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FOREWORD

The first Belarussian - Yugoslav Symposium on Physics and Diagnostics of Labo-
ratory and Astrophysical Plasma (PDP-1’96) is an effectuation of our desire to con-
tribute to the friendship and to promote the collaboration and mutual ties between
Belarus and Yugoslavia.

During a sad period when, in contravention of all international conventions bearing
on the freedom of science, in contravention of the Declaration on Human Rights
protecting the science and scientists, sanctions were enforced even against so noble
and peaceable a science as is astronomy, Yugoslav astronomers have, nonetheless,
continued contributing to the international science, supported by numerrous friends
all over the world, for whom the universality of science was unviolable and sacrosanct.

In order to lay down conditions for closer relationship an agreement on collabora-
tion and friendship has been signed on 15 September 1995 in Belgrade between the
Institute of Molecular and Atomic Physics of the Belarussian Academy of Sciences
(Minsk), Institute of Applied Physical Problems of the Belarussian State University
(Minsk), Astronomical Observatory (Belgrade), Institute of Physics (Zemun) and Fac-
ulty of Physics (Belgrade). On 2 February 1996 an agreement on collaboration has
been signed between the Astronomical Observatory of the Belarussian State Univer-
sity in Minsk and the Belgrade Astronomical Observatory.

We hope that the present Conference will in time become traditional, offering a
suitable opportunity for exchanging ideas, for friendship and fruiful cooperation.

Milan S. Dimitrijevié
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KBASUCTAHHOHAPHBIE KOMIIPECCHOHHBIE
TUIABMEHHBIE ITOTOKH

C.M.AHAHHH!, BM.ACTALIMHCKHUN!, LA MHUHBKO!,
A.U.MOPO30B?, B.U.TEPELLIUH3, B.B.MEBOTAPEB?
V Hnemumym monexyasproii u amomnoii usuxu AH Beaapycu,

npocnexm D.Crkapunst, 70, Munck, 220072 Eéﬂapbe
2PHII "Kypuamoeckuii uncmumym”, Mockea, Poccus

3SHHII "Xapokosckuii ¢puzuxo-mexnusecxuii uncmumym”, Xapokoa, Yxpauna

OnHolt M3 BAXHEHIIMX HAydHBIX M NpaKTU4eCKMX 3anay (GU3KKH
IU1a3Mbl SIBISICTCH  paspaboTKa  METOAOB NO/iyYeHHA H CriocoDOB YNpaBneHUs
mapaMeTpaMy KOMTIPECCUOHHBIX (CKATbIX COOCTBEHHBIM a3WMYTaIbHbIM Mar-
HUTHBIM MOJIEM) KBa3UCTALUMOHAPHBLIX riasMeHHbIX norokoB (KKI1Il). Mure-
pec K KOMIIPECCHOHHBIM TMOTOKAM, MNOAY4YaeMbIM B KBA3UCTALIMOHAPHBIX IUIA3-
MEHHBIX YCKOPHTE/IAX, CBA3AH € BO3MOXHBIM MX NMPHMEHEHHEM B DCLUEHUH 3a-
a4 YTIPABISIEMOro TEPMOSLIEPHOTO CHHTE3a (MHXEKUMA TU1a3Mbl B Pa3lIMyHOIo
poda JIOBYWIKH, MpodJicMa NEpBOH CTEHKM TEPMOSIIEPHOrO peakropa 4 T.4.), B
TUIAa3MEHHOM TeXHONOIMK, HATNpUMEp, it oOpaboTKN TOBEPXHOCTEW KpPYyTTHO-
rabapUTHBIX ACTAIEH, a4 TAKXKE IS CO3JAHWSA BbICOKOWHTEHCHBHBIX MCTOUYHMW-
KOB M3TyYyeHHsl, B TOM YMUCJIE B KOPOTKOBOJHOBOM 00/1aCTH crexTpa.

[[Iupokue BO3MOXHOCTH Ans nNpoasHXeHHS B ob1acTh Gojiee BBICO-
KMX MapaMeTpoB IUIa3Mbi, MOTY4aeMOil B yCKOPUTENSX, OTKPBIBACT NPUHLIMITH-
QIBHO HOBAS [UIA3MOAMHAMMYECKASI CUCTEMA - ABYXCTYNEHYATbIA KBA3UCTALIMO-
HApHBIH CHILHOTOYHBIH TasMeHHbIH yckoputens (KCITY) (Moposos, 1990;
AHaHHWH U Ip., 1990; lNapkywa u ap., 1992). B KCIIY, paboraoweM B pexu-
Me HMOHHOTO TOKOFEPEHOCA, OCYLUECTRASIETCH HMOHHO-ApeiH(oBOe YCKOPEHME
3aMarHM4YeHHOM TUTa3Mbl, YTO, MO CYLUECTBY, SIBASIETCS HOBLIM HanpaBIeHHEM
B IU1a3MOAMHAMMKE.

KoMruiekcHble TeopeTWyecKue M 3KCIepvMeHTalIbHblE WCCAEJOBAaHMSA
$M3NYECKUX NMPOLIECCOB B TAKOM YCKOpHTENE ¢ NMPHMEHEHUEM BbICOKOCKOPOCT-

HbiX Qororpachyeckux, HHTEPDHEPOMETPUUECKHUX U CIIEKTPOCKOTIMYECKHX Me-

7



C. M. AHAHMH u np.

TOOOB, @ TaKX€¢ 30HAOBBIX METOJOB ONpEAC/IEHUS INCKTPUYECKUX M MAarHuT-
HbIX ToJIeH TO3BOMIIM YCTAHOBUTb OCHOBHBIE 3AKOHOMEPHOCTH B (PU3HMYECKMX
npoueccax, ONpeJeasiolIUX PeXUMbl paboThl YCKOPHMTENA W MapaMeTpbl
KKIITI. Yka3aHHbie WCCAEA0BAHWA NOATBEPAWIU PEATTU3YEMOCTh (QHIUYECKUX
NMPAHUNIOB, TNONOXeHHBIX B ocHOBY KCIIY M 1103BOJMAM BriepBbIe MOMYUYHTD
B IUTa3MEHHBIX YCKOPHTE/SIX PacueTHOE KBA3Mpadua/lbHOE paclpelcsieHHe ToKa
B OCHOBHOM YCKOPHTEJIBHOM KIHLIE B TEYEHME KBA3WCTALIMOHAPHOHM CTAIMM
paspsiza. bBeuin pa3BuTel NpeAcTaBieHHs o6 onpenensiouieil pond oOMEHHBIX
MPOUECCOB B NPUNOBEPXHOCTHBIX OONACTAX QHOQHOIO W KAaTOAHOro TpaHcdop-
MEpPOB MNPU HOHHO-APeR(POBOM YCKOPEeHHWH 3aMarHW4YeHHON IUTa3Mbl. OTH
NpPeACTARIECHUS MO3BOSIOT OOBUCHATh M MPOrHO3UPOBATL XapakKTep pacnpene-
JIEHMST TOKQ, A CJIEAOBATENBHO, W MApaMeTpbl MJIAa3MEHHOr0 MOTOKA ISt BCETO
KJIACCa YCKOPHTeIeH ¢ COOCTBEHHBIM a3WMYTIbHbIM MarHMUTHLIM TIOJIEM.
PeanuzoBaH komnpeccuoHHslil pexum pabotel KCITY, npu koropom
3a Cpe3oM BHYTpeHHero TpaHchopMmepa (GopMHUpPyeTCH KBa3WCTALMOHAPHBLINA
KOMITPECCHUOHHBIK  IIA3MEHHBbIA NMOTOK (anuHod ~ 50 cM M JMaMeTpoM B
obnacTH MaKCHMMQIBHOTO CXaTHsi 3 cM) ¢ XapaKTepHbIMH TIipd pabore Ha
BoIopose ckopocTbio ~ (2 - 4)-107 cMm/c, IUIOTHOCTBbIO 3/1€KTpOHOB ~ 5 1016
cM™3 M cpeaHeit HanpasneHHo# 3Heprueil monoB 0,5 - 1 kOB (Astashinsky et
al., 1993; BonkoB u ap., 1994). OOcyxmaercst BO3MOXOCTb MPOIBIDKEHWUS B
TAKOro poja fUIa3MOIMHAMHUYECKUX CMCTEMAX B €L HEU3YyUCHHYIO 00JacTb
MapaMeTpoB IUIa3Mbl ¢ BpeMeHeM xu3uu ~ 1073 ¢, nonHBIM 3Hepro-
comepxaHuM ~ 100 MIx, 3¢ddekTMBHBIM HOHHBIM TokoM ~ 10 MA,

Hanpas/iieHHON sHepruer vactuu ~ 10 ks B.

CHoMCOK JIHTEPATYPH

AnauuH C.H., Acrawunckuit B.M., Bakanosuy I''M. w ap.: 1990, Quzuka
mrazme, 1990, 16, 186.

Astashinsky V.M., Kostyukevich E.A., Man’kovsky A.A., Min’ko L.Ya.: 1993,
Contributed Papers of 21 ICPIG, Vol.1, 137, Bochum.

Boakos A.P., I'apkyira U.E., Kazakos O.E. n ap.:1994, Qusuxa naazme, 20, 77

lapkywa HM.E., Moposos A ., Conakos I.I., Tepemnn B.K., Yebora-
pes B.B.: 1992, @uzuxka niazmer, 18, 1385.

Moposos A.N.: Qusuka naazmu. 1990, 16, 131.
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- CAMOCTOSATEILHNHA TIEIOIAN PA3PH]l B
HHEPTHBIX I'A3AX ITPH ATMOC®EPHOM

JABJIEHHH
B.H. Apxunenko

Hucrmuamym sonexyaspuodi u amomroli pusuxu AHB, np. Cxopunes 70,
220072 Mwricx, berapyce

Abstract. The review of works, which have been carried out under the
direction of the academician of Academy of Sciences of Beiarus L.L
Kisdevskii, is presented. In that works the independent glow discharges in
inert gases at atmospheric pressure and electrical parameters close to the low
pressure glow discharges and arcs at atmoepheric pressure have been

BolLmoe 4YBCIO TEXHOIOIHWCCKHX YCTPOMCTB, B KOTOPHX
HCIonb3yeTcs CI’R0OHOHH30BAHHAS IUIA3ME (HCTOYHHKH CBETA, JA3CPLL,
YCKODHTCIH H Jp.) CYHMYIHpyeT paspaboTKy HOBLIX criocoboB
" podyvdcHHS mua3Mbl H MccuemosaHHe ec cBolicrs. OcobOuiit HHTEpec
OPEACTABIIOT PA3PIAMLI MPH ATMOCHCPHOM NARJCHHH, YTO NO3BOJIACT
CYLIECTBCHHO NOBLICHTH MOIIHOCTS PAIPSAAHMX ycTpoiicts. OnHaxko H
neck HMccaenoBarelci NOIXHMIAIOT TAKHC OPOUCCCH! H  SBICHNEA,
KOTOPAIC NPHBOAST K OrPAHHYCHHIO BIOIAILBACMON MOIMIHOCTH.

B ocxoBHOM, HCCICOBRHHKN, ITpoBeacHHbIC JI. Y. Kuceneacxum u
€0 COTPYAHAKAMH DOCBAINCHM CAMOCTOSTC/ILHOMY TACIOWEMY PA3pANY
NpH 8TMOCHCPHOM JARNCHMH B NOTOKC NEIHE NpH HANPOXCHHH HA
anexrpoaax 100-400 B H Toxax paspsana 0,5-5 A.

YXC CAMO CYNUICCTBOBRHHC TAKOTO paspiZia B TAKHX YCIOBHSX
SBIANOCh HHTCPCCHLIM 00BeXTOM /IS HCCOCAOBAHHA, IOCKOIbKY,
MPEANONArano HAMHIMC 3{MpeXTHRHOIO JONONHHTEILHONO HCTOYHMKA
38PAXCHHLIX YSCTHIL.

IIpn m3yuenun ¢unudeciux cBOHCTS NYroBHIX H HCXPOBMIX
paspayios B aTMochepe remas (Kucenescxmii 1 np., 1968) mns nenedi
MNOBAMINICHAS 86COMOTHON JYYBCTBHTCILHOCTH CICXTPANLHONO SHANA3A
6bUM 1NONYy9cHB MNAHHBIC, KOTOPAIC MNO3BOMMIH 32(pHKCHPOBETHL
OepexoA AYIOBOro paspafa B Taciommi NpH parncauu | arMochepa,
HaNpACHHAX HA 31exTpozax go 300 B u Tokax Gonnime 1 A.

Hsu Yun Fan (1939), Bruce (1948), Suits (1939) nabmonams
nofoOHBlE palpamN H  HCCIOESAOBAIM HX  3JIEXTPHICCKHE
XAPAKTCPHCTHKH B 3QBHCHMOCTH OT MATCPHANA 3ICKTPOJOB, UTO



B. M. APXMNIEHKO

ONPEACNWIOCh B LCPBYI0 OFCPEAs  YPOBHEM 3IKCIICPHMCHTAILHOM
TCXHHKH K TCOPHH. '

CucreMaTHYecKHe — HMCCICNOBAHHN,  nposeacHHme  JILH.
Kucenescxuum u corpyamuxamu (Kuceneaamit u np., 1972, 1978, 1979,
1983, 1986, 1990, 1991, ConosnsauHk, 1993) NO3BOUIA HE TOILKO
NONY4YATh CTAOHILHLIC THCIOIIMC pPAIPIALl H  BOCNPOH3IBOXHMEIC
PC3YNLTATH, HO H H3YYHTh KHHETHKY [POLICCCOB, IIPOCTPAHCTBCHHOC
PACTIpCACICHHC NADAMCTPOB HEPABHOBCCHOMN IIIAIMBLI, MHTCHCHBHOCTH
JIMHHI, KOHLICHTPALHIO 3aPIKCHHBIX YACTHII, BCTHIHHY TYPOYICHTHOIO
JVICKTPHUYCCKOro Nols B KATOAHOH# obnacTH. Bee 3TH HecnenoBaHHS
noTpcOOBANH pa3pabOTKH HOBLIX MCTOJIOB JHATHOCTHKH IUIA3ME,
CO3IAHHA ABTOMATH3HPOBAHHBIX CHCTEM pPETHCTPAIMH CICKTPOB,
MCTOZIOB H &JITOpHTMOB 06paboTkH HHpOpMAaLHH.

Haydenne ¢pM3MKH CAMOCTOSTEIRHOTO TIECIOMCTO Pa3psia NpH
arMochepHOM MNABICHHH MPCACTABINCT HHTCPOC H A HIYYCHMS
¢H3HYeCcKkHX NpPOUCCCOB B BHICOKOTOYHBIX  JAYraX, KOTOphIC
HCTIONBL3YIOTCH B IUIA3MCHHLIX TCXHONOTHIX (ApXMIICHKO M Ap., 1995).
Tnesone paspayil ATMOCPEPHOTO NARICHME M AYIOBLIC PApAM B
rajoBbiX CpeiaX IpPE &TMOCHECDHOM JABJICHHH IPH OTCYTCTBHH
JNCKTPOAHMX NAPOB HMCOT Oombmyilo obwHoOCTs  u3HICCKHX
IPOLIECCOB.
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LONG-TERM VARIATIONS
OF SOLAR SPECTRAL LINES

1. VINCE
Astronomical Observatory, Volgina 7, Belgrade, Yugoslavia

E-mail ivince@aob.aob.bg.ac.yu

Abstract. The main objective of this paper is to outline the results on the observations and
theoretical interpretations of the long-term variations of solar spectral lines. The discussion
is limited to the absorption spectral lines in the visible region of solar spectra.

The observations in the visible region of solar spectra show a variability of spectral
lines that lasting for years and decades (long-term variations). This paper will present
investigation results of long-term variations of spectral lines.

Kharadse (1935), Derviz et al. (1961), Mitchell (1969) and Zhukova and Mitro-
fanova (1973) found activity-dependent changes of the widths (W), the central depth
(CD), equivalent widths (EW) of some spectral lines in different periods. However,
covering a part of these time intervals Krat et al. (1975) did not corroborate these
results. Stepanyan and Shcherbakova (1979) extracted 63 spectral lines, out of 1000
observed, showing considerable changes of their CDs, Ws and EWs. Livingston and
Holweger (1982) found a secular decrease of equivalent widths with time from the pe-
riod 1976-1980. On the basis of observations from 1969 till 1979 Kokhan (1987) found
that the CD, W and EW change in dependence on the solar activity. Livingston and
" Wallace (1987) for selected spectral lines observed during the period 1976-1985 found
that the EW of the Mnl 539.47 nm line shows the greatest variability. Livingston
(1992) found that strong metallic lines have little or no cycle variations, while the
intermediate strong metallic lines vary about 1%. The CI 538.03 nm line shows a
monotonic increase in equivalent width from 1979 to 1992. Babij (1991) found that
the scattering of observed central depth of moderately strong spectral lines decrease
with an increase of excitation potential, while for weak lines such a dependence is
absent. Theoretical works and model calculations of the heat transfer process from
the solar interior show that The magnetic field depresses convection that cause change
of asymmetry of spectral line profiles (Livingston 1982). Brandt and Solanki (1990)
and Immerschitt and Schroter (1989) found that the D decrease, while the W in-
crease with increasing magnetic filling factor. The EW of some lines (mostly strong
or temperature insensitive lines) remains unchanged, while decreases for other (weak
lines). A similar conclusion has been derived by Cavallini et al. (1986). Besides, the
authors pointed out the increasing of the width of both the 630.15 nm and the 630.25
nm spectral lines, especially near the continuum level. This result is in accordance
with activity cycle dependence of the line equivalent widths found by Livingston and
Holweger (1982).
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Calculating the influence of convective motion on the spectral line profiles, Dravins
et al. (1981) concluded that the main cause of their asymmetry is a specific distribu-
tion of plasma velocities and temperature within the convective cells. A part of the
asymmetry in some spectral lines may be caused by interatomic collisions of absorbers
and perturbing particles (Vince and Dimitrijevié, 1986).

A long-term program of full solar disk observations was initiated in 1986 . Routine
observations of 31 photospheric spectral lines at Belgrade Astronomical Observatory
are in progress since 1987. Significant changes of equivalent width have been found
in 8 spectral lines, out of 18, during the years 1987-1992 (Skuljan et al. (1993)). All
these equivalent widths reach their maximum values near the time of solar activity
maximum. The other Fraunhofer lines do not change its equivalent widths or the
changes are not reliably measured now. Theoretical study of these observed spectral
lines show significant changes of the EW, W and D of some of these lines as functions
of temperature gradient, but negligible dependence of these parameters on variations
of the photospheric pressure gradient (Erkapié¢ and Vince (1993a, 1993b)).

On the basis of this briefly rewied results of various authors it has been seen that
the central intensity, half-width, equivalent width and asymmetry of Fraunhofer lines
change in dependence on the solar activity. The results of various authors are very
different and some of them are even contradictory (e.g., Zhukova and Mitrofanova
(1973), and Krat et al. (1975)). Since the question of coorelation of spectral line
parameters with solar activity has not been finally solved, further studies of varibility
of Fraunhofer lines can be taken as scientifically interesting.
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BJIMSAHMUE PA3/IMYHBIX ®AKTOPOB HA THHAMUKY
JJABEPHBIX IVIASMEHHBIX ®AKEJIOB METAJLJIOB

B.K. TOHYAPOB, B.JI. KOHILIEBOH, M.B. ITY3bIPEB

HuctutyT npuknaamsix Guznyeckix mpobnem M. A.H. Cepuerixo,
Bbenapycs, Munck, ya. Kypuatosa,7

[1pu BO3ACHCTBUH JIa3€PHOTO H3TYYEHHSE YMEPEHHOH HHTEHCHBHOCTH
(10%-10® Br/cM®) Ha METIUTB], IPOLYKTI 3PO3MK COCTOST M3 1apOB, [Ia3MbI H
MEKOJUCIIEPCHOH JXMIOKOKanenbHoH ¢a3pl Marepuala MHIIEHH, opMH-
pyroiueiics 3a cHeT MexaHH3Ma 00BEMHOro rapoobpa3oBaHus.

H3BecTHB! paznuuHble (akTopbl, KOTOPHIE MOIYT CHOCOOCTBOBATh
NOSBIEHHIO OOBEMHOro MapooOpa3oBaHMs: [POCTPAHCTBEHHO-BPEMEHHAS
HEOTHOPOJHOCTD JIa3epHOI0 M3TyHeHHS, pacCTBOPCHHBIE B METaUie TIasbl,
pa3JIM4YHbIE NPUMECH H CTPYKTYpPHbIE HEOJHOPOIHOCTH. IIpencrarmnser uHTe-
pec BLIIBHUTH CTEIIEHD BIHSAHUS KOKIOT0 H3 3THX (HaKTOpPOB.

B kadecTBe BO3LEHCTBYIOLIErO H3TYYEHMS UCIOJIB30OBANOCH M3JIyYe-
HHEe HEOAMMOBOIO Jjazepa B pa3NUUHBIX pexumax. OCHOBHBIM METOJOM
HCCIIeI0BaHUA ObUT METO/ MTONEPEYHOr0 30HIMPOBAHHS IIPOJYKTOB JIa3epPHOM
DPO3HH HITYYEHHEM BCIIOMOTraTEIbHOTO pyOHHOBOrO Nlaszepa. B axcnepumen-
T€ OJHOBPEMEHHO KOHTPOJIMPOBATHMCH KO3 PHLHEHTH! paccesHHS H TIOrio-
LIeHHS 30HOMPYIOLIEro Himydyenus. CpaBHHUBAsS OTHOLICHHE IOTTIONIEHHOMH
KOMIIOHEHTBI 30HAMPYIOLETO H3TYYECHHSA K PAacCesTHHOM KOMIIOHEHTE, IOy~
YEeHHOE IKCHEPHMEHTAIBHO, C TAKHM € OTHOLICHHEM, PACCYHTAHHBIM I10
teopud JIsBa-MH, MOXXHO ONpeNeNuTh AUaMEeTPhl YaCTHL )XHAKOKANEJIbHOH
(da3bl ¥ KX KOHUEHTPALHIO.

CpeM U 00paborka HHGOpMAUMK NMPH MPOBEJACHHH SKCIIEPHMEHTOB
IPOM3BOMIIACH C MOMOLIBIO aBTOMATH3HPOBAHHOIO MHOIOKAaHANIBHOIO PErH-
crpatopa 1 OBM. :

Jns onpeneneHHs CTENEHW BIUSAHMUS Pa3NMYHBIX (akTOpoB Ha 00DL-
eMHoe napoodpa3zoBaHHe MPOU3BOOUIOCH BO3JEHCTBHE HA CBHHLOBBIE MU-
IeHH HMITYJIbCa HEOAHMMOBOTrO Jlasepa iMTenbHOCThI0 400-450 Mkc ¢ pas-
JTHYHOM! CTENEHHI0 MOJYJIALIMH 110 aMIUTUTY JIE.

MHIIEHH H3rOTOBILUIMCH ITyTEM NEPEIUIaBKH CBHHLA: B OJHOM CITy4ae
B BO3JAyXe, B JPyrOM - B BaKyyMe, JOOHBasChb HpPH 3TOM CYILIECTBEHHOIO
YMEHBIIEHUS COJePXKaHMs ra30B B CBUHIIE BAKYYMHON IEPEILIABKH.

DKCNEPHMEHTBI CO CBHHIIOBBIMH MHILEHSIMM ITPOBOIHIIUCH ITPH TUIOT-
HOCTH MOLHOCTH HEOXMMOBOro nasepa 6,5-10° Br/em?. Inamerp ocBerae-
MOTO Ha MHILIEHH I11sTHA cocTaB/sut 0,9 cM. B Takux yCOBHAX JKCIepHMEHTa
ylaeTcs pa3fenuTb B IIPOCTPAHCTBE ¥ BO BPEMEHM YACTHUBI JXUIKOKAIEJNb-
HOR ¢a3bl, oOpasyromuecs H3-3a OOBEMHOro NMapooOpa3OBaHUA W 3a CHET
T'HIPOIHHAMHYECKOTO MEXAHH3Ma.
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[TpoBeneHHbIE HCCNEAOBAHHA IO3BOJSIOT CAENATH BBIBOJ, YTO JUIA
peaTLHEIX METAUIOB GOPMUPOBAHHE 3PO3HOHHOrO Qakesia ¢ MeJKOAUCIEPC-
HOM >XKHIKOKaleIbHOR (a3oil MaTepHaia MUIIEHH 33 c4eT 00BEMHOrO apo-
obpaszoBanus ofserdaercs, NMpexae BCEro, 3a CYeT ra3oB, PACTBOPCHHBIX B
MeTaJule, H IPOCTPAHCTBEHHO-BPEMEHHON HEOJHOPOJHOCTH JIa3€PHOr0 H3IIy-
yenus. Jleiicteue 3Tux ABYX dakTopos couzmepumo. CrexyromuM $aKTopoM
SBJIETCS HANIMYME B META/UIE Pa3/IHYHBIX BIUTIOYEHHMH H HCKYCCTBEHHBIX
ueHTpoB. Ilpu OTCYTCTBHM 3THX Tpex ¢akTopoB npoueccy oOBEMHOro napo-
00pa3oBaHUs CHOCOOCTBYIOT CTPYKTYPHble HEONHOPOAHOCTH. K, HakoHew,
pH OTCYTCTBHH BCEX 3THX (aKTOpoB 0Opa3oBaHHE XUIAKOKaIENbHOH (ha3sl
XOTA ¥ 3aTPYHEHO, OTHAKO TAIOKE PeanH3yeTcs MPH YBEIMYEHHH TUIOTHOCTH
MOIIHOCTH. DTO MOXeT ObITh KaK H3-32 HEYCTOHYHBOCTH (PPOHTA KCIIAPEHUS,
TaK U 32 CUeT B3pbIBA METACTAOMIBHOMN XUKOCTH.

[TokxazaHo, 4T0 (OPMHpPOBaHHE MENKONUCIIEPCHOH MMIKOKAIEIbHOH
¢a3pl MaTeprana MULUCHH 32 c4eT 00BEeMHOro NnapooOpa3oBaHHs - SBICHHE
Bceobmee. OTiIHYHE Y Pa3HBIX METALIOB HaOMOAAeTCA TONBKO KOJHYECTBEH-
HoOE.

B onHcaHHBIX 3KCIEPHMEHTAX KOHTPOJb BCEX I1apaMeTpOB OCYIeCT-
BJIUICS Ha OJIHOM PACCTOSIHHH OT MOBEPXHOCTH MULIEHH (1,5 MM). JIns BeisB-
JIEeHUs M3MEHEHHMH IapaMeTpoB >KHIKOKANeIbHOH (a3pl B Mpolecce JBHXKE-
HUS BIOJb 3PO3HOHHOro ¢pakena OBUIO INPOBEAEHO 30HAMPOBAHHE Ha
pa3jIMYHBIX pacCTOAHUAX BIUIOTH 10 0,1 MM OT IOBEPXHOCTH MHIIEHH NpPH
OJIMHEKOBBIX YCJIOBHSX BO3AEHCTBHS.

DKCNEPUMEHTANBHO [I0KA3aHO, YTO CYIUECTBYIOT TakKHE YCJIOBHSA
BO3JeHCTBUSA, NPH KOTOPHIX KOHLEHTPALUS YACTUI MEIKOJUCIIEPCHON XUJ-
KOKaneJpHoi (aspl, NMOCTYNAIOUMX B 3PO3HOHHBIN (aken ¢ MOBEPXHOCTH
MHUIIEHH 33 C4eT 0OBbEMHOro napooOpa3oBaHHUs, YBETHYHUBAETCS NpH yaalle-
HHH OT NTOBEPXHOCTH MHUIIEHHM. [IpH 3TOM AMaMeTphl YacTHI[ YMEHBIIAIOTCA -
MPOMCXOMUT HX HpobieHue BenelacTsHe meperpeBa. C ApYroil CTOpOHSI,
YaCTHIbI B NIPOLECCE ABHXKEHHS JOHCIHAPSIOTCS, 32 CHYET Yero YMEHbIIAIOTCS
KaK UX pa3Mepbl, TaK H KOHLEHTpauus. BeencTsue KOHKYpEHUHH IPOLIECCOB
OpoOneHUst U UCIIAPEHUS YAaCTHIl HA HEKOTOPOM PAaCCTOSIHHH OT MOBEPXHOCTH
MHINEHH HaOMOIAaeTCs MaKCHMYM KOHUEHTpalHH 4acTvu. Paccrosunue, Ha
KOTOPOM 3TO IPOMCXOIMT, 3aBHCHT OT MaTepuana MHIUEHH H OT IJIOTHOCTH
MOILHOCTH BO3AEHCTBYIOLIETO H3ITYYEHHUS.

B cBf3u ¢ TeM, YTO B 3KCIIEPHMEHTAX YAAIOCH NPUOMU3UTCA K MO-
BEPXHOCTH MHIUEHH Ha pacctosHue 0,1 MM, mosiBHIack BO3MOXHOCTE IPO-
BECTH HCCJIELOBAHHMA N0 Hayaly IOABJIECHHA B MPOAYKTaX JIa3€pHOH 3po3uu
YacTHL XUAKOKaNenbHOH ¢a3bl, opMUpyrOIMXCs 3a cuyeT 0O0BEMHOr0 napo-
obpazoBanui. [ 3TOro >KenaTeabHO HMETh MAKCHMANbHYIO YYBCTBHUTEJIb-
HOCTh M3MEPHTENLHOH anmapaTtypsl IPY H3MEPEHUH KOHUEHTPALMH YACTHIIL.
B ;JAHHOM  ClTy4ae MHHMMATBHO DErHCTPHpYeMas KOHLEHTpallHs 6bL1a
10" em™,
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OKCIIEPHMEHTBI IOKA3aJlH, YTO IS KaKIOro MeTrajula CyINECTBYIOT
TaKHe yCJIOBHS JIa3epHOro BO3JACHCTBUSA, KOTa Yepe3 HEKOTOPOE BpeEMS 1ociie
Hayana OOIy4eHHs NPOLYKThl pa3pylIEHHS COCTOST M3 CBETALIMXCS IapOB
Npo3padHbIX VIS H3MyueHUs. Hepes HekoTOpoe BpeMs Iociie (popMHpPOBaHHA
H3 3THX [AapOB JPO3HOHHOrO (pakena B HEr0 HAYMHAIOT MOCTYIATh MEJIKHe
XHJIKHE KaIUTH MaTepHalia MHIIEHH 3a c4yeT o6beMHoro napoobpasosanus. B
KOHILE MMITyJIbca B ¢aken nocrynaioT 0osiee KpyNHbIE HACTHLBI CO 3HAYH-
TeJIbHO MEHBbLICH KOHLICHTPAUUEH 32 CUeT rHApOIMHAMHYECKOI0 MEXAHH3MA.
[TnoTHOCTH MOIHOCTH BO3AEHCTBYIOLIErO M3Ty4YEeHHS HEOJMMOBOIO Jazepa,
IIpH KOTOPOIi 3TO NPOHCXOHT, ABJASETCK XapaKTEPHOH JUI KaXI0ro MeTasa.

