fitm 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 x2m) were used for analysis of emitted X-radiation.

3 4 89
s | —Z }E%ﬂﬂ
O® 000
ogo
L S 6

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 filin there are 13 holes covered with Al of

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

10

Energy of X-cays { heV)

}o

[ Vo 10
2 ({atomic number )

r#°+“.

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 energy value in comparison with the previous results
(Antanasijevi¢ 1995), but at the same time concentration of Ar in this

experiment was much larger. Estimated error in this experiment is
around *30%.
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LINEAR OPTICAL POLARIZATION OF P Cygni IN 1986-1992
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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 1073Mg 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
O 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.

51



J. ARSENIJEVIC and S. MARKOVIE

1.504

P( %) ) '

=
S

| IS U TR S T T S S G Lero 111

0.90
] TD( 2440000+ )
0. 40 T T T T T T T T T
6500 7000 7500 800 8500 000

Fig. 1. The observed polarization percentage of P Cyg in V filter during the period
1984-1991.

JD( 2440000+)
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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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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 1s concerned.

TABLE 1
Yearly mean values of polarization percentage (P), position angle (©), and Stokes param-

eters ((J, 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 | 355 £ 4.6 | 0.387 £ 0.244 | 1.118 £ 0.128 | 29
7019 115+ 0.23 | 36.3+ 3.0 | 0.345 + 0.157 | 1.097 + 0.096 | 32
7398 1.03+ 020 | 31.3+1.3 | 0475 £ 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 1.98 +£0.28 | 356+ 1.7 | 0413+ 0.131 | 1.200 + 0.157 | 23
8473 119+ 0.32 | 31.9+04 | 0525+ 0.121 | 1.071 + 0.208 | 28
8845 1.22 £ 0.48 | 30.0 £ 2.2 | 0.612+ 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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Pejrome. PaccMOTpeHBI 303MOMHOCTH KBa3MCTALMOHAPHBIX TLTA3MEHHDBIX
yckopurtenieid kommnaktaoil reomerpun (KITY-KI') rasopaspsaoHoro u
3PO3HOHHOIO THIIOB, TEHEPUPYIOUIHX KOMIIPECCUOHHBIE IL1a3MEHHbIE
noroku (KINI) 3amaHHOro cocraBsa, KaK MCTOYHHKOB TUIa3Mbl IS
aTOMHOM CIIEKTPOCKOIMHH,

I.BBEJAEHHE

Jns  ucciegoBanui B 00MacTM  aTOMHON  CNEKTPOCKOMUH
HeOOXOOMMBI TUTa3MEHHbIE HCTOYHUKH M3NydeHus, obecrneynBarolme
BO3MOXHOCTb OTpENENIeHUs BEPOSTHOCTEH ONTUYECKUX NEePeXOAOoB B
aTOMax M MOHAX, CWJI OCLUWISTOPOB, K03GHUUMEHTOB nepeHoca, a
TAKKE U3Y4EHHUA 3aKOHOMEPHOCTEH YLIHMPEHHS CNEeKTpanbHbIX JIMHHiM, B
TOM HUCNE B 3J€KTPOMArHHTHBIX MOIAX Pa3JIHYHONR KOHQUTYPaLHH.

Taxue HCTOUHMKH [PU CBOEH OTHOCHTENBHOR NPOCTOTE NOMMKHbBI
MMeTb  JOCTaTOYHO  WHPOKHM  JMaNa’oH  TEPMOJUHAMHYECKHX
napameTpoB, ObITb OCECHMMETPUYHBIMH H O0eCrnedYuBarb XOpOLIYIO
BOCTIPOM3BOAMMOCTb.

K ycrpoiicTBam, yI0BIETBOPSIOUINM TaKMM TPeDOBAHHAM, MOXHO
OTHECTH KBa3MCTaLMOHapHble MIasMmenHeie yckoputenu (KITY), B
KOTOPbIX  YCKODEHHE IUIa3Mbl  COMPOBOXIAETCH €€  CxKarheM
COOCTBEHHBIM a3UMYTATLHBIM MAarHuTHeIM noieM (Mopo3sos, 1978).
HNoxanyii nHaubonbwuii HHTEpeC IS aTOMHOW  CHEKTPOCKOIMHH
MPEeACTaBNAIOT KBAa3UCTALUMOHAPHBIE ra3opaspsiaHble M 3PO3HOHHLIE
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MNa3MEHHbIE YCKOPHTE.IH KOMMAKTHON reoMeTpun (ACTAWHUHCKHA | 1p.,
1989, Munbko wu ap, 1991) c¢ orHocuTensHo HeGOMBLIMM
oHeprosanacoM Haxonwteneit ~ (10 - 30 Jx), renepupyomue
KOMMPECCHOHHbIE  TLTa3MEHHble  TOTOKM  3aJaHHOr0  COCTaBa,
XapaKTepH3YIOUIMECH OCTATOYHO BBICOKHMHM TEPMOIAMHAMUUYECKHMHU
napaMeTpaMu niasMbl. XapakTepHas MIMTEIbHOCTb KBa3HCTAUMOHAPHOM
CTaa1K Pa3sBUTHS KOMIPECCHOHHBLIX NOTOKOB PacCMaTPUBAEMbBIX CHCTEM
cocrasuser ~ 50 - 100 wmkc.

2. TEPMOJMHAMHYECKHE [TAPAMETPBI U
CBOMCTBA KITIT 3ATAHHOI'O COCTABA

IN'azopaspsansie KITY-KI' nossonsor nosmyyars M1a3MeHHble
MOTOKK NPAKTHYECKH 13 MOObIX ra308 W MX CMeCeH, COCTABIEHHBLIX B
mo0LIX nponopumsX. Padouuit ra3 nogaeTcs B paspsaHOE VCTPOMCTBO
VCKOPHTES MO0 € TIOMOLUBI0 MMMYALCHOTO 3JEKTPOAHHAMUYECKOro
K1anada, 100 Npez3apuTelbHO OTKAYaHHAS BAaKyVMHas  Kamepa
3aMOJHAETCS ra3oM JI0 3aJaHHOrO AaBNEHHMsS (TaK HA3bIBAE€MblH pEXUM
“OCTATO4HOro rasa’).

Cneayer orMeruTh, UTO B CHCTeMax C COOCTBEHHBIM
A3UMYTAJIbHBIM MArdHTHbLIM noJjieM, K KOTOPbIM OTHOCATCH U
paccmatpuBaembie KITY. nabmopnaercs cenapauds WOHOB MO macce M
3apsay, T.e. MPOUCXOANT ~CaMOOYHILEHHE” KOMMPECCHOHHOTO NOTOKa OT
TAKEAbIX WOHOB NpHMecell, B OCHOBHOM, [IPOAYKTOB pa3pyWeHUs
anexrponos (Mopo3os. 1978).

IlpoBeneHHble  paHee  WCCIEAOBAHUS  TaKWX  yCKOpHUTelew
BBICOKOCKOPOCTHBIMKH  (GOTOrpadMHECKUMH, CNEKTPOCKONMMYECKUMH H
UHTEPPEPEHUMOHHO-TEHEBLIMU  METONAMM  TMO3BONUIHM  H3YYUTH
OWHAMHKY (GOPMHPOBAHHS, CTPYKTYPY M CBOHCTBZ KOMITPECCHOHHBIX
MJIA3MEHHLIX MMOTOKOB, ONPEAECNIHTL UX OCHOBHBIC ra3OAMHAMHUYCCKHE H
TepMOAMHAMHYECKHe napaMerpnl (AcrawiMHcexwit w  gp., 1991,
AcramvHckui U op, 1992, Mussko u ap., 1992).

Ilpu pabore Ha Bonopome 3a cpesom KIIY-KI' ¢opmupyercs
KOMIPECCHOHHbIN TUIa3MEHHbIA NOTOK AHAMETPOM ~ 1 CM K LIUHOI ~ 4-
S oM. B peructpupyeMbix  CHeKTpax HMCNYCKAHUA  MJa3Mbl
KOMnpeccuoHHOro notoka B obnactu 300-700 uM HabmoparoTcs B
OCHOBHOM CIUTOIIHOE H3.TyY€HHE M JIMHUM aTOMapHOro soaopoxa. Ilpu
MaIbIX pacxopax padoyero rasa HabmopaloTcs Takke Haubonee
WHTEHCUBHbIE (PE30HAHCHbIE) AMHHH aTOMOB JNEMEHTOB, BXOAALMX B
COCTaB Marepuana 3JIeKTponoB. B  3aBHCUMOCTH OT HauYalbHBIX
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NapaMeTPOB pPa3psaa TeMIepaTypa mnasmer cocrasnseT ~ (1-3)-10° K, a
KOHLIEHTpaLus anekTpoHoB — (1-2) -10"7 cm™.

IMpu pabore KIIY ¢ BO3ayxOM B pEXHMME OCTaTOHHOIO rasa B
QuanasoHe aasneHui 1-5 Top, TeMnepartypa nuasMbl KOMIIPECCHOHHOTO
noroka cocrasnana ~ (3-4)-10° K, a xonuenrpauus snexrponos ~ (1-3) -
10" cm® (Acrammuckuit u ap, 1984). B crekrpax HcryckaHus
Ha6mona}o1"c;1 B OCHOBHOM CIUJIOLIHOE M3NYyYE€HUE W JIMHUH HOHOB a30Ta
M KHCIOpOda, BIUIOT, A0 3-# kpatHocTd HoHu3auuu. OceBoe
OrpaHHYEHHE KOMIMPECCHOHHOIO [I0TOKA HENOABHXKHOH mperpanoi
nO3BOJMIIO  copMMpOBaTL B TEYEHHME  OJHOTO  paspsna ABa
B3aUMMOCBA33HHBbIX, OJHOBPEMEHHO CYILIECTBYHOIIHUX HCTOYHHKA
M3Ty4EHHS B BUOMMOI OONAaCTH CNEKTPa ¢ APKOCTHOH TemmnepaTypoit ~
3-10* K ( xomnpeccuoHHblit MOTOK, COCTaB MIa3Mbl ONpENeNsercs, B
OCHOBHOM,  palouuM  rasoM) o 5100 K (yoapHOCXKaThIi
NPUNOBEPXHOCTHBIN CI101 NIasMbl, COCTaB KOTOPOH NPeHMYLECTBEHHO
OnpenesAeTCst MAaTepHATOM Nperpans!).

Hccaeposanus razopaspsadeix KIIY nossonannu  veTaHOBUTH
KpHTEPHH MONy4YeHuss npe  (HKCHPOBAHHOM VDOBHE 3aracaeMoi B
YCKOPUTEJIE 2HEPIrvMH MAKCUMANIbHBIX [1apaME€TPOB [U1a3Mbl C  MallbiM
KONMYECTBOM NpHUMeceil B 3aBHCHMOCTH OT MaKpOCKOMHHYECKHUX
napameTpoB paspsna ( MAKCUMaNbHOrO 3HA4EHHS PpaspARHOrO TOKa,
MaccoBOro pacxona padodero BeleCcTBa M HAYaNbHOTO HanpsDKeHUs
HAKOTHUTEIA SHEPTUH).

[Tpennoxeunvle opurnHanbHeie KIIY  3posnoHHOro Tuna
(Munsko 1 ap., 1991) snepssie obecnednny BOSMOXHOCTb MTONY4EHHS B
BO3OyX€ MpH aTrMochepHOM HarJeHUH (T.€. B YCIOBHSX CBOOOAHOTrO
AOCTyna K riasMe) KOMMNPECCHOHHBIX DJPO3HOHHBIX IUJIA3MEHHBIX
NOTOKOB 3aJaHHOTO COCTaBa, OMNpENeNsIeMOro MaTepHaloOM BHYTPEHHETrO
anexrpoza. IlpoBeneHHble UCCIENOBaHUA MO3BOJMIM  YCTAHOBWUTD
¢u3HYeCKHe TNpOLECChi, OTBETCTBEHHbIE 33 (OPMUPOBAHHE TaKUX
MOTOKOB, HaHTH CMOCOOLI yBeNHUYeHNs ¢(PEeKTHBHOCTH BBORA 3HEPrUd
HEMOCPEACTBEHHO B KOMIPECCHOHHBIH MOTOK, ONPENEIHTb OCHOBHBIE
ra30AMHAMHYECKHEe M TEPMOAWHAMMYECKHE MapaMerTpbl 3PO3UOHHOM
mnasmbl (MuHbpko ¥ Ap.. 1991, AcramnHckuil ¥ np., 1995).

KoMnpeccroHHbI MOTOK B TAKUX CHCTEMAX UMEET JUTHHY ~ 15 cMm
npu guameTpe 1-2 cM. B ciyuae, kOraa BHYTPEHHMA 3N€KTPOJ BLITOJMHEH
M3 MEIM, B CHEKTPE HITydeHHs nna3Mbl HAOMIOOANOTCS TOJNLKO JIMHUH
aToMOB M MOHOB Mead. KoOHLEHTpaLus 3JIEKTPOHOB TIUIa3MEHHOTO
noroka cocrasnser npu 3toM ~ (1-2) -10"7 cmM?, a Temneparypa masmsl -
(2,5-4)-10*K.
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AHanu3 NpUBENEHHBIX BbIILE NaPAMETPOB IL1a3Mbl IPO3HOHHBIX U
ra3opaspsilHbiX KOMITPECCHOHHBIX MOTOKOB IOKA3bIBAET, YTO B HHX
YCTaHABNMBAETCA JIOKATBHOE TEPMOJMHAMUYECKOE PABHOBECHE.

3. 3AK/IITOYEHHE

IIposenennsie MCCNENOBAHUA KBa3MCTaL{HOHAPHBIX
razopaspsaHblX M 3pPO3HOHHBIX MIa3MEHHBIX YCKOpUTENeil KOMMNAKTHOH
reOMETPUH TO3BOJIMAH  YCTAHOBUTH OCHOBHbIE 33KOHOMEPHOCTH B
busnueckux npoueccax. ONpenensomX pexXUMbl paboTel Takoro poza
NIa3MOAMHAMHYECKMX  CHCTEM,  HAaliTH  cnocoObl  ympaBieHus
napamerpamu  (QOPMHUPYIOLIUXCS  KOMIIPECCHOHHBIX  TUTa3MEHHBIX
NOTOKOB  3anaHHOro cocrasa. Paccmorpenne cBoiicts  KITY-KT
NOKa3bIBAET MEPCMEKTHBHOCTb MX MCTIONB30BAHMA [UIY  aTOMHOM
CTIEKTPOCKOITHH.
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[IPUMEHEHUE YIIUPEHUS CTIEKTPAJIHBIX JIMHUH B
JIUATHOCTHKE DJIEKTPOPA3PALHBIX DPO3MOHHBIX
[TJIASMEHHBIX ITOTOKOB

ABPAMEHKO B.b., Ky3bMuLKHI A.M.. MitHbKO JI.A.
HMucturyTr monexynspHoit u atomuoif uzukd HAH benapycu
220072, Munck, np. ®. Cxopunst 70
Email: Irpd@imaph.bas-net.by

CneKTpOCKOMUYECKHMHU METOJaMH MOXHO NPOBOJHTH
UCCNeNOBaHHsA B LIHPOKOM HMHTEpBane OCHOBHBIX MapaMeTPOB I1Ja3Mbl.
Hcnonp3oBaHHe B JUWArHOCTHYECKHX UENSX Pa3lIMUHBIX CIEKTPalbHBIX
JUHUHM IO03BOJIAET IMOJIyyaThb CBEJIEHHS O NapaMerpax IasMbl B TeX
obnacTsx MCTOYHHUKA, I1e TPOUCXOAHT MX 3¢ dekTHBHOE BO3OY)UeHHe. B
'HEOJHOPOJHOM HCTOYHHKE MIa3Mbl pacnpelesieHHe 30H BbICBEUUBAHHS
CHEKTPAIbLHBIX NHHHHA 0O0ycrnaBIHBAEeTCA pa3lUYHBIMH (aKTOpaMH —
NOTEHUHANIOM BO30YXXIEHHS, TOCTOSHHOH KBagpaTu4Horo s¢ddexra
Itapka u Ap., KOTOpbIE M ONpPEAENSAIOT AHATUTHYECKHE BO3MOXHOCTH
CIEKTPAJbHBIX JTHHUI.

B HacToslleH pabote NPHUBOAATCA pe3ybTaThbl
3KCNEPHUMEHTANIbHBIX HCCAEAOBAHWUN [apaMETPOB I[J1a3Mbl Ppa3IMUHbIX
HCTOYHHKOB C HCNONb30BaHHEM KBaapaTHyHoro 3¢dexra IllTapka.
KoxueHTpauus 3JIEKTPOHOB onpeaensiach no pasIH4yHBIM
CHEKTPAIbHBIM TTHHUAM, 00/1aJaroliiM 3HAYUTENHHOR BEJWYHHON IIOC-
TOSTHHOH yIUHPEHHUA.

KonueHTpauus 3apsikeHHbIX YaCTHL B 3PO3MOHHOM IJIa3MEHHOM
YCKOPHUTENIE OMNpeNesiach N0 yUIHPEHHUIO cneKTpaﬂmeX JTMHUHA aTOMOB
U HOHOB 3JJEMEHTOB, BXOJIAIUMX B COCTaB MaTepuana noanoxku: Sill
637.1um (E,=12,073B), FI 623,9 (14,68), FII 429,9 (29,55), CII 426.,7
(20,95), oOycnoBneHublx  kBagpaTtu4HbIM  3ddektom  IllTapka.
KoHueHnTpauus 31€KTPOHOB ONpeAeNnach Kaxk 110 MEPecUHTaHHbIM Ha

palHajibHOE pacnpciaesieHHe KOHTYpaM. TaK H 10 HENCPECHHUTAHHBIM
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(tabn.1).

Bo Bcex HcclneayeMbIX Cly4asX B KauecTBE HAKOIHMTENSA JHEPrHH
HCIIONB30BAIACH KOHAeHcaTopHas Oarapes emkocTbio 24 Mk®d, kotopas
3apsokanack a0 Hanpsbkenus U, =5xB, oaHako, B 3aBHCUMOCTH OT
BEJTMYHHLI HAYalbHOM HHAYKTHBHOCTH pa3psAHOrO KOHTYpa BEIHYHHA

pa3psadHOro ToOKa MOrja CylEeCTBEHHO H3MEHATLCA.

TABJIMLA 1
Pacnipenenenye KOHUEHTPALHH JIEKTPOHOB BAOJb PAHYCA, U3MEPEHHOE

10 pa3NIM4IHBIM CIICKTPAJIbHBIM JIHHUAM

N¢'|()"7CM 3 (U,=5«B)
pasmyc. Sill637,1 F1623,9 F11429.9
MM 6e3 ¢ nepecue- Oe3 ¢ nepecue- 6e3 c nepecye-
nepecyera TOM nepecueTa TOM nepecueTa TOM
KOHTYpPOB | KOHTYpPOB | KOHTYpPOB | KOHTYPOB | KOHTYpOB | KOHTYpPOB
0 39 - 4.2 - 59 -
I 4.4 4.7 4.0 - 48 4,0
2 43 4.8 42 4.2 48 4.0
3 39 4.7 4.0 4,0 6.6 4.0
4 3.5 4.1 3.9 4,0 - -
b} 3.5 3.8 3.9 3.8 - -

3aMEeTHOr0 H3MCHEHHs KOHUEHTpauuu 31ekTpoHoB (N,) BHOJbL
paaMyca Niua3sMEHHOH CTpyH He npodcxoauT. Mamoe otnuume N, rnipu
H3MEPEHHH MO MEPECYMTAHHBIM 10 paguyCy H HENepeCYHUTaHHBIM
KOHTYPaM YKa3blBa€T Ha BBICOKYK) OIHODOJHOCTH HUCTOYHHMKA. B 3THx
YCJIOBHAX OINpENENEHHE KOHUEHTpAlMH 3JIEKTPOHOB C HCMOJIL30BAHUEM
YIIUPEHUS Pa3/IMYHBIX JIHHUH JaeT OMU3KHeE N0 BeJMYUHE 3HAYEHHS.

Boons ocu crpyu Ha paccrosHuu 0,6 cMm oT cpesa comna N,
3aMETHO HHDKE O CPaBHEHHIO C €€ BEJIMYMHOR y Cpe3a M YMEHbIUAETCs

BOOAb panuyca. M3mepeHue KOHIUEHTPALMH 3JIEKTPOHOB METOJAMH
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NPUMEHEHWUE YUIMPERUA CIEKTPANBbHBLIX JTUHUA. .

royiorpabyueckoil MHTEPHEPOMETPHU U M0 YLIMPEHHIO CIIEKTPAIbHON
aunud F1 623,9 naer Gnuskue pe3ynbTaThl. N,, M3MEPEHHOE METOAOM
ronorpaduyeckoii  uMHTEpbepomerpus gocturaer 1,710"% oM, a
MaKcHMasibHOe 3HauyeHue N, M3MEpEeHHOe MO YIIHPEHHUIO CIEKTPANbHOM
maanu Fl 623,9, nocturaer 1,410 cm ™. Takoe cornacue ykasbiBaeT Ha
BBICOKYIO JOCTOBEPHOCTH MOAYYEHHBIX Pe3y/IbTaTOB.

Hamepenns KOHLIEHTpalHH 3apAOKEHHBIX JaCTHL c
NPOCTPAHCTBEHHO—BPEMEHHBIM  pa3peiieHMeM  MPOBOAMIAUCL MO
IITAPKOBCKOMY YLUHPEHHWIO CNEKTpabHOW JHHHM aToMa ¢Topa FI
623 9uM (1a61.2).

TABJIMLIA 2
PacnpeneneHye KOHIEHTPaUH 3JIEKTPOROB BAOb pafuyca 1s
Pa3TUYHBIX MOMEHTOB BPEMEHH

Ne-l()“"cm ‘(U°=5KB)
panunyc. MM
| kanp 3 xkaup S kanp
0 14 6.2 6.2
! 15 6.7 6,2
2 13 6,2 6,2
3 [ 0,2 6.2
4 10 5.7 6,7
4,5 - 5.2 6.7

KonuexnTpanus yacTHil vMeeT MaKCHMaJlbHOE 3HAYEHNE B Hadasle
BBICBEYMBAaHHUA JHHMU. B 370 %e BpeMs  HabnwoJaeTcs HEKOTOpOE
YMEHBLUEHHE KOHUEHTpaUKUH BAObL paiuyca, OJHAKO 4epe3 4 MKC OHAa He
TOJIbKO YMEHBUIAETCA MO abCONMIOTHOMY 3HAUEHWIO ~2 pa3a, HO H
HECKOJIbKO BBIPABHUBAETCS BAONbL paauyca. CnycTs ~8 MKC KOHIEHTpa-
UHs 37EKTPOHOB UMEET He TOJNbLKO  0oJjiee BBHIPOBHEHHBIH NOCTOSHHBIN
XapakTep BAOJb pagdyca CTPYH, HO M OOHApYXHBAETCA MAKCHMAaILHOE
3HA4YCHHE BAANH OT OCH.

61



B.B. ABPAMEHKO, A.M. KY3bMUUKUN u J1.51. MUHBLKO

Hcnonp3oBanue kBaapatnyHoro dgexra Lltapka cnektpaibHoi
nuHud FII 4299 HM B HMMNYAbCHOM TNPHIOBEPXHOCTHOM pa3psue
no3BONMAO  OOHapyXHTb  OIHOBPEMEHHOE  CYLUECTBOBAHHWE  ABYX
MAaKCHMYMOB KOHUEHTPAaUWHK 3apsXKCHHBIX 4YacTHU Ha pa3nMyHbIX
pacctosHusx (h) OT NOBEPXHOCTH CTEHKH. COOTBETCTBYIOUIHM ABYM
KaHalaM  paspsaa  (cepeaMia  MeXDAEKTPOAHOro  MpOMEXYTKa,
sxkcro3uuus 4mke, U =5kB) (cM. puc.).

N, 10%cm™
1.3 . v - .

12 L o 3

11 L4 3

09 | 4

08 } 3

0.7 P . - N NN

Puc. Pacnpeuenenue 211eKTPOHHON KOHUEHTPAUHU

AHQIU3 pacnpeneseHuss UHTEHCUBHOCTER CNEKTpanbHbIX JUHHHA
Nnokasaj, 4YTO TIE€PBbIH  MAKCMMYM  3JEKTPOHHOH  KOHUEHTpaLUUWH
COOTBETCTBYET BbICBEYHBAHHIO ATOMHbIX CIIEKTPIbHbIX JIMHHHA. @ BTOPOii
MaKCUMYM — HOHHBIX CIIEKTPAIbHBIX JIHHHHA. X0 KOHUEHTpalUHu
3JIEKTPOHOB COOTBETCTBYeT Habnonaemoit Ha COP-rpaMMax kapTuHe

TCUCHHA pa3psdla.
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HMITYJIbCHREI KOAKCHAJILHBIA TUIAZMEHHBIA
MIIIYYATEIDD 11 HAKAYKHA MOUTHHX
JA3EPOB HA KPACHTEIAX

B.A. BAPUXUH., E.3. TAHYCEBHY
I'pomuenciuit rocynusepcurer, 230023, yn. Oxenko, 22, I'poasno,
Benopycens
boyarkin@univer.belpak.grodno.by

Aunoraumsa.  PaccmarpuBaercs  IUTa3sMeHHHIR SIIEKTPOPAIPARHHA
H3JIy9aTelb,  ONTHYECKHE  CBOWMCTBA  KOTOPOro  YAOBJIETBOPAIOT
TpeOOBaHMAM, MPEABABIAEMHM K HCTOYHHKY HaKadKH JiajepoB Ha
kpacuresisax. IIpuBomsTCS 37IEKTPHYECKHE M CBETOBLIE XapaKTEPUCTHMKH
nanydarens. Ocoboe BHHMAHHE YOEIEHO YCIOBHAM (OPMHPOBAHHA
OHOPOAHOTIO IUTa3MeHHOTo 00 pa3zoBaHu.

ObnyHO nasepHHHM Mooynab Ha pacTBOPaX KpacHTeNeH NOCTPOeH
MO cenylomiel cxeMe pa3psoHOro KOHTYpa: “CHCTEMAa  YNpaBiieHUs
PEXHMOM PabOTH PaspsaHOro KOHTYpa <> eMKOCTHOH HaKoNHTelb —»
YIIPABJISIEMH# BHCOKOBOJNBTHHI KOMMYTaTOp —> TOKOBeXymasi JIHAUS —>
Harpysxa”. B nannoil paboTre B xauecrBe Harpy3ku paccMaTpuBaercs
TU1a3Ma 9JIEKTPHUECKOro pa3palla B MMIYIHCHOM KOAKCHAIBHOM Namne
(MKJI). McToyHNK MHTAaHMA Na3epHOro MORYNS HNOJKEH obecnequBarts
BO3MOXHOCTh OIIEPATHBHOTO MaHEBPa BeJIMYMHON IHEPTHA, BLIAEIIIEMOI
Ha Harpyske, H UIMT&ILHOCTHIO HMIYJbCA, B TedeHHE KOTOPOro OHa
BHUOAGIAETCA. OHeprus HMMIYyIbca Olpexessercs YpoBHeM pabougero
HaNpsSXEHAS HCTOUYHAK3 M JIEKTPHUECKON €MKOCTBIO HAKOIHTEISL.
H3MeHeHHe MINTeTbHOCTH HMIyNbca B CXeMe PpaspsAAHOro KOHTYypa
obecrieunBaeTcs H3MeHeHHEM BOJIHOBOI'O COIPOTHMBIIEHHS TOKOBedymieif
JIHHHUH.