Onupasdch Ha NPOBENCHHBIE HKCIIEPHMEHTHI Ipoliece GOpMUPOBAHUS
Na3epHOro J3pO3HOHHOro ¢pakena, obpasyrolerocs Npd BO3ACHCTBMH Ha
METAUTH] J1a3€PHOTO MTYUYEHHS YMEPEHHOH HHTEHCHBHOCTH, MOXHO Npei-
CTaBHTBb cleQyrommM obpa3oM. [Ipu MabIX MAOTHOCTSX MOUIHOCTH IPOHC-
XOAUT TONBKO HarpeB MHUIEHH. lIpH YBETHYEHHM IUIOTHOCTH MOUIHOCTH
NPOHCXOOUT IUIaBJIEHHE MeTaua B 30He obnyuyeHus. [lpu nammHelueM yBe-
JIMYEHHH MIOTHOCTH MOIIHOCTH BO3JAEHCTBYIOUIETO W3TYYEHUS HNPOHCXOIMUT
HCIIapeHHe PaCIUIAaBIEHHOr0 METa/UIa ¥ B 9TO BpeMst HayHHaeTcs GOpMHpo-
BaHME 3PO3HMOHHOrO (akena, KOTOPbL NEpBOHAYANBHO COCTOMT H3 IIPO3pay-
HBIX MapoB M Iu1asMel. [IpH nocnemyomeM yBeIMUYEHHH TUIOTHOCTH MOUIHO-
CTH BO3IEHCTBYIOIIErO H3ITy4EHHS NOSBIIETCS 00BeMHOE Napoobpa3zoBaHue,
3a CYET KOTOPOro B 3PO3UOHHEIA (hakesl HaUHHAET OCTyNaTh MENKOAUCIIEPC-
Has >KUAKOKalenbHas ¢a3a, NEPBOHAYAIBHO C CYILIECTBEHHOH 3aJepXKOH, a
3aTeM NpH YBEJIMYEHMH MHTEHCHBHOCTH OOITy4eHHS 3aepXKKa YMEHbIIACTCS
H CT2HOBHTCS MHHUManbHOH. JKuakue xannu, chOpMHpOBaHHBIE 3a CYET
00BEeMHOro nNapooOpa3oBaHus, ABUrasiCh HABCTPEYY JIa3epHOMY JIydy, MOIJIO-
WIAIOT ¥ PAaCCEUBAIOT NOCNEeAHUH. BONH3U MOBEPXHOCTH MUILIEHH BCICACTBHE
neperpera yacTHIb! ApoOSTCS H JoHcnapsrorcs. JloMcnapsasch OHU CO3AAOT
BOKpYT cebs Oollee IUIOTHYIO IUIa3MEHHYIO Cpely, YeM MNPH aJHadaTH4YeCKOM
pasiere npo3payHbIX napoB. boree I10THAs cpea NpU AOCTHXKEHHH HEKOTO-
polt TUIOTHOCTH MOIIHOCTH BO3AEHCTBYIOLIErO H3NMy4YEHHS MPHBOAMT K pe3-
KOMY, JIJaBHHOOOpa3HOMY yBETHYEHHIO K03 HIHEHTa NOrIOMIEHUA B [U1a3Me
H napaMeTphl Ia3Mbl (KOHLIEHTPALIHMA 3apsSOKeHHBIX YacTHU ¥ TeMIleparypa)
PEe3KO BO3pacTatOT. TakuM oO0pa3oM INPOMCXOOMT IUIa3MEHHAas BCIbILIKA
(nnasMeHHBbIA NPOOOH) B 3PO3HOHHOM Ja3epHOM (pakene, HHHIMHpyemas
JOHCIAPSIOUIMMHCS YaCTHIIAMH JKHJIKOKANeNIbHOH (a3pl MaTepHaa MUILCHH.

Taxum obpa3oM, nepBOHAYaIBHO 3PO3HUOHHBIH (haKken NpaKTHYEeCKU
Npo3payeH [ULA W3ITy4eHHUs, 3aTEM, KOT1a B 3pO3HOHHOM (dakene GopMUpyeT-
€ MEJIKOJHMCIIEPCHas MIAKOKaneapHas (asa MaTepralia MHUIIEHH, HAYKHAIOT
HaOmoOAaThCs 3aMETHBIE NMOTEPH H3IMYYEHHS B IPOAYKTAX Ja3epPHOH 3PO3MH.
OTBETCTBEHHBIM 3a 3TH MOTEPH SBJIETCS MOIJIOMIEHHE M pacCessHHE Ha JKHA-
KHX Kariax. Ilocrne "BCHBIIKH NOIIOMEHHA" OCHOBHBIE MOTEPH H3JIyYEHHUS
ONpeneAOTCA MEXaHH3MaMH MTOTNOUICHHS B IIJ1a3Me.
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HOW CRITICALLY SELECT THEORETICAL

STARK BROADENING DATA NEEDED FOR

THE INVESTIGATION OF ASTROPHYSICAL,
LABORATORY AND LASER PRODUCED PLASMAS

M. S. DIMITRIJEVIC

Astronomical Observatory, Volgina 7, 11050 Belgrade, Yugoslavia
E-mail mdimitrijevic@aob.aob.bg.ac.yu

The interest for a very extensive list of line broadening data is stimulated by labo-
ratory and stellar plasmas investigation and modelling. For users of such data it is of
interest to discuss how critically select from the literature, the needed theoretical or
experimental data. Such question is of interest as well for the preliminary evaluation
of theoretical or experimental values during research.

The most sophysticated theoretical method for the calculation of a Stark broadened
line profile is of course the quantum mechanical strong coupling approach. However,
due to its complexity and numerical difficulties, only a small number of such calcula-
tions exist. In a lot of cases such as e.g. complex spectra, heavy elements or transitions
between more excited energy levels, the semiclassical approach remains the most effi-
cient method for Stark broadening calculations. Whenever line broadening data for a
large number of lines are required, and the high precision of every particular result is
not so important, simple approximative formulae with good average accuracy may be
very useful. Moreover, in the case of more complex atoms or multiply charged 1ons the
lack of the accurate atomic data needed for more sophysticated calculations, makes
that the reliability of the semiclassical results decreases. In such cases approximate
methods might be very interesting.

It will be discussed here the accuracy of particular methods, as well as the variations
of accuracy within the same method. E.g. for resonance line the accuracy of the
semiclassical method is usually lower due to the importance of short range effects.
Also, the width data are more reliable than the shift data, since shift calculations are
more sensitive to the small variations of various parameters. The reason is because
shifts are smaller than widths and produced in average by more distant collisions.
The shift data are more reliable when they have value similar to the corresponding
width value, than when they are smaller than widths.

The knowledge on regularities and systematic trends of line broadening parameters
can be used very effectively for the critical evaluation and selection of needed data, as
well as for quick estimates e.g. during experiment. When reliable data do not exist,
such investigations may be of help for quick acquisition of new data as well, especially
when high accuracy of each particular value is not needed.
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The broadening of a line depends on both the dynamics of the individual emitter-
-perturber collisions and on the collective effect of all the perturbers interacting with
the emitter. The relative importance of these factors depends on whether the per-
turber density is low or high. Line broadening depends also on the particle properties
and consideration of the structure of emitting (or absorbing atom) indicates that simi-
larities should exist for lines within a multiplet or supermultiplet. Widths also depend
on perturber properties such as polarisability and should have a regular behaviour
along spectral series, for corresponding transitions in homologous emitters, and for
isoelectronic sequences.

Regularities and systemic trends for the widths of isolated non—hydrogenic spectral
lines in plasmas have been studied recently in a number of papers. The aim of such
studies is to find out if regularities and systematic trends can be used to predict line
widths and to critically evaluate experimental data.

Finally, it will be discussed as well how critically select reliable experimental data.
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[IpuenauieHHoll GOKAGO

COBPEMEHHOE COCTOSHHUE TEOPUHU U BKCIIEPUMEHTA
110 YILIMPEHHIO CIIEKTPAJIbHBIX IMHHUH NPUMEHUTEJILHO
K JTUATHOCTHUKE JIABOPATOPHOM TLIA3MBbI

M. C. IMMHUTPUEBUY!, JI. 5. MUHBKO?

VAcmponomuneckas obcepeamopus, Boacuno, 7, beacpao, 11050 l0ecocrasus

2 [incmumym MOAeKYAApHOU u amomiiou gusuku Axademuu nayx beaapycu,

np.~m D. Cxopunt, 70, Munck, 220072 beaapyce

HamoxeHbl 0COBEHHOCTH CMNEKTPOCKOMUYECKOH AWArHOCTHKH WMITYJIb-
CHOM wmsism, CBSI3aHHbIE € HECTAUMOHAPHOCTLIO M HEOAHOPOAHOCTLIO ILia3-
MEHHLIX MNOTOKOB. JlaHO COBPEMEHHOE COCTOSIHME pACUYETHO-TEOPETHYECKUX
smetonoB (Jumurpuesud, 1996) u skcnepuMeHTAIbHBIX criocoboB (MHHBKO U
ap., 1995; Ilypuy, 1996) AnarHOCTHKHM IMAA3Mbl 110 YIIMPEHMIO CNEKTPAIbHBIX
nuHuii. Ha  ocHoBaHnK 6onbluoro ¢akTHUYECKOro MaTepyasiia M CpPaBHCHHUA ¢
pe3yJILTAaTAMM, MOAYYEHHBLIMU HE3AaBUCHUMBIMHM Criocobamu (Mo CIUVIOLIHOMY HM3-
JIYMEHHIO, HHTepdEpPOMETPHYECKMMH M ronorpa@MyecKMMin), CaejaH aHanu3l
3¢hdexTHBHOCTH U MHOOPMATHBHOCTH NPHMEHEHHA CHOCODOB AUATHOCTHKH C
MCIIOIB30OBaHEM YIIUPEHWS CNEKTPaNbHbIX JIMHUU IS pasinyHbIX nabopa-
TODHBIX 3JEKTPOPa3PsLAHbIX M JIA3EPHbIX MCTOYHHMKOB [LJJA3MEHHBIX FOTOKOB

3QOAHHOTO COCTABA M KOHTPOJIMPYCMDbIX MapaMeTpoOB.

ITureparypa

Humurpuesny, M. C.: 1996, X/1C (B neuaty)

Muneko, JI. ., Aspamenxo, B.b., bakauosuy, I'. M., Yymakos, A. H.: 1995,
Publ. Obs. Astron. Belgrade NS0, 51

Thypsra, #.:1996, XI11C (B neyatu)
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INFLUENCE OF WEAK D.C. MAGNETIC FIELD ON
THE Hys; LINE EMITTED FROM T-TUBE PLASMA

S. DJUROVIC, Z. MIJATOVIC, M. PAVLOV, R. KOBILAROV and B. T. VUJICIC
Institute of Physics, Trg Dositeja Obradovida 4, 21000 Novi Sad, Yugoslavia

The influence of a magnetic field on the emission of the Balmer Hg line in a T-tube
was investigated.

Magnetic ficld are always present in astrophysical and fusion plasmas. The mag-
nitude of the fields in these plasmas ranges from a few tents of a Tesla up to a few
million Tesla in certain astrophysical plasmas. In general, investigations of the in-
fluence of the magnetic field on hydrogen line emissions from the plasma deal with
Zeeman effect in laboratory as well as in astrophysical plasmas or the so colled v x B
shift in neutral beams in tokamak plasmas.

Here we present experimental results of the influence of magnetic fields on the
emission of the hydrogen Hg line. The plasma source was a small electromagnetically
driven T-tube. Applied magnetic fields were 0.5 T and 2.1 T. The experiments were
performed in the electron density range of (2.3 - 7.8) x 10%°> m™3 and in electron
temperature range of (19400 - 34500) K. We have detected a small red-shifts of the
Hg line emitted parallel to the magnetic field lines in comparison to the same line
emitted without magnetic field. The measured shifts are small, in the range from 0.05
nm to 0.3 nm. In some cases, the shift lies within the estimated error limits. The
measurements were performed several times and the shifts were always detected and
noticable.

In order to indcutify possible effects which could influence the line profile we checked
the effect of a frozen magnetic field in the plasma and contribution of the Zceman
effect. Calculutions of the magnetic line diffusion length show that the magnetic field
was always present in the plasma during the measurements. The contribution of Zee-
man effect was negligible in comparison to the Stark ellect due to rather weak applied
magnetic field. The plasmas was moved along the T-tube axis with velocity perpen-
dicular to the magnetic field lines. The magnetic Lorentz force caused deflection of
charged particles, electron and ions. The separation of charged particles caused an
additional anisotropic electric field perpendicular to v and B. This ficld could be
responsible for additional red shift of Hg line.
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SPECTROSCOPIC STUDIES OF AN
ANALYTICAL GLOW DISCHARGE

N. KONJEVIC, M. M. KURAICA and I. R. VIDENOVIC

Faculty of Physics, University of Belgrade, P.O.Box 368, 11001 Belgrade, Yugoslavia
E-mail nikon@rudjer.ff.bg.ac.yu

Here we present the results of the spectroscopic diagnostics of the plane cathode
Grimm-type glow discharge. In the first part, results of the plasma diagnostics of
negative glow region will be discussed in details.

Special attention is devoted to the study of the influence of working gas and cathode
material on the shape of hydrogen Balmer lines. It is shown that the lower part of these
lines, emitted by the discharge in hydrogen and in the Ne-H2 and He-H2 mixtures,
are appreciably broadened. Analysis of these profiles indicates that scattering and
excitation of hydrogen on the sputtered cathode material and working gas in the
vicinity of the cathode play an important role in the line shape formation.

For the measurements of the electric fields in a cathode fall region, Stark spec-
troscopy of the hydrogen Balmer lines is employed. The consistency in results obtained
from Hb and Hg recordings in pure hydrogen discharge is found. Some difficulties in
applying Stark spectroscopy for the diagnostics of spatially inhomogeneous electric
field inherent to Grimm glow discharge will be discussed in details. The experimental
results are used to test theoretical predictions of the electrical field distribution in
the cathode fall region. Reasonable agreement between theories and experiment is
reported.

Doppler spectroscopy of the same Balmer lincs 1s used to determine the energies
of the excited hydrogen atoms in the discharge. In the cathode fall region of pure
hydrogen discharge, two groups of excited atoms are detected : ”slow”, in the range
from 3.4 eV to 8.2 eV and "fast”, ranging between 80 eV and 190 eV. Relative con-
centrations of "slow” and ”fast” excited hydrogen atoms in the cathode fall region are
determined. In addition, relative concentration of hydrogen atoms with temperatures
around 0.1 eV, excited in the plasma of negative glow region, is determined as well.
The origin of ”slow” and ”fast” hydrogen atoms is related to the presence of {1+ and
H3+ 1ons respectively. In the cathode fall region of argon-hydrogen mixture discharge,
excited hydrogen neutrals with energies between 32 eV and 43 eV are detected only.
Their origin 1s related to the dominant role of I3+ 1on in this discharge. For both
gases, 1n the negative glow region, an increase of the exited hydrogen atoms temper-
ature is detected, and explained by the additional excitation of energetic neutrals in
collisions with electrons.

The axial intensity distributions of hydrogen Balmer lines show, in comparison
with other atomic and ionic lines, different shapes with maximum in the vicinity of
the cathode surface. These shapes are explained by excitation of reflected high energy
neutral atoms in collisions with matrix gas.
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STATISTICAL PROPERTIES OF THE BACKGROUND
NOISE FOR THE ATMOSPHERIC WINDOWS IN
THE INTERMEDIATE INFRARED REGION

O. P. KUZNECHIK
Observatory BSU, Fr. Skariny av. 4, 220050 Minsk, Belarussia

Abstract. The statistical properties of the clear sky noise for three atmospheric
windows in the infrared spectral region 1.8 - 5.2 pm were analysed. The modified
statistical model for the background noise was derived.

1. INTRODUCTION

The background noise consists of the spatial radiance fluctuations of the radiative
scattering, reflection, or emission due to the bodies other then targets sought by the
systems.The statistical theory of the background noise has been developed by the
authors (Jones, 1955; Free, 1959; Robinson, 1959; Aroyan, 1959; Jamieson, 1961;
Eldering, 1961; Takagi et al., 1968; Kuznechik et al., 1972), analogous to the theory
of the noise applied to the communication system. Then it has been pointed out by the
authors (Takagi et al., 1968; Kuznechik et al., 1972) that statistical model of the
background noise might be regarded as a random set of two - dimensional pulses
whose amplitudes and widths obey the Gaussian and Poisson's distribution rule,
respectively. Later the unified statistical model for the background noise including the
whole intermediate infrared spectral region was derived (Itakura et al.,, 1974;
Kuznechik, 1979,1982). Its validity was confirmed with some experimental results.
We propose to modify the calculation scheme by including structural function as a
intermediate element. It gives the posibilites: to improve the accuracy of the
calculations, to make the model more realistic and to expand the class of background
noises, which may be described by this model.

2. THEORY

We assume that the background noise process may be a random set of the two -
dimensional pulse whose amplitude and width obey the Gaussian and Poisson's
statistics, respectively, as follows;

P(L)=(2nc")%Sexp[-(L- L)?(2¢%)], (1)
P(r)=aexp(-ar), (2)

where L is the radiance of the certain point on x -y plane, L is the mean value of L,
o’ isthevarianceof L, r is the interval length between two adjacent points on
x - yplane, a is the average invers pulse width.

If the random processes L and r are independent of each other, then the two -
dimensional structural function, and the two - dimensional autoc¢orrelation function
can be expressed as

D(A)= < [L(x+&,y+n)-L(x,y)]* >, (3)
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R(A)=O’2-0.5D(A), (4)
R(A)= L2P(A)+ L*[1-P(A)]=c*exp(-aA)+ L2, (5)
where ¢ is the interval length between two adjacent points on x coordinate, 0 is the

interval length between two adjacent points on y coordinate, P( A ) is the probability
that two adjacent points on x - y plane, whose interval length is A , belong into the

same pulse.
It follows from (2 ) P( A )is given by
P(A)=J(1-A-r1)P(r)dr=exp(-aA). (6)
0

Taking Fourier transform of R ( A ), the two - dimensional Wiener spectral density
function W (w; , wy) is obtained, as follows;

W (Wx, Wy) = 2maa” (o + Wil + wy? ) - 15, (7)

provided that L = 0, and w, , w, are the X and y components of the spatial
frequency, respectively.

In practice, the measurement of the background noise is made with the scanning
radiometer, so that we can only obtain the one - dimensional Wiener spectrum of the
spatial frequency associated with the scanned spatial coordinate. The one -
dimensional Wiener spectral density function is given by

W(w)=4dac* (a2 +w ). (8)

It should be remarked that the characteristic of the Wiener spectrum W(w), which is
inversely proportional to the spatial frequency squared, depends on the average
invers pulse width.
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*
A — A (n) IONIZATION AND A - AT —e
RECOMBINATION PROCESSES
IN STELLAR ATMOSPHERES

A. A. MIHAILOV!2 and M. S. DIMITRIJEVIC?

! Institute of Physics, Pregrevica 118, 11080 Zemun, Serbia, Yugoslavia
2 Astronomical Observatory, Volgina 7, 11050 Belgrade, Serbia, Yugoslavia

A semiclassical method for the determination of rate coefficients for recombination
during electron scattering on symmetrical molecular ions, and on collisional quasi-
molecular ion-atom complexes (At + A + ¢)

Al +e=— A"(n)+ 4 (1a)
ATV 4+ Ate= A*'(n) + 4, (18)

as well as for A*(n) + A ionization

A*(n) + A= e+ A} (2a)
. At + A
A(n)+A:>e+{A+A+ (26)

has been investigated and applied recently for various laboratory and astrophysical
plasmas (Mihajlov and Ljepojevié 1982, Mihajlov et al. 1992, 1996ab). Here e is a free
electron, AT the molecular ion in the ground electronic state and A and A% are atom
and ion in the ground state. The method has been applied to hydrogen and helium
plasmas for conditions of solar atmosphere and atmospheres of helium rich DB white
dwarfs.

It was shown that the considered processes may have an important or even a dom-
inant role in comparison with other relevant recombination and ionization processes
in relatively low-1onized hydrogen and helium plasmas, and particularly in weakly-
ionized helium plasmas of DB white dwarfl atmosferes.
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OT ONITUYECKUX SAABJTEHWUW SIAEPHBIX B3PLIBOB K OIITUKE U
CITEKTPOCKOIMTUU HU3KOTEMITEPATYPHOH IUJIA3MEl U
PAIUALIMOHHOW IUIASMOAWHAMMUKE

JI. 1. MUHBKO
Hucmumym stoxekyaspnoii ik amomuoi gusuxu Axadesmuu nayx beaapycu,

np.-m @©. Ckopunsi, 70, Munck, 220072 beaapyce

[MpeacrasierHne 0 ONTHYECKMX CBOMCTBAX SUICPHOIG B3pHIBA KAk
"B3pLIBHOI " HM3KOTEMIIepaTypHOI asMel Oby chopmuposanb M. A, Eins-
uresuuem copmectHo ¢ A.C.Komnaneiiuem w 1. T1. Paiizepom B 1955-1956 rr.
B otdyete "OrHeHHbIH wWap aToOMHOro B3peiBa’. Ha OCHOBAHHH BBICOKOCKO-
POCTHRIX QoTorpadmyeckux HceneaoBanni ObUIM YCTAHOBACHBI CIACAYIOLINC
cramuy obpasosaitust W PA3BHTHH  OFHEHHOrO WAPA: HAYAILHOH BCILILIKM,
nepso#l askl cBedeHMS, KOrAa  MOBEPXHOCTb CBEUEHUA Wapa COBRAJAET ¢
¢$poHTOM yAapHON BONHE, MHHAMYMA  CBCYCHUS BCAEICTBME TOMIOLICHUS
00pa3oBaBLUMXCA OKUC/OB a30Ta, BTOpoN ¢aswl, KOrad nocile oTpbiBa yAapHOIl
BOJIHBI, CEBETMTCH ropsumii sosayx. Bor kKak ob aroM muumer cam Mwuxaun
AsiekcaHnposuy: "OrHeHHBIR Wap npelcrawsier coboi HU3KOTEMIEPATYPHYIO
fUIa3My, ornTHYECKHe CBOHCTBA KOTOPOi TpeboBwni MAYHCHUS, HCM [OTOM 5 W
aaHsncs B Muncke... B HMucruryre dmankn m marematuku AH BCCP, B
KOTOpOM st cTal pabotare ¢ 1956 r., s chayana  3aBelOBA OPraHM30BAHHOH
MHoM 1abo-patopuei  pagHOCTIEKTPOCKOINHH, HO O4¢Hb CKOPO Cepbe3Ho
IAHUICH ONTHKOH W CMEKTPOCKOMMEH  HUIKOTEMITEPaTYPHOMN TUIaiMbl, Kax
NPOACIKCHUEM MOMX paboT M0 CBETOBOMY MUTYYEHWK) AIEPHBIX B3pLIBOB”.

B 1M roawr Hapsuy ¢ wiHpokum pasmaxoM B CoserckoM Corwae pabor
no ¢riIHKe BLICOKOTEMITCPATYPHOR MM1a3Mbi B CBA3KM ¢ npoGiemoif yrnpasisa-
€MOI0  TEPMOSLICPHOTO CHHTE3a, HCCNeIOBAHMS 10 KOTOpoi 6GbUIM HayaTbl B
Hagane 50-x romosB mo uuuumatuee M. B. Kypuaropa, ©o/bluoe BHHMaHHe
YAC/AETCA MCCAeJoBAHMAM 10 GOU3HKE HU3KOTEMMEpaTypHOH IUIadMbl B CBA3M
C 3anpocamMM  HOBOW TEXHHUKM: padpaboTKoft M CO3JaHMEM IUIa3MeHHBIX
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Ji. 3. MUHbBKO

OBMrATeNIcH, BXOAOM  KOCMMYECKMX amnmnapatoB M OaUTMCTHYECKMX Ueaed B
TUIOTHbIE ClOM  aTMOCQepHI, CO3NaGHMEM W IIPMMCHEHMEM JIA3€pPOB B
[UTA3MOAHMHAMMWYECKHX MCCIICIOBAHMSIX.

B «konue S0-x - Hayane 60-x TromoB TNOA PYKOBOACTBOM M
HENOCPeACTBEHHBIM yyacTum akagemuka AHB M. A. Enpsiuesnya B MHcruryte
¢usuxku AHB 6bUIH pa3BepHyTbI CHCTEMATHYECKME MCCIIENOBAHUSA B 00JIaCTH
BBICOKOTEMIEPATYPHOH ONTMKH, B OCHOBHOM MOCBSILUEHHLIE CMEKTPOCKOMUN
HM3KOTEMIEPATypHOH IUIa3Mbl M pa3pabOTKe ONTUKO-CIEKTPOCKOMUYECKMX
crnocoboB ee IHArHOCTHKH.

Pe3ynbTarsl MCCIENOBAHMIA He 3acTaBWwiM ce6s xaath. Yxe B 1965 romy
Ha  MEXIYHApOOHOM  CHMIO3MYMe 1O  CBOWCTBAM M  IIPUMEHEHMIO
HU3KOTeMIepaTypHOH rUasMbel npn XX MexayHapoaHOM KOHIpecce I10
TeoperhdeckKol xumuu (r. Mockga, 1965 r.) GbUIM IOMOXEHbI PeE3yNbTaThl M0
pa3paboTKe U MPUMEHEHHUIO CIIEKTPOCKOMMYECKUX METOAOB MA1s1 AMArHOCTUKM
HU3KoTeMMeparypHoi rasmbl  (Enpsiiiesny n o ap., 1965 r.). Hoxnag 6sui
MOCBAIUEH METOJAM oOfpeae/ieHUss KOHLEHTPAUMM 3apsKeHHbIX YacTul Mo
N3MEPEHUAM YUIMPEHHSA CHEKTPANBHBIX NUHUHA, 00yCIOBNIEHHOTO
KBaApaTHYHbIM adpdexrom Ultapka, no HU3IMEpeHUSIM WHTCHCUBHOCTEH
3anpellieHHbIX, 4 TAKXE ABTOMOHH3AUMOHHBIX CNEKTPAIBHBIX THHUHM.

OCHOBHBIC Pe3y/bTaThl NMepBoro nepuona (Ao 1969 roma) aesTebHOCTH
ab0paTOpHUHU BBICOKOTEMITEPATYPHOH OIMTHKM, CO3daHHOW akanemukomM AHDB
M. A. Enpswesnyem 8 1961 r. (Penopos, 1968). Ha ocHosanuu dusnueckmx
M ra3’oAHHaAMHUYECKMX HMCCAEOOBAHMH OYroBbIX M CHIBHOTOYHBIX HMMITYJIbCHBIX
pa3’psiloB NOJIYYEHbI BLICOKOCTAOWIIBHBIC OCECMMMETPHYHBLIE TUTa3MeHHble 06-
pa3oBaHMs B uHTepBasie napiaeHud ot 0,01 mo 1000 atmM u remneparyp or 3000
oo 100000 K. BriepBble 9KCNEPUMEHTUIBHO OMpeacaeHbl ClIEKTPAIbHBIE KOI(]-
(ULMEHTBl TIOIVIOLIEHMS  BBICOKOHArpeTOro BO3ayXa IIpYM  TEMIIEpaTypax,
HEJOCTMXKMMBIX HA COBPEMEHHBIX ra3COMHAMMYECKWX YAAapHBIX Tpybax (#o
14000 K) (JI.K.Kucenesckui, B.A.umanosny 1 ap.). Hcenenosanus

SJIEKTPHYCCKNX pa3pdaaoB B [a30BbIX [J1OTOKAX ITO3BOJIMUIH pa3pa60TaTb
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metarwnoe W razos (JI.W.Kwucenesckuit, [.W.[panskosa). Mayyeno yumpenue
CHEXTPAIbHAEIX JIMHKWH  npu KoaapatuunoM s¢dgekte Llrapka. PaspabGotansi
KOHKPETHBIE CMocobLl  ONpeAc/IieHUs! KOHLCHTPAUHK 3apiXeHHbBIX YacTHL,
[lposepen pacyer nocrosHHbiXx Llvapka ana psga cneKTpanbHBIX JIHMHHAMN

QTOMOB JIMTHSl, HATpMsl, KAIHA, Ue3ud, Oapwsi, Mead, MarHusi, WIKOMMHHUA W

yraepoga. MaMepeHBl KOHUEHTpauMu 3ApPAXEHHBIX HMacTHLL B YCIHOBMSIX
OYTOBBIX paspsiioB M [UIA3MEHHOH  CTpyM UMITYJILCHOIO  TeHepaTopa
(M_A.Labsilucen, JI.U.I'peunxun, JI.A.Muubko, I.W.BakanoBuy,

E.C. Twonwna, A.K.Ckyros). ObHapyxeHo, 4TO NpH  BO3IEHCTEHW JIA3EPHOTO
WAMyYeHWs Ha TMOmIolawilMe Marepuaiel obpaszyercs  IUIA3MEHHAsA CTpys,
KOTOpas MCTEKaeT (O CBCPX3BYKOBOJ CKOPOCTBX.  YCTaHOR/IEHA MOJIHAs
AHATIOTHS KaK TPOLIECCOB PajIpyUIeHHs BCIUIECTBA NPU  BOYIEHCTBUM MOLLUHBIX
MOTOKOB JIA3¢PHOTO MAUTYYeHMA, TAK W MEXaHH3Ma 00pasoBaHMH W MCTEUEHUS
CBEPX3BYKOBLIX IUIA3MCHHBIX CTpyH B 0bonx caydasix. CrpyilHOe MHcTeyeHMe
UMeeT AMCKPETHBIH XapakTep, 3T0 3HAMMT  MAA3MEHHAs CTPYH COCTOMT M3
otaciabHbiX cTpyek (JILA.Muneko, JI.H.I'peunxun, I.H.bakanoeuy).

B nocneayiomme roam  (Kucemesckuit, 1979) B snabGoparopuu
HEPABHOBECHBIX [TPOLIECCOB BBIMOJMHEHbLI MCCICAOBAHHA TUTIA3MOAHHAMHYECKHX
MPOLIECCOB W PACTIPOCTPAHEHMWA  CBEPX3BYKOBBLIX IUIA3MEHHBIX CTPYH B
PaiTMYHBIX  YCKOPUTEABLHLIX yCTpoilcTBax. Pa3puTel ONTHYECKHE METO/bI
vec/ieqoBaHWs  Takux cTpyil. PaccMOTpeHBbl 3aKOHOMEPHOCTH B3aMMOIeHCTBUSA
MOLLHbIX TIOTOKOS JIa3¢pHOro MATY4eHHMA KaK ¢ OTAE/NLHO CO3aHHOMN IUIa3Mo,
Tak U ¢ cobeTBeHHON 3po3roHHON TasMoi, obpasyouleiics 1py BO3ACHCTBHN
NA3epHOro  MWIYYEHMS] HA TBeplble MHLIeHH. BbIMONHEHB! CHCTEMaTHYECKHE
HUCCIICIOBAHMA ONTHUYECKHX M TA30IMHAMMYECKMX CBOHCTB 3PO3HOHHON
NA3CPHON TUIAsMbl M €€ RAMSHMH HA [POXOXICHHUE MHAYUMPYIOLLETO TUIA3MY
NTa3epHOTO MANydYeHMsi ¢ TUIOTHOCTBLIO MOTOKa ¢BetoBoil sHeprum go 109
Br/cm,

EctecTBeHHBIM Pa3sBHTHEM HAWMX MCCHENOBaHHE Mo  GH3IHKE
HH3KOTEMIEPATYPHOI TUlasMbl B cepenune 70-X TONOB SIBMIOCL HOBOE HaydyHoe

HarnpamieHse - pdarannonHas maasMoamuamuka (PI1), z3apoausLiagcs
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BHayaje KaK JladepHad [uUla3MOJMHaMMKa MW TpaHC(GOpPMHPOBAaBLIASICA
BMOCACACTBMM B  PANMALMOHHYIO JA3€PHYIO TUIA3MOAMHAMHMKY M JAMHAMUKY
KOMYIPECCHMOHHLIX KBA3WCTALIMOHAPHBIX TJIa3MEHHBIX NOTOKOB.