ITockonsky ia  Bo3byxzaewnmsn  axTHBHOH  cpenn  J1asepa
HCTIONB3YeTCA H3JIydeHHe TUIasMu (ONTHYeCKas Hakayka), CBOHCTBa 3TOro
N3y4EeHHst MOXKHO H3MEHATb B COOTBETCTBHH C yWIOBMSIMH TIOCTaBJIEHHOMH
3afayy, BHOKMpas HeoOXoMMMbBIe YPOBEHL HaNpSXeHMS, TIPHWIOKEHHOIO K
snexTponaM paspsnnoit nonocru (PII), w pasmenue pabouero rasa
(banraxos m gmp., 1975). Onexrtpuueckass eMKOCTh OMMCHBAEMOrO
Pa3’pAOHOrO KOHTYPa OIPERENsAeTCs €MKOCThI HAKONHTeNd, KOTOpHIif
npeacrasnster coboil  baraperd W3 KOHAEHCATOPOB, COCOUHEHHHIX
napautensHo, obmei emrocthio (B cekimn) Co ~107 MxD. HunyxTHBHOCTD
KOHTYpa 00ycIOBNIeH3 COOCTBEHHEIMM MHAYKTHBHOCTSMH TOKOBeXYyHIeH
JIMHHH H HaTrpY3KH H cocrasnsieT Ly = 0,1 MxI'H. Harpyskoit cyxur UK,
Y KOTOPOi# aKTHBHOE CONPOTHBIICHHE paspsAmHoli WwiasMul Re~107 Om B
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MaKCHMyM€ HMITyJbCa TOKaA. H&KOUHT&HB 3apﬁx<ae'rcx o p360‘181‘0
Hanpsokerns 0 <uy < 40 xB. Paszpaanag nonocrs HKJI nocne spakyaunn

sanonnsiercs Xe, pabouee masienue raza Py > | kIla. YkasanHoe BhnIe

3HaueHne R, peanmusyercs B muanasone | < Py < 10 klla.

Yeiosuas u TpeboBaHMS K HCTOYHHKY HAaKaykd Jiazepa Ha
KPACHTENIAX B MaKCHMAaILHOH cTeneHd ydrennl B xoHcrpykuma HKII, B
KOTOPOH B OTIIHYHE OT paHee MCNOJAb3OBAHHEIX KOHcTpykuui (Mapmak,
1978) npenycMoTpeHntL:

1) Pa3spaska MeTaJumadeckMXx H KBApLEBHIX 3JIEMEHTOB LIS MMOBLIMIEHHA
Mexanuueckod mnpoudocrn HKJIl npuw wumnynbcHEX Harpyskax ¢
KPYTHIM IIepeqHIM QPOHTOM.

2) Bo3aMOXHOCTE HM3MeHEHHMS TeOMETPHYECKHX pasMEpoB Ppa3psaHoOH
TIONIOCTH  ZyIS  NOBWIIeHHA MexaHudeckod npounoctn MK u
paclIMpeHHs AHANA30HA YIPABIEHHA CIEKTPOM H3JIY9UeHHA HaKagKH.

3) BosMoXHOCTL yMeHbOIEHHS nNaBneHHs pabodero rasa B paspamHoi
TIOJIOCTH HE3aBHCHMO OT HANpAXKEHHA Ha MCTOYHHKE IIHTAHRA A
noBHOleHHss Mexanuueckoid npounocry MKII u  pacmmpenns
AVaNa3oHa YIPaBIeHAA CIEKTPOM HTYydeHHS HAKadKH.

4) KoncrpyxrusHoe penmtenne obparsoro tokonposoga MKII ana obec-
NeYyeHHs PaBHOMEPHOI'O OCBEILEHHSA H3NnydeHHeM HaKadkd aKTHBHOM
cpennl nasepa.

ObfniuHoe  Texumueckoe  pemienne  xoHcerpykumn — HMKJI
[IpefycMaTpuBaeT oOpaTHMI TOKONIPOBOA B BHAE CIUIOLIHON NpoBoAsILeH
WWIHHAPHYEeCKOR TpyOH, KOTOpoe ONHOBPEMEHHO SABSiETCE Hecymieit
KOHCTPYXUHH Jammul. OZHako INpPH 9TOM YIOYCKaeTcss H3 BHIAA TO
06CTOSTENILCTBO, 9TO B CIUIOMIHON Tpybe BO3MOXHO BO3HHKHOBECHHE
a3SHMYTIbHHX, T.e. HeNapa/UleIbHHX OCH TPYOHl, TGKOB, NPHBOAsMIEE K
KOHTpPaklHMyY paspsAaa B OTHeNbHHIX obiactax mo nepumerpy PII, wro
CHHXaeT oNHOpomHocTb paspsaa B PII M paBHOMepHOCTH OCBEMmIEHHA
6okoBOH MOBEPXHOCTH AKTHBHOTO JIEMeHTa. TeM CaMBIM yXyOmaKoTcs
MPOCTPAHCTBEHHLIE XAPAaKTEPHUCTHKH H3ITyUeHHs Ja3epa, B YacTHOCTH
Yri0Bas pacxoHMOCTh, H3MeHSeTCS paclpeIe/IeHne HAKaukH o obneMy
AKTHBHOM Cpe/ihl, YTO NMPHBOMAMT K CHIKEHHIO BRIXOJHOH PHEPIHH M K.ILA.
nazepa.

IIpAMBbIMH H3MEPEHHAMH B CXEME C TIOCTOSHHON aKTHUBHOU Harpyskoi R,

= 102 OM ycra”oBneHo, 4YTO HMHAOYKTHBHOCTh memd Ly = 0,3 mxT,

BOJIHOBOE CONPOTHBIEHHe KoHTypa Zx = 5102 Om, paspan -

IepPHOXMIECKHiA, 3aTyXAOIIMIA, OCTOSHHAS 3aTyXanusd v, = 5,81 <104 ¢,

nobpoTHOCT, paspanHoro xoHTtypa (= 3,5, oOTHOWIEHHE OJHEPrHH,

BBOIHMOMH B paspsa 3a NMepBHH IMoayneprod AMIyabca Toka (21,8 Mxc), k
5HEPIHH, 3alaceHHOH B koHAeHcaTtopHoH barapee pasHo 0,6. Ha puc. |
NPHBOAMTCS OCIIHJUIOIPaMMa pa3psIHOrO TOKA, HAa HMIIYILC KOTOPOro
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UMY IbCHBI KOAKCUAJNIbHBIA MIA3MEHHBIM H3TYYATEND...

HAIOXKEHAa  pAaCcCYHTAHHAH  KPHBAS  MHTErPalbHOro Ino  obbéMy
MEX3JIEKTPOAHOrO IIPOMEXYTKA 3IIEKTPHYECKOrO CONPOTHBIIEHHS R,
aneKTpopaspanHod rwiasmu. Ha puc. 2 npHBomsTCs OCHHIIOTpaMMH

SSe=rrEES

L4 e

pa3pAOHOro Toka (HHXHHH JIyd) H HMIYJIbCa ONTHYECKOrO0 H3TYdEHHS
TUiasMel (BEPXHAR nyq).

B skcnepaMeRTax ¢ CEKIIMOHHPOBAHHHIM  HAaKOIIHTEIEM
HCCIIeOOBaH pexxuM paboTH pa3psaqHOro KOHTYPAa IPH KOMMYTAIMH Ha
HKJI nByx cexumit Haxonurend. (Q6paborka TONYyYeHHRIX MAHHABIX
FI0KA3kIBAET, WTO B 9TOM CJIydae NapaMeTpHl BTOPOTO MMITYJIBCa paspsia
HECKOJIbKO OTIMYAIOTCS OT NapaMeTpoB HepBoro. OTIHYIHA COCTOSAT B TOM,
YTO B HCCJIEZOBAHHOM AMANA3OHE 3aZlepKeK MEeAKIY MMIyNscaMu (mo ~1
MC) aKTHBHOC COIIPOTHBIIEHHE TUIa3MH pa3psiia BO BTOPOM MMIyNbce R, o~
0,8 R,;. Kpome Toro, WIHTEILHOCTh I[1ePBOro IHOKYHEPHOLA TOKa BO
BTOpOM wuMnymnce bonbme, uyem B mnepsoM Tip ~ Ti. Opxaxo
NPUHIHIIHAILHOIO XapaKkTePa 3TH OTJIAYHA He HOCST.
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[TapannensHo ¢ H3MEPEHUSIMM NAPAMETPOB HIIEKTPHIECKOTO pas-
pana B MKJl npoBominnch H3MEPEHHS €€ CBETOSBIX XAPAKTEPHCTHK.
QopMa HMIYJIHCa HAUTYYEeHHA TUIA3MBI SJIEKTPHUECKOTO paspsna (BepXHHH
JIyd Ha pHC. 2) pErHCTPUPOBANach KOAKCHAIBHEIMH BaKyyMHHIMH
potosnemenTamu Tna OOK. M3 monydeHHBIX JaHHRX MOXHO CAENaTh
BMBOA O mMoaobum mepemHHX (POHTOB HMIIYJILCOB TOKa H CBETOBOIO
nanydenns (B cnextpansHoi obaacru 320 — 600 M B npemesrax TOYHOCTH
u3Mepenuif). SpkocTHaa TeMmeparypa paspsga 1 ompeaesulach 1o
pe3yNbTaTaM KATOPHEMETPHIECKAX M KATHOPOBOUHKIX HIMEPEHHH.

Jna nonydenns GonbpInX 3HaYeHWH BHIXOOHOH SHEPTHH Jasepa
HEOOXOAHMO Cpead NMPOYHX PEMIMTH 33[aYH PABHOMEPHOCTH OCBEIIEHHS
PAcTBOpPA KPACHTEIA II0 MEPHMETPY IMONEPEYHOTO CeYeHHMA aKTHBHOH
cpenbl M obecredeHHs BHCOKOH MeXaHHIeCKOH MPOYHOCTH KOHCTPYKITHH
HUKJI npm ymapHeix Harpyskax. IlepBas 3ajgaza WMeeT pemiaioniee
3HaqeHHe s 3ddeKTHBHOrO mpeoOpasoBaHMst ONTHYEeCKOH HAaKadkH B
TeHEPHPYEMOe H3NyIeHHE.

C Henblo yMyWOIeHHS NPOCTPAHCTBEHHBIX H HHEPreTHYECKHX
xapakrepucruk Hianydeuns JIOK nyreM mnosumieHHs paBHOMEPHOCTH
ocBemieHUss OOKOBO# IOBEPXHOCTH aKTHBHOTO 3JIeMeHTa, OoOpaTHHIH
tokonposon HMKJI Bunomndercs B Buae Habopa BHICOKOBOIBLTHBIX
KOaKCHAIBHHX Kabened. B 3ToM wrydae mnoBuImIeHHe OXHOPOMHOCTH
paspsna [ocTHraercs TeM, To obpaTHHIY TokompoBon B BHAe Habopa
kxabeset obecrieanBaeT “NpMHEYIMTENLHYI0” YCTOMYHBOCTL TOKA B HEM IO
CPaBHEHHIO CO CIUIONIHHIM, T.K. HM30JIHPOBAHHLIE MPOMEXYTKH MEXIY
KabesIMH [IPEensATCTBYIOT Pa3BUTHIO a3MMYTaNBHBX HeycToiuusocreif. Ha
pAc. 3 mMNoKa3aHH JIMHAH PaBHOTO MarHATOTHAPOAUHAMHYECKOTO
IaBJICHAS] B ILIa3Me IeKTpHYeckoro paspsna B obweme PII. Kpupas
BEpXHed 4YACTH PpHCYHK2 OIMCHBAeT pacOpedelieHUE HABICHHS B
nonepedsHoM ceueHuH HKJI, paccuuTanHoe B paMkax ob6HYHOMH
MaradrorunpoanHamudeckod mMonenu (Kuondens, 1978). Jlerxo Bumers,
YTO Takoe pacnpenesieade obecrneduBaeT MPONOILHYIO YCTOHIHBOCTE
MOJIOro MMJINHAPHIECKOTO cTon6a IUIa3sMH M MCKI0YacT pa3BUTHE
a3UMYTAILHEX HEYCTOHYHBOCTEH [IPH CTAallMOHAPHOM IPOTEKAHHH
PaspSIAHOrO TOKA.
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INVESTIGATION OF LS COUPLING IN CARBON II
B.Blagojevi¢, M.V.Popovi¢ and N.Konjevi¢

Institute of Physics, 11080 Belgrade, P.O.Box 68, Yugoslavia

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 o 1s 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 predictions of LS-coupling theory for the transitions within 3s*S-
3p?P® and 3p?P°-3d’D multiplets of singly ionized carbon. In addition we
tested whether plasma electron density influences spontaneous emission
coeflicients as suggested by Chung et al.

2. THEORY

For LS coupling theory see eg 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; 1s proportional to the factor (Cowan, Appendix [)

L

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

N > .
I (AY(D,.Y (E-E

— = = — 2
I [z] [DHJ eXp[ kT, ] 2

where [, A 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.

L S 4
D%,-m_,:(2J1+1)(2J2+1){J: 1' ’} (1)
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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 uF 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 : 95.2 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 continuocus 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 Il P 468.6
nm line. The full width at half-maximum AXpwum of this line is related to
the electron density N, using the following relationship (Buscher et al)

N,(em™) =2238*10" A1 ™™ mimns 3)

where AArwim 1S 1n 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 Il 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 kil where k; 1s the spectral
line absorption coefficient and | is the plasma length along the direction
of observation. If kyl 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)
1s located inside the discharge tube and the profiles of 468.6 nm line are
recorded with two plasma lengths. Since the measured k;l 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 | together with theoretical ratio
Ry and electron concentration. The agreement between averaged <R,>
and theoretical Ry, ratios for both multiplets are within £9%.

Table 1.
Nc(lg);cm' Ron 305 Rin 363p Ron 3034 Ry 3p3d
470 1.82 1.61
438 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 '
<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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n agreement with results and discussion in Griem et al (1996) and Griem
(1991),
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Pestome. DKCIEPHMEHTAILHO M TEOPETHYECKM HCCNENOBAHbI OCOGEHHOCTH
dbopMupoBaHHs KpaTepa Ha METAJMYECKHX MHIUEHAX NPH  Ja3epHOM
BO3/IEHCTBHH B PEXKHUME MOBTOPSIOUIMXCS J1a3€PHBIX UMITYJILCOB.