PangmauvonHasg ruiaaMoauMHaMuka MCCHEXyeT OMHAMHUKY THIa3MEHHBIX
MOTOKOB, KOIA2 CYLIECTBEHHYIKO POJIb B MX 3HEPreTMKE MIPAIOT paghalMOHHBIE
npoueccbl. OCHOBHble 3Tanbl WcciaenoBauui no PIL: auwHamuka nasepHbIX
IUTa3MOJMHAMHYECKMX TPOLECCOB - Jia3epHas IU1a3MOAMHaMHMKa; JWHaMHKa
KOMIIPECCUOHHBIX TUIQ3MEHHbIX [IOTOKOB, TE€HEPUPYEMBbIX OMHOCTYIEHYATbIMHU
KOAKCHaIbHBIMHA  TJIA3MEHHBIMH  YCKOPDUTEJSIMHU;  AMHAMMWKa  JIa3epHBIX
pPaMallMOHHO-TUIa3MOJIMHAMMUECKMX TMPOUECCOB - paAWaUMOHHAA Jla3epHas
IA3MOJAMHAMMKA; J1A3€PHOE B3aUMOIAEHCTBUE CO CIIOXHBIMU TUIA3MEHHBIMH
oOpa3oBaHUMAMH; OUHAMHKa QOpPMHPOBAHMUSI, CTPYKTypa M  CBOHCTBa
KPYTTHOMACIUTAOHBIX KOMIIPECCUOHHBLIX TUIA3MEHHBIX IIOTOKOB; IMHaMMKA M
CBOUCTBA HU3KOMOPOTOBBIX NMPUMOBEPXHOCTHBIX ONTUYECKUX Pa3psa/ioB.

B Hactosuiee BpeMsi TeMATHMKA HAlIMX HMCCICHOBAHWM BXOAWT, MOXHO
ckasdarb, paidnenom B PlIJl: pagvaumonHas nnoasMoOAMHAMMKA WMITYJIbCHBIX
MCTOYHMKOB TJIA3MEHHBIX MOTOKOB Ha OCHOBE ONTHYECKWX W IIEKTPHYECKHX

pa3psioB.
JinrepaTypa

Enpawesuu, M.A., [peunxun, LK., Kucenesckmit, JI.U.: 196S. Joxianm
“IlpUuMeHeHHe CNEKTPOCKONHUYECKMX METOAOB UIsi JMATHOCTMKH HU3KOTEM-
nepaTypHo# ruiasmel”, MockBsa.

Kucenescxmit, JI.M.: 1979. "O®Ousuka rmiasmet”. Han. "Hayka W texnnka”,
Munck, 243.

®epopos, O.U.: 1968, "dacneaaBanui na ¢isiubl y Akansmii HaByk BCCP".

Boia. "Hasyxa 1 Toxuika", MiHck, 353.
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Hpueaawennui cokaad

CRATER MORPHOLOGY INDUCED BY DIFFERENT ENERGETIC
BEAMS

T. M. Nenadovi¢

Institute of Nuclear Sciences “Vinéa”, P. O. Box 522, 11001 Belgrade,
Yugoslavia

Changes induced on solid surfaces and in solids during interactions of
energetic beams depend on beam characteristic and target properties. Such
interactions result in modification of material properties such as: surface
sputtering/erosion, morphological changes and degradation of thermomechanical
properties of bombarded solids. Synergetic erosion of materials exposed to the
impact of complex interaction - different beam species, broad energy and angular
distribution - differs from these obtained by well defined beams.

Interest in macroparticle beam induced modification of solids was
stimulatcd by space research. Collisions of dust particles, micrometeorid, aerosol
and electromagnetic radiations on space vehicles materials result in radiation
damage of constructing materials. Fast dissipation energy on vehicle materials
causes sputtering/erosion microcrater formations, free ion emission from the
bombarded surfaces and as a conscquence the degradation of material
properties. Empirical knowledge has been collected but mechanism involved in
the processes have not heen completely explained.

The goal of our cxperiments was to obtain the information on the
mechanism of erosion with different energetic beams. The energy deposited by
different beams than ions can be compared with energy deposited by very high
encrgy of the ion beam.

Target morphology, crater diameter and depth of damage have been
determined by SEM analysis and by profiling the depth of the erosion using a
profilometer. We have found that with impact velocities in the hyper velocity
region - morc than a few km/s - sputtering of target takes place with crater
formation. For irregular microparticles the crater was detected for velocities
above 0,5 knys, while for low velocities reflection of particles was observed. For
lower particle beam the erosion of the bombarded surface proceeds in two steps:
formation of damage by some fraction of the energy as heat in certain region of
the surface and by the expansion of material outside that region as a result of the
flow. The results of the laser beam damage cxperiment are compared with
results obtained by plasma particle interaction with the spacecraft.

Crater simulation experiments have not only contributed to the
interpretation of crater morphologies; extrapolations from laboratory data may
allow empirical calibration approach. It scems that by analyzing the similarities
in behavior of the spacecraft material damage and behavior of the target during
interaction with well defined beams - taking care on discrepancies resulting from
different beam characteristics and surface conditions - some vseful information
for the analysis of the mechanism of vehicle material degradation can be
obtained.
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Ipuenawennetd doknad

FROM ELECTRON MOLECULE SCATTERING CROSS
SECTIONS TO PLASMA APPLICATIONS: PHYSICS OF
NON-EQUILIBRIUM LOW-PRESSURE DISCHARGES

Z. Lj. PETROVIC
Institute of Physics, Universily of Belyrade, POB 57, 11001t Belgrade, Yugoslavia

The purpose of this review is to summarize the activities of the Gaseous Electronics
Laboratory of the Institute of Physics, University of Belgrade. The common compo-
nent in all the projects carried out by the Laboratory is that discharges are not in
thermodynamic or local thermodynamic equilibrium. In fact quite commmonly even the
equilibrium between energy gained from the field and lost in collisions is not achieved,
Such physical situation allows applications of gas discharges including determination
of the scaltering cross sections and specially tailored plasma chemical processes. In
addition some very interesting kinetic phenomena occur such as negative differential
conductivity, negative differential resistance of low current discharges and non- linear
transition from Townsend discharge to glow.

The specific characteristies of particle swarms is that the mean energy can be ad-
justed by external electric field and thus it can be used to scan accross the set of
collisional cross sections. The transport coefficients are normally sensitive functions
of the absolute magnitude of the cross sections. In order to obtain unique sets of cross
seclions it is required to provide experimental transport data including the drift ve-
locities, characteristic energies, excitation and ionization coeflicients in as broad range
of electric field to gas number density parameter (I5/N) as possible, The conditions
[or swarm type measurements can be achieved in non- selfsustained discharges and in
the low- current Townsend type (dark) discharges.

Our studies include measurements of excitation coeflicients in nitrogen, argon, hy-
drogen, methane, neon and in different mixtures ol gases, as well as measurements
of other coefficients in collaboration with several laboratories around the world. The
cross sections for low energy electron scattering for hydrogen, deuteriurn, argon and
some other gases have been determined as well.

Apart from the well established numerical techniques used to obtain the solution to
the Boltzmann equation, approximate but analytical or semi- analytical theories are
useful in providing physical insight into the phenomena such as negative differential
conductivity, applicability of Blan’s law, influence of reactive collisions on transport
coeflicients and many other. Due to importance of rf discharges it is also necessary to
develop techniques for studying the electron transport in rf fields under swarm condi-
tions. A number of unusual processes develop that cannot be predicted on the basis of
de transport, including the anom=zlous anisotropic diffusion, relaxation, modulation
of transport coelficients and time dependent negative differential conductivity.
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A special situation occurs at low pressures, below the Paschen minimum. Elec-
trons never reach equilibrium and thus their mean energy, EDF and all the transport
properties become position (and pd) dependent. Under the same cirmcumstances the
heavy particles gain enough energy to participate in excitation and even ionization,
sometimes even a couple of orders of magnitude more efficiently than electrons.

In order to study theoretically the processes at high E/N reliable experimental data
are required. Thus we measure spatial distribution of absolute emission intensity, mul-
tiplication, electron and ion EDF and other observables for the actual experimental
conditions. General knowledge is extracted from those data when we apply theoretical
analysis either simple beam- like models or Monte Carlo simulations specially tailored
to sult the experimental conditions.

For Townsend discharge conditions, the voltage versus current characteristic is usu-
ally assumed to be flat. It turns out however that even at very low currents some small
perturbation to the field due to the background of slowly moving ions exists which
leads to negative differential resistance (NDR). Due to negative V-I characteristics
oscillations may occur for low current discharges. At somewhat higher currents a
transition to constricted glow discharge occurs, which is one of the first studied self
organizatio processes in physics.

Spatially resolved and space-time resolved spectroscopy of rf and dc discharges
provedes a good non-intrusive diagnostics that allows us to study the mechanisms
that maintain the discharge. In case of rf discharges in electronegative gases most of
the ionization occurs due to the development of double layers. Models of rf discharges
require time consuming non- local electron kinetics to be followed over a large number
of periods together with complex ion and chemical kinetics. Yet a very good qualitative
and quantitative agreement has been achieved for most systems. The most recent
chalenge is the study of inductively coupled non- equilibrium discharges.

The effect of anomalously broadened Doppler profiles of Ha radiation produced
in dissociative excitation of hydrogen bearing molecules was unexplained for a long
time. We have established that the broadest wings of the profiles observed mainly
along the axis of the electric field are due to excitation by fast neutrals produced in
charge transfer collisions and by reflection from the cathode.

Non- equilibrium discharges allow us to tailor the plasma chemical processes ac-
cording to the requirements for plasma etchning, diamond like thin film deposition,
plasma cleaning and conditioning of surfaces, nitrous oxide removal from flue gases,
plasma sterilization, ozone production, freon removal and many other applications.
All the above mentioned applications were studied in our laboratory.
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METO/IH JIASEPHO- H CTOJIKHOBHTEJIBHO-

HHAYIIHPOBAHHOH ®JYOPECHEHIIHH I
JHATHOCTHKH ILIAZMBE

H.B.TAPACEHKO
Hucmumym monexynspwoi u amosviod uszuxu AH B, 220072, Muwcx, Besapyce

B macroAmeM HOKIANe HITAraloTCH PEIVALTATH INPHMCEHCHHS METONOB
NIA%EPHO- M CTOIKHOBHTEIbHO-HHIynrpoBasaol quiyopecnenumy (JIMO-CHO)
U HCCNCHOBAHAA (DHIHKO-XHMHMECKHX NPOLIECCOB B NA’CPHO-aVISIIHOHHOK
[1a3Me, 3 TaKKe [UIa3Me MOCNCCBEICHHS MMITYIIbCHOIO T[A30BOTO palspsifia.
OCHORHOE BHHMAHAC YICJICHO ONPSACNCHMI0 3DCONOTHHX EDHIESHTPALM
9aCTHI, HX [POCTPAHCTBEHHO-BPEMCHHERIX M DHCPICTHYUECKHX pacnpeneaeHmi.
PaccMorpenn Takxe pBosmoxHOCTH MertonoB JIMO-CHUD nig BHsCHCHHS
MCXaHWIMOB XAMHAYCCKHX PpeakilAd H HCCIeNOBAHHA CTOMKHOBHTEIBHEIX
POLIECCOB.

Mpoananasnposal  OpofyleMsl KOIHYECTBCHHOHY  HMETepUpeTAIHE
dnyopecmeNTHRX — HaMepenMl  IUIOTHOCTH  2TOMOB H  MONEKyd B
HecTATHOHApHOH HeparHOBecHOH mnaiMe. OBGcyxnaeTcA BOIMOXHOCTh YYeTa
CTOIEKHOBMTE/ILHON JE3aKTHBAUMH BOMOYXNCHHHX COCTOSHHH Manmexyn &8
PAMKAX JITPOMICHHOH SeTHPeXypOBREBOH MOMIETH.

TloxazaHo paviMuMe MEXAHH3MOB JIA3CPHOIO PACTILUICHHA ATIOMHHEAA
non feHCTBMeM RAUTydeHMS sKcHMepHoro XeCl (A=308am) u AWDNd?*
(A=1064uM) nazepos.

Hccnenopasio BIMSHEC YONOBHH ODVIVICHHA MEIICHH (IMaMeTpa NATHA
GOKYyCHPOBKH H IUIOTHOCTH MOTOKA HUTYUCHHA ) Ha Mpouece pexoMmOusanmm
HOHOB B pacnagaomelicd nasepHod mnasMe TuTana (Bypaxos u gp.,1992).
Iliasua coymasanacs upe BoageHcraum watydenms AHI:NG®*-naszepa (1,06
umxu, 10°-10° Br/cw?, 101c) Ha NOBEPXHOCTh THTAHOBOH MHINEHM B BORNYXE
NMPH HOPMATPHOM IABNCHHH. 33PErHCTPHPOBAHHHE MHANA0H KOHIEHTPAIHEH
aroMoB THTaHa cocrarnser 2 1083 - 1.1 1045 en3 , uwonor - 2.5 1012- 4.5 1043
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em-3 .OBcyxnaoTes MEXAHHIMH (OPMHPOBANMS TIPOCTPAHCTBCHHO-BPEMEHHOM
CTPYKTYpHl TIOTOKOB 2TOMOB H HOHOB.

Kanarn npoTeKaHMA PeaKlHM OKHCICHHSA ZTOMOB THTaHA B JIA3CPHOH
IU1a3Me PacKpDHTH Ha OCHOBC HCCIIEOBAHHA IMPOCTPAHCTBEHHO-BPEMEHHHX H
SHEPreTHYICCKHX PACTpPCICiCHHHM peareHTOB M MOJCKYISPHONO IOPORyKTa
peaknnH (TiO). ¥YcranomneHa o61acTh HPOCTPAHCTBEHHO# JIOKUIH3IAIMH H
BpeMeHHON J1mana’oH 9¢@eKTHBHOIO IPOTEKAHHA PEakIHH OKHCUIEHHSA
(Bypaxos H 1p.,1994). 11 BHABICHAA BKIaja MCTACTAOHWIbHHX aroMOB THTaBa
HIYYCHO BPCMCHHOC HIMCHEHHC DACIPCACICHHS ITOMOB HO BOIOYyXICHHLIM
COCTORHHAM H XapaKTep H3MCHCHHA NPH ITOM CHEKTPAa XCMHIIOMHHECICHIHE
monexyn TiO.

SIBneHME CTOJXHOBRTEIbLHOH IE3aKTHBAIMH ONTHYECKH BOAOYXICHHLIX
aTOMOB  HMCIIONILIOBAHO JUIA  ONPENENICHMS CCYCHHH  CTONKHOBHTENBHBIX
nponeccoB. Ha ocRoBe H3MepeHRH orHOomenua curaato CHQ® y JIN® pasBET
MCTOI OUPCREICHAA IUIOTHOCTH 3JIEKTPOHOB B rajopaipsgHo# r1uiasde. Ero
IOCTOHHCTBA  ONPENENAIOTCA  BOSMOXHOCTBIO  IIPOBEACHHMS  JIOKAIBHHIX,
PaspCMICHHHX BO BPEMEHH MIMCPCHAH IUIOTHOCTH 3JIEKTPOHOB B JMANA3OHE
1010-10!2 cu3. B xadectBe mpHMepa OOCYXIAOTCK PEYIbTaTH MPHMEHCHHS
METOMA VIS JHATHOCTHKHM IUIA3MH IOCHECBEHCHHA HMITYNLCHOIO pa3psiia B
HEeOHe.

BumonHeHHHE — 3KCOCPHMEHTH  IEMOHCTPMPYIOT — 3HAYHTEIbHHE
JHATHOCTHYECKHE BOIMOXHOcTH MeronoB JIMO-CHQ® mia  mn3ygeHHAd
OpOilecCOB, ONPENC/IAIDINMX JHHAMHKY OOpa3oBaHWd, pajBHTHA H pacnaga
IUTa3MK H3a OCHOBE H3MEPCHHH IIPOCTPAHCTBCHHO-BPEMEHHWX PAaclIpefesICHHH,
onpenesieEHus a0COMOTHHX 3HAYCHHU KOHNEHTpanHH aroMoB, HOHOB X
TIPOLYKTOB HX (PHIHKO-XHMRYCCKHX IpeBpamecHui.

Bypaxos B.C., Tapacenko H.B., 9eriosa H.A.: 1992, XTIC 56, 837.
Bypaxos B.C., CaBacrenxo H.A., Tapacenxo H.B.,: 1994, Xum. ¢puanxa 13, 18.
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[pueznawennna dokaud

NEPEHOC JUHEHUYATOIO U3J1YUYEHUA
B HEOIHOPOIHKIX CHOAX MJIA3ME

BHN.TOIKAY

HUucruryr Tenno u Maccoobuena, Muuck, Benapycs

Sanays DTaIMONMHAMMKM BKOKWARET DeNleEMeé CUCTEeMH YPABHEHW Tugpo-
JEEBMUKH, NEpEeEoCcs M3Tyveuus, & Takxe 3apagosolf u yposmepoit immermian.
B ofmeM caydae Bra 3a8Jaut YpesnwuNaliHO cuowHas U ee, OOWNHO, YIpPONIA-
7. TPaIUIMOREEIM CTAN HOAXOK: HEILBMCHMOE pElleEde YDABHEHMN KMHeTHKA
M farbEeliree MCHOALIOBAHME TEPMOAUEAMMYECKUX M OLTHYECKMY CBOMCTR NILS-
MHE OPM pemreEMud coBMecTHOR cueTeMul ypasmenuwi ruipoMHEAMUKHA U DepeHOCA
manrydesud. Bormwnmmcrso pabor BLMONHERO WMEHHO no eToM cieme. B panme
cryvyaen Taxoil moxxox HATANKMBAETCA HA CephE3HLIE TPYAHOCTH.

B mepeywo ovepems ero npobrema Brfops YACTOTHRIX TOUYEK NI ypaBHe-
EMdE NepeEoca. YMcoo WACTOTHHIX To4exk oOLMNO ReckMa OI'PAHMYEHO, TOBTO-
MY CHEKTP OCpPeNHEAETCH B CHEKTpANLHEIE PPpymnE, Takad NpomNelyps YAOBIE-
TBODETENLHO ONKCLIBALT MEPEHOC MANYYERWA B KORTHEYYMEe, HO COBEPIIENEO He
OpHromHa Jagd peiomanmcEny nupuit, Ocpenmende xosd(PUIMEHTOR NOrIoNIeEUS
B McUycxamus B rpynne Hoasmelf, yeum xapaxTepHEas IMMpPWHA NTXEMHA IPYEOIHAT K
3ABRITEHEMID M3TYYEHAS, €CNM ONTMYECKAS TONNIMES B [eHTpe UMHEUH 7 > 1,

Bropo¥ npo6reuoll aangerca yuer peabcopbuu B IMHERAX U BIRAHAE UITY-
YeHUA Ha KUEeTHYecKMe XaPAKTEPHCTHKY NIAIME, B npubmoxesun pasgelsEoro
pemenws ypapHeEMM KMRETUKM M NepeHOCE MINydeHud aTa npofrema soobme e
uoxeT OEITh pemreHs, TAK KAK KMHeTHWECKHE XAPAKTEDHCTHKH B BTOM CIyydae 38
BMCAT TONBKO OT HOKAJNLEEIX napauerpos T u g (uan T u P).

Iling pemennd »TRX npo6iieM Mul pelIMaK OTKA3ATHCE OoT o6NenpREATON cXxe-
MLl KAHETHKE -+ THAPOIMEEMUKE-NEPEHEOC ¥ HepPeliTH K CXeMe KNHeTHKA-NEePEROC
+ ruapomMEaMuka-nepesoc, CyTh mepnoif yacTd »ToM CXeMLI B TOM, 4TO ypaBue-
H¥A KMHCTHKR PEOIAIOTCA OMHOBPCMEHHO C YPABHCHMAMM LCPEHOCA M IY9CHUA HL
32 MEKOM ralo meEaMuyeckoM npoduse T u p. [Ipu aToM Be cozpaorcs obnumprnle
Ta6UIE, & HCNOMBIYIOTCE KHHETHYECKME XAPLKTEPHCTAKMA B KORKPETHEX TepMo-
IMEAMEYecKuX Toukax npoduns. Kpowe Toro, takod nomxom moasoxser Gosee
of'exTHBRO BREDATH NIKANY YRCTOT ANA YyDABHECEWA NEPeHOCR M3Ty4YeRuwA. DTa
Hpomenyps BRIIOAEAETCH B 4 8rana:

1. Pacyer ontuyeckux ceoifcTe saons snxaneoro upoguns T, p ve perynap-
goif umcane ¢ GowLMIMM YMCIOM YACTOTHHX Touek. Bubop maubolee cUILHEIX
auaul 10 METERCHBEOCTH MATYYeHEu4.

2. Pacuer MEIMBUAYRNBEHLIX YACTOTHRIX IIKAN KI4 01UX JUHud ¥ nocTpoenue
obme#t nrxaie:. Ilepecuer onTHdecknx cBolfcTs Ha HOBOM mrkae.

3. Pacuer onTyuecKdx TOJUMH guEMif srons Bcero npodmna T, p.

4, Orpy6uerue feTaNEEON MWIKANK W COIMANME KOMTAKTHON ¢ MANLIM YACIOM
rpynn. Ilpm eToM B mMpoKHe PPYNNL OCPEAKAIOTCS YUACTKA CIeXTpa c 7 << 1 |
T >> 1, 2 yYacTKH CIEKTPA € 7 & | OCTRIOTCA MAKCHMANBLEO NETATH3MPOBARRIMHK.
Taxes npomeypa NO3BOMSET ANEKBATHO NepeXaTh HEPEHOC U3JIYUERMS B IHEMAX.

Jlna TeCTMPOBANMA BTOIO METOMNA NPOBOMMICH PACYET LEPeHOCA M3INYYEHHS
B NOa3lMe yruoepols HA peanhHoM cllekTpe. Pacyer OpoBOMUICA Ha mLeTalbHOH
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rxaie u3 2000 Tovek w onTuMusnposarrold u3 230 Tovex. PeaynbTaTh mpaxTh-
YeCKHd COBIANAIOT.

Bropas npobaeuda - BARAEHEe DOAA M3NYWeHHA HE KMHETHYECKME XAPAKTEPH-
CTHXM NIa3MKl, DTo EaMbonee CROXHAA YACTh 3aa4K. Hyx®0 oTMeTHTD, UTO BT
npobreMa KOCTATOYHO WIMPOKO M3Yy4aNach B XMTepaType, OMHAKO Yalle BCEro Ha
MOJEJNbERIX CIeKTpaX. IlepexoXx oT MORENLENX COEKTPOB K pealbHEIM DOPOXKLaLT
goBre npobreMu. B ymcie ux MOXHO Ha3BATL TAKHE:

1. IlporHosmposarue curyaimit, B xoTopux gmelfcTeurenvro peabcopbmus
BIUAET A KMEETHYECKHde XEPAKTEePUCTUKHA IIa3MEL

2. Bubop ob’exrop (oTHeILEHE NUHEAM WIM $OTOPEKOMOMHERIMOHERIE CKau-
KA ), LIA KOTOPLIX HeoOXOMMMO yYUTLIBATL B3MyYeHKHe B KHHETHKE,

3. MpobreMhi cXOZUMOCTH MTepanuii.

ABTopoM 6umx paiapaboran adPexTHBELI MeTox pemenus oroi sagaux. B
Opomecce pemieHENd 3384l BHIGMDPRIOTCA y4YacTiy npoduid W OepedeHb JumMit,
KIf KOTODHIX YUYHTLBREeTCS peabcopbiud, IpXdYeM C POCTOM UKHCIs HTepamalf
BTOT ODepevYeHb MOXeT MEeHEAThCA. Kpurepuem BHOOpa ABITAETCA COOTHOUIEHHE
CKOpOCTe PIEKTPOHHOIO M PaIMAMMOREOro BO3BYKXEeHU, a TaIOKe Polb HarHOoik
JYHEMHE B obmeM bagagce nepeHoca.

Pacyer ypaBEeRHil KUHETHMKM COBMECTRO ¢ yPRBHEHMAMU DEePeHOCA M3dyude-
HML OIPOBOJMICA Qa4 yranepoXaol nnasun ¢ xapaxrepusd apoduned or 2 go 40
oB. PacueT nokasay, 4To yweT peabcopbmumM BadkeH ANA NIJAIMEHHERIX 0OEKTOB
¢ GOMbIUMMY TpalMeHTAMH TEeMIEpaTyp M LIOTHOCTeM ¥ AIA HMOHOB, NpeACTa-
BICHHHX B IMMPOKOM MARN&3OHe TeMumeparTyp. llpexie Bcero eTo OTHOCHTCHE K
PEe3OHAHCHEIM IKHMASM FeJHono o6Horo Mora C5 187 —152p* P u 152 —143p' P. Us-
xyduerue U3 obxacTell nne3Mu ¢ rexnepatypoif T s 40 oB npunreguree B o6aacTs
10-15 »B gaeT SHAYMTEARHO GONBUIYIO CKOPOCTH BO3GYMIEEMA, YeM BIEKTDOR-
gag. CooTBeTCTBERHO RACENEEHOCTL YpoBEel 2p uw 3p 3HaWUTENLHO IpPEeBOCXO-
BAT 60ABOMAHOBCKME BEIUYMHNW. B HeKOTOPHIX HOHAX BANKHBI HEe TOJLKO pelo-
HaHCEHIE nepexoXu. Tak Eanpumep, B TATHENOLOOHOM HOHE NOMHMO NEPEXOLOB
25-2p ¥ 23-3p HeOGXOAMMO YUMTHBATE epexol 2p-3d. B Gepunrmenoko6EOM HO-
He kpoMe mepexoxa 2s%!'S — 2s2p' P meobxomuuo yumtmsaTh 282p°P — 2p*°P u
252p°P — 282p°D. '

Boqucnesnne TAKUM METOLOM ONTUYECKHME CBOHCTBA ABAAIOTCHS Ee TOABLKO
oywaelt T, p, KO ¥ Bcero noas uanyderud. Onruveckue cBOKRCTRE, BIYMCIEHHEIe
HO CXeMe KMHEeTHKA-UePeHOC NOCTYRAIKT B TUAPOAMEAMUYecKkiit 610K nporpamMu.
3Aech CAMOCTOATENLHEO pelaeTCd 3a4a4a: rUApoLMHaMuKa-nepenoc. [lockoxbky
NepeRoC U3NyUeRUud BIMAET BEi M'MIPONMHAMMUECKUE XBPAKTEPMCTHUKM, TO HpoO-
¢nap T, p MOKET HECKOABKO MIMEHUThCH. TIDH BTOM TaKKe H3MEHMTCA KAPTHHA
HepeHOoChA M3NyWeHUS, HO BIKAEME NEPEHOCE HA KMHETUKY yie B OCHOBHOM yWTe-
Ho. Bopoues, 8Ta 384343 MOXeT pPemIaThHCA MTEPAIMOHHO.

CrexyeT OTMETHMTh, UTO COBMECTHOE pelleRMe ypapHerRMd KMHEeTHKM M nepe-
HOCHB M3JNYYeHMA NPeNCTABISET OYeHh TPYXOEMKYIO 3834y, DOBTOMY B&BTODOM
6hUIA CO3AAHA MOXENb KMEETUKH C ONHOMEeDHLDM HepeHOCOM, B TO e BPeMS BTH
pe3y TbTATH MOXHO MCIOJNb3OBATH M A4 ABYMepkoi 38Ia84M I'MAPOLMEAMMKE-
nepexoc.

JarRag MOZedAb pa3pabaTHBasach JUId pelleEnd 3ajgay quBepropHO# nmas-
MEI B TOKOMAaKe B PAMKaX MexRyrapoxroi nporpamuun ITER.
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UCCJIEJOBAHUE CBOVICTB JIABEPHO-TLIAZMEHHBIX
UCTOYHHUKOB OINTHYECKOIO HIYYEHUSA
B ATMOC®EPE H B BAKYYME

A HYYMAKOB
HiictumyT MonekynapHoit M aToMHoI Guanku Akanemun Hayk benapycu
Ipocpekr @.Cxopunw 70, 220072 Munck, Benapycs

JlazepHas nuiasMa MOXET CHAYXKWTb YIOOHBIM MCTOYHHKOM BbICOKO-
HHTEHCHBHOTIO MATYHeHHA B LIMPOKOI obnactd crekTpa Gnaronaps adgexkTHn-
HOI KOHBEPCHH MOHOXPOMATHYCCKOrO JIA3CPHOTO HITYYeHHWH B LIMPOKOTOAOC-
HOE HWamydeHHe JtadepHoi ruiaamel. [loTpeOHOCTH B JTOKATHHBIX MCTOYHHKAX
BBICOKOMHTEHCUBHOFO HAAYYEHUS M B KOHTPOJie JA3¢PHBIX TEXHONOTHYECKMX
MPOLECCOB CTHMYIUPYIOT MCCACHOBAHMA HAUTYUATENLHLIX XapaKTepPHCTHK TMpu-
MOBEPXHOCTHOM JlazepHo# TUTA3MBI B  PpavIMYyHBLIX oOmacTsix cnekrpa oT
KOPOTKOBOMHOBO# A0 HHOPAKPACHOI.