Pacuimpenre cohepsl NMpUMEHEHHS Ja3epHOit oOpaboTkH MarepHatoB
TpebyeT noapoCHOro M3yueHHs MEXaHU3IMOB BO3AEHCTBHA MOUIHBIX CBETOBBIX
MOTOKOB Ha NMOBEPXHOCTH TBEpAbIX Tell. Llenbio Hacrosiueld paboTel gBnseTcs
vccienosanne GopMuposanus penbeda kak BHeuHel (HaraBieHHOM), TaK W
BHYTpEHHe 30HbI kpaTepa Ha nosepxHocTd Metauios (In, Pb, Sn), o6nydaembix
NOBTOPSIOLUMMHCS ~ OTHOCHTENIBHO ~ KOPOTKMMH  (HECKONBKO  JECATKOB
HAHOCEKYH/1) [MaAKMMHU Na3epHbIMU MMIyascamu ¢ q ~ 10° Br/em?.

CxeMa  JKCMEPUMEHTATbHOM  YCTAHOBKM  [UIS  HCCJIEOBAHHS
GhOpMHUpPOBAHHA KpaTepoB HAa MOBEPXHOCTH TBEPABIX Tei, OblNa noxobHa
HCronbL30BaHHOW B pabote Bacunsera C.B. u gp. (1995). B kauectse
MCTOYHHKA BO3ACHCTBYIOIICrO Ha obpa3zel H3nyveHns ObUT NpHMEHEeH MONyJb,
co3naHHbId Ha ocHose nazepa [OC - 1001 (A = 1,06 mxm). [Ina nony4eHus
MOHOMMITYJIbCHOIO W HMITYJbCHO - MEPHOJUUYECKOrO pPEXHMa T[eHepauuu
NPHUMEHSITHCh KPYNHOrabapHTHBIE NACCUBHBIE 3aTBOPBI U3 TOPHCTOrO JIMTHA €
F, - uenrpamu okpackd (bacwes T.T. u ap., 1982; Muneko JI.A., Uymakos
A H. u Bocak H.A., 1990). YnpaBnende 4acTOTOl NOBTOPEHHS Jla3epHBIX
HMITYyNbcOB B Auanaszone 5 - 50 kl'u oCywecTeasnOCh H3MEHEHHEM YPOBHS
RAKAYKA M ONTHYECKOH TNJIOTHOCTH ITACCHBHBIX 3aTBOPOB.  JIAWTENBHOCTh
OTZENIbHOTO J1a3ePHOr0 MMITYJbCA ONpPEAENANAch NapaMeTpaMH pe3oHaTopa H
XapaKTepUCTHKAMK Hcrons3yemoro 3atsopa (Munbko JILA. u ap., 1990) u
coctapnsna t = 80 Hc. HanyueHue saszepHOro MOAyns  OpH  [OMOLUH
dokycHpyloUEeH CHUCTEMBI  HANpaBASJIOCh HAa MOBEPXHOCTb HCCAEXYEMOro
obpazua. CMeHHble OTPKAIOLIME CHCTEMBI, BKIIOHAKOLIHE NPH3MY [OJHOr0
BHYTPEHHETO OTPAXXEHHS, NMO3BOJIANIH HANpaBIATh CBETOBOH IMydyoK Ha obpasew
MOJ NPOMU3BOJILHBIM YIJIOM, B TOM YHMCJ/€ 10 HOPMAH, KaK BEPTHKAILHO (CHH3Y
BBEPX WIM CBEpXy BHM3), TaKk W FOpH3OHTaNnbHO. [N nomyuyeHHs Ha obpasue
OTHOCHTENbHO OJIHOPOAHOTO NATHA GOKYCHPOBKH NazepHoro usnyderus (JIU) ¢
pe3kuMu rpaHuuamu auamerpoM d = 2,0 MM Hcnonw3oBanace guadparma
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avametpoM 10 MM, u300paxeHHe KOTOPOH CTPOMIOCH HA MOBEPXHOCTH
MuUIeHH. YacTb J1a3epHOro M3NMy4yeHUs, OTPaXEHHas OT MNepeiHeid IpaHd
CTEKJIAHHOrO KJWHA, Hanpapnsiack Ha u3Mepurens sHepruu MMO-2H
CBETOBOH MNOTOK, OTPAXEHHBbIH OT 3aJAHeH rIpaHH KIHHA, HANpaBAics Ha
xoakcuanpHbtd  ¢orosanement OK-19, 4To nO3BONMMIO BHIYATH3HPOBATEH
BPEMEHHYIO GOpMY J1a3epHOro MMMysibca NpH nomoluu ocuwinorpada C8-14.
Ouneprus onpnoro ummynsca JIM usmeHsnacs B npemenax ot 2 go 6 [Dx;
BpeMeHHas GopMa ero Oblna OnM3Ka K TraycCOBOH; cCpeaHss TUIOTHOCTh
MOLIHOCTH H3NYyUYeHHUs B OTAENBHOM HUMITyJIbCe cocTaBsuia npuMepHo (0,8 - 2,5)
- 10° Br/cm? . CyMmapHas 3Heprus 1a3epHOro MMITY/Ibca BapbHpOBanack ot 4
ok (MoHouMmynise) no 150 Jx (n=35 umrmynscos).

Hna  onpenenenus penbedpa obnyuaemoro  obpasua HaMH
HCMOMB30BANCA  METOJA MpPOEKUMH TIONOC, KOTOpbIA DEa30BBIBANCA HA
ycTaHOBKe, onucaHHo# B pabore Bacuneesa C.B. u ap., (1993), noseonsBueii
ornpeaensts rnyouHy (BO BHEIHEH 30HE - BbICOTY) h moboil ToukM KpaTepa no
OTHOWIEHHIO K  HeoOJNyYeHHOH  IUIOCKOH  MOBEPXHOCTH  MMILIEHH €
MOrpeuIHOCTEIO, He npesbiwatoulei 50 MkM. OGHAPYKEHO, YTO BHYTPEHHSS WIH
“orpuuaTenbHas’ 30Ha kpaTepa (OTKyAa METaJlT B XOAE BO3ACHCTBHA Ja3€pHOTO
M3/TyYeHHS  BBIHOCHJCS)  WMEET  JOCTAaTOYHO  [VIAAKYID M POBHYIO
KynonooGpa3Hyo NMOBEPXHOCTh (3HauuTeNnsHO Gonee riaazkyro, yeM B pabote
BacunbeBa C.B. u ap. (1995), npuueM kak rnyOuHHa 30HEI, TAK W €€ QUAMETD
BO3PACTAIOT C yBenuyeHdeM n (puc. 1). Buewnss, win “nonoxurensias” 3oHa
(Ha KOTOPYIO BBIHECEHHBIH METaN HarnaeieH) HMeeT ¢opmy, OAH3KYIO K
okpyrnoi. Cnenyer OTMeTHTh, uto npu Bo3aeiicteMu JIF Ha BewecTBO
FOPH30OHTANBLHO WM CBEPXY BHM3 419 n > 6 - 8§ BHELUHAS 30HA NpEACTaBiseT
coboii nHabop BoIOpocoB (“6nunHoB”) TonwuHOM ot S0 mo 250 MxM,
HArUlaBIEHHBIX OPYr Ha [pyra. 3HaueHHe n, HauHHas ¢ KOTOpOro HabmrofaeTcs
¢dopmupoBaHue “CTONbI’ BHIOPOCOB, ONMPEAENSETCS IHEPIUAMU (M OTHOUIEHHEM
3Heprui) n-ro ¥ (n-1) -ro nuuxos. [lpu BO3OEHCTBHHM NazepHOro H3IydeHHS
cHuzy BBepx ¢opmuposanue “ctonbl” He Habmopanocs. Ha kparo kaxnoro
okpyrioro Boibpoca umencs HebonbLoi (BeicoToit < 100 MkM) OypTHK.

Ha “BHewHux” BbIOpocax (B ciyvae BO3ACHCTBMS CHH3Y BBEPX - Ha
nepudepun eNUHCTBEHHOrO “O/MMHA™), a TalKe Ha NOBEPXHOCTH oOpasua 3a
npenenamu Haubosee KPYMHOro OKpPYrJIOro BhIOpOCa UMEIOTCS HarllaBJIeHHbIE
“nyun”. HccrnenoBaHHs NOBEPXHOCTH KpaTepa MNpH TMOMOUIM ONTHYECKOro
MHUKPOCKOMNA MOKa3ajli, YTO YKa3aHHBIe Jy4d NPEeACTaBIsoT cobGOoH Lenovky
OTAENBHBIX AOCTATOUHO KpYMHBIX (AHaMeTpoM oT 100 mo 500 mxM) kanens.
Bonee Menkue kannu HaOIO[AIOTCS M BHE Jiydeid, B TOM 4HCIIE WU Ha
TIOBEPXHOCTH BHEiLIHeH 30HEBI KpaTepa.
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lo, 11, lz,ho , mm
20 P Puc.1. 3aBUCUMOCTD

MIOTEPEYHOr o pa3Mepa
Haubosee KPYITHOrO
BeIOpoca 1, 30HBI OTXKMIra
Ha TMOBEPXHOCTH MHUILEHU
10 l,  BHyTpeHHE#t  30HBI
Io kpatepa ly v rayOuHbI
b, kparepa hp oOT 4Hcna
NHUYKOB n B uMmybce JIH.

0 ; t
1 15 30
OTMeTHM, YTO
pa3mepbl BHEIIHEH 30HBl PacTyT 3HAYMTENbHO ObicTpee, ueM IIyOHHA U
0coBeHHO AuaMeTp BHyTpeHHeEH 30HbI. Ilpy 3TOM Macca BHelHeH 30Hb] KpaTepa
coctanser npumepHo 80% oT Maccel BbiHeceHHOro Matepuana. OGpataer
BHMMaHHE W TO, 4TO npH Bo3aeHcTeuu JIM Ha obpazeu cHHM3y BBEpX pa3Mepsl
BHEIUHEH 30HBI TpuMmepHOo B 1,5 pa3a Oosblue, yeM TpH BO3AEHCTBHM B
rOPU30HTATLHOM HANpaBIEHHH M CBEPXY BHHU3. Bee 3TO noaTBepxKAa€eT, YTO NpH
pPaccMaTpHUBAEMOM PEXHME BO3NEHCTBHS CBETOBBIX MMITY/JIbCOB Ha BELIECTBO
BHYTpEHHSS 30Ha oOpasyercs 3a cqeT “BBIMIECKMBAHMA” (BBITEKAHHSA)
MaTephala u3 BaHHbI pacrulaBa, a He 3a CHET HCrapeHHus W Tem 6ojiee He 3a CYeT
pasbpei3ruBaHus (CyMMapHas Macca Kanenb COCTaBafeT MeHee 1% OT macchl
BBIHECEHHOIO BELIECTBA).
s BeisCHEHUst NPUUMH (QOPMHPOBAHHA KpaTepoB C YKa3aHHBIMH
¢dopmamu Hamu GbL1 MpoBeNEeH pacyeT H3MeHeHWa Temnepatypbl T MHAHEBOro
obpasua, 06My4aemMoro Na3epHbIMM  HUMITYJbCAMH C MCIIOJL30BAHHBIMHU B

skcriepuMenTe napamerpaMu. [lokaszano, 4ro T O6sicTpo BO3pacTaer [no
3HaYeHHWs TMIPEBBIUAIOUICrO TEMNEPATypy T[UIABJIEHUA HWHAMS H  AOBOJBHO
6bicTpo; Npu nogade yepe3 ~ 20 MKC 2-ro Na3epHOT0 MMITyJIbCA BpeMeHHas
sapucuMocte A T ocraerca Takoit sxe, MeHsaercs Tonbko To Takum obpasom,
nocjie mnomayd 8§ nazepHBIX WMITYJILCOB TeMMeEpaTypa MHILEHH A0 MNOJaqH
CIIeQYIOLIErO HMITYIbCA HE OMYCKAETCs HIMKE TEeMITepaTyphl MU1aBICHAS HHIHUA.
Ha wHaw B3rnsj, AaHHbIE O3KCIEPUMEHTAIBHBIX WCCIEI0BAHMH H
pe3ysbTaThl  pacyeToB  CBMACTEABLCTBYIOT O  CHAEJYHOleM  MeXaHu3Me
¢dopmupoBaHus Kpatepa. llepBblit JlasepHbIH MMITY/IBC NPOrpEeBAeT, HO HeE
pacrutagiser Metaul. [Ipn nonave 2-ro umnynsca ~ 2 MI MeTanna TUIaBHTCH M
BBIIUIECKMBAETCA 32  [MPEAEnbl NATHA  (QOKYCHPOBKH  H3aydyeHHs (O
BBITUIECKHBAHHH, a HE O JIAMUHAPHOM BBITEKAHHH FOBOPHT Hanu4He OypTHKA Ha
nepudeprH kaxaoro Beidpoca). Takue xe BeIOPOCH NPOU3BOASTCH 3-M, 4-M, 5-
M MUYKaMH, NpUYeM U3-3a2 Oonee BBICOKOH HawyallbHOH TeMmepaTypbl M Manoi
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rnyOMHBl JIyHKH Macca BbLIIUIECKMBAEMOTO METANNA €  KOKALIM - pasoM
yBenuunBaetcd. [103TOMy auamerp KaxAoro cienyrouero "6irMHa" npessiaet
AMAMETP TNpPEeABbITYLIero; KpoMe TOro, M3-3a OONbUIOH TErIONpOBOAMMOCTH
uaaus (~ 48 Bt/m - K) Metann nepemetirBaeTcs U BHIPABHHBAETCS [0 BBICOTE.
Tak dhopMHupyeTcs BHEWHSS 30Ha KpaTepa npu n < 6-8.

Hanpagnende pacrnioioXeHHbIX Ha MOBEPXHOCTH Haubonee KpynHOro
BoiOpoca M 3a ero nmpeaenamd  “nydyel”  onpeaensercs rpagMeHTOM
OCBEIEHHOCTH B 0oOnyuyaeMOH 30HE MHIUEHH, YTO COraacyerci C JaHHBIMH
pabornl BacunweBa C.B. u ap. (1995). Bepoarno, mexanuam ux obpasoBaHus
aHaJIOTHYEH Yyka3aHHoMy B 3ToH pabote. Karnu, BbUIETEBIIME MOX yriamu,
OTVIMHAIOWMMHUCH OT ONTHUMAILHOIO, & TAKKE HUMEIOUIHE Manble HauyaibHbIe
CKOpPOCTH, HE BBUIETATH 3a MpEJE/bl MIa3MeHHOro obnaka U B T€YEHUE BCEro
BPEMEHH T10JIETa MOABEPraHCh ACHCTBMIO JIa3€PHOrO H3myuyeHHa. Meraun B
KarisiX YacTWYHO HMCHApA/Cs, Kaluld yMeHblamuch ¥ apobunuck. [lostomy
LUEHTpanbHas 30HAa KpaTepa uMmeeT 0ojee TIMajKyl0 MOBEPXHOCTb, YEM
nepudepuiinas.