Hacrosiasn paborta nocssilieHa MCCaeT0BAHWAM CBOHCTB M MATYYaTe/IbHbIX
XapaKTepUCTHK JIA3¢PHBIX MUIA3MEHHBIX 00pa30BaHUI B CcNeKTPATBHOH obnacTu
0,3-10 mxm BETHIW pafa MMLLCHEH B BO3AyXe, a30Te, AProHe W B BAKyYME 1P
[UIOCTHOCTAX MOILUHOCTH BO3ACHCTBYIOWEro malepHoro uanyuenms (1,06 wu
0,53 mkm) Brsiote a0 12 IBr/cmZ. [pu  BLICOKOMACTOTHOM HMMITYALCHO-
fepHoanyeckoM nasepHoM Boaelictsun (1,06 MKM) Ha norfowWalUHe KOH-
ACHCHDOBaAHHBIC cpelbl 00HapyXeH pexiM  3GOEKTUBHOIO  3pO3HOHHOTO
rU1asMoobpasoraHHY, KOTOPBIA peaidiyeTcs Kak npy armocdepHoOM, TaK U 1pu
MOHMXEHHOM H4 [OPAJOK JABICHHM BO3LYXA B ONPCACHCHHOM [AHAMNaizoHe
napamMeTpoB nazepHuix wumnyiascos (q > 0,2 [pr/em?; £ > 5 klu) w
COMPOBOXIAETCA NOBbILEHUEM 3(QdEeKTUBHOCTH BO3DYXKIeHHA NAaBJIEHHA Ha
MOBEPXHOCTH MHIUSHM, YCHISHHMEM SpPO3MOHHOrO MAa3Mo06paloBaHHA M
cMeHOM r1u1asMoobpasylowteit cpeabl. [lokazaHo, YTO BO3NyLIHAs IUIa3ma,
o6pa3oBaHHAsA [ICPBBIM  JIA3CPHBIM  MMITyABCOM, ofmagaer cneuMHdHuecKoi
TPOCTPAHCTBEHHOH CTPYKTYPOH, OOYC/IOBNEHHOH WHHUMUPOBAHWEM panua-
UMOHHON, NMB0 CBeTOACTOHAUMOHON Na3epHLIX BOMH TMOIJIOMIEHMA, W B
OTbHEHIIEM MNPH BO3JACHCTBMM TOC/HCAYIOWMX AA3€PHBIX HMIYIbCOB [MOYTH
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MOJIHOCTBIO BBITECHHAETCA 3PO3MOHHOW TtasMol. [IpH atoM B IUIa3MEHHOM
dakene obpa3yloTest YCTOWYMBBIE BHXPEBbIE CTPYKTYPbl, MNpENATCTBYIOLUME
CMELUMBAHHUK 3PDO3UOHHON M BO3ANYLWIHOM TUIa3Mbl B TEYEHHE WHTEPBAIA MEXIY
JIa3epHBIMM  MMIyIscaMu. B Takux ycjioBUsiIX peanin3yeTcss crneuupuyecKuit
pEXHMM B3aMMOOCHCTBUS, KOIAQ CBETOACTOHALIMOHHLIE BOJHbBI TMOIJIOLIEHHA
JIa3€pHOro MITYYEeHUA (POPMHUPYIOTCS MW PaclipOCTPaHSIOTCA He TOAbKO B
BO3MYXe, HO M B 3pO3MOHHOH TuUazMe. OOCyXaaKTC  BO3MOXHOCTH
WUCIIOAL3OBAHUSA OOHAPYXEHHOTO peXuMa JIa3epHOro BO3ACWCTBHA B JIA3€PHBIX
TEXHONIOrUAX 0OpaboTKU MATEpPUAIOB W JIA3EPHOM CIIEKTPAILHOM aHAIH3E.
[MpemioxeH W peaH3oBaH cnocol ynpaeiacHUs YacToTHRIM HMAI-nasepom,
00eCNIeYHBAIOIIWN  NpPOrPpAMMHMpPOBAHHE €ro  paboTbl M CTaOWIM3AUMIO
NapaMeTPOB a3epHBIX MMITYILCOB ¢ NMOMOLLBLIO crneuHanbHoro ycrpoicrsa. Ha
OCHOBE 3TOr0 HCC/ACHOBAHLI CBOMCTBA, CTPYKTYPA HM  WIJTYy4YaTesIbHBIE
XAPaKTePUCTUKU J1a3ePHBIX TUIa3MeHHbIX obpaszoBanuit (JINO) BOnu3nM psina
muwieHen (Al, In, Cd, Si) npu arMocdepHOM [ABICHHUH OKPYXAIOLWETO
MHMLUIEHb ra3a (BO34yX, a30T, aproH) ¥ B BAKyyMe B cnekTpanbHoil obaactu 0,3-
10 MKM NIpM MJIOTHOCTSIX MOWHOCTH BO3ACHCTBYIOWETO JIA3EPHOIO HMANYyHEHUA
or 0,1 oo 4 [Br/cm2(0,53 mxm) u ot 0,1 po 12 IBr/cm?(1,06 Mxm). Boiasnena
KBA3WIMHENHAA 3aBUCHMOCTb 3HepreTMueckoil cunwl uanyuenus JIITO or
TUIOTHOCTH MOUIHOCTH JIa3€PHOIO HM3MYYCHHUA, H3IMEPEHDbl HHIWKATPHUCHI, a
TAKXKE IJHEPreTHYECKAE CHUJIA MITYYCHUA TUIA3MblL MU €€ pacnpeacesiceHUE B
cnexTpasibHoM  uHTepBate 0,3-10 MxM. BbIiCHEHO, YTO MHIMKATPHCHI
HepreTyecko cuasl  wmanyueHust  JI[IO  umeror  BoITsIHYTYIO  GopMy,
3aBMCALLYIO OT MaTepuaia MHILIEHMW, pola M AABJIeHUS aTrMocdepHOro rasa,
IUTATEJIbHOCTH J1a3€pHOT0 MMIYJIbCa, UIMHBI BOAHSbI U LUMPHHDBI CNCKTPaJIbHOTO
MHTEPBAIA PETUCTPHUPYEMOrO HINYYEHHS, NPUYEM C POCTOM HMHTEHCHBHOCTH
BO3AEHCTBYIOLIETO Ia3ePHOI0 MINYyYEHHUS (GopMa MHAMKATPUC NMpUOIKXKaAeTCs K
KpyroBod. BbIsiBIICH HETEIUIOBOI XapakTep pacnpeiuciceHusi CHeKTPalbHOM
fUIOTHOCTH W3nydeHusa JIIIO B obnactu 0,3 - 10 MKM M ero cBsI3b C pOOOM
armocepHoro rasa. OnpedesieHbl  YCIOBMSI MHOFOKPATHOrO  MOBBIIIEHMS
3$PEeKTUBHOCTM  KOHBEPCMM  JaszepHoro  wanyuenmss B MK-uanyueHue
NMPANOBEPXHOCTHOM JIA3€PHOM 1UIa3Mbl KaaMueBoM MuleHH. OOcyxuaawTcs
BO3MOXHOCTH €034aHUsL 3DGEKTHBHOIO JIOKAIBHOrO Na3¢pHO-MIA3MEHHOIO
MCTOYHHKA M3AYUEHMS C BbicOKOI sipkocThio B MK-o6aact criekTpa.
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®OPMHPOBAHUE I'A30BOY ITOJOCTHU IIPU JTASEPHON
ABJISIITMHU METAJJIOB B XHWJIKOCTH

B.A.ATEEB, A ®.BOXOHOB, B.B.XYKOBCKHH,
AA SHKOBCKHHA
Hucmumym monexynrsprol u amomnod pusuxu AH B,
220072, 2. Munck, np.Cxopunw, 70, Beaagpyce

Annoranua. B palore npencranieHbl pesylbTaThl SKCICPHMEHTAIBHEIX
HCCICNOBAHNN PpaspylleHMs MCTA/UIOB B BOAC INOA JCHCTBHCM Ja3epHOIO
naryaeHas (JIA), BHACHEHO WIMAHWE DHEPIHH NMPOAYKTOB ablIALMHA METAIUIOB

Ha [apaMeTph Ta3joBod MOIOCTH B BOJKC.

B omwaue or GonmbmuHCTBA paboT, NOCBAMEHHREX HIYYCHHID
ceetoBoro mpobos B xumkocTH (Bunkin N.F. and Bunkin E.V.,1993), =
HacTOAINEM JOKIANe H3YyYeHH MpPOLECCH, IMPOTEKAOMHUE IoJ NeHCTBHEM
CBETOBRIX MOTOKOB Ha TIpaHHLEC pasieia TBEpIOIO Tesla H XHOKOCTE H

PACCMOTPEHO HX RIHSHHME HA napaMeTpn obpasyiomeics rasosoft nonocrs,
OKCNEepHMEHTH BHIOMHEHH C JIajepOM H3 HEONHMMOBOM CTeKie ¢

sHeprued E; B mMmynbscax ot 0,5 go 1,5 Ix H WIHTEIbHOCTBIO T, = 150 - 900
mxc ¥ Ha pybuue (E; = 1 - 5 [Ix, 1, = 500 mxc). Hconenyemne obpasun
IOMEMIANACE B MPAMOYIOJILHYW KiOBeTY M3 crexia. s perucrpaimu
JARTeHHA MCIIOIB30BANCH ITBE30RICKTPHYECKHE Naranc

IIpu doxycuposxe JIM Ha nosepxHOCTh 00pasna, pacTtioNoXeHHONO B
soje, obpajyerca NnyHxa, rIyOHHA h XOTOpPOH COCTamIseT HECKONBLKD MMEDOH -
(ca. Tabumuny), 9TO MPEMEPHO HA [Ba NMOPANXA MeHbIIe, 9eM B Boanyxe, IIpu
ITOM MACCa m MPOAYKTOB 3POIHH JIHHEHHO 3aBMCHT OT KOHCTAHT MCHApeHHd.
OGpasoBanue JYHKM B MCTA/UIC CBA3AHO C TEM, YTO MPHA MMIYJIbCHOM
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JIOKATbHOM Harpepe o0pasiia TeIUIOOTBOX BHYTPh METAIA 3HAYHTEIBLHO

[IpeBHIIAET TEIUIOOTHAYY B OKpyXalomylo cpeny. [uaMerp d ITHA NOpaxeHHS
MCTAUIOB B XHJKOCTH BCEriaa HECKOJBKO (ImpEMepHo B 1,5 - 2 paza) Gonbme,

9eM IIPH CBETOBOH 3PO3HH B BO3IyXE.

Tabmuna. BeTHIHHN CBETOBOU 3PO3HH METAUIOB B BOAE NPH

rwiorrocTH MomHocTH JIK 1,20107 Br/cM2.

DNIeMeHT m, MKT d, MKM h, MxM Qmel0°
Mem 0,9 290 1,4 8,0
Maruu# 1,1 325 7,8 8,1
Inux 3,5 390 4,2 8,2
AToMHHHI 0,6 470 1,3 8,3
Onoso 2,6 490 1,9 8,4
Caanen 7,0 570 2,4 8,2
Monubren 0,9 265 1,6 7,7
Bonsdpan 1,3 250 1,4 8,1
Huxens 0,9 300 1,4 7,8
Tanran 1,5 280 1,5 8,1

. Ycraponneno (Tatmuua), aro m[c(Ty - T¢) + Hpyy + Hyew] = Qm =
=const H cocrammger 0,008 Ox (¢ , Ty, H,, Hux - coorsercTBenHo
TEIUIOCMKOCTb, TEMIIEPATYpa KHIIEHHMS, CKPHITas TeIUloTa IUIABJIEHHS M
ucnapesud Metavia). CleOBaTeNIbHO, JHEPTHA ITPOAYKTOB 3PO3HH B Ia3oBOH
nonocrd, obpasyomelica B 3o0He Bosnedcrsug JIM Ha nmoBepXxHOCTL PAVIHIHHX
METAUIOB, ARIAETCA NPAKTHYECKH [OCTOAHHOW BeawduHOW. OHa ompenenser
Pa3sBHTHE raj’oBOH IQUIOCTH, IOCKOJIBKY SIBISETCS NOTEHUHAIbHOU 3Hepruel
E,, 3anmacaeMoil npu pacmIHpEHHH TIONOCTH JO MAKCHMAIBLHOIO pa3Mepa.

MOXHO OXMIATh, YTO ITOT pa3Mep B YCJIOBMAX IKCIEPUMEHTa He JNOMKEH
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3aBHCETh OT OBYYAEMON0 MaTepHaNa, TaK KiK MaKCHMATbHHNK paguyc I0J0CTH
r onpenenigetcd supaxeHueM (Hayronbanx KA. 7 Po#t HA,, 197]): r =

= (3 Ep/4xPg)'/3 (rme Py - rumpocrarudeckoe mannenue). Orciona, npa Py =

= 9810 H/M? uw B, = 0,008 JIx momysum: r = 027 cM: U3
(oTOPEruCTpOrpaMM TCHEBHIX KAPTHH, NOMYYCHHHX C INOMOINbBIO CKOPOCTHOIO
doroperncrparopa COP-2M, crenyer, IT0 JMaMeTp ra30BONO My3HPbKA B BOAE
cocrasnser 0,55 - 0,58 cM, YTO YHOBNETBOPHTEILHO COITIACYETCH C PACYETHHIM
JHAYCHHACM.

Bombmas cxkopocTb BhiieJICHNS 3HepraM B 30He Boauedcraua JIM RHa
[OBEPXHOCTh  META/UIA  CONPOBOXNACTCS  3HAYHTENILHHM  JIOKAIbHEM
MOBHIEHHEM MARIEHUA H HITYdcHHeM yIapHo# BonHH. Ilo amopaM nasnesus
YCTaHOBACHA B3AHMOCBA3b MeXNy BETHYHAHON JaBIeHAA M  IIEpHOIOM
OyNbCAlMHi [3pora3oBOd IIOJIOCTH. DTH XapaKTEPHCTHKH, B CBOK O9epelb,
CBAZAHHN ¢ MAXCHMAIbHHM Pa3MepOM rajoBoH NMOJOCTH U BEJIHIHHON. 3HEPIHH,
BHerBmeiica B Touke soanelcreus JIW (toake “B3puBa”™),

Hunoynee pannenus QGopMHpyeTr B XMOKOCTH CEPHIO BOAH CXATHA,
COOTBETCTBYIOIMX KAK MOMEHTY Hadana o6pa3oBaHHs razoBoM IIOJIOCTH, TaK H
OOCICAVIOIEM €€ ITyJbCaHsAM C IIEPHONOM, PAaBHHIM IPHMepHO 750 MKC.
IlepBasg BOJIHA CXATHA XaPaKTEPH3YCTCA YOAPHHM HapacTaHHEM IARICHHSA, a
NoCIENyION[He EMITYJILCH HMEIOT, KaK IpaBmio, Golee IUIAaBHOE HapacCTaHHE
Japnennsd. IIpM [poXaxXIeHHH BOINHH CXATHA Yepe3 CIOH  XMIKOCTH
OTMCYACTICA YMEHbIIEHHE aMIUIMTyAW MMIynbca. llepuoa mynpcaumd <
ras’oBol IOJIOCTH OLEHHBAICA TAKKE HA OCHOBAHHH opmynH (Hayronsaux
KA 1 Pot HA., 1971): t =1,14p!/2B1/3P-5/6 (p - miorHOCTD MaTepHana
MumeHHd, P - cxavok masneduns Ha dponte ymaprod sonnum, E = 0,008 Ix -
3Heprud, BHIEHBIIAACA IPH B3pHBE) H cocTaBmn 750 mxc.

Ha prC. npHBeneHH pe3yNbTaTH O0paboTKH OCUM/UIOTPAMM IABICHHSA
OpH  pPacOOIOXCHHH OATIHKA B2 pPAVIHYHOM PpacCTOSHAH OT  TOYKH:
posaeiicreud JIM Ha Metamn. 3mech Xe¢ OpHBeAcHH BEJIAYMHHN JARICHHA,
paccauTaHHble o nopubnaxenHol dopmyne (Mopde A.H. r mp., 1970):

45



H A AI'LEB, A. . FOXOHOB, B. B. XYKOBCKMI, A. A. AHKOBCKUY

2-{0,611[(1 + 0,16—"1:{’—,-;)5/3 - l]}_l,

2 - 8
A T 25 .

rI¢ Iy - PAdyc ynapHo# Bonumu, A = 3000 aru, n = 7 (W18 BOIu).

% P £ - pacyer
e ¢ - 3KNCpHM
ol
E .
SR
by °
2 z00f ’
@ -
a, s
| \
.‘\
{00 '\.:
\ '\1-—-__;
{ o 5 l. mm

PHC.33aBHCEMOCTh BEIHYIWHH JaBneHHs P Ha QpoHTe yZapHOHR BONIHW OT

paccroaaug | no Toaxu soanehcrsna JIM (1,20107 Br/cu?) Ha anioMuHEH.
Ynonncmopm:rbnoc COOTBETCTBHC IKCNCPHMCHTANBHBIX H DPACYCTHLIX

3Ha4YcHHH OCHOBHHIX IIapAMCTPOB [d30BOX [OJIOCTH .CBHACTENBCTBYCT O TOM,

YTO OHM ONPENENfIOTCE NOIHONW SHepruei MCNAapeHHA BEINECTBA, YNANCHHOM
U3 3oHe BoaneHcreus JIM Ha MeTWUIM B XMIKOCTH, a JUHAMHIA

KABHTAIHOHHON MOJOCTH MOXET PacCMaTpHBATBCA HAa OCHOBE IpelCTaBICHHH

HIUKH TOYETHOIO BIPHIBA.
JIxreparypa
Bunkin N.F. and Bunkin E.V.: 1993. Laser Phys. v.3, N1, P.63.

Hayromeunx KA. u Poit HA.: 1971, Daexrpidcckue paspans B soje. M., 155 -
Hodxbe AV, Mensuuxos HA., Hayronbubx KA. 1 Ynagmmes B.A. 1 1970

OIMT®. Ne3, C.125.
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UCCJIEIOBAHUE HAIPEBA HEMTPAJILHOW KOMITOHEHTHI
TUTA3ZMBI BLICOKOYACTOTHOI'O EMKOCTHOTI'O PA3PSIA B
ATMOC®EPE N; U CMECSX N, C TEJIUEM

B.B.Axaponok, U.1.Qwiatosa, B.Il.IlInmanosmg, JI.H.Opnos®*,
.. Hexpawmesuy*
Hucmumym monexyaaproii u amomnot Qusuxu AHb
*Hucmumym ¢usuxu AHB
220072, Munck, np.D.Cxapunw, 70, Beaapyco
E-mail: imafbel%bas05.basnet.minsk.by@demos.su

Abstract. The gase temperature fields of N, and Ny+He plasma of HF-
discharge at a low pressure was investigated by the methods of emission
spectroscopy. The gase temperature evolution was studied depending on
chemical composition and pressure of working mixture. Main channels of
heating of plasma’s neutral component was determined.

1. BBEJEHMUE.

IInasMa BHICOKOYACTOTHOINO €MKOCTHOIO pa3spsjia SIBIsercd IepcHeXTHBHOMH
paboueit cpenmoit CO,; u CO-nazepoB, YCTPOHCTB MOHHO-IUIA3MEHHOMN
MOEHHKALIMM TOBEPXHOCTH MATEpPUAJIOB, IUIAa3MOXMMHYECKOIO CHHTE3a
HOBLIX THMINIOB BCIUECTB H coeaMHEeHHH. S¢PeXTHBHOCTD AKKYMYJIHPOBAHHUS
3HEPrHH  IEKTPHYECKOTO TONSA B 3JIEKTPOHHLIX, KoJieOaTeNMLHBIX H
BPAUIATE/LHLIX CTENeHAX cBOOOARI 9YacTHL reHepHpyeMoH BU-rmasmm, a
TaKkKe CKOPOCTh IPOTEKAIIIMX B HeH IUVIa3MOXMMHMYECKHX peaKudil Bo
MHOIOM 3aBHUCAT OT TIIOTEph TIOABOAHMOH K pa3psiiy 3JIeKTPHYeCKOH
MOIHOCTH HA HAaIpeB HEHTPANLHON KOMIIOHEHTHl IUlasMel. HMccneaoBaHus
MPOLIECCOB OUCCHNAIIHH B TEILIO BKJaAnBaeMod B BY-paspsa MolHocTH
npakTHdecku orcyrcrsylor (Paitzep u  nmp., 1995). Hacrosimas pabora
NOCBAlIeHa MCCNeAOBaHHIO NMOJEH ra3oBoi TeMIEpaTYphl B MEX3JICKTPOAHOM
npoMexyrke BY-paspsiia B cMecs X MOJEKYISPHLIX W aTOMHBIX TIa30B M
BHIACHEHHIO HauboJiee BEPOSTHRIX KAHAIOB [HCCHINIALIMA ITIOXBOOHMON X
pa3psny 3JIEKTPHYECKOH 3HEPIrHH B TEIUIOBYIO.

2. OKCIIEPUMEHT

HcenenyeMblil BRICOKOYACTOTHRI €MKOCTHOM pa3psl Bo36YXOancs Ha YacToTe
81 Mru wMexay OByMS H3ONHPOBAHHLIMH IUIOCKHMHM  aTIOMHUHHEBBIMH
3MEKTPOJAMH NPAMOYTONLHOH GopMEl Iuomannio 20 cM2, pacronoXeHHBIMHU
naparneJbHoO OPYr ApPYyry Ha pacctoaHud L=3 MM. OgHa H3 mWacTuH
3NIEKTPOAHOH CHCTeMM 6blna 3azemineHa. BU-HanpsxeHHe noAaBaloch Ha
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HesasemieHHbIH anekTpod. B xadecTne pabouMx ra3oB MCIHOJB3OBAIHCE 830T,

renmit ¥ ux cMecH npd pasnenusx or | no 20 Topp. Perucrpaumsa CnEXTpoB
HATYydeHHs IUasMBl  OCYUIECTRIIACh ¢ TOMOIIBI  AHGPAKUHOHHOIO
MOHOXPOMATOpa B [HaNa30He UTHH BOJH AA=250 - 700 HM ¢ pa3pellleHHEM IO
cnextpy 82~0,001 HM. IlpocTpancTBeHHoe paspeuleHHe SL cocrammsuio ~0,1
mM. Temneparypa HeHTpaibHOM KOMIIOHEHTH Tg IasMel onpelensnack 1o
OTHOCHTENbHBIM HHTCHCHBHOCTAM BpAlUATENBHBIX JMHHH [;j B cmexTpax
MINTYyYeHHS 3JIEKTPOHHO-KOJIeGaTeNbHEIX TIOJIOC MOJIEKYN a30Ta.

3. PE3VJILTATH U OBCYXIAEHHE

B wuccnenyemoM amamazoHe AA cnexTpHl ManydeHHMs IUIa3Mul paspsna B
YUCTOM  a30T€ MPElICTARICHb  TPEHMYILUECTBEHHO  IOJIOCAMH  BTOPOH
NoJOXHTeNbHOM (2+) M neproit (1+) nogoxurennHoM cucTteM Nj, TiepBoii
orpHuaTensHoi (1-) cHcTeMm Nj, a Takke CIaGOMHTCHCHBHBIMH IIOJIOCAMH
Monexkyn npuMeceilt (B- W y-cHcteMnl NO, uHTeHcuBHasi cHcteMa OH ¢ A
=3064 A, Pp-cucrema BO). B cMmecax Ny;+He nabmopalorca Taxcke
MHTEHCHBHBIE JIMHMH aTOMOB BOAOPOAA M TIenaus. B xavecrse
MHPOMETPHYECKHX MCNOJIB3OBANUCL CBOBONHbBIE OT NEPEHANOXKEHHA € APYTUMH

H3JTYYaJOLIHMH KOMITOHEHTAMH TUIa3MEI NMOJIOCH ceKBeHUMM V' -V' = =0-3, 0-
2 u 0-1 2+ cucremn N;. JIuHelHBA XapakTep 33aBHCHMOCTH H3MEPEHHLIX
BenwinH  In(l/S)i* (Sjj - dakropmr  Xewns-JlongoHa) or  9Hepruu

BpallaTeNLHBIX YpoBHel j'(j°+1) B HcclenyeMBIX MONEKYASPHLIX TOJIOCAX
CBHOCTENLCTBYET O GOJNLUMAHOBCKOM paclpele/ieHHH N0 YPOBHAM j° MOJIEKYN

N2 B coctosiuun C3[1,; ¢ BpawarensHoit remneparypoit Ty, (puc.1).

300 400 500 600
PG+

Puc. 1. 3aBUCUMOCTDB ln(I/S)j'j" ot j’()’+1) B nonocax 2+ CHCTEMEI
MoneKynul Ny (T = 400 (v); 420 (m); 450 (@); 500 K (a).



WCCNEOOBAHUE HATPEBA HEATPAJILHON KOMIIOHEHTH NJIAIMHE BHCOKOYACTOTHOFO EMKOCTHOIO PAIPAIA ...

BoaMoxHocTh oroxnectaieHus Ty ¢ Ty cnenyer M3 coOTHOLIEHHMA BpeMEH

Xu3HH (T.) BO3OYXNEHHOIO 3JIEKTPOHHOINO cocrogHus CI1 monexynul N; ¢
y4ETOM €ro TYWICHHsA IPH MEXMOJEKYJISpHOM B3aHMOLECHCTBHH H BpEMEH
ppawatensHo  R-T- penakcauuu (Tpy) Nz B cocrosanuu CII: Tc/TrT>>5
(Axaponoxk M ap., 1991). Hamepennne pacnpenenenus remnepatypm Tg(L) B
paspsage B 4McroM N; nmpu P=1-20 Topp u B cMecu Ny:He = 1:10 (P=11
Topp) npuBeOcHH Ha pHUC. 2.

450+
600 6 *
Esoor
E—dﬂ
400 -
0 1 23
L [mm] L [MM]

Puc. 2. Pacnpenenenue reMnepatypul T BOOIL MEX3/IEKTPOLHOIO
npoMexXyTKa:a - YucThiii N3, P = 1 Topp (m), 5 Topp (e),
10 Topp (a), 20 Topp (¥); 6 - cMecb Ny:He=1:10, P=11 Topp (+),
1 Topp (®-.uncTuiit N,).

B paspsagpe B uncroM azore npH P<10 Topp MakcuMyM TeMIiepaTyphl
HalnlonaeTcd B LUEHTPAJILHON 30He 1, MeXaneKTpoaHOro npoMexyrka (puc.2,
a). C ysenudyenueM pamineHus or 1 go 10 Topp temmneparypa B ueHtpe PK
Bospactaer oT 430 go 500 K. Ilpu 3rom 3navenme Ty BOAM3H 3NEKTPONOB
[pakKTUYeCKH He H3MeHsAeTcs WM He npeBblimaer 400 K. JdanwHeituiee
yBenuyeHue AamieHud ajota B PK no 20 Topp npHBOOHT K CYLIECTBECHHOM .
TpaHcgopMmaunn pacnpeaencuus Ty(L): B obnactn L, TeMneparypa cHrxXaeTcs

mo ~400 K, a Makcumansusie 3HaueHus Tg ~600 K na6monalorcs B 30Hax,

TPAHMYAILMX C TIPHMBNCKTPOAHBIMH CJOSIMH L, HECKOMIEHCHPOBAHHOIO
MpOCTPaHCTBEHHOTO 3apsina. [lpn nobaBneHnM K a3’0Ty renusi pacrnpefelieHHe
Tg(L) n abconmoTHble 3Ha4YeHHs Ty npakTHYECKH He M3MEHsoTCa (puc.2,6). B

uccllelyeMOM IHanasoHe pasneHui mnpoduan Tg(L) u (L) monoGum:

HanboJblINe 3HAYCHHUs TeMIepaTyphl HAOMIOAAI0TCA B 30HAX ¢ MAaKCHMaJTBHOM
HHTEHCHBHOCTBIO cBedeHHUs [™2X, K3 pacyera GanaHca 3HEPrHH 3JICKTPOHOB B
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IUTa3Me Ta30BOTO paspslla B HMCTOM a30T€ YCTAHORIEHO, YT0 B YCJIOBHSAX,
nofo6HEIX peaTH3ylolMMcd B MCClielyeMoM  paspsge  (NpHBEICHHas

HAaIPSOKEHHOCTh 37eKTpuyeckoro nons E/N~ (5-6):1016 B-cm?), mo 50%
BKJIAALIBAEMON B pa3psal 3NEeKTPHYECKOH 3Hepruw W pacxonyercs Ha
BO3CyXAEHHE KOoNeOaTeNbHEIX YPOBHEH MOsieKy/l N2 B OCHOBHOM 3JIEKTPOHHOM
coctosiHun X!'E (Lovke u ap., 1973). [Ipyras YacTs sHepruu W TpaTuTcd Ha
3JIeKTPOHHOE  BO3OYXIOEHHME, MOHM3ALMI0 MW OUCCOUHALMIO  MOJIEKYJI.
JIOMMHMPYIOIIMM CPEIM 3THX MpOLECCOB sRIsLercs Bo30yxueHHe Monekyn Np
B coctoanua C3[1, BT u A3X (Zhang u ap., 1993). PaspylueHune cocTOAHHMM
BT u CN npu pamnenmsix 1-10 Topp ocymecTansercss IMABHEIM o6pazoM
myreM pPalWAaLMOHHOIO pacnaga ¢ HTyd9cHHEM CBETOBOIO KBAHTA, a
ne3axTuBaumMsi MetacTabwiedi AL NpPOHCXOOMT B OCHOBHOM B pe3yNIbTATe
MapHBIX CTONIKHOBEHH

2NL(A3Z) - Ny(BT) + Ny(X!T) + AE,

COMPOBOXIAWOWIMXCH BhieneHHeM B Tero 3Heprud AE (Cnoseuxwmii, 1980).
TaxuM o6pasoM, perucrpupyeMoe B 30HAX ¢ [™* (NpHUMBIKAIOWIMX K
NMPHUANIEKTPONHEIM cllosiM L) 3HAYUTE/IbHOE MOBLILIEHHWE TEMIIEPaTyphl

HEHTPANBHON KOMIIOHEHTHI TUIa3MBI CBA3aHO, HApsAdy C Je3aKTHBALUEH
kone6GaTensHBIX cocTogHHI Ny (X, V'), ¢ npoleccaMy caMOTYIIEHHS MOJIEKYA
N; B MeracrabwibHoM coctosiiuu AL, CyluecTBEeHHBIH BXJad B HaIpes
mnasMbl npd Hatidud B PK npumecn monexyn H,O Moryr aates Taxke
npoueccn o6pa’oBaHKA PagNKaIoB rHIpoKcwia OH

H,0O(B'E) - OH(A2Z) + H,

TpoTeKaloWHMe dYepe3 BO30OYKIEHHOE aneKTpoHHoe coctogHHe H,O(BlY),
KoTopoe obnagaer H3IOWTKOM IeGOPMALMOHHOH KoNneGaTeIbHOH 3HEPIHH,
YACTUYHO BhUlesusnioulelics B Teruio (Oukmu u np., 1985).
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DYNAMICS OF A PLASMA IN A STRONG OBLIQUE
LANGMUIR WAVE FIELD

V.L.Arkhipenko, V.A. Pisarev, L.V.Simonchik

Institute of molecular and atomic physics ASB, Skorina av. 70,
220072 Minsk, Belarus

Abstract. The dynamics of plasma in resonant area of the strong oblique
Langmuir wave is investigated, when the oscillatory electron energy in the
wave field much exceeds the ionization energy of argon atoms.

The interest to the laboratory investigations of the strong
electromagnetic wave interaction with plasma, when the oscillatory
electron energy €. is higher than the atomic ionization energy E, is
connected with a possibility of application of knowledge about
processes at such interactions in various branches of phygics and
engineering. Strong non-equilibrium of plasma at such conditions
have an essential influence on the electrodynamics of the discharge
and kinctics of the elementary atomic processes (Gil'denburg,
1389; Vikharev, 1991). To know ionization frequency, excitation
ratcofatomsandnonsmstmngclcctromagneucwaveﬁcldm
important for the practical applications.

In present work the dynamics of the partly ionized and
magnetized argon plasma inhomogencous both radially and axially
mmvcshgalcdalmmdcnocthcahort(hundmdsofnmmcondcs)
microwave pulses by power of a several kilowatt. The experiments
were performed in a linear plasma device "Granite” (Arkhipenko
et.al., 1981) with the next parameters: intensity of an external
magncﬁcﬁcld-3k0c working gas-argon pressure - p = 10-2
Torr, scalcofthclongxmdma.lplasmamh t;y 5 cm, cross
scale - 0.4 cm, electron concentration - n, < 10!f ¢cm3, electron
temperature - T, = 2 eV.

An oblique clectrostatic wave basically in the form of the
fundamental Trivelpiece-Gould mode was excited in plasma
influence of a electromagnetic wave with frequency f = m/(2z)
2,84 GHz essentiaily smaller than electron cyclotron frequency, but
hxgher than the ion plasma frequency. Thc dispersion relation for
this wave is k,2 = [@pe? (1, z) / ©2 - 1] k(|2 , where k|| and k; are
the components of cwavcvcctorpam]l:landtransvcmetothc
magnetic field, op(r, ) = 4rce?/m, - clectron plasma frequency,
n, - critical concentration. The wave can propagatc in a plasma
with density higher than the critical value (ng(r,z) > nJ in
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duecuonofdccrcamngdmtytoapomtofnphmfmqumcy
resonance (focal point) m= Dpe(T, Z)- Propagating in this fashion
the wave slows down and electric field increases. Both the
clectron-plasma collision wavc absorption and the wave
interaction with electrons by Landau damping mechanism occur
just in the neighbourhood of the focal point. The calculated
amplitude of an electrical ficld of the fundamental Trivelpiece-
Gould mode in focal point is about 100 kV/cm for incident power
P = 10 kW. Then the oscillatory electron energy will be equal & =
e2E? / (2myw?) = 25 keV >> E, that much exceeds the ionization
encrgy of argon atom £ = 15,76 eV.

To study of processes in plasma before and during wave
influence we have used the follow diagnostics: cavity diagnostic
allowing to measure the electron plasma density distribution;
Opncaldmgnomesgwmgthcmformatmnaboutthcchangcofthc
intensity of the integral plasma emission in visible spectrum range;
registration of a light radiation spectrum in the range of 400 - 500
nm; multigrid analyzer of charged particles allowing to control
the distribution function of the electron component; the
information about plasma wave processes was taken from the
spectral analysis of scattered microwave signals. The registration of

signals from all electronic gauges was made using the stroboscope
voltage converter. The gathering and the treatment of the

experimental information was made under PC IBM control.
I, au. ) Parameters of
16 - microwave pump in
experiment: pulse power P =
10 KW, pulse duration t ~ 300
ns, pulse front duration ty ~ 40
ns, pulses repetition frequency

300 Hz.

Atmmalmomcm(t<

150 ns) the longitudinal
distnbution maximum of the
integral plasma emission is
located in the area of the
critical concentration (arrow
" in Fig. 1). There is the growth

0 — ——— of the emission intensity from
10 20 30 40 the smaller concentration of
z,cm initial plasma at t > 150 ns.

Fig.1 The uniform luminous
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channel is formed to the pulse end. In a cross direction the plasma
?rrslisigndisuibuﬁonhavcthclength~lmmandthcnmendsin
,J - 2 times.

There are the low-frequency fluctuations with frequency 10-
20 MHz in detected scattered microwave signal from the moment
of formation of the luminous channel (150 ns). Then their
frequency decreases to the pulse end. At the start-up of pulse the
multigrid analyzer registers a quasi-macswell tail of the accelerated
clectrons with Tj, ~ 500 eV. At t> 150 ns T, decreases in 2 - 3
times, at the same time the electron concentration has a tendency
“to the permanent increase during the pulse. The concentration
increase is followed after the microwave pulse during the tens
microseconds, and then slow plasma decay is observed. It i8 occur
due to slow relaxation of high eclectron temperature after a
microwave pulse. ‘

Arll

400 ns
I T ! T I 0 1
450 452 454 2, nm 40

Fig.2

The ion lines are the most intensive at the beginning of a
pulse and the spectrum is practically submitted by Arll lines
(Fig.2). Perhaps the excitation of ions occur from the basic state
of argon atoms after collisions with accelerated clectrons. The
plasma peremeters in focus are changed during a puise: electron
concentration is increased, wave ficld decrcases, that results in
reduction of electron energy. Therefore the lines Arll intensity to
thcpulsccnda]sofalland bcoomcweakcrt.han Arl one.

The longi tral line intensity distribution for ion
Arll (4545nm(4s2P P?)) in various time moment from start
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of is presented in Fig. 3 (curve 1 -t =70 ns, 2 - 80 ns, 3 -
ns, 4 - 110 ns, 5 - 130 ns, 6 - 180 ns). At t < 110 ns, t.hc
manmmnofmtemtymlocawdmmcamoffmofmmal

plasma, similar of integral light distribution. However, in this case
distribution curves have an obviously expressed maximum and
repeat a theoretical ofcloctrmalﬁeldwavedlstrhnmn in
the area of focus (Arkhipenko et. al., 1987). Since t>110 mns,
ma:dmumofdism’lmuonbeginstodmplace that is likely to
connect with growth concentration of electrons and, as a
consequence, displacement of focus point. Knowing electron
conccnuauondxstribunonmuumlplasmanwanddmlmemem
time of a longitudinal intensity distribution maximum t, it is
possible to estimate ionization frequency in plasma: vi/p ~
In(n/ngo)/t & 3x10% 571,

The estimation of ionization frequency have been carried
out also, basing on change in time of intensity of a spectral line of
mncomponchAcoodmstothepInsmacmwnmdclI ~ ny and
for ionization frequency was received the following value: vi/p w~
3,5%x10° s°1, that is close to already received one above from the

analyms of focus point displacement.
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HHTEPOEPOMETPUYECKHE U CIIEKTPOCKOIIMYECKHE
UCCIIEFOBAHHUA IVIABMEHHBIX TTOTOKOB B KCITY [1-50M

B.M.ACTALILMHCKHUM, [.H.BAKAHOBUWY, E.A. KOCTIOKEBHY,
A AMAHbBKOBCKHH, 1.4 MUHbKO
Hucmumym monexyasproit u amomuoti gusuxu AH beaapycu,
npocnexm @.Crapwnet, 70, Munck, 220072 beaapyce

Peswome. [lpencramicHsl  pe3yibTaTbl  MHTEPDEPOMETPUYECKHMX M
CMEKTPOCKOMUUECKHX MCCJIEJOBAHMA  KOMITPECCHOHHBIX IUJIA3MEHHBIX TIOTO-
KOB B ABYXCTYNEH4YATOM KBA3MCTALlMOHAPHOM CIJIBHOTOYHOM IUIa3MEHHOM
yckoputeae (KCITY) tuna [1-50M (Ananuu w op., 1990), pabouum rasom
KOTOPOro AB/IAETCS BOAOPOLL.

I.BBEAEHHE

Beicokye 3HauyeHMst nMapaMeTpoOB ILIA3Mbl, peasiM3yeMble B KBasHCTa-
LIMOHAPHbBIX CHIBHOTOYHBIX TUlasMeHHbIX yckopuresasx (KCITY), npu otHocH-
TeAbHO HebonblWoN AnuTenbHocTH paspsaaa (~ 400 Mkc) co3malT onpe-
JEJICHHBIC TPYAHOCTH U1 NIHArHOCTHKHU TAKUX CHUCTEM.

HauvGonee MHPOPMATHBHBIM H B TO XK€ BpeMs HauboMIee CIOXHBIM
ABNAETCA WHTEPDHEPOMETPHUUCCKHUIH MeTOd AUATHOCTHKMU. [JJOCTOMHCTBOM Me-
TOOA HBJSIETCH BO3MOXHOCTb NOJAYYEHMs! OOLIMPHOK M A0OCTOBEpPHOM MHOOp-
MauuM 0e3 BHECEHMWA BO3MYLUCHWH B UccaegyeMyio rmtasMmy. [lpuMeHeHue
HHTepdEepOMETPa B COYETAHWW C BBICOKOCKOPOCTHOW CBEMOYHOH KamepoM
NO3BONSICT HE TOJBKO BH3YAJIM3MPOBaATb MPOUECCHI, HE AOCTYNHbIE POTOr-
padpUYECCKONW perUCTpaliMM, HO MW ONpedciisiTh ¢ BBICOKOH TOYHOCTBLIO
NPOCTPAHCTBEHHO-BPEMEHHOE pacnpeliejieHHe MapaMeTpoB B McciaeayeMoH
w1a3Mme.

O6cyxaast BO3BMOXHOCTH TMPHUMCHEHHUS CIIEKTPOCKONMUYECKHUX METONOB
auardHoctuxud B ycaoBusix KCIIY, HeobxoauMo OTMeTHTb, YTO IJis TAKOro
pola CHCTEM XapaKTepPHO Haluuue obyacteit ITa3mbl ¢ CYLLECTBEHHO pad-
JANYHBIMA TEMIIEPATYpaMH W IUJIOTHOCTSMM 4HacTUl. TeMIieparypa 3JIEKTpo-
HOB MOXET COCTaBusITh ~ 1 3B B xaHane u corHu 3B B KoMnpeccuoHHOM
NOTOKE, KOHUEHTPAlUMUsA DBAEKTPOHOB TIpU 3TOM TakKXE MeEHseTcss Ha
HECKOJ/IBKO MNOPANKOB. 3JTO BbI3bIBAET ONPEAE]CHHbIE TPYAHOCTH B CIIEKT-
pockonuueckoit nuardoctuke KCITY, koraa paGouuM rasoM foOCIeAHErO
SABISICTCA  BoAopod. B Takux ycrmoBusix 6ojiee yaOOHLIMM B 3KCIIEPUMEH-
TajJlbHOM [UIaHE OKa3blBalOTCA METOAUKMH OMNpeAesIeHUA MapaMeTpoB  [J1a3Mbl
C MCHOJIb3OBaHHEM  CIIEKTPaJbHBIX JIMHUH aTOMOB M MOHOB MHEPTHBIX ra-
30B, CHELMaIbHO BBOAMMBIX B KauecTBe NpuUmeceH B pabodydi ra3 WM
HEMOCPEACTBEHHO B ONpPEOE/IEHHBIM 3JIEMEHT yckopuTesi. IlapameTpbl ylIM-
pEHMA AN 3THX JTHHMUHA MEHbLUE, a TCMIECPATYPHBIA AMana3oH, B KOTOPOM
OHN 3QGEKTUBHO BO30DYXIAIOTCH, LWMUPE MO CPABHEHWIO C JHHUAMH BOIOPO-
na. obaska B pabouuii raz HeGoABILIOTO KOJMYECTBA TIPUMECENl MHEPTHDBIX
ra3oB C OTJIMYAUWMWMHUCA MOTCHUHATAMH WMOHH3AUMH ITO3BONISIET HE TOJBKO
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OlNpeAe/IMTh TEMMOepaTypy M [JIOTHOCTb IJ1a3Mbl, HO W BH3yalH3MPOBaTh B
ob6beMe KCITY obnact¥ ¢ pa3siM4YHbBIMM 3HAYEHWSAMM MapaMeTpoB.

2. PE3YJILTATBI DKCINEPUMEHTOB

KoHlleHTpauusi 21eKTPOHOB IUIa3MEHHOTO NMOTOKa 3a Cpe3oM Kartod-
Horo TpaHcopmepa KCITY onpenensnacs HHTEP(PEPEHLIMOHHBIM METOJOM C
[TPOCTPAHCTBEHHO-BPEMEHHBLIM  paspellieHHEM C [TOMOUIBIO IBYX3€pKaibHOIo
ABTOKOJUTMMauHoHHoOro MHtepdepomerpa M-200 ¢ nonem 3pexns 200 mm rio
METOOHKE, ONUCAHHOM B (ACTallMHCKHH W ap., 1981). OaHako peannsa-
LHS METOAA BbI3BANA CYLUEGCTBCHHbLIC TPYAHOCTH, CBSI3aHHBIE ¢  OOJBLLUIMMM
pa3MepaMH BaKyyMHOHN KaMepbi, CMOTPOBLIX OKOH M 3epKaj uHTepdepomeT-
pa. Cpeay OCHOBHBIX Mpob/jieM OTMETHM TaKHe, KaK KOHCTPYKTHBHAHd COB-
MECTUMOCTb HMHTepdepoMeTpa W Kamepbl, BOCIPUMMUYMBOCTL NnpHbopa K
BUOpanMaM, BAMSHUE ONTHMYECKMX HEOAHOPOHOCTEH CMOTPOBLIX OKOH Ka-
MEpbl  Ha KayecTBO MHTepdepeHUMOHHON KapTHHBIL. brarogaps KoHCTpyK-
TUBHLIM OCOOEHHOCTAM WHTepQEpOMeTpa TEPEUNCTICHHBIE BhILIE TPYIHOCTH
6uiM  ycTpadeHbl. HMurepdepomerp (puc.l) cocTtouT M3 Teneckona (4),
dbopMupyIOLLIero napajUieNsHbiii caeToBoil myyok awamerpom 200 MM, nepei-
Hero (5) W 3aaHero (6) 3epkall, OTPAXAWUWMX COOTBETCTBEHHO OTIOPHKIN
M ITpeAMETHBIA NyYKU, U cBeTomenuTens (7), HanpasBlIsICUWEro MX B BHICO-
kockopocTHoU perucrparop BOY (8). lockoabky 3epkana HHTEPQEpPOMET-
pa HaXOASITCST BHYTPH BaKyyMHOW KaMepbl, BJIIMSHHE ONTHYECKMX HeolIHOo-
POAHOCTEH CMOTPOBOrO OKHa, 4Yepe3 KOoTopoe BBOAMTCH 3O0HAUPYIOLIMI TTy-
4YOK, Ha Ka4yeCcTBO MHTepDEPEHUHOHHON KapTUHBI OJHOCTBIO YCTPaHIETCS.
HakoHew, xecTkoe xperuteHHe 3epKayi K cTeHKaM Kamepbi obecrnevyusaeT
HaeXHyo BHUGposawuTy npubopa. KOctuposka 3epkasl NMPOBOAMTCH CHAPYXH
kaMepbl. JIng yMeHbUIEHNS OMNACHOCTH pa3pylleHMsl TIOKPBLITHH 3cpKai Tuias-
MOH, HaxoOslielcs] B 3aaHOOHOM TPOCTPAHCTBE, Yibl MX KpeTUleHHd To-
MellleHbl B KOpIyca, oOpasyiolye KapMaHbl rayouHoi 150 mm.

Tunuyuas vHTepdeporpaMMa MJIa3MEHHOTO MOTOKA, BbIXCAALIETO M3
KCITY, npeacrarneda wa puc. 2. JUisi cuMMeTpUuHbIX MHTepdeporpaMm
npousBoanica abeneBCKUH rnepecyeTr CABHIOB I0J0C, YTO MO3BOJIMIIO
MOCTPOUTb NPOCTPAHCTBEHHO-BPEMCHHYIO KapTWUHY paclpeaeieHHa KOH-
LCHTPALUMH 3JIEKTPOHOB KOMIIPECCHMOHHOIrO MJIa3MEHHOro rnoroka (puc. 3).

CreKTPOCKONUYECKHE HCCAeA0BaHMS I1asMeHHoro mnoroka B KCITY
[1-50M nposoannucs ¢ noMolsio cnekrporpada UCIT-30 B koMBGUHauMK co
cnextpoxponorpapom CI1-452. BpeMmeHHON uHTepBan, B TedeHHEe KOTOPOro
peruCcTPUpOBANOCH M3NydyeHHe, cocTaBnsan ~ 40 Mkc. B kauectBe pabo-
yero raza KCIIY wucnonp3opanack ¢MeCh BOAOPOAQ C FejIMEM B COOTHOILLE-
Huyu 3:1. KoOHUEHTpauus 3JICKTPOHOB B IUIa3Me OIpeAensUlach [10 yiuupe-
Huto ikt H v Hel 587,5 nm, obBycnonieHHOMY NUHERHbIM M KBaapaTHu-
HeiM 3ddekrom Ultapka. VYepenHelHbie MO JIy4y 3peHMS IMJIOTHOCTH 23JEKT-
POHOB,  M3MepcHHbIE 1o  ywwupeHuww auHuit  H — u  Hel,
COCTABHUIIMA COOTBETCTBEHHO ~ 3,510 u ~ 3,6-10' cm3. Pacxoxime-
HHE pe3yNbTAaTOB M3MEpPEeHHH N, MOAYHYCHHBbIX C MCMONbL3OBAHUCM YKA3aH-
HbIX JIMHWHA, BBIXOAWT 3a Mpeaesibl olmnboK M3MEPEHMH M CBSI3AHO C  MPOCT-
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Puc. 1.Cxema paspsunHoro ycrpoiictea KCITY [1-50M coBMecTHO ¢ uHTepdhe-
pometpoM KM-200: 1,2 - katoaHblit ¥ aHoaHBIA TpaHcdopmepsl, 3 - BUK;
4 - 8 - 37eMeHTbl HHTepdepoMeTpa
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Puc. 2. Tunuunag uurepdeporpamma Kommnpecchonnoro noroka KCITY.
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Puc. 3. Pacnpeaencaue N, B xoMripeccHoHHOM nioToke s t = 200 mxc,
U, =4 kB.

PAHCTBEHHOM HEOOHOPOAHOCTHIO rutasmeHHoroe noroka KCITY. Jlunmuu Hel ¢
Bonee BLICOKMMH ([0 CPABHEHHWIO € NUHMIMM ATOMa BOJIOPOIA) 3HEPrHsIMH
BEDXHMX YPOBHEH BBICBEUMBAIOT M3 LEHTpPanbHOI, Oonee ropsaver o6-
nactu. 3Toil 061aCTH M COOTBETCTBYIOT 3HAYECHHH  TUIOTHOCTH  3JEKTPO-
HOB, fIOMYYEHHBIE C HCITOILIOBAHMEM JIMHMIT ATOMa FesIus.

B 3aAKJIKOYEHME OTMETHM XOPOIHCE COOTBETCTBME pcayﬂb‘ra"rou H3IME-
peHHH, MOAYYeHHBIX HMHTEpHEPOMETPHUECKHM M CIIEKTPOCKOIHYECKHM METO-
AAMM.

Comcok mTepaTypi
Aunannn C. .M., Acrammmucknii B.M., Bakanosuy M. u op.: 1990, Pusuxa

naasme, 16, 186.
ActawnHckun B.M., Kocrwokesny E.A.: 1981, Quzuxka naasmu, 7, 523.
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JABLIHAMIKA ®APMABAHHYA I TOPMAJIBIHAMIUHBIA VIIACIIIBACIII
KAMITPDOCIMHAN DPA3IMHAHN ILUIA3MABAM ILJ1bIHI
V IIABETPBI ITPbl ATMAC®OEPHBLIM LICKY

B.M.ACTbILIBIHCKI, AAMAHbKOYCKI, JI.A.MIHbKO
lncmuimym manexyaspuail | amamuail Qizici Akadamii nasyk beaapyci,

npacnexin D.Crapuinsi, 70, Minck, 220072 beaapycs

Pazwma, [lpeiBen3eHsl  BBIHIKI JacnelaBaHHSY YIIEPUIbIHIO AaTPbIMAHbIX Y
naBeTpbi Npbl aTMacgepHbIM MIiCKY KaMIpP3CIMHBIX 3pa3iiiHbIX I1a3MaBbIX

l'Ll'Ib[IlHS:', CKJIad SKiX BbI3HAYaeUlia P34biBaAM HYTPAHAra s3JIeKTpoay.

1. YBOJA3IHDbI

HactarkoBa BsUliKas yBara Hajacuua Aac/JcJaBaHHAM, CKIpaBaHbIM Ha
aTpbiMaHHe IUIa3MaBbIX YTBap HHAY y naseTpbl  HapMaibHara  (aTtMmac-
dbepHara) UiCcKy, MakKoAbKi ¥ TI3TbIM BBINANKY ICHYe CcBAaOOAHLI ZOCTYN nOa
TUIa3MBl.

Haiibonpluae pacnayciomxBaHHe Tpbl OACeJaBaHHAX [UTa3Mbl ¥ rasax
HApMaTbHAra LICKY aTpbiMani CTaUbITHAPHBIA NYTABBIA TUIA3MaBbld  KPBIHILIBI.
AIHAK, CICT3Mbl TaKora KIUTaITy TIeHepyloUub IUTasMy 3 alHOCHA HI3KIMI
3HAYIHHAMI MapaMeTpay, 1ITO ICTOTHA CTPLIMJIBAE IXHSAE YXKbIBAHHE ¥ HaBYUbI 1
TOXHILBL ~ ATPbIMAHHE X HAKIPaBaHbiX [UIa3MAaBbIX IUIBIHAY Y [3ThIX YMOBaX
BBIKJIIKAE BSUIIKIA  LSDKKACUI, 3BA3aHbIA 3 HeabXoQHACUo HakiiagHai
ciMeTphI3albli paspady (payHamMepHbIM pa3sMepKaBaHHEM pajpajHara TOKY Ia
paGouali  naBepxHi  KAaaKCUBUILHBIX  3JIeKTpoaay). Y 1UYbUIbHBIX — rasax
HaliMeHLIAE MapywsHHEe CIMETPbli BSAA3E Aa Taro, IITO 3aMeCT IUTa3MaBai

nbiHI GapMyeua nyraebl pa3pad, “IpbIMauaBaHbl® 1a II3YHBIX yyacTkay
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anexTponay. Y JermubM  BBINAAKY aTpbIMIiBaOUb IUIAa3MaByl0 IUIBIHE 3
HaBaKOJIbHaM CyUsabHail [ulasMmaBail abanonkail, sAkas abanipaeuua  Ha
BOHKAQBbI 3/EKTPOA. [cHaBanHe X CyusnbHai IUiasMaBal  abaloHKI
nepalkamkae ceaboaraMy JIOCTyNy Ia TUIBHI. AKpaMsi Taro, paspal MaMix
KaakcisibHBIMI - 3nexTponaMi  anOwiBaciua Y abMexaBaHal  abanoHkan
MpacTopkl, TAMYy CKIaA TUIa3MaBaid  TUTsIHI  BbI3Hauyaella npamyKrami
pa3bypaunia (3po3ii) anexrponay i pasgsansUibHara isasisrapy. Tamy acabnisyio
HAaBYKOBYI0 [Ibl [PaKTEIYHYIO 3HAYHACIlb HabObIBAOUb AacielaBaHHI,
HAKipaBaHEBIS Ha MOLIYK LUIAXOY aTpeIMaHHA Y 1OYBUIBHBIX ra3ax 3pasiiHbIX
IUIa3MAaBLIX TUIBIHAY 3amag3eHara cKiiaay, cBabOAHbIX ajJ Cyu3nibHail BOHKAaBai

abanoHKl.

2. BBIHIKI JACJIEJABAHHAY

YreplusiHO KaMripaciiineia  spasifinem  rurasMassig romsrHi (KSTIT)
3ajaj3eHara ckyajy,  HMKi BbI3HAYacilla pybiBaM  HyTpaHora  3aEKTpoay,
cBabOIHBIS Al BOHKaBai cyusabHad riazmaad abajioHki, ObUNl aTpbIMAaHbl
HaMmi ¥ maseTpsl npbl aTMacepHBIM LICKY 3 [JanaMorad  pacrpatiaBaHbix
TAPUOBAra  paspajHara rnpblcTacaBpaHHsl | kamblHaBaHall 1UIa3MaabIHAMIYHAW
cohlcTambl (MiHsko 1 iHw., 1991; Minsko 1 inw., 1992). AaMertHaii pbicait
I3TBIX CHICTAM 3'Ayasellla Toe, LUTO BOHKAaBBIA 3NCKTPOObl bl OaTtapas
KaHA2HcaTapay BuIKaHAHLI CCKUBIABAHBLIMI (3 aZHOJbKABaill  KOABLKACLIIO
CEKLLIA), TMPpLIYbIM  KOXHAH cekunig 6Garapal  any4aeuua 3  HYTPaHbIM
3JICKTPOAAM 1 3 albiM Ca CTPLDKHAY (CeKlibli) BOHKaBara 23/ieKTPOMY.

Slk BeIHiKae 3 pJacnefaBaHHAY KAMIPAICIHHBIX MALIHAY, AbIHAMIKa
hapMaBaHHA, NAPaMETPBI IUTA3MbI, HTaK Xa AK 1 GisiyHbin Ymacuisacui ¥

UMBIM, BBEIZHAYAIOLIUA ¥ KAHYATKOBLIM BBIHIKY KaH@Irypaubisii 3ieKTPLIYHbBIX 1

MarmiTHuIX naneéy,  sxis camaysrogHeHa YcranéyBaiouila pasMepKaBaHbIMI
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ToKaMi pa3panHaid cbicTaMbl. TaMy pa3MepkaBaHHE TOKY [11a BOHKaBaMmy
SNIeKTpOMY I[IpbICTacaBaHHs, sKOe [Mpbi3HayaHa 1A reHepausli KDIIIT y
WYBUTBHBIX ra3ax, cKaHOIrypaRaHa IMPLIHULINOBA HEANAHAPOAHBIM,  LULIXaM
pasbilius raTara 3JIEKTPOOy Ha cekKubli (CTPbDKHI). Y rI3TBIM BHINAAKY Ha
KOXHbBIM CTPbDKHI 3J1eKTpody ¢apMyclilla CBOHW TOKAHACYYbl CTPYMEHb 3
yJAacHBIM  a3iMyTQUIbHBIM MAarHiTHBIM TIOJIEM. AcHoYHast (xamripaciiiHas)
3pasiifHad Tna3MaBas IIbiHL ¢apMyenua adanipajoybics Ha Tapau HyTpaHora
snektpoay. Toki ¥ KO3IIIl abl  BOHKABBIX  CTPYMEHsSIX  HakipaBaHbl
CYTIpOUBJIErNa, TaMy IXHS€ 3JeKTpalblHaMIYHae Yy3aemal3essHHEe BbIKJIIKAe
agxiteHHe (agWTypXoyBaHHe) cTpyMeHAY ax acHoyHai IUIbIHI. Y I3ThIX
BapyHKaX MakCiMyM BbIHIKOYHAara MarHiTHara FiojIsl TOKay IUla3MajblHaMidHaH
ChICT3MBI MNaBiHeH <¢apMaBaua y abcary naMiKX acHoyHal TUIBIHHIO bl
BOHKABBIMI  CTPYMCHSIMI, WITO  CTaHOY4YbIM  4blHaM  anbiBacula  Ha
makpaycroitiiacui K3IIII 1 § nmamarak  Baagse Oa  3'AYnNeHHA 3QPEKTY
MATHITHAH caMal3aisiubil pa3A3syisUIbHAra [AbI3JIEKTPbIKA Pa3pagHaW ChICTIMBL.
YcroiuliBae icHaBaHHe acHOVHad 3pasifiHad nnasMmaBal IIbIHI  pa3aM 3
MaJioi pa3GexXHacH0, Ia3TakK Xa AK BIiKI cracyHax AayxmuiHi ruibidi (T 15 cM)
na sie apigMeTpy (1-2 cM) Bbi3Hayae KaMrpaCiiHbl XapakTap I'aTai IUIbIHI.

TaxiMm yblHaM, 3agava ab apmasaHHi KS3T1[T y urgbUibHBLIX ra3ax Bbi-
pawaelila npa3 alJ3KBaTHae KaHQITypaBaHHE VYIacHBIX  3JE€KTPaMarHiTHbIX
naiey spasiiHail  ry1a3MaablHAMIYHAH CBICT3MbL LIUIAXaM (apMaBaHHs ToKa-
HACYYBIX CTPYMEHSIY Abl apraHisalbil aianaBeldHara  pa3MepKaBaHHA  pas-
paxHara TOKY.

JIx naka3Baloilb  CMEKTPACKAMIYHBIA  OACACHABAHHI, KaMIIp3cidHas
pasiiiHasg IUIbIHB, KaJli sic aTpbIMIIIBalOLb Y UIYBUIbHBIX Fa3ax, Mae ICTOTHae
caManarjblHEHHE BbIIpaMEHbBAHHA. ¥ I3ThIX BapyHKax Haa3cHHbIM MeTaaaM
BBIZHQUYSHHS  T3PMAAbIHAMIYHBIX  Mapamerpay IU1a3Mbl 3’ayaseuua

GoTa’nneKTPblMHAst METOABIKA ParicTpalbll BbIIIpaMeHbBAHHA. lakid Oacie-
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paBanHi K31 npaBopsinics ¥ A3bBYX CIEKTPANbHBIX iHT3pBanax 465 - 555
HM i 745 - 1120 HM, $Kis BbIp33Balicd MA3YHbIM HaboOpaM anTbIYHBIX QUILTPAY
(AcTalmiplHCKE abl 1HW., 1995). BrikapbicToyBasacsi O3bBYXKaHAIbHaA CXeMa
BBIMSID3HHAY, fAKas Ja3BaisUia NMpaBOA3illb [Jac/eJaBaHHI BbINPAMEHbBAIOYLIX
xapakTapblicTbik KOI1Il, ratak xa sik 1 KadsdiubleHTay NarIbIHEHHA, fAKiA
aTPLIMIIBAII MPLI CAMaNpPacBCYBaHHI IUIa3MBI.

BouiMaAp3HHI criagansHal fUIbIHE - BbINPAMEHBBAHHA bl  CIIEKTPANLHbBIX
KasgiubleHTay nariblHEHHA  Oa3BOJLIL  BBI3HAYBLIIL YCE acCHOVHBISL BblIpa-
MeHbBaloublg xapakrapbicTeiki KOITI1 sk TapuoBara spasiiiHara rnpblcraca-
BaHHA, TaK 1 KamOiHaBaHal IuUla3mManpiHaMiyHal CbICT3MBI.  BbizHayaHa
CMEKTPaIbHAs HIYbUILHACUL 3Heprii BhinpameHbBaHHA KOIII1 3 nepapaami-
KaM Ha TIOYHBI LWSUTIECHbl BYTQI, padiidyaHa CIEKTPAIbHAS LIYbUIbHACIb
sHepreTeryHal 3sipxacui (CLLI33) BelripaMeHbBaHHS TUTA3MBI.

Ila paznivaneiM  3HausHHaM CLID3 seimpamenbBanHs KITIIT awi
BRIMEPAHBIM  Kad(diubleHTaM MNarfibiHeHHA ObUIa  BbI3HAYWAHA  canpayoHas
TOMIIEpPATypa IUIa3Mbl, MakKciMalabHae 3HAuY3HHEe $KOH ckjana ¥ TapUuOBbIM
3pasiifHbIM npblcTacaBaHHi ~ 22-103 K, a ¥ kambiHapaHail ruiasMaablHaMIYHAR
coictame - 40-103 K npbl aIHONBKABBIM Y3pOVHI HalamaliaHail y 6arapasix

KaHasHcarapay aHeprii (~ 30 xJ1x).
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HCCIENOBAHHUE INAPAMETPOB YACTHII KD
B KATOOHO! CTPYE DJIEKTPHYECKON OIVIry

Barunno J.B., 3onoroeckuit A.W., Cmarnukos M.II., uManopwa B,

Uncmumym monexysaprod u amomwoil pusuxu AHBE
220072, Munucx, np.D.Crapunni, 70, beaapycn
E-mail: imafbel9%bas05.basnet.minsk. by @demos.su

Abstract. The size and velocity distribution functions of particles in cathode plasma flow
of argon arc was determined by methods of laser diffraction scattcrmg and speed camera
of their radiation.