Takum 06pa3omM, NpH BO3AEHCTBH 1a3€PHOTO M3Ty4eHHS Ha METALIb B
pexuMe TOBTOPAIOIUMXCA Ja3€PHBIX HMITyNbCOB Kparep GopMHpyercs B
OCHOBHOM [TyT€M MHOTOKpPATHOIO BBLINJIECKHBAHUA pacrulaBa M3 o01ydaeMoii
30HbI MHwWeEHH. Dopma BHEWHEN 30HBI KpaTepa oOnpefensercs BpPEMEHHOI
3aBUCHMOCTBIO TEMMNEpaTyphl B OCBELUEHHOH OOJACTH MHUIEHH M YCIOBHAMH

BBITEKAHWS MeTala - [NyOMHOH NyHKM, TNOBEPXHOCTHOH 3Hepruei u
HarpaBJIeHHEM BO3JEHCTBUA M3TyueHHUs Ha oOpazell.
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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)

Faln) = / " f(e)de /1L + exp[B(e — )] ()

In this expression f(¢) =¢', [ is a real number, g is the chemical potential 8
denotes the inverse temperature and 7 = Su. The EOS of a degenerate Fermi gas is
(for example, Cloutman, 1989)

n = (47 /h3)(2mkpT)** Fy 2(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

Fa(n) = /Ou(e)dé‘ +T Y (M)l - ()M L= 27" 0+ 1)¢(n+ 1) (3)

n=0
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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—pFupH =p(l¥ o) (4)

where pp=eh/2m.c is the Bohr magneton, H is the magnetic field and a=ppg H/pu.
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:

Fa(n) = [n(1F o)) /(14 1)+

TS F @)/a)ll - (<) = 20 ) )

n=0

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

o = g H/[po(1 = (1/12)(xT/ o) + (1/720)(x T/ o) = (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) = (2/3)[(upH) + An*/® — (xT)?/(124n*/3) + (2 T)* /(720A%n?)~

(xT)®/(162A%n1073) 4 (xT)3 /(754 A /3P 2 (14 << 3 >>) ")

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

Fya(n) =(up H)/(54 x 1885'/2)[(2442960(pup H) A™n'/3 4+
<< 5>>) /AT )+ << 23 >>

(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(ppH) x (m,T)*'* x [((upH)A 043 1+ A8p16/3_

0.822467n*T? A% + 0.13529A%n®/3T — 5.9345A4%n /3T 4 (9)
12.5843T%) /(ATn 302 R34 << 23 >>

This equation, especially in its full form, is far too complex to be solvable analyt-
1cally. 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 72, 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 h3) x (mn*PAT)¥/?(1 + (upH)/(An*/3))3/? (10)

This can be solved analytically under the assumption that @ = pugH/An?/® — 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 2?2,
the following expression is obtained:

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

y=n%3%B=(2%7/3)(mt/?/R)3 A% F = (3B/2)(us H/A)
G = (3B/8)(upH/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 — 4GT3/%(=1 + BT3/2)]/(2(~1 + BT3?)) (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 pgH/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 > (upH/A)*/?. 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, {or perturber densities
10'8— 1022 ¢m™2 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 Schéning, 1994).

Within the the semiclassical-perturbation formalism (Sahal-Bréchot 1969ab), we
have calculated electron-, proton-, and He IIl-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 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 K VIII for a perturber density of 10'° ¢cm™2 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.E419c¢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=0.52E422 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 0.464L-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 0.185LE-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 0.888LE-03 1.284E-02 0.256E-02

KVIII 3p 5s 200000. 0.135E-01 0.1835-02 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+420 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 0.146L-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. 0.255-01 0.658E-03 0.212E-02 0.521E-03
C=0.38E+22 1000000.  0.192E-01 0.754E-03 0.298L2-02 0.801L-03

1500000.  0.166E-01 0.803E-03 0.320L-02 0.973E-03
2000000.  0.150E-01 0.768E-03 0.350E-02 0.110E-02
3000000. 0.133E-0L 0.752E-03 0.376E-02 0.122E-02

The complete results of our calculations of electron-, proton-, and He ITl-impact
line widths and shifts for 4 potassium VIII multiplets, for perturber densities 10'8—
1022 cm ™3 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'® em™2, 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 trcated as isolated when
divided by the corresponding full width at half maximum.

79



M.S. DIMITRIJEVIC and S. SAHAL-BRECHOT

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 1soelectronic 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 Tl III, and electron-, proton-, and He IIl-impact
line widths and shifts for 2 Pb IV multiplets, for perturber densities 10f7— 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 II, 66 Mg
IT, 64 Ba II, 19 Si II, 3 Fe IT, 2 Ni II, 12 B III, 27 Be III, 23 AL 111, 10 Sc III, 32 Y III,
10TiIV, 39811V, 90CIV,501IV,114PIV, 190V, 30NV, 25CV,51 PV, 34
SV,26VV 2FVI 3 0 VI 21S VI 14 0 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 Si XI, 10 Se XI, 4 Ti X1, 9 Si XI1, 27 Ti XII, 61 St XIII and 33 V XIIT multiplets.

Data for particular lines of I' I, Ga II, Ga IIl, CI I, Br I, T I, Cu I, Hg IT, 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 Il-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 Dimitrijevi¢
et al. (1991) and Dimitrijevié¢ and Sahal - Bréchot (1996).

2. RESULTS AND DISCUSSION

Energy levels for T1 IIT 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 Tl 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.E+17cm-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= 0.12B+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

TIIIL 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 0.135LE-02 -0.318E-04

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

and shifts for two TI III multiplets, for perturber densities 10— 102° ¢m~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 10'7— 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 TI III and Pb IV respectively. We also specify a parameter C
(Dimitrijevi¢ 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 (Puri¢, Dimitrijevi¢ and Lakiéevié
(1978) for Tl I1I 6s2S-6p?P° 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 10'” 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+17c¢m-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

3060000. 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. 0.188L-02 0.269E-04 0.586E-03 0.423L-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
108= 10%? 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 Ill-impact line widths and shilts 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.E419c¢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 -0.162FE-03 0.113E-02 -0.589E-03

Ti XI3P 4S 500000. 0.213E-02 0.161E-03 0.113E-03 0.211E-03
1239 A 750000. 0.181E-02 0.165E-03 0.171E-03 0.258E-03
C=0.11E+21 1000000. 0.162E-02 0Q.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 XI8P 5S 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
3272 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 ITl-impact line widths and shifts for 4
titanium XI multiplets, for perturber densities 10— 1022 ¢cm~® and temperatures T
= 500,000 — 5,000,000 K, will be published elsewhere (Dimitrijevi¢ and Sahal-Bréchot,
1998). We will show here in Table 1, data for perturber density of 10! ecm™3, while
the complete results will be published in Dimitrijevi¢ and Sahal-Bréchot (1998ab). We
also specify the parameter C (Dimitrijevié¢ 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

XTI 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 heljum—im]?act line widths and shifts for 2 F VI and 10 Cl VII multiplets,
for perturber densities 1017 — 1022 cm™2 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
ionization 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 Dimitrijevi¢ 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 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 F VI for a perturber density of 10'® cm~3 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
0.349-02
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
-0.5671-03 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
-0.3661-03
-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.E+19¢m-3

PERTURBERS ARE:

TRANSITION T(K)

Cl VII 3S 3P 100000.

804.8 A 200000.

C=0.80E+422 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
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-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
-0.3661-02
-0.510E-02
-0.585E-02
-0.633E-02
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Table 2 continued

PERTURBER DENSITY = 1.E+19¢m-3

PERTURBERS ARE:
TRANSITION T(K)
Cl VII 3S 4P 100000.
196.2 A 200000.
C=0.18E+21 500000.
1000000.
1500000.
2000000.
Cl VII 4S 4P 100000.
21904 A 200000.
C=0.22E+23 500000.
1000000.
1500000.
2000000.
Cl VII 3P 4S 100000.
2943 A 200000.
C=0.40E+21 500000.
1000000.
1500000.
2000000.
Cl VII 3P 3D 100000.
602.6 A 200000.
C=0.45E+22 500000.
1000000.
1500000.
2000000.
Cl VII 3P 4D 100000.
224.8 A 200000.
C=0.75E+20 500000.
1000000.
1500000.
2000000.
Cl VII 4P 4D 100000.
1680.4 A 200000.
C=0.42E+22 500000.
1000000.
1500000.
2000000.

ELECTRONS

PROTONS

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

0.277E-01
0.204E-01
0.143E-01
0.114E-01
0.102E-01
0.942E-02

4.35
3.24
2.33
1.88
1.68
1.56

0.416E-01
0.308E-01
0.218E-01
0.174E-01
0.154E-01
0.141E-01

0.114

0.814E-0
0.543E-0
0.416E-0
0.363E-0
0.332E-0

0.403E-01
0.302E-01
0.214E-01
0.172E-01
0.153E-01
0.141E-01

3.11
2.34
1.69
1.37
1.23
1.14
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0.264E-03
0.211E-03
0.297E-03
0.280E-03
0.268E-03
0.271E-03

-0.842E-01
-0.983E-01
-0.966E-01
-0.949E-01
-0.938E-01
-0.861E-01

0.236E-02
0.255E-02
0.277E-02
0.266E-02
0.261E-02
0.247E-02

0.102E-02
0.165E-02
0.235E-02
0.267E-02
0.286E-02
0.299E-02

0.132
0.217
0.320
0.377
0.413
0.441

0.637E-03
0.170E-02
0.352E-02
0.466E-02
0.536E-02
0.598E-02

-0.447E-03 0.171E-02
1-0.418E-030.359E-02
1-0.484E-030.641E-02
1-0.380E-030.807E-02
1-0.405E-030.872E-02
1-0.395E-030.915E-02

0.685E-03
0.870E-03
0.809E-03
0.750E-03
0.660E-03
0.576E-03

0.119E-01
0.239E-01
0.120E-01
0.111E-01
0.706E-02
0.239E-02

0.158E-02
0.262E-02
0.402E-02
0.499E-02
0.564E-02
0.620E-02

0.143
0.217
0.293
0.345
0.379
0.404

0.129E-03
0.256E-03
0.455E-03
0.608E-03
0.678E-03
0.727E-03

-0.643E-01
-0.112
-0.176
-0.211
-0.234
-0.251

0.149E-02
0.252E-02
0.387E-02
0.463E-02
0.515E-02
0.549E-02

-0.147E-03
-0.317E-03
-0.731E-03
-0.111E-02
-0.136E-02
-0.153E-02

0.112E-02
0.182E-02
0.275E-02
0.332E-02
0.369E-02
0.395E-02

0.525E-01
0.875E-01
0.134
0.161
0.179
0.192
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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 ¢m~3 and temperatures T = 100,000 — 2,000,000 K, will be
published elsewhere (Dimitrijevi¢ and Sahal-Bréchot, 1998ab). Here, in Tables 1 and
2, only data for perturber density of 101° 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 10*7em~23 and
for Cl VII 4s%S - 4p2P?, 2178.8 A line for T = 60000 K and the electron density of
107cm~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 charFBed he]ium-imgact line widths and shifts for 10 Sc XI multiplets, for perturber
densities 1018— 1022 ¢cm™ 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 IlIl-impact line widths and shifts for 10 scandium
XTI 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 {rom Bashkin and Stoner (1978).
All other details of calculations are given in Dimitrijevi¢ and Sahal-Bréchot (1998).
QOur results for electron-, proton-, and He Ill-impact line widths and shifts for 10
scandium XI multiplets, for perturber densities 10— 1022 em ™3 and temperatures
T = 500,000 ~ 5,000,000 K, will be published elsewhere (Dimitrijevié 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 1solated when divided by the corresponding full width at half maximum.
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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~3 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+19c¢m-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=0.51E+22 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

ScXT 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
13278 A 750000. 0.435 -0.137E-01 0.404E-01 -0.256E-01
C=0.13E+23 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

SeXI 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 9.140E-02 -0.283E-03
5000000. 0.566E-02 -0.726E-04 0.155E-02 -0.361E-03
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PERTURBER DENSITY = 1.E+19cm-3
ELECTRONS
WIDTH(A)SHIFT(A) WIDTH(A)SHIFT(A)

PERTURBERS ARE:
TRANSITION

ScXI 3P-4D
104.9 A
C=0.37E+420

ScXI 3P-5D
78.8 A
C=0.11E+20

ScXI 4P-4D
1042.3 A
C=0.37E+22

ScXI 4P-5D
2427 A
C=0.10E+21

ScXI 3D-4P
168.6 A
C=0.21E+421

T(K)

500000.
750000.

1000000.
2000000.
3000000.
5000000.

500000.
750000.

1000000.
2000000.
3000000.
5000000.

500000.
750000.

1000000.
2000000.
3000000,
5000000.

500000.
750000.

1000000.
2000000.
3000000.
5000000.

500000.
750000.

1000000.
2000000.
3000000.
5000000.