Brenenne

C yBenmuenueM TeMIeparyp Ty(t) B 30H¢ KOHTaKTa Harperod JacTHUH
C IOBEPXHOCTHIO H3IEAHA BO3IPACTAIOT OMHOPONHOCTb W aure3ds IOKPWTHH,
NOJyYacMBIX IIPH IUIa3MEHHOM HaNBUICHHHM IOPOIIKOBHIMH MaTepHalaMH
(Kymrnos ¥ mp., 1992; Xykop 1 Cononenko, 1990). 3nauurenbHoe YBeIHICHHKE
Ti(t) DO CpaBHEHH® ¢ CYIIECTBYIOIIMMH YCTPOMCTRAMH Moxer OHTH
JIOCTHTHYTO OpPH HarpeBe HANBUIAEMHIX YacTHI{ IUIa3MOW IIPHIJEKTPORHBIX
ofuracrefl nmyrd, ocoG¢HHO IIPHUKATONHON, rie TeMmIepaTypa IUIa3MH MOXET
nocturath 20000 K (Azharonok et al., 1987; Haidar and Farmer, 1993).

B wmacroametli paGore paccmarpuBaeTca mnoBeneHue dactau KA B
KATOXHOM IUIasMeHHOM motoke myrd (i=200 A, U=25 B, nmuxa gyrd L=10 MM,
11na3Moo0pasyloluit ®  TpaHCHOPTUDPYIOmMHA ra3 - apron). Merogamu
IUPAKIIHOHHOTO PaCcCeAHNA JIa3ePHONO HATYYEHHS HAa JaCTHIAX B COYETAHHMH
CO CKOPOCTHOM KHHOCBEMKOX MX HUTyYeHHUsA oOnpeieneHH  GyHKIUH
pacnipefieIeHUA 9aCTHIL 10 PasMepaM H CKOPOCTAM.

DKCHEPHMERT

Cxema SKcHepUMEHTAIBHOrO CTeHna npueeseda Ha Pucl. Bamo-
OXJIZXIAEMH A KATOOHKIH Y36/l CONePXHMT BONbGPAMOBHIN CTepXHEBOH KaTon M
COIUIO I TIOJIA4H MnasMoobpalsyiomero ra3da W 4YacTHl nopomka (GpoH3a
BpO®-10 (90% Cu + 10% Sn), cpemumnit pasmep 90 mxm). KoHcrpykuusa comna
06eCIIeUHBACT JIOKANBHYIO NOJAYy NOPOMKA Y3KUM IOTOKOM JI0 2 MM B 30HY,
nanbonee GN3Ky0 K xarofy 6e3 HaHIIAaHHA YacTHII HOPOMIK2 HA TOBEPXHOCTH
KAaTOJA ¥ CTEHOK COIUTa

Ha nperHunx ¢ororpadusix AYrH € YacTHIAMM HX TPEKM MMEIOT
seednit 1Ber. CrHexKTpalbHEIE HCCICIOBAHMS I[IOKA3WIH, YTO B  3eeHOH
ofylacTH Ha CIeKTp HITydeHHS TOMOreHHOro mnoroxa (be3 wgacTtuin)
HAKJIaIMKBAIOTCA HHTEHCHBHEE JIHHKH aToMoB Mead Cul 510.5, 515.3, 521.8 uM.
_Dro yxazmBaeT Ha TO, YTO YacTHIAa B IUIa3MEHHOM I[IOTOKC OKpYXeHa
oBoyIouKOR CHWIBHO HIMYydAlOMIEro I1apa MaTepuana YacTHHH. TakuM obpasowm,
perncrpalnd  H300paxeHHA YacTHUW BO3SMOXHAZ TQJIBKO B CHEKTPAILHOH
obnacty, cBobomHOH oOr CHABHEX JHHHHA aroMoB Megd. Kax noxasanmm
IKCIIEPAMEHTRI, 3TOTO YCIOBMA HEOOCTATOYHO: VIS H3YHaeMOI0 IeTEPOreHHOIo
nnasMenHoro noroka (I'TIII) sgpkocTs [OBEPXHOCTH YaCTHMIH MeHbINe
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HHTErpaibHOA BO BpeMeHH APKOCTH TUIA3MH  MpPUKATONHOW  ofnacTu.
OnpeneneHHNeE pe3yAbTaTHl B BHIYAIM3AUMM 9acTHIl MO HMX COOCTBEHHOMY
KRUIY9EHHIO, N10-BHINMOMY, MOTYT ORITh JOCTUIHYTH TONbLKO IPH PErHCTPAallH{
uanydenust I'IITT ¢ BpeMeHHBIM paspelleHHEM.
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Pxc.1. OxcnepraMeRTaTbHWYA CreRA I M3yIeHEd noseacHuA Yacren KAD
B xaTogHOU crpye myrd. I1- wrazMorpor (1-BBoA WIasMoo0pasyolero rasa,
2- BBOJ TPAHCHIOPTHPYWILEro raza | nopomka);, O- ocowurorpad; JI- nasep;

01, 02, 03- obbexrasm;, 31, 32- sarsopar, ®- dwnbrp; UI- mens; PII-
¢oromnernka; I- BOY-1; 1I- CKC-1M; CII- cuexrporpad.

B  pexume  HernpepuBHOK  QOTOperHCTpallMM € BpEMEHHHIM
paspemeddeM 50 Mkc OGeUTH  IIOAYYeHW — W300paxeHHA — MIyYalONIMX
IUIa3MeHHRX 000n049eK 9acTUll B BUOE OTHEJbHREIX TpeKoB. IIo ¥X HaKIOHY K
HAIpaBICHHI0 BPEMEHHOH pa3BepTKM ObUIM ONpelcieHH CKOPOCTH YacTHIL,
BEJIMIWHH KOTOPHX COOTBETCTBOBIM auanaszoHy 4-10 m/c. OieHenHBH 1m0
IuMpHHe TpexoB pasMep K@ 3HauuTeNbHO IIpeBWMAN CpegHUM pasMep
II0)3BAEMBKIX B pAacHbUIMTENb 4aCTMIL. B TOXe BpeMs, CONOCTaBJIeHHe
KOJIHIECTBA PEIHCTPHPYEMBIX TPEKOB ¢ PAaCHeTHHM KOJIMIeCTBOM BROIHMHX B
IUla3My YAacTHIl [IOKA3HBAeT, ITO yBeJIM4eHHe pa3MepOB YacTHIl BCIEICTBHE
koarymaumy  (IpwIMNaHua 1apyr K apyry) Oymer  He3HAYHTENBHO.
ChenoBareJIbHO, OCHOBHOM  NPUYMHOK  YIIHpeHMA  TPEKOB  SBJSCTCA
CYIIeCTBOBaHHE BOKPYT JBUXYIIECHCA YaCTHUH CBeTslIeicsa mapoBod obonodaKkn.

H3ydenue CTpykTvpH I1U1a3MeHHOW O0OIOUKM 9acTHL, MPOBOTWIOCH €
KCIIONBb30BAHHEM CKOPOCTHOM KHMHOCheMKH kaMepoid BDY-1 ¢ pazpemerneM 1
mxc (Puc.l, I). IOna ycrpaHeHus nepeHarokeHuas wu3obpaxenuwit npu
PeTHCTPAaUHK CTAaLHOHAPHOIO TMOTOKA, ONHOBPEMEHHO C YCTAaHOBJIIEHHHIM B
xaMepe 3aTBopoM 32 HCIoNb3oBAICA Goslee CKOpOCTHOR 3aTBop 31 ¢ BpeMeHeM
cpabarnBanus nopanka 1 Mc. Omrudeckad cxema obecriequpana NSTHUKPaTHOE
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HCCJIEOOBAHME NMAPAMETPOR YACTHL K¢ B KATOOHOM CTPYE DJEKTPUYECKON oyru

YBGJIMYEHUE, Yero ObUIO DOCTATOYHO 1A BH3YRTH3AIINHK YaCTHIH dy =50 MxM.
Ha Puc2a npusegeHH ormenpHne KaIpH KHHOCbEMKH. BuiaHo, wro
HaTyqalomye OGONOYKM 94CTHIl HMEIOT BHTSHYTY (ODMY B HalpamieHHu
ABMXCHMS [UTa3MCHHOIO noToKa (K aHomy). Cpemuu#t nmonepewsmfd pasmep
obonouxku cocramndger 0,5-1 MM, 9ro Ha UOPANOK NPEBhIMAeT HavaNbHEMN
pasMep IoaBacMbIX B IUIA3MY YACTHLL

Puc.2. CxopocTHad KHHOChEMKA H3ITYyIeHMS 49acTHll (8) (BpeMs SKCHO3HIAHA
Kafpa | Mxc, paccrogHBe MeXny Kampamd 50 MKC) B HeOpephlBHAS PEerHCTpamds

nrdpaxmmonHoro usobpaxegad vacrmd (6). Crpexxamm A m C  ykasaHw
IOJOXeHHe aH0A H cpe3a KATOMHOrO COIUIA COOTBETCTBEHHO.

B ¢Bs3m ¢ BHIIE HINOXEHHKM, OCHOBHEIE ONpele/lleHHS NapaMeTpoB
yactun K9P ObUIH NpoBeAcHH IyTeM HAOMIONAHMSA HeEIpPephIBHHIX Pa3BePTOK
IHGpakiHOHHEIX H3o0paxeHHH oraenbHhix vactul, (Puc.l, II). Tpex Ha
1sienke obpa3oBHBaNcA BCAEJCTBHE 3aTEHEHHs 9acTHilel nasepHOro nydxa o
MMEeT BHI YepeAyIOIIMXCH CBET/JIRIX H TeMHBX I[0JOoC, PacHOJOXECHHBIX
CHAMMETPHYHO lleHTpanbHOK cBeTyoft mnonoce (Puc.26). Pasmep wacTHnH
ROCCTAHARNIMBWICHA I[10 pPAcCTOAHHIO MEXIY I[epBRIMH MAaKCHMyMaMH BHe
FCOMETPUYECKON TeHM 4dacTHUe. [pagyMpoBka H3MEPHTENBHOH CHCTEME
OCYIECTRILLIACh MO TU(GPaKIHOHHEIM H300paXeHUAM MPENSTCTBUH M3BECTHHIX
pasMepoB B auanasone 50-200 MxM. C npumeHeHdeM NAHHOR MeTONHMKH ObUIM
PACCYMTAHN 3JHAYEeHHS CKOPOCTed W pasMepoB HArpeTHX WYacTHI IIO IJIHHE
IyTOBOIO KZHAIA H XOJONHEX 9acTHI B rasosoft crpye (Puc.3). OrHocuTenbHas
HOTPEIIHOCTL OITIpPEele/IEHH CKODOCTH H pasMepa OTACIBHON 9YacTHMIIW He
npesnimana 3 ¥ 15% COOTBETCTBEHHO.
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Obcyxnenne pe3yARTATON

BpeMd HaXOXIeHWSA 4YACTULH B KaHale OYTH N0 NAHHBIM CKOPOCTHBIX
MCCIeNOBaHMA He IMpeBHmaeT 2 Mc. ECIM NPernoNQXuTh, 9TO B TEYEHHE 3TOrO
BpEMEHH TeMIlepaTypa IIOBEPXHOCTH YacTHUB He npesnigaetr 2400 K, To
IMaMeTP YACTHIIH IOJIKEH YMEHBIIUTLCS H3-332 MCIApeHHs B COOTBETCTBHH C
Dyrkesma u gp. (1978) uHe Gonee wem Ha 7 M. Taxum oOpasoM,
PEerucTpUpyeMoe B 3KCIEpHMEHTE H3MeHeHHe IuaMeTpa Ad=20 MKM He MOXeT
6urTh 00yC/IORNIEHO TONBKO HenapeHHeM. Ilo-BHIMMOMY, 3HAaUHTENBHWH yHOC
MacCH TNpPOUCXONHUT BCJICACTBHE CIOyBA IIOTOKOM IUIa3MH CYOMHMKPOHHEIX
KafieleKk € pacIUlaBleHHOH IIOBEPXHOCTH YacTHUH, DTO MPEIONOXEHHE
COrJIacyeTcst C BHITSHYTOH B CTOPOHY aHOO2 KOHTpardpoBaHHoi opmMoit
00QUIONKH BOKPYT 9acTHLIH.

ITpennoxeHHW# MeTOX BH3IVAIA3AMM YacTHIL, OCHOBAHHWH Ha
HCIIPepHBHOR doToperucrpanny ux mMGPaKIIMOHHKX H300pakeHUH, ABNAETCA
LCPCIIEKTUBHRIM JJIA  OIIPCACIICHUSA IIAPAMETPOB 4YacTHL B TI'CTCPOICHHAIX
1U1a3MeHBHX T1oToKaX. OCHOBHBIM JOCTOHHCTBOM €ro SABISACTCH BO3IMOXHOCTH
TIpOBeNeHUS MCCIeNOBaHUH abnsanuy qacTull B IIOTOKE.
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PLASMA BROADENING OF SPECTRAL
LINES ALONG ISOELECTRONIC
SEQUENCES OF LITHIUM AND BORON

B. BLAGOJEVIC, M. V. POPOVIC, N. KONJEVIC and M. S. DIMITRIIEVIC!

Institute of Physics, 11080 Belgrade, P.O.Boz 68, Yugoslavia
! Astronomical Observatory, 11050 Belgrade, Volgina 7, Yugoslavia

Abstract. The Stark width dependence of the 3525 — 3p? PP transitions along lithium
isoelectronic sequence (BIII, CIV, NV, OVI) and 3525 — 3p2PY 3p2P03d2D transitions
along boron isoelectronic sequence (NIII, OIV, FV) were studied theoretically using impact
semiclassical method and experimentally observed in the plasma of a low pressure pulsed
arc. Plasma electron densities were determined fromn the width of the Hell P, line while
the electron temperatures were measured from the relative line intensities. To estimate the
influence of different ions to the width of lines, the evaluation of plasma composition data was
performed and in conjunction with our theoretical results contribution of ion broadening was
estimated. Furthermore in our theoretical calculations was taken into acount the influence
of perturbing levels with different parent term to the width and shift of investigated OIV
spectral lines for the first time.

1. THEORY

By using the semiclassical-perturbation formalism (Sahal-Brechot, 1969) we have cal-
culated (Blagojevié¢ et al. 1994) electron-, proton-, and Hell-impact broadening pa-
rameters for OIV 3525 — 3p?P% and 3p?P° — 3d%D transitions previously. Energy
levels needed for these calculations were taken from Bashkin and Stoner (1975). Os-
cillator strengths were calculated by using method Bates and Damgaard (1949), see
also Oertel and Shomo (1968). For higher energy levels the method described in Van
Regemorter (1979) was used. In the case of the considered transitions, several transi-
tions with different parent term may significantly influence particularly on the results
for the Stark broadening parameters in particular the shift values. The new calcula-
tions with the inclusion of such transitions were performed here. In order to assure
consistency of the data set, all oscillator strengths (and not only those for added
transitions with different parent term) were taken from the TOP base (the complete
package of the opacity project (OP) data with database management system is usu-
ally referred to as TOP base) (Butler et al. 1993; Cunto et al. 1993). Beside electron
impact line widths, Stark broadening parameters due to all relevant ion perturbers
were calculated as well.
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2. EXPERIMENT

The experimental apparatus and procedure are described in Blagojevié et al. (1994)
so only few details will be given here. The light source was a low pressure pulsed
arc with a quartz discharge tube 10 mm internal diameter. The distance between
aluminum electrodes was 161 mm, and 3 mm diameter holes were located at the center
of both electrodes to allow end-on plasma observations. All plasma observations were
performed with 1-m monochromator with inverse linear dispersion 8.33 A/mm in the
first order of the diffraction grating, equipped with the photomultiplier tube and a
stepping motor. The discharge was driven by a 15.2 uF low inductance capacitor
charged to 3-6 kV, pressure of the gas mixture p = 1.7-3 torr, continuous flow of
the gas mixture, composition : 0.5 to 2% of investigated gas in He. The stepping
motor and oscilloscope were controlled by a personal computer, which was also used
for data acquisition. Recordings of spectral line shapes were performed shot-by-shot.
At each wavelength position of the monochromator time evolution and decay of the
plasma radiation were recorded by the oscilloscope. Eight such signals were averaged
at each wavelength. To construct the line profiles these averaged signals at different
wavelengths and at various times of the plasma existence were used to construct line
profiles. Spectral line profiles were recorded with instrumental half widths of 0.165 A.
To determine the Stark half width from the measured profile, a standard deconvolution
procedure for the Lorentzian (Stark) and Gaussian (instrumental+Doppler) profiles
was used.

i m CZERNY TURNER
MONQCHROMATOR
- SM
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*~ HY » s
M, )
(t=1m) ta=30mmj
I B » ——
* om ol - o « M
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en2, ch - - : T IGNITRON i
2 CHANNEL pCiaT - v lswimes
| DSO COMPUTER| A=
¢ n v ‘\ CAPACITOR HV CHARGING
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HPIB e

CENTRONIX
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Fig. 1. The experimental setup.
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3. EXPERIMENTAL RESULTS AND DISCUSSION

The experimental results for Stark widths and comparisons with theoretical results
are given for 3525 — 3p? P? transitions of lithium isoelectronic sequence (Fig.2) and
3525 — 3p?PC ; 3p?P% — 3d%D transitions for boron isoelectronic sequence (Fig.3;
Fig.4). The best agreement was achieved with our serniclassical calculations.

1180
Bl
. (L) 3s°S-3p‘P°

1160 N

1140 O V|
= Ne vill
z F Vil
51120
S51 100 N

\ h ~
10 R0 N~
10 B A+~ Ty v v ey T T
0 a5 055 065 075 0.85 095

109, (2)

Fig. 2. Stark widths Li-like spectral lines (in angular frequency units) as function of log;y Z
for 3525 — 3p? PY multiplets. Theory : o @ oo, semiclassical electrons + ions impact widths,

semiclassical electrons only; _ _ _, semiclassical approximation (Eq.(526) taken from
Griem, 1974); _ _ __, modified semiempirical formula (Dimitrijevi¢ and Konjevi¢, 1980).
Experiment : O, our data, A, Glenzer et al (1992, 1993).

M6
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Fig. 3. Stark widths B-like spectral lines (in angular frequency units) as function of log;q Z
for 3525 — 3p% P® multiplets. Theory : o o o8, semiclassical electrons + ions impact widths,

semiclassical electrons only; _ _ ., semiclassical approximation (Eq.(526) taken {from
Griem, 1974); — —_ __, modified semiempirical formula (Dimitrijevi¢ and Konjevié, 1980}.
Experiment : O, our data, D, Glenzer et al. {1994).
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Fig. 4. Same as for figure 3 but for 3p?P% — 3d?D multiplets.
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O KO $SHUIMMEHTAX PEAVIM3AIIMHA HMITAPKOBCKHAX
KOMITOHEHT JIMHHUHA BONOPOIIA B IJIA3ME

$. H. BOPOBHIK, K. J1. CTEIIAHOB
HucrrryT Tenno— ¥ Maccoobuera AHB, 220072, Muncx, Bposxu 15, Bexapych

Amoramua. Ha ocuose uncxemmoro pemerus ypasnesus lllpexmarepa xag aro-
M3 BOXOPOXA B NOCTOAHHOM BXEKTPHUECKOM LHOXE OUPEACNEHS BHEPIreTHUECIRN
CTPYKTYP2, BEPOATHOCTH MOHMSAIMHE M X0o¢$PHIMEHTH PACTBOPEHME INTAPKOB-
CKMX KOMNOHEHT CHEXTpaXLHNX xuami,

1. BBEIEHHUE

Mpuemmemodt Morenaro Zga onmcamms AeficTBHA DAASMENHOIO MHAXPONOXS
HA 8TOM BOXOPOLA HBIAETCA 3a7ava 06 aToMe BOZOpPOAS BO BHENIHEM HOCTOMK-
HOM BEeKTpPHYecKoM noxe. COCTOSHEZ RTOMA BOXKOPOXAR B BEEXTPHYECKOM IO-
Je He SBASIOTCA CTANMOHADELIMHE, T.K. 6raromaps TyEHembHOMY oddexTy wrex-
TPOH NPONHKAET CKBOSL OaphLep, IPORCXOXMT HMOHHIAIMA aToMa. [Ipm cama-
fHX DOXZX ABTOROEM3AMOHEAA IMMPHHA XHHWK HACTOXLKO MAN2, NTO YPOBEHb
MOXHO CYNTaTh CTADMOHapHERM. C pPOCTOM nOXZ, XOT'KA BEPOSTHOCTHL TYHHE-
XEpPOBAHNS CTAKOBHTCA cOMaMepmMolf ¢ BEPOATHOCTHIO PAAMAIMOHEOrO pacha-
AL YPOBHA, HOEWIAIMA ATOMA HPOABNSETCE B OCHZABICHRM COOTBeTcTBYOmei
mrrapxoBckolf xoumomeaTw (Jlamuoc). Koeddmmmer pacTBopemms mponopmuao-
EeR Amn/(Ama + Sm(F)). Mccaenonamumo cocrosemit atoMa BOXopoAs B Baex-
TPRUECKOM NOXe HOCBAMERO Goxpmioe KoxudecTBo pabor JlamMbypr m Koxocos,
Luc-Koenig, Bachelier, Kleppner, Littman, Zinnerman, Haberland, Kraeft. B xan-
moit paBoTe npUBeREHII PE3SyALTATH IO PHEPIHAM M IIXPHMHEAM ABTOKOEMSAIMH , &
TaI0Ke XoodPEIEEETRM PACTBOPEHES IITRPKOBCKMY KOMNOHERT nuERi Boxopoxa,
HeoOXO EMEIe XI4 AHALKLA CHEKTPOB H3TYyWeHHS HeHXeaNbHON nAasMHul.

2. TEOPHA

Ypapmenwe lllpegunrepa xms aToMa BOAOPOZA BO BHEDIHEM IOCTOSHHOM
BAEKTPRYECKOM HONE B NpeReCpemeHuR COMEOM BIEXTPOES M PEXATHBRCTCKUME
NONPABKAMH B aTOMEOM cHcTeMe eXMEMK B nNapabomMYecKHX KOOPXMHATAX, IKE
nepeMenNHLle PAsKeNAROTCA, KMEeT BUX:

v B 1-m?2 F
@ +(;+”—£—’+—,ET —;—e)v=o, )
U E -m? F
dn’+('2'+€;+l4n;n +7’7)U=0' @)

rre BoxEopas dymams ¥ = (£n)~V2V(EYU(n) exp(imep), m — MarzuTHOE KBAK-
TOBOE WACHO, fii ¥ fl; — KOHCTAETH pasnexexus (fy + f; = 1).

Y poBeH: BOXOPOAA € MIABHHM XBAETOBHIM YHCNXOM % BO BECIIHEM JOXe pac-
IMenXdeTcs B8 XOMIOHEHTH, KAXAAd X3 KOTODHX XapaKTepRsyercd EabopoM ma-
paboRMYEeCKRX KBAHTOBHX WHCEX %1, B3, M (B = n; + n3 + m + 1), uncyo xou-
IOBeHT paBao n(® + 1)/2, BLIpOoXAeHHEe COXPAHAETCA IO SHAKY MATEMTHOTO KBAH-
ToBoro urcxa. Symama V(§)u U(n) coorsercrrexro npr { — 0 u { — co uMeoT
BHA;

* V(E) {2 y(n) e pim)2 ®3)
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3/3
V() W“P [-\/T'F C— E) ] (4)
‘/_ 3/3
U(Y)) m‘ﬁ- ain [ n+ F) + @ (5)

M (8) BraHO, WTO cnexTp BOAOPOAS IpK RelfcTBRE BHENIHEIO HOXS CTRHOBRT
c2 EenpeprLBELM. TeM Ee MeHee YPOBHM BHEPIEN MOXKHO CUMTATH KBASMCTAIEO-
HADHBIMM, €CXH BEPOATROCTb MONKSAIEH ZOCTATOUHO MaNa. Y CNOBHE OTCYTCTBAA
Ha GeCKOBEYHOCTH cxomameifica BomEnl oT6RpaeT COGCTBEHHLIE SEAYECHEA OHep-
ruxt By @ nmpury yposua I' (Bere u Commarep). B6xusu pesorarcrol sreprau
Ey napamerpmsamms Bpelita - Burgepa cBasuBaer ackunrornyeckuit dpasopnit
cABMr ¥ X ALCHMOTOTENECKYIO eMUTHTYRY B cooTROmIemmam:

$(E) = #o + axctanll/2E - EBo)ly  BYE) = BhW[(E - Eo)* +1%/4]  (6)

DREeprea xnasECcTAMONAPHOTO COCTOANES HAXOXATCH B3 YCAOBMA MEEAMESAIMK
acEMITOTHNecKoR aunauTyma B3(E).

Pemwenue ypasnenus (1) uposomuxocs Metoxou Hymepora (Hemomxaxerxo,
Kyqepemnko) ua paBrOMepRO# ceTxe Axg nepemennolt z = { +In{. Ypangenme (3)
(TpoTHB nOXA) PEMAXOCH C NOMOIILIO PASHOMEHRA B CTENEHEHE PAXH.

B rabremax 1 - 4 nprBeAeni eneprun M mapran yposrelt H aug cocrommuit
cn=1—4, (Bce BeXuvMHLl AANL! B ATOMHLIX €XHHMIAX ).

OHEprHd ¥ MUpHHKW YypoBHA ¢ n=1. Tabmuna 1.

0 2.500D-02 -5.014292918D-01  3.3100D-10
0 3.000D-02 -5.020742726D-01  2.2374D-08
0 3.500D-02 -5.028514198D-01  4.3497D-07
0 4.000D-02 -5.037715909D-01 3.8927D-06
0 4.500D-02 -5.048501482D-01 2.0776D-05
DHEpPrud ¥ IUWPUHH YpoBHs ¢ n=2. Ta6muna 2.

m 0y 1, F E r

2.500D-03  -1.330617593D-01 9.9218D-11
3.000D-03  -1.348255594D-01 1.3197D-08
3.500D-03 -1.366511611D-01 3.8757D-07
4.000D-03  -1.385487932D-01  4.4396D-06
4.500D-03  -1.405331333D-01  2.7089D-05
2.500D-03 -1.180098771D-01 1.0810D-12
3.000D-03 -1.167330000D-01 2.1181D-10
3.500D-03 -1.154976212D-01 8.7548D-09
4.000D-03  -1.143053394D-01  1.3640D-07
4.500D-03 -1.131587889D-01 1.1102D-06
2.500D-03 -1.254967287D-01 1.0549D-11
3.000D-03 -1.257217467D-01 1.7188D-09
3.500D-03  -1.259936495D-01  6.0194D-08
4.000D-03 -1.263168854D-01 8.0996D-07
4.500D-03 -1.266982470D-01  5.7597D-06

OCC OO m -~ = OO0 O

e e e OO D0 OO OO O0
COOC OO O OO O m I ;b i b
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DHEPrEY ¥ IUKPHHKN YpoBHA ¢ n=3. Tabmuna 3.

6.000D-04 -6.127704250D-02  1.2464D-11
7.000D-04 -6.230321018D-02 1.7581D-09
8.000D-04 -6.335559655D-02 6.2527D-08
6.000D-04 -5587521179D-02 3.3770D-13
7.000D-04 -5.599398296D-02 6.6882D-11
8.000D-04 -5.613355285D-02 3.1823D-09
6.000D-04 -5.043096817D-02  2.5148D-15
7.000D-04 -4.962837449D-02 6.5622D-13
8.000D-04 -4.884015122D-02 4.3784D-11
. -5.856526675D-02  2.0846D-12
7.000D-04 -5.913361892D-02  3.4983D-10
8.000D-04 -5.972458629D-02 1.4442D-08
6.000D-04 -5314114747D-02 2.8421D-14
7.000D-04 -5.279437688D-02  7.0046D-12
8.000D-04 -5.246413697D-02 3.8285D-10
6.000D-04  -5.580827180D-02 1.9146D-13
7.000D-04 -55590214152D-02 3.7700D-11
8.000D-04 -5.601241461D-02  1.8260D-09

OO0~~~ 00O NNN—~,~CcOO
COOCO OO —~OO0 mm—NNN
=
S

DHeprud H MHUpHHH YpoBHA ¢ n=4. Tabmmuna 4.

2.500D-04 -3.605606225D-02 6.6075D-10
3.000D-04 -3.711126811D-02  1.3446D-07
2.500D-04 -3.305758354D-02 3.9541D-11
3.000D-04 -3.350356872D-02 1.2016D-08
2.500D-04 -3.003616550D-02  1.1430D-12
3.000D-04 -2.986463545D-02  5.0980D-10
2.500D-04 -2.699153701D-02 8.0083D-15
3.000D-04 -2.619494044D-02  5.7784D-12
2.500D-04 -3.455097003D-02 1.6423D-10
. -3.529865797D-02  4.1041D-08
2.500D-04  -3.154040485D-02  6.7363D-12
3.000D-04 -3.167435720D-02  2.5315D-09
2.500D-04 -2.850720798D-02 1.0219D-13
3.000D-04 -2.801923810D-02 5.5519D-11
2.500D-04  -3.302146438D-02  2.9055D-11
3.000D-04 -3.345095438D-02  9.0291D-09
2.500D-04 -2.999792852D-02  6.0061D-13
3.000D-04 -2.980838341D-02 2.8938D-10
2.500D-04 -3.146597632D-02  2.7145D-12
3.000D-04  -3.156535421D-02  1.0798D-09

W WRDNMNNN= I - —0 000000 O
O O — = OO NN OOWWMNN=—-—=OC
QO OO =~ OO mmNNOO»™—NNWW
W
P

Ha puc. 1 - 4 xama xoeddummentt pacTBoperd Amn/(Ama + Sm(F)) K12
IITAPKOBCKHMX KOMIOKEHT UepBLX 4-x xumuit xaltuanonckol cepumt B sasmcuMOcTR
OT BENHYHHK NOXSL.
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DYNAMICS OF DISCHARGE CHAMBER WALL ABLATION
IN PULSED NITROGEN OR CARBON DIOXIDE PLASMA

V.S.BURAKOV, P.A.NAUMENKOV and S.N.RAIKOV
Institute of Molecular and Atomic Physics
70 Scoryna av., 220072 Minsk, Belarus
E-mail imafbel¥bas0S5.basnet.minsk.byademos.su

Abstract. The intracavity laser spectroscopy method
was used for plasma diagnostics of high-current
pulsed discharge 1n moderate pressure nitrogen or
carbon dloxide. The main attention was payed to the
dynamics of quartz wall ablation during a discharge
pulse and to the Influence of evaporated specles on

a gas plasma parameters.