0.261E-02
0.220E-02
0.196E-02
0.152E-02
0.133E-02
0.113E-02

0.335E-02
0.288E-02
0.260E-02
0.207E-02
0.183E-02
0.159E-02

0.364
0.310
0.278
0.218
0.192
0.165

0.361E-01
0.311E-01
0.281E-01
0.225E-01
0.200E-01
0.174E-01

0.672E-02
0.566E-02
0.504E-02
0.389E-02
0.340E-02
0.291E-02

0.374E-04
0.315E-04
0.333E-04
0.345E-04
0.282E-04
0.224E-04

0.867E-04
0.935E-04
0.941E-04
0.787E-04
0.668E-04
0.574E-04

0.190E-03

PROTONS

0.186E-03
0.234E-03
0.279E-03
0.365E-03
0.419E-03
0.498E-03

0.430E-03
0.521E-03
0.574E-03
0.720E-03
0.830E-03
0.968L-03

0.296E-01

-0.108E-02 0.367E-01
-0.620E-03 0.415E-01
-0.432E-03 0.495E-01
-0.880E-03 0.550E-01
-0.129E-02 0.636E-01

0.633E-03
0.660L-03
0.681E-03
0.539E-03
0.435E-03
0.355E-03

0.106E-03
0.122E-03
0.120E-03
0.117E-03
0.111E-03
0.106E-03

0.445E-02
0.525E-02
0.577E-02
0.717E-02
0.818E-02
0.946E-02

0.512E-03
0.631E-03
0.731E-03
0.875E-03
0.954E-03
0.106E-02

0.116E-03
0.145E-03
0.167E-03
0.214E-03
0.239E-03
0.272E-03

0.319E-03
0.379E-03
0.406E-03
0.489E-03
0.541E-03
0.603E-03

0.813E-02
0.106E-01
0.121E-01
0.162E-01
0.181E-01
0.205E-01

0.293E-02
0.349E-02
0.373E-02
0.449E-02
0.498E-02
0.549E-02

0.120E-03
0.162E-03
0.192E-03
0.264E-03
0.297E-03
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. DJUROVIC
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 1f 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 Gascous 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 Recference Cell is a parallel plate
discharge chamber with 102 mm diamcter electrodes separated by 25 mm. The
electrodes are cylindrically symmetric and their surfaces are horizontal. The top

electrode contains 169 holes 380 um 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 ArI750.4 nm and Ar IT 427.8 nm lines were observed in the pressure range of
6.67 10 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.

20 — T e

MIP |
| M Arl 7504mm
18

o 86.67 Pa

3 ¢ 3333 Pa
< "IDs [ Bs < o 1333 Pa +

§ [ E s 867 Pa
4f = 1
. . %
0 5 10 16 20 25

Distance from Powered Blectrode {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 I 427.8 nm line
for different pressure are shown in Fig. 2. These measurements are taken under

Ar N 427.8 nm

o 66.67 Pa
e 3333 Pa
o 13.33 Pa

Signal (au)

o e ‘4. ... k4 ...'. "" <1 b 25
Distance from Powered Electre. ’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 [ 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 II 427.8 nm line is shown in Fig. 4.

Ar | 750.4 nm

o Bright Space
2 Maximum Position
« Dark Space

Vae (mm)

Pressure (Pa)

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

Fi3
Ar# 427.8 nm
wf {
o Bright Space
‘g 151 s Maximum Position
g o Dark Space
10+
>
| \\\1
o
o , , , . . .
0 10 20 30 40 80 [ 70 80

Pressure (Pa)

Fig. 4 Pressure dependence of three parameters for Ar IT 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 [ 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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BJUAHHUE XAPAKTEPA PA3JIETA IIAPOB MHIIIEHH HA
OGPA30BAHHE IIPHIIOBEPXHOCTHOM JA3EPHOU TLIA3MBI

B.B.EOPEMOB, J1. . MUHBKO, 10.A YHMBEJIb, A HYYMAKOB
HreTuTyT MOnekynspHoii ¥ atomHo# ¢pusnkn HaunonansHol AxageMun Hayk
Benapycu, 220082 Munck, benapycs
E-mail lrpd@imaph bas-net.by

Peitome. OOHapyxeHa M HCCNENOBaHA pa3MepHAs 3aBUCHMOCTh TOpPOrOB
MPHMOBEPXHOCTHOrO 1a3€PHOro IUa3mMoobpa3zoBaHus, o0YCNOBNEHHas GOKOBBIM
pa3ieToM napoB MULIEHH H3 00IaCTH BO3AEHCTBHA.

1. BBEJJEHHE

O6pa3oBaHHE NPHMNOBEPXHOCTHOH Na3epHOM IU1a3Mbl, CYLIECTBEHHO
H3MEHAIOIEE XApaKTep B3AUMOACHCTBHA nasepHoro wMamydenns (JIM) ¢
oOnyuaeMbIMH ~ MaTepHallaMH,  ABJAETCA  MPEAMETOM  MHOTOYHCIIEHHBIX
HCCTIEZOBAHHH. JKCMEPHMEHTAJIBHO BbIABIEHA CTeNEHHas 3aBHCHMOCTD
BPEMEHH Ha4albHOro IU1a3Moobpa3oBaHUs OT TUIOTHOCTH MowgHoctn JIU B
HMITY/IBCE, XOPOLIO COOMOAAIOAACS MPH JIa3ePHOM BO3AEHCTBHM HA Psf
MOCJOWAIOIHX  MAaTEepHANoOB B YCIOBHAX  KBAa3HOLHOMEPHOrO  paanera
obpasyrowmeitics mnasmel (Koamoea HH.,, u mp., 1975, beccapab AB. u mp,,
1978, Haumnsives B A. u ap., 1980; Yusens FO.A. u Uymaxos A.H., 1983).
[peanoxeHbl aMnupHyYeckHe M Teoperwueckue 000OLEHHS OOHAapYKEHHbIX
3aKOHOMEPHOCTEH, OMMCHIBAIOLIHE TAKXKE 3ABUCHMOCTb BpPEMeHM oOpa3oBaHuA
rwrasmel ot $opMal azepHbix HMmynbcoB (bepuenko E.A. u np., 1981,1984;
Munsko JLA. 1 ap., 1984; Munsko J1.5. u Yymakos A H,, 1991; Bopeu-Tlepsak
H.IO., Bopobses B.C.. 1995), a Takke BiHAHHE YCJIOBHH Ja3epHOro
BO3ACHCTBHA Ha OCOOEHHOCTH 0Opa3oBaHHA MPUMOBEPXHOCTHOH Ja3epHOH
mrasmu (Jansunikos EB. w np., 1982, 1985). B 10 xe BpeMsa 0cobeHHOCTH
NPHIOBEPXHOCTHOrO Nna3Moo0pa3oBaHHA B YCIIOBUAX NMEPEXOA3 K TPEXMEPHOMY
pa3neTy rnnasmbl BIUIOTb 40 CTPYHHOrO €€ HCTEYEHHA [OUTH He HCCIIEXOBaHDI.

Hactoawmas palora nocssAmeHa HCCAEAOBAHHIO BJHAHHA Xapaktepa
pasnera MapoB MHIIEHH HA NOPOrH HCMapeHHMA M Mi1asMoo0pa3oBaHHA MpPH
HMITyJBCHOM  nasepHoM BodgedctBud (A = 1,06 MxM) Ha ruiockue
MONMHPOBAHHBIE MHLIEHH M3 AaMOMHMHHA W aJIOMUHMEBBIX CIUIABOB B BO3OyXe
HOPMAITbHOM TUTOTHOCTH.
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2 3KCMTEPUMEHTABHBIE PE3YJIBTATHI K KX OBCYXXIEHUE

B a3kcnepumenTax HCMOMB30BANCA MOHOMMNYABLCHEIR fa3ep Ha
HEOAMMOBOM CTekne ¢ JHeprued B umnmynsce a0 S50 Jhx. Tlepexom or
KBa3HOJHOMEPHOTO K TPEXMEDHOMY PasfieTy MapoB MHIUEHH OCYLIECTBIANICK
M3MEHEeHHEeM TNATHa obnydeHusa B guanasoHe 0,25+4 MM H INUTENbHOCTH
JIa3ePHBIX HMNYIbCOB OT MHKPOCeKyHIHOH (T = 0,35 MKM) RO HAHOCEKYHIHOH
(t = 60 nc). Bnarogaps HaIMEHEHHIO KaK AHAMETPA TATEH OOMyueHus, Tak ¥
ATUTENBPHOCTH  JIA3EPHBIX  MMIynbcos8  ofecmeuuBanacb  BO3MOXKHOCTD
paszeneHHs BAHAHHA Ha NMOPOTH MIa3Moodpa3oBaHHA XapaKTepa painera napos
MHIOEHH C OAHOH CTOPOHBI, H COOCTBEHHO Pa3MepOB NATHA OOIy4eHHA - C
japyroi. Pacnpegenense muorHoctd MomHoctd JIM Ha ruiockux MumeHsx B
natHax obmydenma 1+4 wmm  Oputo  OnM3KO K IIPAMOYTONBHOMY C
HEpaBHOMEPHOCThIO He Xyxe 20%, a B maTHax auamerpoM MeHee 0,5 MM -
AHQPAKLHOHHEIM,

3KcnepnMemaano M3Y4€HbI 3aBHCHMOCTH BPEMEHH HAYaNa HCIApeHnA
H Mna3MooOpaIoBaHUs OT PAa3MEPOB MATHA OOTYUeHHA M TUIOTHOCTH MOMIHOCTH
JIA pnst nazepHbIX HMITYbCOB BYX THIOB C KpYTH3HOH nepexnsero ¢gponra 350
H 80 Hc (puc.l). MomeHT Hawana wucmapeHus M NIa3MOOOPa3OBaHMA
YCTAaHABIHBANCA MO AOCTIDKEHHIO HEKOTOPOH MNOpPOroBOM APKOCTH CBEYCHHSA
napoB H 3po3uoHHOH mnasmel (Munsko JI.A., Yusens KO.A, Yymakos A H.,
1985). B yacTtHocTH, 332 nOpOr MCIApeHHAs NMPHHHMANOCh JOCTIDKEHHE B NATHE
obmyuenus ApxocTHON TemnepaTtypht 2700 K, cooTBercTByromeii Temneparype
KHMEHUA ATIOMHHHSA NPH HOPMANbHbIX YCIoBUAX. OOHapyKeH CyImecTBEeHHBIH
POCT NMOPOroB HCNapeHHa K MIa3MooOpa3oBaHUA MPH MATHAX OONyYeHHA MeHee
0,5 mM. [ina BCEX MCCNENOBAaHHBIX MATEH OONYYEHHA MPH MHTEHCHBHOCTH A0
1,5-10° MBrt/cM’, wnabmomanach ONHOTHNHAA CTENeHHAs 33aBHCHMOCTb
(Munpxo JI.A. w gp., 1984) Bpemenu Hawana HcnapeHus U obpa3oBaHuA
nnasms ot naorHocTH momHoctH JIM, uro ceumerenpcTBYeT 00 3PO3HOHHOM
Xapakrepe Ha4albHOro naasmMooOpa3oBanHis. [Toporosbie s
ru1a3mooBpalosanus moTHOCTH Mowroctn JIU cocrasmsmior 25 u S0 MBr/cwm?
mpu © = 350 u 80 uc coorsercTeenHo (d=4 mMm).

[pu nepexoae x narHam auamerpom 0,25 mm (t = 350 nc) moporn
mnaimooBpaloBanus BolpactaeT no 80 MBt/cM’, a moporm ucnapenus
MOBBILIAOTCA MPH ITOM MOYTH BABOE HE3ABHCHMO OT ATHTENBHOCTH Ja3ePHbIX
umnynscoB. CpaBHeHHME TMOPOrOBBIX IUIOTHOCTEH 3JHEPrud WCMNAPEHHR U
IU1a3MO00pa30BaHHA B MATHAX OOMydeHHA AuaMeTpoM l1-4 MM s nasepHBIX
HMITYJIbCOB  PA3NHYHOH  JUTHTEJBHOCTH  MPHBOAMT K  MPUONHXEHHOM
sasucumoctn E ~t %7,
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BIIVMAHWE XAPAKTEPA PA3JIETA TAPOB MUIIEHM...

500-
400+

3004

200

i Il

} ] ] !IWI*% I_T[
0 20 50 100 500 1000 20020
q, MW/cm

Puc. 1. Havyano ucmapenns - 4,5,8,9 (cernsie cumsonet [}, A, ¢, O); Hanano
nnasmoobpasosanus - 1-3,6,7 (temunle cumsonst [, A | O | O); amamerp naTHa
obnyuenns - 4 (L), 1 (4), 0,5 (0) u 0,25 mm (O); nnutempnocTs (poHTa
nazepHoro ummynbca 350 (1-5) u 80 He (6-9).

OOHapyxeHHas pa3MepHas 3aBHCHMOCTb MOPOroB IU1a3M000pa3oBaHHA
HabmonaeTcs JHIWb B YCJIOBHUAX CYLIECTBEHHO HEOZHOMEPHOro pasnera,
PEANH3YIOLIEro MPH BO3AEHCTBHH Na23epHBIX MMITynbcos ¢ T = 350 Hc, Torna kak
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pasMepHas 3aBHCHMOCTb MOpOra MCMApeHHs HAOmogaeTcs M B YCIOBHAX
KBa3zHoaHomepHoro pasnera (1 =80 Hc). Takum 00pa3oM, 3KCNEpPHMEHTAIbHO
oOHapyxeHa pa3MepHas  3aBHCHMOCTb  INOPOroB  IIa3MO00pa3oBaHui,
obycnosnenHas OOKOBBIM Pa3/ieTOM MapOB MHIIEHH M3 OGJACTH BO3AECHCTBHA.
Habmonaemas  3aBHCHMOCTD  MOPOroB  miazmMoo0pa3oBaHHA — OCJOXKHEHA
BO3PaCTaHHEM MOPOTOB UCMapeHHs B MajbiXx naTHax obmyuenus (d < 0,5 mm),
YTO YKa3bIBAET HA JIOKAIBHLII XapaKTep HAYaIbHOrO UCMAPEHHUA.
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ABLATION OF TiN COATINGS BY TEA-CO,
LASER BEAM

B.Gakovié, M.Trtica, T Nenadovic, S Petrovic-Stepanovic and N Mijatovic
The Institute of Nuclear Scicnces "Vinda”, P.OB. 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 matenal and many combine
thermal and collisional effects. Process may be divided into laser induced
ablation which presents high-yield 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 encrgy which is characterized by photon energy,
pulse duration and fluence F (J/cm®). Thc 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 CO./X, X= Ny/H,, 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 mixture 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 pm) was deposited by reactive d.c. ion
sputtering from a 99.98% titanium target, on polished austenitic stainless steel
AISI 316 type (Gakovié 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/cm® 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 ( */0) 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
AIST 316
coating TiN 49.05 24.88 17.25 5.20 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 1168 599
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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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 (see e.g. Q. Jin et al. 1997). This cavity, which
operates at 2.45 GHz in the TM,,, 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 lie 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, 245 GHz microwave generator GMW 24-302DR (both
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produced by AHF analysentechnik, Tibingen.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 transforinations 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 lorch. 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.Bollo-

Kamara (1981) threaded insert.