1. INTRODUCTION

Often attempts on rising pulsed plasma temperature
by higher currents can result in undesirable as a
rule phenomenon - discharge chamber wall ablation.
Nevertheless a lot of papers the dynamics of abla-
tion as well as the influence of evaporated speciles
during a discharge pulse on the evolution of basic
plasma parameters are practically unstudlied and re-
quire for detailed investigation the application of
laser techniques with high temporal and spectral
resolution. The most sensitive absorptlion method -
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the Intracavity laser spectroscopy differs favoura-
bly from other laser spectral methods due to the
possibility of simultaneous recording of a 1lot of
spectral line profiles for a single laser pulse.

2. EXPERIMENT

Close to rectangular electric pulse with duration
of 1.4 ms was applied to a tungsten electrodes 1in
the quartz tubular chamber (1 cm inner diameter and
16 cm length) filled with high-purity nitrogen or
carbon dioxide at 1ntermediate pressures: 5-20
Torr. The dlischarge energy was varied from 0.5 to
1.5 kJ. The chamber with quartz windows was located
along the axis 1n a non-selective cavity of a dye
laser. The laser radlates a smooth broadband spect-
rum in the vislible range with pulse duration of 3
us. The maximal laser spectrum width was about 15
nm. Dye laser spectra with absorption 1lines were
recorded by a 0.001 nm resolution echelle spectro-
graph. The effective path length of laser radiation
through plasma reached 350 m.

3. RESULTS AND DISCUSSION

The absolute values of densities and the evolution
of S1 species ablated from a transparent wall of
the chamber were determined and the influence of S1
atoms and ions appeared in gas plasma on exclted
energetic states populations of N and C atoms and
ions, electron denslty and temperature was
examined.
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DYNAMICS OF DISCHARGE CHAMBER WALL ABLATION...

For both nitrogen and carbon dioxide the pure gas
plasma with electron temperature of 9-11 kK 1s ob-
served only at minimal energy, i.e. S1 absorption
lines are absent in laser spectira. The time depen-
dence of excited N or C ions density 1s similar to
the electric pulse shape. The minimal measured spe-—
cles densities mainly depend on laser pulse durati-
on and osclllator strength of absorption line reco-
rded and were about 10° cm™> for N* ana ¢*, 10° for
N, Si, si* and s1**, ana 10'° for c.

With discharge energy increase a strong plasma-
wall and radiation-wall interactions and as a re-
sult quartz erosion and ablation occur after 0.4-
0.5 ms from electric pulse onset (see the Fig.).
The maximum of S1 specles absorption 1s observed 1n
0.7-0.9 ms time interval. Simultaneously with grow-
ing of S1 density the absorption from gas excited
states sharply decreases right up to the absence of
gas lines in several cases. The most drastical va-
riation of gas plasma parameters occurs at minimal
initial gas pressure - 5 Torr.

The maln peculiarities of plasma evolution are
kept with increase of initial gas pressure up to 20
Torr. Together with S1 lines an intensive molecular
spectral structure (intendingly S10) 1s recorded 1in
dye laser spectra. The electron density was measu-
red from the Stark broadening and shift of absorp-
tion lines. The electron density dynamics has usu-
ally three peaks and it follows the maln stages of
a discharge. Plasma temperature was calculated from
Sacha and Boltzmann relations. The absolute mass of
an ablated material was found from spectral data.
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JTUATHOCTHKA JIA3EPHOM TLTA3MEI IO IITAPKOBCKOMY
YINHPEHHIO THHUA H3TYIEHHA

B.C.BYPAKOB, I1.AHAYMEHKOB, H.B.TAPACEHKO
Hucmumym monexyrsprod u amomnou usuxu AH b, 220072,
np.D.Cxopunw, 70, Munck, Beaapycs

Abstract. Spectroscopic studies of plasma produced by laser evaporation of
aliminum foil have been performed. The electron denmsity and its temporal
evolution have been determined from the Stark broadening and shift of emission

line shapes,

JlasepHo-TUIa3MeHHAS 00pabOTKA MATCPHANOB ¢ CyOMHKPOHHLIM
paspelicHHEM MPCACTARISCTCA TNEPCHCKTHBHLIM HAUPABJICHHMCM B
PA3BHTHM HOBCHINHX TEXHOJOIHIL, I ONTHMH3AIMH KOTOPOH BAXHOS
3HAYCHHE MMEIDT MCCICIOBAHHS NPOLECCOB, CONPOBOXJAIIMX
JIA3CPHOC BO3AcHCTBHEe Ha oOpascn W paspaboTka METONOB HX
JAArHOCTHEM. MHXPOIUIAZMEHHbIC CTPYKTYPH CO3/IAI0TCH OOBMHO NpH
JIOKATLHOM BOJICHCTBHH HMIIYJILCOB JIA3CPOB C MAJION PACXOIHMMOCTHIO
y9Ka HA MOBEPXHOCTE MPOTXKEHHOH MUIICHHA.

B HacTosume# pabGore nNpoBeZicHHI MCCHCAOBAHASA JA3CPHOR
IDIA3MEL, MONYYACMOK NpPH BO3ACHCTBHM JIA3CPHOIO HAIYYCHHMS HA
TOPCI TPEX IDIOTHO CXATHIX IUIACTMH, CPCIHCH M3 KOTODHIX SIBIISETCH
amoMuaaneBas Gomera. Ilpu pocrarouHo CONMBIIOM AMAMETpE NATHA
DOKYCHPDOBKH JIa3epHOIO HUIYICHHS AaTOMB MarcpHanas Goisra
OKpYXeHH ImIasMcHHOH o0onmouxod M3 ApPYroro BeIecTBa H TEM
caMbiM co3piacTcs Gojiee OFHOPOMHBIM CIOH IUIA3MBI AMOMHHEA. B
9TOM CIY4a¢ Y CHEKTPAIbHHX JIHHMH aToMoB GoNkrAa camoobpaincHue
JOJDKHO ORITH CYINECTBEHHO ¢labce, WM OTCYTCTBOBaTh BoOOImE., 31O
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OBCTOSTENBCTBO  O3BOJSIET HCHOOJB30BATh TAaKyl® IUIa3My I
IMPOBCACHHA CIICKTPOCKOIIHICCKHX HCCJICIOBAaHHIA.

[Inasma cosgaBanack Toj BO3INCHCTBHEM HMITYJIECOB MATy9CHHSA
AMOMOMTTPHEBOIO Ja3epa MTeabHOCTHIO 10 HC M >Heprmed B
mvnymsce 100 mM/Ix. Iuamerp narHa GOKYCHPOBKM H3IMYyYCHHSA Ha
muneHn cocrasismn 0.8 Mm. Tomnura amoMuaKeBOH GoBrH 35 MXM.
JIBe HapyXHbi¢ MACCHBHHIC IUISCTMHH /i XKpemoieansa &oasru

H3NOTOBJICHH M3 JISTYHH.

HccnepoBanns IPOBOAWIHCH c NOMOLIBIO METOJIA
paspemIeHHOM BO  BpPCMEHH  SMHCCHOHHOM  CIIEKTPOCKOIMH.
Perncrpuposanoch HINYYCHHC JIMHHM aTOMOB MATCpPHANIA MHINCHH
(amoMnang w1 MeaM). M3 anamia XoRTypoB JMHAN B IIpEINONIOXEHHHA
JAOMHHHAPYIOIETNO BKJIAN2 INTAPKOBCKOINO YIDHPEHHS OIPEICISUIACD
KOHIICHTPAIMsl YJICKTPOHOB B IUIA3ME U €€ BPEMEHHOM XOz.

Ha puc.1 npuBeaeHO M3MEHEHHE KOHTYpa JHMHHHM All3961.5 A
NpA YBSJIMYCHHH BPEMEHH 33/IcPXKH IIOClie Ha4ana Bo3AcHCTBHS
JA3€PHOIO HMIIyabca. BHaHo, Yro ImMHPHHA KOHTYpa ORICIpO
YMEHBIIACTCS cO BpeMeHeM (nmpumepHo B 4 pasza B mATepBane or 0.5
Ro lMxc), ngocruras uHcTpyMeHTaBHOro npegena ( 0.5 A) opu t© >2.5
MKC. MakCHMabHOEC CHOCKTPAIBbHOC PpAa3peHICHHE CHCKTPAIbHOMN
aNmmapaTyphl ONPEACNUIOCh ITYTEM DPETHCTPAUMH JIMHHU H3Iy9eHHS
paspsiaa ¢ noinM karolioM H He-Ne- nmasepa. Cleayer oTMETHTB,YTO
HApANY C YIIHpCHHEM HalNOAacTCA CABHT MaKCHMYMAa KOHTYPA JIHHHH
M3JTYy9CHHUS.

H3meperHBIC 3HAaYCHHS AA HCIIOJB3OBAIMUCH I ONPECIICHUA
IUIOTHOCTH YICKTPOHOB B NPEAIIONIOXEHHH ONpeleimolIero BKIAIA B
yITApeHHEe JIMHAN KBaaparmaHoro >bdexkra IliTapka (B 0CHOBHOM 3a

CYET YAAPHOIO BO3JCHCTBHS UICKTPOHOB). JTO NOATBEPXAACTCS TAKKCE
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OUAIHOCTHRA JIASEPHON [LIAGME 110 WTAPKCHCKROMY YUMPEH D AMHMH HaIYSEHNA

100 1-05%5us
2-08us
80 3-104s
4-15ys
i 5-2.0us
3
ﬂi 40
20
ol

3060 3962 3964 3966 3958 3970
AA

Puc.l. Komryp mmumm All 39615 A B naseprod I[uasme Ipu

PAVIHYHEX 3aNePEXKAX OTHOCHTEILHO  IU33Mo00pasyiomero  Ja3cpHOND
HMITYNIBCA.

HADTIMEM B COOTBCICTEHH #C 'mopuci'l CABHIa KOHTYpOB B

AMMHHOBOJMHOBYI0 OOIACTH CHEXTPA HA PaHHHUX CTAJUAX PAacuaja
masMel. B ycnoBMsX HAWIEro SKCOCPHMCHTA BIMAHHC NPYTHX THIIOB

B3aHMOJCHCTBHI HA YIIHDEHHE CHOCKTPANBHBIX JIMHHM 3HAYHTCILHO
MCHbINE H MOXeT OITb OTHECCHO X BEMMHHE OmMUOKM HIMEPEeHHs
IIHPHHE! JIHHHH.

B TaxoM ciydac pErHCTpHpYeMas NOJHas IIHPHHA JIHHHAH HA
NMONYyBHICOTE (C Y49€TOM alllapaTHOIo YINHPCHHA) M CABHT LICHTpa
KOHTYpPa JIMHHH H3TY9CHHS MOIVH OBITh ONECHEHH COOTBETCTBCHHO H3
BLIDAXCHHIT

AM(A) = 2[1+1.75010n,/4(1-0.068n,/6T-1/2) e 10-16wn,, (1)

SA(A) = [d/w+2e10*n 1/4x(1-0.0680.Y/6T-1/2)}e10-16wn,, (2)
e W- YIAPHAS 2MECKTPOHHAS NonyuupuHa, d- yagpRL SNexTpOHHLIN
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CIOBAr H ¢ - IapaMeTp HOHHOIO VUIMDCHHA, CJ1a00 3aBHCSIIHE OT
ANEKTPOHHON TeMIEpaTypsl, M i TaHHH All3961,5A cooTBCTCTBEBHO
paBubie 1.54 10-2, 0,187 10-! u 0.036 npu T, = 1B (I'pum, 1978).

TeMneparypa  S€KTPOHOB  OLCHHBAIACH H3  OTHOCHTEJIBHOH
HHTeHCHBHOCTH imHmi Mexgd Cul 51055 m Cul 5153,2A =
npEHMManace pasHod 13B npu t=luxc. BpemeHHaa 3s0ImOLMA
IUICTHOCTH JICKTPOHOB, Olpe/cieHHas Ha ocHOBaHHH (1) m (2) Ha

paccrogHus 0,5MM OT DOBEPXHOCTH MHIICHH, IPHBE/CHA HA PHC.2.

20- Mo 10" cm> Puc.2  Bpedensas 3aBACHMOCTD

KOHICHTPAOHH 3J1IEKTPOHOB B
51
l \\A JIa’epHOH IU1a3Me, OIlpelic/IeRHast 110
101 N N IITapKOBCKO# IMHpHHE (*) M CHBHTY
054 \:“‘H“‘ (V) muuam Al13961,5 A

— o
0% 06 08 10 12 14 1s
t.pus

Kax BHAHO H3 pHC.2, HMEET MECTO YAOBJICTBOPHTENLHOC
COBINANCHHAE PE3YIBLTATOB ONPE/CICHHA N, Ha OCHOBAHHH H3MCPCHHH
ITTAPKOBCKOH LHHPHHKI H 1O CABHTY JIMHMH HIy4eHHS B HAYAILHOH
craauM pacoana gaxena. [Ipu t >0.8Mxc 10 1ITMpAHE MTHHAH TOJYICHB
Gonece HA3KHC 3HAYCHHAA IDIOTHOCTH ICKTPOHOB.

B 1noxnane Takxe INPHBOAWNICA CPaBHCHHE NAapaMETPOB
AMOMHHHACBON MHKDOIDIA3ME, pacmapsiomciicss B arMocdepHbLIN
BO3AYX H OKPYXADHIIYIO JIA3¢pPHO-30IAIIAOHHYIO IDIA3MYy MCITH.

Pabora Bumosrspiack OpH QHHAHCOBOH noauepxke PoHza
byrnaMeHTALHELIX HccneaoBaHmM PecrryOymxu Benapych.

I'pam T.: 1978, “YimupeHHe CIEKTPAILHLIX JIAHKWH B IU1asMe” M.
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ABTOMATHU3HPOBAHHAS CHCTEMA IUATHOCTHKH
IMAPAMETPOB OIITHYECKOI'O U3JIYYEHUS ILUIAZMbL.

A.IL BbIK, B. K. TOHHAPOB, U. U. KPABILIEBHY,
A. E. CHKOJIEHKO.

HWncrutyT npuiiiagHeIX Gu3HyecKkux npobiem
umeHH A. H. CeByeHko.

Benapycs, r. MuHck, yia. Kypuarosa, 7.

[Ipu pewenuu pana 3amady QU3HKH, TEXHHKH, OHONOIHH, MEIM-
LIMHEI ¢ YCOEXOM NPHMEHACTCH pa3paboTaHHas B HHCTHTYTE CHCTEMaA
Ha ocHoBe [13C-maTpuusl ¥ Tpex cuHXponHO paboraromux [13C-nu-
neek. Kamepa c I13C-marpuueit popmara 512x256 anemenrtos pabora-
€T B MaJOKaJIpOBOM pexXHuMe H Hcrnoassyercs s ssoaa B IBM PC
AT-coBMECTHMBIH KOMMBIOTEp HHPOpPMAUHKM O NPOCTPAHCTBEHHOM
pacrpejeieHHH HHTEHCHBHOCTH CBedeHHs rmuasmel. O6nacte crek-
TpaibHOHN 4yBCTBHTENBHOCTU MaTpHinl 300 — 1100 um. Pasmep cae-
TOYYBCTBUTENBHOro 3neMenra 17 MxM X 23 mxm. Mndopmauus ot
[T3C-kamepsl NOCTYMAeT B KOHTPOJLIEP, [IOMELIAEMEIH B OHH U3 CBO-
6omHEIX CIOTOB KOMIBIOTEpa. KOHTpOI/UIEp YNpaBJsSeT BpEMEHEM Ha-
KOIJICHHS, BHIMOJHAECT ABEHANUATUPA3PAAHOE KOAHPOBAHHE BHJIEO-
CHrHajla, CHHXpPOHH3ALMIO ¢ HCTOYHUKOM MMITYJIBCHOIO M3JIyYeHHA H
BPEMEHHOE XPaHEHHE MOTy4aeMEIX JAHHEIX,

BTopoit xoHTpo/nep, MAEHTHYHEIH MEPBOMY, HO 3aHMUMAIOUIHH
Ipyrue paspelleHHBle ajpeca INMHAI BBOAA - BBEIBOJA KOMITBIOTEPA,
yepes MyJbTHILIEKCOp nojuepxusaer pabory tpex kamep ¢ [13C-nu-
HelkaMu. YHCI0 CBETOYYBCTBHTEABHBIX 3JIEMEHTOB OJHOH JIMHEHKH —
1000, cnexrpanbHeli auanazod yyscTBHTensHOCTH 200 — 1060 HM,
pasmep CBETOYYBCTBHTENIBHOrO 1eMenTa 13 MM X 500 mxM. Kamepel
¢ [I3C-nmuHelkaMu KCMONAB3YIOTCA OJIS CIIEKTPANbHEIX HCCIEJ0BaHHI
H OLEHKM MPOCTPAHCTBEHHOIO PACMpEle/eHUs OAHOMEPHEBIX CBETO-
BBIX TOTOKOB B pa3jIMMHBIX TOYKAX KCIICPUMEHTALHON yCTaHOBKH,
OcCHOBHOH BapHaHT KaMep — OXJIAX/EHHWE BCTPOEHHRIM [lenbThe-xo-
JIOJHIIEHHKOM, BPEMA HAKOIUICHUS CHIHANa MPU 3TOM MOXET J0CTH-
rats 20 cexyHn. JlonoNHUTENbHOE OXJIaXIECHHE BHELTHETO paguaTopa
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IPOTOYHOIM BOIOM 103BOJIAET YBEIWYHTL BpeMs HAKOIUIEHUA CHIHAla
110 JECATKOB MHUHYT.

IlpenycMoTpeHHbIE pexuMBl pabOThl KaMEP U CHHXPOHHU3aLMH C
BHEITHUMH YCTPOHCTBAMHU NO3BONSIOT PErHCTPUPOBATh HENPEPLIBHBIE
M MMITyJIbCHBIE CIIEKTpEl. Bo3MoOXHa npUBA3Ka K paboTaromieMy B yac-
TOTHOM PEXHM€ HCTOYHUKY MMITYJIbCHOTO M3JTydeHHUs, a TAIOKE 3aITy CK
TAaKOro MCTOYHHKA IO IporpaMMe Kommsrorepa. CBs3b MEXIY KOH-
TPOJUIEPAMH M CHHXPOHH3UPYEMBIM YCTPOHCTBOM OCYIIECTBIISCTCS
nu60 o snekTpuyeckoMy kabero, Jinbo 1o CBETOBOLY .

Y4er HeJHHEHHOCTH YyBCTBHTENBHOCTH KaXJOr0 3JIEMEHTa
I13C-nnpubopoB NMPOM3BOAUTCH IIPOIPAMMHO-ANINAPATHRIM KOMILIEK-
coM, GOPMHPYIOUIMM JUIS KOKAOIO dJeMeHTa Npudopa MaciuraOHsle
K03G)HUMEHTB], COOTBETCTBYIOUIME YYACTKYy aMIUIMTYIbl BXOIHOIO
CHTHaJ1a, Ha KOTOphle HEOOXOAMMO JOMHOXATh I10Jy4YaeMble JaHHEBIE.
Co3naHHBI TakuM o0pazoM ¢aiiyl KOppPEKLMH HCIONB3YETCS OCHOB-
HOH NporpaMmol, OpHEHTHPOBAHHOH Ha CHEKTPAJIBHEIE HCCIIEHOBA-
HHUSA U NPEeOoCTaBIsIoNIed necnenoBareso 60ablne BO3MOXHOCTH 3a-
JaHus pexxumoB pabotel [13C-npubopoB, perucrpauuu u XpaHeHHS
3aIaHHOr0 KOJIMYECTBA CHNEKTPOB, CHHXPOHU3ALMH ¢ HCTOYHUKOM M3-
Ty4eHHs, MaTeMaTHYECKHX onepauui co crnexrpamu. IIporpammHo-
annapaTHele CPEACTBA CHCTEMBI INMPEJOCTABISIOT IKCIEPUMEHTATOPY
6onblIMEe BO3ZMOXKHOCTH [IPH PETHCTPAlMH U3MEHSIOIIHXCS BO BpeMe-
HHU OIITHYECKUX NPOIECCOB, HAlPUMeED, NPH UCCAEIOBAHMH JHUHAMUHKH
reHepaluyy 1a3epos, a TaKKe JHHAMUKH OBICTPOACHCTBYIOIMX IUTa3-
MEHHBIX MPOLECCOB.

ITpennaraemMas cucTeMa perHCTpalMHu € YCIIEXOM HCIOJB3YETCH
B pAJe Hay4YHBIX YYpEXAECHUH U NMPOMEILUICHHBIX Npeanpustuif bena-
pycH, Poccun, Ykpaunsl, [Ipubanruku. OHa xopouo cebs 3apekoMeH-
JI0OBaj1a IpH OTPabOTKE METOJUK IMHUCCHOHHOIO CIIEKTPaJLHOTO aHa-
JIN3a HU3KOJIETHPOBAHHBIX CTaJel, HATHMYUA COJIEH TAXKENBIX METa-
JIOB B MSICOMOJIOYHBIX IPOJYKTaX, NPH JIa3epPHBIX HCCIIENOBAHUAX.
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TEMPERATURES OF EXCITED HYDROGEN ATOMS
IN THE ABNORMAL GLOW DISCHARGE

L. R. VIDENOVIC, N. KONJEVIC and M. M. KURAICA
Faeulty of Physics, University of Belgrade, P.O.Box 368, 11001 Belgrade, Yugoslavia
E-mail: ivid@rudjer.[f.bg.ac.yu

Abstract. The results of the spectroscopic measurements of excited hydrogen atoms temperatures
in the cathode fall and beginning of the negative glow region of the Grimm-type abnormal glow
discharge in pure hydrogen and argen-hydrogen mixture are reporied. The origin of energetic
hydrogen atoms, excited in collisions with matrix gas, is explained. Higher temperatures at the
beginning of the negative glow region are related to the additional excitation in collisions with
electrons.

1. INTRODUCTION

Recent studies of atomic-hydrogen line shapes in the vicinity of the cathode, in
various types of glow discharges (Benesch and Li, 1984; Cappelly et al., 1985, Baravian
et al., 1987; Li Ayers and Benesch, 1988; Barbeau and Jolly, 1990; Kuraica and Konjevic,
1992), has shown Balmer lines shapes with an extraordinary wings development. The
extensive far wings indicate the presence of excited hydrogen atoms with very high
velocities. As shown by both theory and experiment (Petrovié et al., 1992 and references
[4,10] therein), those energetic hydrogen neutrals originate from incident H', H, H,", H,
and H,", whose backscattered fragments from the cathode are almost entirely H atoms.
For low incident energies, the energy of reflected H atoms increase with incident energy.
On their way back through the discharge, they collide mainly with matrix gas and excite
(Kuraica and Konjevié, 1994).

In this work, temperatures of excited hydrogen atoms are spectroscopically measured
in the cathode fall and at the beginning of the negative glow region of the plane cathode
and cylindrical hollow anode abnormal glow discharge of the Grimm-type (Grimm,
1968). Experimental setup is fully described elsewhere (Kuraica et al., 1992; Videnovid et
al,, 1995), so only minimum theoretical details will be given here for clearness.

In the cathode fall region, the presence of external electric field predominantly
determines the shape of hydrogen Balmer lines. Therefore, the theory of polarization
dependent Stark splitting has to be employed (see more details in Videnovi¢ et al., this
Volume). Placing the polarizer parallel or perpendicular to the discharge axis, we have
sclected components with Am=0 or =, and Am= %1 or o polarization respectively. All
components (10 = and 10 o for Balmer Hy line, used throughout this work) form the
appropriate m or o overall profile. In the cathode fall region, we assume Doppler
broadening only, since plasma broadening in this region is negligible. Therefore, 1o the
each Stark component we have assigned Gauss function, which takes into account
Doppler and instrumental broadening. Considering overall profile as the sum of all
gaussians, we have fitted it to the experimental recordings; varying electric field intensity
E end temperature T of hydrogen atoms. In the negative glow region, the difference
between n and o profiles disappears (E = 0), and the fitting procedure is reduced to the
varying of T only. Here we shall discuss only the best-fit temperature results.
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2. RESULTS AND DISCUSSION

The measurements have been performed at pressures of 195, 228 and 250 Pa and
discharge currents of 20, 30 and 40 mA in pure hydrogen, and 240, 320 and 425 Pa of
argon-hydrogen mixture (97% Ar : 3% H,), at currents of 20 and 30 mA.

Typical results of Balmer Hg spectra recordings and fitting procedures in the cathode
fall and negative glow regions of Grimm discharge in both investigated gases are shown
in Fig. 1. Two graphs on the far right-hand side refer to the negative glow region, where
no difference between two polarizations occurs. As reported before (Videnovié et al.,
1995), in pure hydrogen, best fits were achieved starting with assumption that two groups
of excited atoms with considerably different velocities exist: so-called “slow” and “fast”
neutrals with temperatures about 5 eV and 100 eV respectively. In argon-hydrogen
mixture, only one group of energetic neutrals is detected, with temperatures about 40 eV.
All the results, obtained in various experimental conditions are given in Table 1.

H,

z=025mm

z=175mm

H, 486.17 o

H, 48566 \

Ar+3%H, Ar+3%H, o | 20| Art3%H,
40tz =0.12mm a0tz =0.12mm z=1.00mm

Fig. 1. Typical measured Hp line profiles and their best fits. z is the distance from the cathode.
Two graphs on the far right-hand side refer to the negative glow region where no difference
between polarized profiles occurs. The wavelength scale is given in 0.1 nm units. Discharge
conditions: pure Hy: 228 Pa, 30 mA, 920 V; Ar+3%Hj: 320 Pa, 30 mA, 820V.

Table 1. Best-fit temperatures (in V) of excited hydrogen atoms in investigated regions,
in various experimental conditions.

Working gas Cathode fall Negative glow
H, “slow” 34-82 5.0-104
“fast” 80 - 190 90 - 160
Ar+3%l, 32-43 49 - 59
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2.1. PURE HYDROGEN DISCHARGE

In the cathode fall of pure hydrogen discharge, three principal ion species exist: H',
H," and H,". On their way to the cathode, they involve following charge exchange
reactions:

(H+)ja:: + (Ha)stow = H¥ g + (Hz ) 00 0=3.710" cm?,
(Hy Vst + (Hgtow —> H*uy + Hp + (HzVstow 0=8.410" cm?,
(Ha Yt + Hadatow = H* g + Hodyasr + Mz Dt 0=2110" cm®.

where ( are the cross section data at about 100 eV laboratory ion energy (Phelps, 1990).
Due to largest charge exchange cross section, H;" has the lowest energy at the cathode
surface, Using mass spectrometric results of Dexter et al. (1989) in a hydrogen glow
discharge operating at 133 Pa, 6 mA and 500 V, Barbeau and Jolly (1990) calculated the
mean energy of ions reaching the cathode surface (in eV):

&, =170, Eu{=35' 8}(;:75'
According to previous investigations (Petrovi¢ et al., 1992 and refs. [4,10] therein), the
ions loose about 1/3 of the incident energy in the collision with the cathode. Therefore,
energy of the backscattered hydrogen atoms at the cathode surface are (in eV):

B = 114 A 117 B ity ™ 168
Hence, two groups of hydrogen atoms, originated from H™ and H," ions, have enough
energy to exceed threshold for Balmer lines excitation (for Hg, €.4 = 12.76 V). The result
of this simple calculation suggests the origin of “slow” and “fast” excited hydrogen
atoms, see Table 1. “Slow” H atoms are, most likely, created after neutralization and
fragmentation of H," ions. Temperatures of “slow” atoms varies in our case from 3.4-8.2
eV what corresponds to H;" energies in the range 72-94 ¢V. On the other hand, the origin
of “fast” excited H atoms, with temperatures between 80 eV and 190 eV, may be related
to energetic H' ions only, with incident energies ranging from 140-300 ¢V. After the
reflection from the cathode, both groups of neutrals collide mainly with H, and excite, see
e.g. Kuraica and Konjevic (1994).

2.2. DISCHARGE IN ARGON-HYDROGEN MIXTURE

In argon-hydrogen discharge, the presence of argon contributes to the efficient
production of H," ions through following reactions:

Ar'+H, —» AtH +H,
ArH" + H, » H;" + Ar,

Ar'(3p’ 'P0) + Hy > Ar + H;',
H,"+H, »H;"+H,

see Kuraica and Konjevi¢ (1994) and the cross section data for above reactions (Phelps,
1990, 1992). Large concentration of H;" ions increases the intensities of hydrogen line
wings, see Fig. 1. Therefore, H," is now the dominating hydrogen ion and backscattered H
atoms from the cathode originate mainly from this ion. The temperatures in range 32-43
eV corresponds to the incident H," energies of 134-168 eV. In comparison with pure
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hydrogen, where “slow” H atoms are formed in the same way, here H;" ions gain more
energy in the cathode fall region. This could be related to the higher argon transparency
for H," (mass ratio 3:40) in comparison with transparency of hydrogen matrix (3:2).

2.3. NEGATIVE GLOW REGION

In the negative glow region, the central narrow peak is induced by Stark and Doppler
(gas temperature 7, =~ 0.1 V) broadening, sce Fig. 1. Analyzing lower, broader part of the
profiles, in both investigated gases, the temperature increase have been detected, see
Table 1. Although unexpected, this effect could be explained by the additional excitation
of hydrogen atoms in collisions with electrons, whose concentration is about 10** cm™ in
this part of the discharge (Kuraica et al., 1992). Since the electron-atom collisions change
internal energy of atoms only, their temperature remains high. Actually, in this region,
one has, most probably, the superposition of two profiles: one emitted by H atoms excited
in collisions with matrix gas, and another, broader, induced by electron excitation of H
atoms. Unfortunately, with present spectral resolution (see Videnovi¢ et al., 1995), we
could not resolve these profiles.

Another argument in favour of this explanation can be supplied on the basis of
expected exponential decrease of energetic H atoms number, due to collisions with matrix
gas, along their path from the cathode towards negative glow region. The calculation,
using total cross section data (Phelps, 1990) for collisions of neutral hydrogen atoms at
133.4 eV with H, (228 Pa, T, = 1000 K and cathode dark space length L = 0.16 c¢m -
typical value in pure hydrogen) shows that about 18% of reflected “fast” H atoms arrive
to the negative glow without any collision. Similar calculation using total cross section
data (Phelps, 1992) for collisions of H atoms at 75 ¢V with argon (320 Pa 7, = 1000 K
and L = 0.08 cm - typical for Ar+3%H,), shows that about 67% of reflected neutrals reach
negative glow region without collisions. These percentages agree well with areas of
lower, broader parts in comparison to overall profiles, see far right-hand side graphs in
Fig. 1, and also explain the more pronounced effect of temperature increase in argon-
hydrogen then in pure hydrogen discharge, see Table 1.
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STARK PROFILES OF H LINE IN THE CATHODE FALL REGION
OF AN ABNORMAL GLOW DISCHARGE
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Feculty of Physics, University of Belgrade, P.O.Box 368, 11001 Belgrade, Yugoslavia
E-mail: ivid@rudjerfl.bg.ac.yu

Abstract. The theory of linear Stark effect has been employed to create numerical model of
hydrogen Balmer Hj profiles in external electric field of cathode fall regicn. The influence of fine
structure splitting to the shape of theoretical line profiles has been studied in details. An example
of fitting the theoretical profiles to the experimental recordings of Hy line emitted from the cathode
fall region of the Grimm-type abnormal glow discharge is presented.