SUPPORT GAS STAINLESS STEEL
INLET BODY

FIXING HOLDING NUT

«—

ANALYT GAS
INLET

\__GRAPHITE GASKET

OUTER TUBE  p|5TANCE WIRE

TM 010 CAVITY N‘ INNER TUBE

Figure 1. Cross section of tangential flow MIP torch

The optimal positioning of the Al oxide tubes are shown in Figure |. 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 1s 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.

k 3
thermocouple
4€y
HEATER | St
TEMPERATURE ool
CONTROL P
>3
—_—
drain (_‘j - \\{
COOLING )
TEMPERATURE =),
CONTROL | —p—pp T =
A
o)

toMIPtorch <

1- PNEUMATIC NEBULIZER .
2- SPRAY CHAMBER drain
3- HEATER CHAMBER ;

4- LIEBIG-GRAHAM CONDESER
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 |[sce
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 drving 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 (Videnovi¢ et al,
1996).

2. EXPERIMENT

The experimental setup is presented schematically in Fig.l. 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 em’/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 um 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 m-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 n-components which cannot
be resolved in our experimental conditions, see Fig.2. The third feature, marked with f'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 m-profile
intensity ratios, measured along the cathode fall region of our GD (at various electric field
strengths, determined from Hj line shapes at same positions, see Kuraica et 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.

T T T M T T T M T M 1 T T

03 calculation following Foster (1927)
= experimental data

PR Y R S NN SR SRV NN [NPUN U VR ST !
6o 2 4 & 8 10 12 14 16 18 20

E (kV/cm) |

Fig.3. Comparison of experimental and theoretical intensity ratios of n-components of the
He 1447.1 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 m-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 ff
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 11 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 Stack 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 ¢t al. 1990; Djenize
et al. 1998; Milosavljevi¢ 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 el 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% Na + 17% O2) 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 I1I and the
previous N IIT 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 10?3 m™3 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 102 m~3, is

presented graphically in Fig. 1.

w(0.1nm)
N
Qe

18] A=456254nm

024 N=1x10" m°

0 10 20 30 40 50 T(H10K)

Fig. 1. Measured Stark FWHM vs electron temperature: A, Day and Griem (1965); 03,
Berg et al. (1967); o, Jalufka and Craig (1970); V, Purcell and Barnard (1984); *, Pittman
and Konjevi¢ (1986); o, 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 Konjevi¢ (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:

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

Mo),

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 kpc, M ~ 2 — 3 x 10! Mp).

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 pe, M ~ 2.6 x 106Mp).

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) = nlgl(r)sechz(z/hl) + nggg(r)sechz(z/h2)+

4
+ngsech®(z/hg) Z figa(r,s5) + nege(u) + nacgac(r)hce(z) (1)
i=1

where r is the Galactocentric distance projected onto the plane and is equal r =
(z? + y2)1/2, the sum goes over four spiral arms, n;, ¢ = 1...5 denotes the density
in different regions, f;, 7 = 1...4 are scale factors, ¢;, 7 = 1...5 are functions of
position, h;, 1 = 1...4 are scale heights and z 1s 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:

ngegec(r)hac(z) = (10 em™3) x e=(o53)" y o= (otm)’ (2)
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]

230 kpe

& o 2= 0.02 kpe
AY
E g 2=005kpc
CD Al
o z=0075kpo
3
" z=0.1kpc
5 75 0.125 kpc
~e Lo L - e~ ‘?-“v-:-\.
0 } = + L A S
0.0 0.1 0.2 0.3 0.4 0.5 08

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 Samurovié, Cirkovi¢, Milogevié-
Zdjelar and Petrovié (1998) (Paper I).

Electron densities as functions of 7 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* em~2 (minispiral) and 103 c¢cm™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* cm~3 and
10% em~3, respectively.

Another contribution of n, ~ 6 cm™3 (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™
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 pc, thickness 50 pc), there are several other
HII (SgrC, D, and E), and star forming regions.

ASCA observations detected strong Ke lines from highly ionized various elements,

3

)

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% Mg.

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 My 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 ~-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, 1.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 105 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 1s 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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ABneHUs HAa NOBEPXHOCTU U UX BNUAHUE HA NPOLIECCLI
NPUNOBEPXHOCTHOIO HU3KONOPOTrOBOro NNAa3Moobpa3oBaHus
npy UMNYNLCHOM BbICOKO3HEPreTUYeCKOM
naszepHoOM BO3aEeUCTBUN

Munbko J1.4., Husens O A.
HHecmumym MonexynspHol u Amomuod Quiuxku HAH benapycu
2200672, benapycs, . Murck, np.@.CkapuHsi 70

AHHOTayMA OKCNepUMEHTaNEHO W3YYeHO W3MEeHeHWe COCTOSAHWA NOBEepXHOCTU B
npoyecce BO3AEWCTBUA UMNYNHLCHOMO NA3EPHOrO U3NYHeHUS ¥ BIIURHUE BO3HWUKAMOLMUX
NOBEPXHOCTHbLIX CTPYKTYP Ha NPOLeCcCH NPUNoBEPXHOCTHOMO fi1asMoobpasoBaHus.

1. BBeaeHue

K HacTosujeMy BpEMEHW YCTAHOBNEHA W NOATBEPXKAEHA 3PO3MOHHAA NPUPO-
02 HaYanbHOro NnasmoobpaszOBaHUSA y NOBEPXHOCTW TBEPAbIX TENn Npu UM-
NYyNbCHOM NAa3epHOM BO3AEWUCTBUM (CM. Hanpumep Tpeunxud J1.U., MuHbko
N.A., 1967, bpyrwos B.B. v ap., 1986; Muusko I1.A. v gp., 1988). Noporosbie
napameTpbl NPUIMOBEPXHOCTHOIO NNa3mMoobpa3oBaHus CyujeCTBEHHO 3aBUCAT OT
ANUTENLHOCTWU, ANWHbLI BOIHbI, MHTEHCMBHOCTK BO3dencTeytowiero JiA n ycno-

BWA BO3AENCTBUSA.

B nanHon paborte npegocTaBneHbl pe3ynbTathl UCCNEL0BAHUA NMOPOrOBbIX
3aBUCUMOCTEN NMNasMoobpa3soBaHus U BNUAHUS COCTOSHUS TMOBEPXHOCTU Ha
NPOUECChI HayanbHOrQ Pa3PyLIEHUsT NOBEPXHOCTU U NMaaMoobpasoBaHust B
LIMPOKOM AuanasoHe ANUH BOSIH U ANUTENLHOCTEW UMAYNbLCOB BO3AEUCTBYIO-

wero 1A,
2. JKcnepuMeHT

(8)

—

Snxe

Puc.1. ®opmbl UMNYNbLCOB Na3epHOro uany-
YeHus a - Nd nasepa, 6 - COp-na3sepa, B -

pPOAAMUHOBOrO Nnaaepa.
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Pnc.2. 3asucumocTe Temnepartypst no-
BEPXHOCTU B NATHE 0BNyYeHUA B MOMEHT
Hayana paspywenns (e- [116T ®8-Zn, @ -
Bi), TemMnepaTypb NOBEPXHOCTH B MOMENT
nnasmoobpasoBanusa (o - 16T, @ - Zn)
OT MakCUMasribHOW TMNOTHOCTA MOLLHOCTH
nn.
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IKCNEPHMEHRTbI BbiNK BLINONHEHLI NPK aTMOCDEPHOM AaBNEHWK M B BaKyy-
ME C MCNONb30BaHMEM Na3epHOW CUCTEMbl Ha HEOAWMOBOM CTEKIe, TeHepu-
pyroLen MOHOUMNYNbLCH! ANUMTENLROCTLIO ~40HC M 300K (puc. 1). Psaag sxcne-
PAMEHTOB BbLINONHEH Ha 3NEKTPOMOHU3auuoHHOM COj-nasepe C ANWTENbHO-
CThIO UMMYILCA ~TMKC M POAAMUKOBOM Na3zepe C ANUTENLHOCTLIO UMNYNbLCA
~10Mke (puc. 1).

B xadecrse MMULUEHEA WUCTONb30BANMCh MEX3HWYECKH NONUPOBaHHbIE 06-
pa3ubl ¥3 anioMnkns A99, aropantomubna 16T, ynHka, BucMmyTta, nHamus. Kou-
TPOMb COCTOSIHUSA NMOBEPXHOCTU B NPAUECCEe BO3AENCTBUA U ONpeaeneHue nopo-
[OBbIX XAPAKTEPUCTUK MMa3Mo0bpa3oBaHUs OCYWECTBASANOChL NOCPEACTBOM
U3MEPEHUA OUHAMUYECKUX XaPaKTepucTux 3epkanbHon, audyaHan, paccesy-
HOW KOMMOHEHT oTpaxeHHoro T, TeMnepatypbl NOBEPXHOCTU U AABAEHUS Ha
NOBEPXHOCTU B NATHE CONYYEHUR C BPEMEHHLIM Pa3petueruemM ~10%¢. Ucnonb-
30BaNUCh AaTUYUKK AABNEHUS B pexmMe "'reHepatopa Toka". KanubpoBka aaruu-
KOB LABMEHUA OCYLIECTBASNACh C MNOMOWLIO NalepHOU yaapHoi Tpybku. Co-
CTOSiHWE NMOBEPXRKOCTU A0 U MOCre BO3AEACTBMS M3y4anock METOAaMHU ONTuYe-
CKOM W paCTPOBOA 3NEKTPOHHON MUKDPOCKOMUU, NPOBOAMIICA PEHTIEHOCTPYKTYp-
HbiW @aHann3 NOBEPXHOCTHOTO CNOS MaTepuanos.

3. Pesynbtarth! u 06cyxaeHue

Uccnegosanma mopdponorun U pacnpegenenunsa AedekTos Ha NOBEPXHOCTH
MEXaHMYECKM NONWPOBaHHLIX 0BpPa3yoB NoOKaszanu, YTO OCHOBHAA Macca Ae-
hbeKkTOB C XapakTepHbiM pasmepom ~0,5+1MKkM U KOHLEeRTpayuen ~1 0°:10"cm?
3TO yapanuHbl, OCTaBneHHbie 3epHamu abpasmnea u Yactuyst adbpasmsa (Al,Oq)
BHEAPEHHbIE B NOBEPXHOCTb. [1SIOTHOCTL AE(EKTOB AOCTATOMHO BLICOKA W
MOKHO MPEANONOXATL, YTO BbICOTE HEPOBHOCTEN penbeda Tawke ~1MKM npu
nepuoge 1-10mkM. TpoBeageHHbIE KOMNNEKCHbIE 3KCNEPUMEHTBLI NO3BONUNY Bbi-
ABUTh OCODEHHOCTU HAYaNbLHOro Pa3pyllieHns NOBEPXHOCTU. [oKa3aHo, 4To no-
KanbHOCTb NOBpEXAEeHWA B 00NACTU NATHA OONyYeHUs B UCNAPUTENbHbLIX pe-
¥umax 8 Donblued CTeneHu onpeaensieTcsi HepPaBHOMEPHOCTbIO 0BnyueHus,
Hexenu pacnpegeneHueM fedekToB, YTO MOXHO BbINO npegnonarats, MMes
BBUAY BbICOKYK) WX KOHUEHTPAUWK. YCTAHOBIIEHO, YTO HE3aBUCUMGC OT AnNU-
TENbLHOCTU NA3epHbIX MMNYNbCOB (t1,=40-300HC, A=1,06MKM) B npouecce BO3-
AEWCTBMA, 4O MOMEHTA NnazMoobpa3oBaHns APKOCTHAsS TeMNeparypa nosepx-
HOCTM gocTturaer adadeHun 3000°-4000°K (puc.2). Hapactanue 3aMeTHOro no-
MOLLEHUA B NApax HA4YMHAETCA NPU 3TOM YPOBHE TemnepaTyp. MNepexoq napos
M3 COCTOSIHUA NPaKTUYECKW NONHOM NPO3PaYROCTM B CUNLHONOMOLAKWLYIO
nnasMmy B 3aBUCUMOCTU OT KPYTW3HbI (hpoHTa mmnynsca JIA npouncxoaut 3a
BpeMena ~107°c (t=40Hc) u ~107c (x=300Hc). Ha pa3sutue nnasmooBpasosa-
HWS B Napax CyL|eCTBEHHOE BIUAHWE 0Ka3biBaeT BOKOBAA BONMHA Pa3pEXEHUSR.
[Mpu nepexope OT KBA3MOAHOMEPHOIO K TPEXMEPHOMY pasfneTy napos, a 970
Habnopaetcs npu naThax obnyyenun <0,2MM{t,~300HC) MPOUCXOAUT yBENUYE-
HUe BpeMEeHU 3aaepxky nnaamoobpasosanusn (Ecdpemos B.B. u ap., 1988) u
NOpPOroBLIX ANs Nna3MoobpazosaHus NNaTHocTew MowHocTy U (puc.3).
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Panee (L.Ya. Min'ko, Yu.A. Chivel, 1993) Hamu ycTaHOBReHo “BapaiBHOE"
paapylwieHue noBEepxHOCTU METAannoB 33 BpPeMeHa ~10% ¢ BLIDpOCOM uacTuy
KOHZEHCUPOBAHHOW AUCNEePCHON (yadbl U NOSABMIEHUEM HE NOBEPXHACTU MUKPO-
CTPYKTYp pasmepomMm 1-10MKM € TEPMOU3OMUPOBAHHLIMU dparMeHTamMu paime-
pom <imkm. [ns papga me-

Tannos paspyuieHue umeer *
MECTO Nnpu TEMNepaTypax i,

HC ©
NOBEPXHOCTH HUXKE  TOYUKM
Kuneuus B obpactu remne-
patyp 22000°K (puc. 2). 4 ) S-a. o

[Noka3aHo, 4To Takoe HU3KOo- =~
noporosoe paspylueHue o \‘\i"\. 1

obycnosnexHo 06BbEMHON

HEOAHOPOAHOCTLIO TBEPAO- 52
ro vena. Mopecru nnasmoob- -
Pa30BaHUA 8 3TUX YCROBUAX v s
. A

onNpeaenarTcsa ye - He o L, 3
TONLKO Ha4anbHbIM COCTORA- 1 <| > gt
HUEM NOBEPXHOCTH, HO W
sommasor noneprioenon & |y
ANS METannos NNOTHOCTLIO o

2
~10%m~. Puc.3. Bpema HauanbHoro nnasmoobpa3oBaHns Ha

Mpu Bo3aenctauu JIA AopanioMuHMeBod MALWEHW B BO3/lyxe B 3@BUCHMOCTH
MUKPOYACTULE WMAM TENnno- OT MaKCUMAINbHOW NNOTHOCTU MotHoCTY T (1,06mMKM):
n3onuposanHbin gqedekt Ha 1. w=300He
NOBEPXHOCTH CYLECTBEHHO O - AnaMeTp NsiTHA obnydverus - 4Mm
NOBNMSET HAa nnasmoobpa- O - guameTp naTHa obnyderHus - 0,25Mm
30BaHWE B TOM cnyyae, ec- 2 w>40HC
fN WX HArpeB U McnapeHme Q- AMaMETp NATHA - 41

X -~ avametp nATHA - 0,25mmM

npovexaloT OblCTpee OCHO-

Bbl MeTanna. CornacHo 3KCNEPUMEHTanbHbIM AaHHbIM, pasMepbl BblOpacsl-
BaeMbix 4acTuy < 1mkMm. PacyeTsl BpeMEHU Harpesa 4actuy A0 Ty , BPEMEHM
€e UCMapeHus C y4eToM BbICOKOW NOrnowarenbHouw cnocoBHOCTM HacTuy pas-
MepoMm A>d>A/6 (A=1,06MKM) Npu UHTEHCUMBHOCTAX J1M B AnanascHe Noporosbix
Ans nnaiMoobpaizcBaHUs 3HaYEHUN ~10° Br/cm? (t,=40HC; A=1,06MKM) U ~10’
Br/cm? (tu=300Hc; A=1,06MKM) rOKazanu, 4TO UCMapeHue NPoU3oRAEeT 3a Bpe-
MeHa cooTBeTcTsenHo ~107°c u ~107¢c, Ha nepeaHem dpoHTe umnynoca A,
UTO XOPOLLQ COFNAacyeTCs C 3KCMEePUMEHTOM. Ha nokanbHbIM Xapakrep ucnape-
HUA YKa3biBAKOT U PE3yNbTaThi UIMEPEHUK AABNEHUSA B UCMAPUTENLHBIX PEXN-
Max Bo3daeucteus uanyyenus Nd-nasepa ¢ t, = 40 HC. IaMepPeHHbIE 3HAYEHUs
aMnUTYabi UMIYNLCHOTO REBNEHUST B NATHE 00NyUYEHUA 3HAYUTENbHO MEHbLUIE
3HaYEHUA MONYYEHHbIX U3 NPEANOMOXEHU C PaBHOBECHOM Xxapakrepe (aso-
BOro Nepexoa B npepenax narHa obnydyeHus.
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MepexpbiTue 0TAeNbHLIX 0DNAYKOB Napa, BOIHMKLIMX HA MUKPOHEOAHOPOA-
HOCTSIX, NPW CKOPOCTUK 3BYKA B nNape ~10°cmic NPOM3OUAET 3a -10% u 8 gans-

HEWLIEM TEOMEeTPHsA TEYEHMA, BNMAIOWANA Ha nopor nnaamooGpasoBanns byger
ONpeaensaTCa pasMepoM BCErO MATHA, YTO W MOATBEPHKAAETCA SKCNEPUMEHRTOM

(pnc.3).
Mo pe3ynbTaram wnamepe-

HWUA BpPEMEHN 33/1EPHKN
nnasmoobpazosaHun  Bbinu
paccyMTaHbl MOPOroBbIE na-
pameTpbl: MTHOBEHHASA
NNOTHOCTE MOWMHOCTM B MO-
MeHT nnasmMoobpasoBanun w
YAENbHLIE  IHEPreTUYECKME
3aTpatbl Ha nnasmoobpa3so-
Baune E*/S (pnc.4). Ycra-
HOBFIEHO, 4TO B YCNOBKAX
BO3QEWUCTBUA MMNyNnbLCcos JTN
ANUTENLHOCTLIO <1MmKC
nnasmoobpazosaHne  HOCUT
HECTALMOHAPHbLIA  XapakTep,
T.€. UMEET MECTO NPU UHTEH-
cveHocTAX JIM npesocxogs-
LLJMX NOPOrOBbIE U YCITOBUEM
nnasmoobpaloBaHus  siBNS-
€TCs MNpEBbILUEHWE HEKOTO-
poi nnoTHOCTU E*/S, Heob-
XOAUMOR BEPOATHO AnNS WUC-
napenuss nedekrtos. 3asBucu-
MOCTb BPEMEHU MnazMood-
pPa3oBaHus 0T MAKCUMarnbHOM
NNOTHOCTU MOowHOCTU [N Qm
B 3TOM Criyy4ae XOpouwQ Ofiu-

E/S«z
Aw/cm
Y 6\ €0

Puc.4. 3aBucumocTb napameTpos nnasmoobpa-
30BaHUA OT MaKCWManbHOW fNOTHOCTM MOLLHO-
cTin JIN:

1.9q* - 1- 16T (2=0,58MkM - poaamun),

2- A16T (A=1,06mKkm; 1,=300Hc)

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

2. EYS: 456 - O16T

In {A=10,6MKm), A16T (A=0,59MKM)

(%=1,06MKM),

CbIBAE€TCA CTENEHHOW 3aBUCUMOCTbLIO t'zIK\/r/qm. Ona  ANUHAHBLIX UMOYNbLCOB,

nnaamoobpaszoBaHUe HOCUT KBA3UCTAUMOHEPHbLIA XapakTep U NNaiMa BO3HUKAeT
B CTpy€ Napos C yCTaHOBUBLUEUCH CTPYKTypow. [pu cHOpMUPOBABLUENCS raio-
AWHAMUHECKON CTPYKTYpE NapoBOW CTpyu Ans nna3moobpaloBaHus Heobxoau-
MO NPEBbILLEHNE HEKOTOPOW NOPOrOBOIA MNOTHOCTU MOLLHOCTM JIU qp |, 4TO 0CO-

HEeHHO APKO NPOSIBNAETCA ANA UMMYNbCOB CNOXHONA (DOPMBI.

INureparypa

Fpeunxud N1, Munoko 1.4, 1967, XXNC, 1.14, 720

bpyHos B.B., NopbyHos A A, KoHos B.U.: 1986, XKMC. 1.44 845

Muhnbko J1.4. Yymakos A H., Yusenb KO.A: 1988, KeaHT.anekTpoHuka,1.15,1619.
L.Ya.Min'ko, Yu. A Chivel: 1993, Proc. ICPIG XXI, vol 1,135.

L.Ya.Min ko, Yu. A.Chivel: 1996, Proc. SPIE, vol.2713,361.

Edpemos B.B., Munbko 1.4, Yusens KO A, Yymakos A H., 1988, Tea. gown. il Beec.

KOH. "B3aum. U3af., Nna3m. v SNEKTP. MOTOKOB C Bel|ecTBOM, 172

126



Publ. Astron. Obs. Belgrade No. 61 (1998), 127 — 130 Contributed paper

KBA3I/ICT1§'U,PIOI-IAPI [LIA 1TPUIIOBEPXHOCTHBIHM
OIMTUYECKHH PA3PSIL ITPU PA3JIHYHBIX JABJIEHUX
OKPYXXAIONIEI'O MULLIEHDb I'A3A

JISLMHHBLKO, B1.HACOHOB
Hucmumym monexynsipuoii u amomnoii ghusuxu,
@.Crapr 70, 220072 Munck, beaapycs

AHHOTALHA. DKCUCPHUMCHTANLIO HCCNCAOBAHA JMHAMHKA  pPAIBHTHA
KBA3HCTALKOHAPHOTO  NPHIIOBCPXHOCTHOTO  ONTHYCCKONO  pa3pAna mpH
BOXACHCTBHH KBA3HHCIPCPBIBIIOTO H3IIYUCHHY HCOOMMOBOTO nazcpa (q=0,1-
10 Br/cm®) ma JUI6T, A99 u Bi B posayxc (1 arm) u asore (mo 17 arm)
YCTaHOBJICH BHA 3dBHCHMOCTCH OT ( H3Y4MbHBIX HCIAPEHHA H
wiasmMoo0pa3oBaHua, a TIKKC HPKOCTHOH TCMICPUTYPHl  OPO3HOHHBIX
¢akenoB. BusBieHs! H MPOAHAJIM3UPOBAHLI XBA BHAA NCPAOIHHECKHX
ACYCTOHUYMBOCTCH MNAIMOOOPAORIIHA H HCYCTOHYUBOCTS PA3BUTHA TIIA3MEI,
ComniA C (1), B ICHCHEC JECPIOTO HMITYIILCH.

Hacrosmas pabora nocesileHa 3KCNePpUMEHBTATLHOMY
MCCNENOBAHMIO  KBa3UCTAlIlMOHAPHOIO  MPHIIOBEPXHOCTHOIO
ormruueckoro  pazpsna  (KIOP),  peanusyemoro  npw
BO3/€HCTBHHM KBa3MHENPCPLIBHOrO nasepuoro wanydexus (JIH)
(A=1,06 MxMm, T ~ 1,5 Mc) na mopamomunuii J116T, amoMubuit
A9 wu BucmMyr (Bi) B pexume ¢opMupOBaHUS
HEZOPAaCIlIMPEHHOTO  Ja3epHOI0  3PO3HOHHOrO  TIa3MEHHOro
dakena (JIDIID) B arMochepe BO3AyXa HOPMANBLHOIO NABJICHHS
u azora nasneduem no 17 arm. InorHocts Momnocty JIM q B
30H€ BO3NEHCTBUA aAMaMerpoM ~ 3.5 MM u3MeHsanach B
nuanaszone 0,1 - 10 MB1/cm?,

DKCNEPUMEHTANIBHO POCNeXXeHa JWHAMUKA MPOLECCOB,
COMpPOBOXAAIOUINX  JIa3epHoe  BO3AeicTBHME  OT  CTAnUH
HAU&JILHOTO  MCMapeHHus  4epe3 TPOMEXYTOUHYIO  CTaqHUIO

HEYCTON4HMBOTO n1azmoobpasoBatus hile} cTaguum
ycranoBuBulerocst cocrostns KIIOP. Broiasnenbr v u3y4deHsl
ocoOCHIOCTH 1’ PLIRITIIL IPHIOBEPXTOCTHONH  1J1aIMBL - ¢
OIITUYCCKOTO  paspsia, TCCHO  yBx3aHubie ¢ (U3MKO-

XWMHYECKMMH CBONCTBAMW Marepyasia MHLUEHH, PEXWMOM H
YCIIOBHSIMHU BO3AEHCTBHs 1A 110BEPXHOCTDb. I1py BO3AEHCTBUH Ha
MMIUEHH B BO3JYyX€ NOJyHelbl KOJWUECTBEHHbIE NaHHblE 0O
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JHEPreTHYeCKMX 3aBMCUMOCTAX HayaJlbHOrO MCNAPEHHS U
NPHUNOBEPXHOCTHOTO nna3moobpasosanus . IlepsoHavanbHOE
mnasmoobpasosanue (puc.l,2, xpuBble 2), nposBasSs CBOKO
3PO3HOHHYIO NMPUPOAY, BCErAd pa3sBUBAIOCH CMYCTH HEKOTOPOE
BpeMst OTHOCUTENLHO Hayana ucrapenus (puc.1, 2, kpussbie 1).

t, MxC
\ 1.2 —DI6T wh .
L, 3 —AYY w}h Bi
200 3 mL
™ f|
1° 2 2
m.
1oor \\ .
SOL\
0 N 0. O\AHu-"o-.oa
o 2 a4 6 q. MBriom? © 2 4 & 08g el
Puc.1 Puc.2

Ha ocHoBe wu3yueHus oTtpaxeHus JIM B  ycinoBusx
cywecrsoBaHus KITOP ycranosneno, 4TO Bxjiam nuasmbl B
nornowenne JIH He Benuk, a perucrpupyemas 3KpaHHPOBKa
NOBEPXHOCTH MuweHN (dakenoM 0OyCrHOBNEHAa  ITaBHbIM
00pa3oM NOrJIOLEHHEM M PaCCeTHUEM HW3ITY4eHHMS 4YacTHUaMH
apo3ud muuwenu. [Ipu BospeidctBuu na 16T nokazano, yro
CBA3@HHBbIE C 3TUM JHEPreTHHECKHE MOTEepH, a TAKXKE IoTepH,
ofycnoBnexHble pasneroM ¢akena, MOTyT KOMIEHCUPOBATHCA
TEnNoBbIM  JeiicTBMeM camoro ¢Qaxena Ha TNOBEPXHOCTD
BCNEACTBHE NEPEU3MYYEHHA YACTH OIHEPTHH MJ1a3MOH,
YBENHYHBAIOWIErOCA C pPOCTOM (¢, a Takke BKJIAJOM
MHULMHPYEMOii B MPUrPaHUUHBIX C BO3MYXOM obnactsax ¢akena
peaxuuy ropeHus 4acTyl , NosbiLaKLUied TeMneparypy ¢akena
M ero wusnyudawouyw cnocobHocte. B pesynbraTe npu
Bo3zeiicreun JIM Ha J16T B nuanasose q = 4-8 MBr/cm’
3ana3gpiBaHHe Hauyana I1a3MooOpazoBaHHA  OTHOCHTENbHO
Hayajla UCTapeHUst OCTAeTCH NPUMEPHO TOCTOSHHbIM (puC. 1).
CyliecTBEHHbIC OTNHYHUA B IOBEACHWH [OPOrOB HAYaIbHOrO
nnasmoobpazosanus ¢ Muwenamu U3 16T u A99 B npenenax
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