1. INTRODUCTION

The presence of external electric field in the cathode fall region of glow discharges
predominantly determines the shape of hydrogen Balmer lines. Recently, the polarization
dependent Stark splitting of necutral hydrogen lines has been employed in several
measurements of electric field strength in the cathode fall region of glow discharges
(Barbeau and Jolly, 1991; Ganguly and Garscadden, 1991; Donké et al., 1994). In this
work, we have treated Stark profiles of Hj line, taking into account all components
induced in transitions between sub-levels of neutral hydrogen atom in external electric
field. The analysis of the influence of fine structure splitting to the shapes of Hy Stark
profiles is also performed. Using least square method, the experimental data are [itted
with theoretical profiles, providing results of local electric field intensity and temperature
of excited hydrogen atoms.

2. THEORY

The splitting of energy levels of the hydrogen and hydrogen-like emitier in an external
electric field is successfully described by both semiclassical and quantum mechanical
theory of the linear Stark effect (see e.g. Condon and Shortley, 1977; Ryde, 1976). Both
theories yield the same result: energy level with principal quantum number n is splitted
into (2n — 1) equidistant sub-levels determined by quantum number k (k| < n). Therefore,
spectral line cmitled as a transition between energy levels 1 and 2 of hydrogen atom
consists of numerous components, These components are polarized either linearly,
parallel to the vector of external field E (Am = 0, or n-components), or circularly, in the
plane perpendicular to E (Am = %], or o-components), The way of polarization is
determined by the parity of the integer [(n, +k ) —(n, +k, )], so one has

A(n+k) = even integers - m-components,
A(n+k) = odd integers - g-components.

The Stark manifolds of = and o components of hydrogen Balmer Hy (n, =4 — n, =2)
line are presented schematically by vertical lines in Fig. 1.
Stark components are wavclength shifted from the line center by the value

(nlkx_nzkz)&o' (1)
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where AX | is the smallest shift determined by the local field intensity. According to Ryde
(1976), for Hg line one has:

A [nm] = 152-10”E [kV/ cm] 03]
P
-
)4
L AN
IC

' Z | | \ . <. LN ,
04 02 Q0 02 04 04 02 a0 0.2 04

Fig. 1. Theoretical = and o profiles of Hj line (thick solid lines) calculated for: 8 kV/em electric
field intensity, 5 eV temperature of excited hydrogen atoms and 0.014 nm instrumental half-width.
Vertical lines represent theoretical Stark manifold, with relative intensities taken from Condon and
Shortley (1977). Base lines: relative wavelengths in nm. The example of Hy (w) explain
characteristic line profile parameters.

With the polarizer axis set parallel or perpendicular to the electric field, the appropriate
(7t or o) overall profile is formed. The shape of these profiles depends also upon the
resolution power of the spectral instrument used for observation. In order to create
overall © and o Stark profiles we assumed that plasma broadening in the cathode fall
region may be neglected; calculations of Bogaerts et al. (1995) show that electron
densities in the cathode dark space of analytical glow discharge do not exceed 10’ ca™.
Thus, to the each Stark component we have assigned Gauss function only. The full
halfwidth AX_ of each gaussian results from Doppler, AX,, and instrumental, AX,,

D?

halfwidths:
A, = AN + AR ©)
In the case of hydrogen atom, Doppler halfwidth can be calculated from
AL, =716-107 A NT 4

where A, is the central wavelength of the line and T is the temperature of the excited H
atoms. The overall profile is calculated as the superposition of all components: -

A—(nk, -nk,), A, | -
A, 124/In2 J

where I, are relative intensities (Condon and Shortley, 1977) and o is the total number of
components which is equal to 10 for both Hy n and o profiles. The examples of Stark
polarized profiles, calculated for £ =8 kV/cm, 7=5 eV and AA; = 0.014 nm (our typical
experimental conditions), are presented by thick solid curves in Fig. 1. The characteristic
parameters of a line profile are given in this figure also: full halfwidth A), peak-to-peak
separation AA,, and maximum-to-central intensity ratio I,,./1.

IMET) = ﬁ[m exp|—|
i=]
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2.1. THE INFLUENCE OF FINE STRUCTURE SPLITTING

Theoretical Stark profiles obtained as described are symmetrical, see Fig 1. It is
important also to consider the influence of the fine stricture splitting to the shape of = and
o profiles. The positions and intensities of the fine structure Hy Stark components, for
electric fields of 2, 4 and 6 kV/cm, were calculated by Liiders (1951). We have compared
n and c H, line profiles evaluated from Eq. (5) with those calculated using Liders’
component manifold for the same electric ficld intensities in the temperature range 0.1-
100 eV. Temperature dependencies of the line characteristic parameters AA, Ak, and
I.o/1., calculated with and without fine structure splitting are shown in Fig. 2. From the
analysis of data in this figure one can conclude that halfwidth of the profile and separation
between peaks do not differ very much for these two scts of results, Differences in AA for
7 and o profiles do not exceed 3% and 14% respectively. A, for = and o do not differ
more than 9% and 13% respectively. The only significant differences in 1,./1, occur for
the = profile at low temperatures, see Fig. 2. In our experimental conditions, however,
temperatures of excited H atoms in the cathode fall region are of the order or higher than
5-6 eV (see Videnovic¢ et al., this Volume). From the dependencies of Hy line parameters
one may generally conclude that differences between parameters of the  and o profiles
calculated with and without fine structure splitting completely disappear at temperatures
higher then 12 ¢V. Therefore, in order to simplify the analysis of experimental data, we
neglected the influence of fine structure splitting to the line profiles. Our experimental
profiles are thus fitted with corresponding symmetric profiles (5) obtained by varying
electric ficld intensity E and temperature T of excited H atoms.

2kV/icm 4 kV/icm 6 kV/cm
as as as
o4 as a4
E a3 a3 o s x®
é 2 e oo a2 az|
al al al :
Ry i ] W ORF T W e O i 5 0
008, Qn [} o)
as [§"
'E i t ats
a.0s 5
*
=~ am as a0}
a
aw| . a0 ot a
{ ot um—’—q
an am i! [
Aoy o SR i To 0% i 10} 0
u o
" - af \* <
= 200
~ L % -
- 4“a* ol w Kora
-l LI i L
of o 1
ol T W o al T 5] W af T ] o

Fig. 2. Temperature (in €V) dependencies of characteristic line parameters of n and o Hp Stark
profiles. Line profile parameters calculated using fine structure splitting manifold (Liders, 1951)
are denoted with asterisks.
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2.2. FITTING THE EXPERIMENTAL LINE PROFILES

Experimental setup for the spectroscopic measurements of the radiation emitted from
the cathode fall region of the Grimm-type abnormal glow discharge is fully described
elsewhere (Kuraica et al., 1992; Videnovi¢ et al, 1995). Typical results of Balmer Hg
spectra recordings in the vicinity of the cathode of pure hydrogen and argon-hydrogen
mixture (Ar+3%H,) discharge, their best-fits and results of local electric field intensity
obtained in this way are shown in Fig. 3. The more complex discussion of the best-fit
temperature results is the subject of another report of Videnovi¢ et al. in this Volume.

60} H, T 60( H, ' o
z=025mm o z=025mm o %
ok E.—.ll.“BkV/‘irn ® 0| E=1046kVic e _.-'

Ar+3%H, x| [Ar+3%H, o
4Or 2 =012mm Or 2 =0nmm
E=1544kV/cm E=1575kV/cm

Fig. 3. Typical measured Hp Stark profiles in the vicinity of the cathode and their best fits. z is the
distance from the cathode. The wavelength scale is given in 0.1 nm units.
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THE BIOCOMPATIBLE PLASMA SPRAYED COATINGS

P. VITIAZ, A. ILYSCHENKO, S. SOBOLEVSKIJ, V. OKOVITY
Powder Metallurgy Institute, Platonov Str.f1, Minsk, 220071, Republic of Belarus

Abstract. This paper reveals the aspects of the research and development for the formation
of biocompatible plasma spraying coatings on implants.

Various methods of biomaterial processing for the production of implants are
known. In the case of applying metals and alloys as implant materials which are used
with preference, their biocompatible behaviour in the human body is not satisfactory.
The required mechanical properties limit the size and applicability for pure ceramic
implants. One of the most modern and successful developments, combining the me-
chanical properties and the demanded surface properties, has been thermal spraying.
Creating new coated composite materials for implants, atmospherical plasma spray-
ing (APS) of different bioactive materials onto titanium substrates, allow a chemical
bond between tissue and bioactive implant surface.

The bioactive nature and the permanence of some compact glassceramics has been
known for many years. Recently, glassceramic coatings on titanium alloys have been
found to combine strenght, ductility and lase of fabrication of metal, with the bioac-
tivity and therefore bone bonding characteristics of glasserceramics. In the case of
our research, the used glassceramics consists of SiO,, CaO, MgO, CaF,, Caz(PO4),,
Na,0O and K;0.

First step in the coating production is manufacturing suitable powders by spray
drying. This is one of the most critical point in thermal spraying since due to the poor
flow characteristics in the powder feeding system of some bioactive spray powders,
the biomaterials are agglomerated to get powder of suitable morphology and particle
size distribution for the different thermal spray technologies. After the process of
aglomeration, the powders are heated to stabilize their shape and mechanical strenght.

After optimization of powder production and of the spray processes, investigations
are held to determine phase composition and mechanical properties of the sprayed
coatings. Optical and scanning electron microscope investigation are used to document
the different microstructures. Further, the determination of the mechanical properties,
especially the bond strenght of the coatings is also an important point.
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LASER SPUTTERING OF TiB, THIN FILMS DEPOSITED
ON Al BASED SUBSTRATE

B. Gakovié, T. Joki¢ and T. Nenadovié
Institute of Nuclear Sciences " Vinéa”, P.O.B. 522, 11001 Begrade, Yugoslavia

Any type of incident beam may be uscd to study the interaction
phenomena with solids. The most commonly used are charged and uncharged
~ particle beams. Laser sputtering occurs due to the photon beam interaction with
solid and involves different processes that can be responsible for material
removal: thermal sputtering, hydrodynamical sputtering, exfoliation and
electronic sputtering /1/. These processes depend on beam intensity, wave length
of radiation, pulse duration as well as on the target characteristics.

In this work some results of lascr sputtering of titandiborade (TiBj) thin
films are presented. The layer was deposited, on aluminum based substrate, by e-
beam evaporation. The surface bombardment was performed with a single-pulse
focused Nd:YAG laser beams. The collector set-up allows the bombardment
with a zero angle of incidence. SEM analyses of the morphological futures have
shown that the energy deposition over the spot area was non-uniform.

The investigation of the morphological changes induced during the
interaction of the laser beam with thin film have shown a strong dependence on
the laser beam power density and the parameters which define the thin film
properties /2/. The damage threshold is a function of film thickness and increases
with increase in the thickness. For the single laser pulses, exfoliation was main
effect which defines the laser sputtering. Laser bombardment with 10-100 pulses
has shown that melting and vaporization were dominant, hence thermal
- sputtering and hydrodynamical sputtering were the processes that contribute to
material removal /3/.

The sputtering yield is a function of laser beam power density. It increases
with increase in the laser beam power density, reaches a maximum value and
than decreases as a result of plasma screening of the target.

/1/. J. Rothenberg and R. Kely, Nuc. Instr. Meth. B 1 (1984) 291

/2/. M. Nenadovié, T. P. Mihaé¢ and Z. Lj. Rakocevié, Thin Soid Fims
218 (1992) 247

/3/. B. Gakovié T. Nenadovic, . Rako¢evié, N. Bibié S. Joviéevié,
Zbornik matice srpske, 85 (1994) 53
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ELECTRON-IMPACT BROADENING OF NEUTRAL STRONTIUM
LINES IN STELLAR AND LABORATORY PLASMAS
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E-mail mdimitrijevic@aob.aob.bg.ac.yu
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Abstract. Using a semiclassical approach, we have calculated electron—, proton—, and ion-
ized helium—impact line widths and shifts for 33 Sr I multiplets for perturber densities 10!3
cm™3 (for stellar plasma research) and 10'%— 10'® cm™3 (for laboratory plasma research)
and temperatures T = 2,500 — 50,000 K. A part of results is shown and discussed.

1. INTRODUCTION

We are making a continuous effort to provide an as much as possible more complete
set of semiclassical Stark-broadening parameters needed for research of astrophysical,
laboratory and laser produced plasma. A review of our results is presented in Dimitri-
Jjevié, 1996). Such set of data is not only of interest e.g. for stellar plasma diagnostic,
opacity calculations or the investigation/modelling of stellar spectra or a particular
line, but as well for different examinations of regularities and systematic trends for
e.g. homologous atoms (Dimitrijevi¢ and Popovié, 1989) or in general (Purié et al.
1991). Strontium lines are present in solar and stellar spectra. E.g. Komarov & Basak
(1993) have found neutral strontium lines in the spectra of Sun and two Praesepe’s
stars. They are also of interest since Sr is one of thermonuclear s - processes prod-
uct in stars and its overabundance is observed in CH and metal deficient barium
stars ( Sleivyté & Bartkevicius, 1995). Neutral strontium lines are also of interest
for the investigation of laboratory plasmas. Consequently, Kato et al. (1984) investi-
gated wavelength shifts of Sr I lines emitted by an inductively coupled plasma and
Karabut et al. (1980) dynamics of strontium line shapes during a pulsed discharge.
Such lines have been considered theoretically as well by Davis (1972), for research
of a laser - generated barium plasma. In order to continue our research of Stark
broadening parameters needed for the investigation of astrophysical and laboratory
plasmas and to provide the needed Stark broadening data, we have calculated within
the semiclassical-perturbation formalism (Sahal—Bréchot, 1969ab) electron-, proton-,
and ionized helium-impact line widths and shifts for 33 Sr [ multiplets. The obtained
results will be published elsewhere. Here, a part of results is shown as an illustration.
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Table 1. This table shows electron-, and proton-impact broadening parameters for
Sr 1 for a perturber density of 10'® cm™2 and temperatures from 2,500 up to 50,000
K. Transitions and averaged wavelengths for the multiplet (in A) are also given. If
one divides ¢ value with the linewidth value, we obtain an estimate for the maxi-
mum perturber density (in cm~3) for which the line may be treated as isolated and
tabulated data may be used. The asterisk identifies cases for which the collision vol-
ume multiplied by the perturber density (the condition for validity of the impact
approximation) lies between 0.1 and 0.5.

PERTURBER DENSITY= 1.E415cm-3

PERTURBERS ARE : ELECTRONS PROTONS
TRANSITION T(K) WIDTH(A)SHIFT(A) WIDTH(A)SHIFT(A)
5S - 5P 2500. 0.227E-02 0.326E-04 0.780E-03 -0.119E-03
4608.6 A 5000. 0.229E-02 0.267E-03 0.782E-03 -0.133E-03
C= 0.33E+18 10000. 0.236E-02 0.419E-03 0.785E-03 -0.150E-03
20000. 0.258E-02 0.504E-03 0.791E-03 -0.175E-03
30000. 0.279E-02 0.430E-03 0.797E-03 -0.181E-03
50000. 0.316E-02 0.337E-03 0.809E-03 -0.197E-03
55 - 6P 2500. 0.828E-02 0.623E-02 0.228E-02 0.160E-02
2932.7 A 5000. 0.901E-02 0.608E-02 0.246E-02 0.185E-02
C= 0.54E+17 10000. 0.983E-02 0.473E-02 0.268E-02 0.211E-02
20000. 0.108E-01 0.365E-02 0.294E-02 0.240E-02
30000. 0.111E-01 0.316E-02 0.311E-02 0.258E-02
50000. 0.112E-01 0.238E-02 0.337E-02 0.282E-02
55 - 7P 2500. 0.146E-01 0.421E-02 0.350E-02 0.921E-03
2570.2 A 5000. 0.183E-01 0.573E-02 0.354E-02 0.106E-02
C= 0.31E+17 10000. 0.220E-01 0.673E-02 0.358E-02 0.121E-02
20000. 0.252E-01 0.667E-02 0.365E-02 0.137E-02
30000. 0.268E-01 0.603E-02 0.370E-02 0.148E-02
50000. 0.283E-01 0.515E-02 0.378E-02 0.161E-02
6S - 6P 2500. 0.750 0.417 0.193 0.127
28517.3 A 5000. 0.896 0.280 0.207 0.146
C= 0.51E+19 10000. 1.12 0.148 0.223 0.167
20000. 1.28 0.592E-01 0.243 0.189
30000. 1.35 0.625E-02  0.256 0.204
50000. 1.42 -0.203E-01 0.276 0.222
6S - 7P 2500. 0.312 0.810E-01 0.758E-01 0.149E-01
12026.3 A 5000. 0.393 0.105 0.764E-01 0.171E-01
C= 0.67TE+18 10000. 0.482 0.118 0.770E-01 0.194E-01
20000. 0.572 0.974E-01 0.778E-01 0.220E-01
30000. 0.623 0.910E-01 0.786E-01 0.237E-01
50000. 0.672 0.876E-01 0.799E-01 0.262E-01
5P - 6S 2500. 0.538E-01 0.355E-01 0.113E-01 (0.948E-02
11244.4 A 5000. 0.608E-01 0.423E-01 0.125E-01 0.108E-01
C= 0.20E+19 10000. 0.663E-01 0.486E-01 0.139E-01 0.123E-01
20000. 0.707E-01 0.491E-01 0.155E-01 0.139E-01
30000. 0.734E-01 0.452E-01 0.165E-01 0.149E-01
50000. 0.790E-01 0.375E-01 0.179E-01 0.163E-01
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PERTURBERS ARE :

TRANSITION

5P - 7S
5971.7 A
C= 0.17E+18

5P - 8S
5166.9 A
C= 0.32E+17

6P - 7S
23011.7 A
C= 0.25E+19

6P - 8S
14380.1 A
C= 0.25E+18

5P - 5D
7675.2 A
C= 0.37E+18

5P - 6D
5544.9 A
C= 0.60E+17

5P - 7D
4966.9 A
C= 0.77E+17

5P - 8D
4689.9 A
C= 0.40E+17

T(K)

2500.
5000.

10000.
20000.
30000.
50000.

2500.
5000.

10000.
20000.
30000.
50000.

2500.
5000

10000.
20000.
30000.
50000.

2500.
5000

10000.
20000.
30000.
50000.

2500.
5000.

10000.
20000.
30000.
50000.

2500.
5000.

10000.
20000.
30000.
50000.

2500.
5000.

10000.
20000.
30000.
50000.

2500.
5000.

10000.
20000.
30000.
50000.
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*0.247E-01
0.296E-01
0.345E-01
0.397E-01
0.428E-01
0.471E-01

*0.103
*0.122
*0.133
*0.147

0.339
0.405
0.471
0.541
0.584
0.641

*0.792
*0.935
*1.02
*1.13

-0.717E-02
-0.824E-02
-0.939E-02
-0.106E-01
-0.114E-01
-0.125E-01

-0.200E-01
-0.239E-01
-0.278E-01
-0.319E-01
-0.344E-01
-0.378E-01

-0.172E-01
-0.206E-01
-0.240E-01
-0.276E-01
-0.298E-01
-0.327E-01

-0.360E-01
-0.428E-01
-0.497E-01
-0.539E-01
-0.595E-01

ELECTRONS PROTONS
WIDTH(A)SHIFT(A) WIDTH(A)SHIFT(A)
0.149 0.107 *0.308E-01
0.161 0.118 0.346E-01
0.166 0.114 0.389E-01
0.170 0.969E-01 0.438E-01
0.172 0.828E-01 0.470E-01
0.172 0.666E-01 0.515E-01
0.450 0.299

0.462 0.287

0.472 0.236 *0.125
0.466 0.179 *0.141
0.450 0.142 *0.152
0.427 0.977E-01 *0.168
2.23 1.45 0.427
2.55 1.56 0.478
2.79 1.51 0.536
3.00 1.28 0.603
3.09 1.11 0.647
3.12 0.900 0.710
3.49 2.27

3.63 2.08

3.78 1.56 *0.961
3.80 1.10 *1.09
3.69 0.861 *1.17
3.52 0.524 *1.29
0.498E-01 -0.233E-01 0.107E-01
0.516E-01 -0.162E-01 0.115E-01
0.564E-01 -0.988E-02 0.124E-01
0.582E-01 -0.530E-02 0.135E-01
0.590E-01 -0.366E-02 0.143E-01
0.600E-01 -0.242E-02 0.155E-01
0.123 -0.666E-01 *0.282E-01
0.129 -0.531E-01 0.310E-01
0.141 -0.350E-01 0.343E-01
0.150 -0.206E-01 0.383E-01
0.154 -0.129E-01 0.410E-01
0.158 -0.668E-02 0.451E-01
0.124 -0.605E-01 *0.347E-01
0.142 -0.490E-01 *0.365E-01
0.176 -0.317E-01 0.385E-01
0.213 -0.183E-01 0.410E-01
0.231 -0.118E-01 0.428E-01
0.252 -0.390E-02 0.454E-01
0.236 -0.910E-01

0.295 -0.594E-01 *0.667E-01
0.372 -0.382E-01 *0.706E-01
0.440 -0.166E-01 *0.749E-01
0.477 -0.750E-02 *0.778E-01
0.510 0.247E-02 0.820E-01
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2. RESULTS AND DISCUSSION

The used formalism has been discussed in detail in Sahal - Bréchot (1969ab) and a
brief summary is given in Dimitrijevi¢ et al. (1991). Energy levels for Sr I lines have
been taken from Moore (1971). Oscillator strengths have been calculated by using the
method of Bates & Damgaard (1949) and the tables of Oertel & Shomo (1968). For
higher levels, the method described by Van Regemorter et al. (1979) has been used.
We note that Gruzdev (1967) has found that the semiempirical and Hartree - Fock
calculations of Sr I oscillator strengths agree fairly well with the f values calculated
by the method of Coulomb approximation.

In addition to electron-impact full halfwidths and shifts, Stark-broadening param-
eters due to proton-, and He II- impacts have been calculated. Qur results for 33 Sr 1
multiplets, for perturber densities 1013 cm~3 (for stellar plasma research) and 101%—
108 ¢cm~3 (for laboratory plasma research) and temperatures T = 2,500 — 50,000 K,
will be published elsewhere (Dimitrijevi¢ and Sahal - Bréchot, 1996). As an illustra-
tion, a part of results is shown in Table 1, for perturber density of 10!% cm~3. For each
value given in Table 1, the collision volume (V) multiplied by the perturber density
(N) is much less than one and the impact approximation is valid (Sahal—Bréchot,
1969ab). Values for NV > 0.5 are not given and values for 0.1 < NV < 0.5 are de-
noted by an asterisk. When the impact approximation is not valid, the ion broadening
contribution may be estimated by using quasistatic approach (Sahal—Bréchot 1991
and Griem 1974). The accuracy of the results obtained decreases when broadening by
ion interactions becomes important.

References

Bates, D.R. and Damgaard, A.: 1949, Trans.Roy.Soc. London, Ser. A 242, 101.

Davis, J.: 1972, JQSRT 12, 1351.

Dimitrijevi¢, M.S. : 1996, Zh. Prikl. Spektrosk in press

Dimitrijevié, M.S. and Popovié, M.M. : 1989, Astron. Astrohys. 217, 201.

Dimitrijevié, M.S., Sahal-Bréchot, S., and Bommier, V.: 1991, Astron. Astrophys. Suppl.
Series 89, 581.

Dimitrijevié¢, M. S., and Sahal—Bréchot, S.: 1996, Astron. Astrophys. Suppl. Series, sub-
mitted.

Griem, H. R.: 1974, Spectral Line Broadening by Plasmas, Academic Press, New York.

Gruzdev, P.F.: 1967,0pt. Spektrosk. 22, 169.

Karabut, E.K., Kravchenko, V.F., Mikhalevskii, V.S. : 1980, Opt. Spectrosc. 48, 386.

Kato, K., Fukushima, H., Nakajima, T.: 1984, Spectrochim. Acta B 39, 979.

Komarov, N.S., and Basak, N.Yu. : 1993, Astron. Zk. 70, 111.

Moore, C.E. : 1971, Atomic Energy Levels Vol. II, NSRDS-NBS 35, U.S. Govt. Print. Office,
Washington.

Oertel, G.K. and Shomo, L.P.: 1968, Astrophys. J. Suppl. Series 16, 175.

Purié, J., Dimitrijevié, M.S. and Lesage,A. : 1991, Astrophys. J. 382, 353.

Sahal-Bréchot, S. : 1969a, Astron.Astrophys. 1, 91.

Sahal-Bréchot, S. : 1969b, Astron.Astrophys. 2, 322.

Sahal—Bréchot, S. : 1991, Astron. Astrophys. 245, 322.

Sleivyté, J., Bartkevicius, A. : 1995, Vilniaus Astronomijos Observatorijos Biuletenis 85, 3.

Van Regemorter, H., Hoang Binh Dy, and Prud’homme, M. : 1979, J.Phys.B 12, 1073.

100



Publ. Obs. Astron. Belgrade No. 53 (1996), 101 — 104

ON THE STARK WIDTH REGULARITIES ALONG A
SODIUM LIKE ISOELECTRONIC SEQUENCE
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Abstract. Recent values of the spectral lines Stark widths (calculated and measured since
1988) for multiply ionized atoms of the third period of the Periodic system, have been
compared to the values previously predicted by us. These were found from the established
regularities of the Stark widths along Na-like isoelectronic sequence for 4s-4p type of tran-
sition. The new data fit favourably to the established trend along the mentioned sequence,
alowing thus to predict further the Stark width values for even higher ionization states (such
as KIX-TiXII), that have not been calculated or measured before, but are of a considerable
astrophysical interest.

1. INTRODUCTION

Extensive studies of the star atmospheres (effective temperature = 10° — 10° K)
on the basis of the shape and position of spectral lines emitted by atomic or ionic
emitters, have enhanced an effort to develop a fast and reliable method to find the
Stark widths of spectral lines. Namely, Stark broadening is a principal broadening
mechanism in a plasmas of 1022 — 1027 m~3 electron density. On the basis of Stark
HWHM (half-width at half intensity maximum, w) values it is possible to obatin
the other basic plasma parameters e.g. electron temperature (T) and density (N).
The simplest way to estimate the values of w is to use an established regularities
of w along the isoelectronic sequences for a given type of quantum transition (Purié
et al 1988, and references therein). For the case of elements from the third period
of the Periodic system, that have large abundance in the atmospheres of hot stars,
the simple trend has been established from experimental and theoretical w data for
spectral lines from ionic spectra, including as a highest ionized states ClIV and ArlV,
obatined for various plasmas with the electron temperature not exceeding 60 000
K (Purié et al 1988). In the meantime, since 1988, the results of new experiments
have been published and theoretical calculations have been performed, on the basis of
semiclassical perturbation formalism, for ionized states : MglII (Dimitrijevi¢ & Sahal
Bréchot 1995b) PV (Dimitrijevi¢ & Sahal Bréchot 1995a) and SVI (Dimitrijevié &
Sahal-Bréchot 1993).

The main objective of this study is to compare the recent experimental and theo-
retical Stark HWHM results with the values that follow from previously established
regularities and, on that basis, to predict the w values for highly ionized atoms (up
to 11 times) for temperatures of the order of 10° K.

101



S. DJENIZE and J. LABAT

2. REGULARITIES

On the basis of the existing experimental and theoretical results of a stark HWHM
of the spectral lines from a Na-like (Nal, MglI, AllIl, SilV, PV, SVI, CIVII, ArVIII)
isoelectronic sequence it was found (Puri¢ et al 1988) that simple analytical rela-
tionship exists between w and correspondent upper-level ionization potential (I) of a
particular spectral line for the same type of the transition. The found relationship,
normalized to a N = 1 x 10?3 m~3 electron density, is of a form :

w = az?T~Y2[(rad/s). (1)

The upper-level ionization potential I (in eV) and the net core charge z(z = 1,2, 3, ...
for neutral, singly, doubly,... ionized atoms) specify the emitting ions, while the elec-
tron temperature T (in K) characterizes the assembly. The coeficients a and b are
independent of I,z and T'. For the Na-like (4s-4p transition) isoelectronic sequence
the dependence is expressed as :

) — 14 _2m~1/2y-1.59
WNa like = 1:91 x 10722°T~7 /%1 (rad/s) (2)
<
g
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Fig. 1.

On the basis of Eq.(2) it was possible to predict w values for the spectral lines from
the high ionized states, like CIVII and ArVII], not measured or calculeted before.
These predictions were summarized in Purié et al (1988).

In the meantime measurements of w have been repeated for the lines already mea-
sured, such as emitters SiIV (Djenize et al 1992). Experimental values for AlIII,
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althoug published quite a long time ago (Mazing & Vrubleskaia 1964) will also be
included, for the first time, into considerations of regularities.

In Figure 1 we present graphically (in log-log scale) reduced Stark widths
(wT1/22=%) vs inverse value of the upper-level ionization potential for Na-like iso-
electornic sequence. The full line represent the predicted values on the basis of early
established regularities (Eq.2), while the new experimental and calculated values are
given by various symbols.

3. DISCUSSION

For sodium-like isoelectronic sequence the agreement of recent experimental values
with predicted on the basis of Eq.(2) is excellent (AIIII, SiIV), while theoretical Stark
HWHM values are in average for 20% larger (Mgll, PV, SVI) (see Fig.1). This, to-
gether with previous arguments proves that Eq.(2) is reliable for description of regu-
larities of Stark HWHM along the sodium-like isoelectronic sequence for 4s2S-4p2P°
transition.

4. PREDICTIONS

On the basis of confirmed regularities of Stark HWHM values along the sodium-like
isoelectronic sequence, up to the five times lonized sulfur atoms, follows a possibility
of further predictions. By extrapolation we have now predicted Stark HWHM values
for sodium-like isoelectronic sequence for 4s-4p transitions from KIX to TiXIl. Wave-
lengths of mentioned transitions lie in the range 120-170 nm, that is very convenient
for spectroscopic observations by orbital telescopes in the far UV spectrum. The se-
lected emitters belong to the class of very interesting radiation sources in astrophysical
and laboratory plasmas of high temperature.

Predicted values of Stark HWHM for spectral lines of highly ionized emitters are
presented in Tab.1, along with the electron temperatures at which these emitters are
expected at the electron density of N = 1 x 10%® m~3. Relevant atomic parameters

are taken from Bashkin & Stoner (1978).

Emitter Transition A (nm) T(10°K) 2w(10~'nm)
KIX 4s2S- 4p?P° 165 0.5 0.0057 + 25%
CaX 146 0.5 0.0041 + 25%
ScXI 131 0.5 0.0030 £ 25%
TiXII 119 0.5 0.0022 + 25%

To the knowledge of the authors, calculations of Stark HWHM for investigated
spectral lines have not been performed (Fuhr & Lesage 1993).
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1. INTRODUCTION

In this paper we report the results of experimental study of the Ar I 425.9 nm line (48’
[1/2]° - 5p’ [1/2]) Stark width and shift temperature dependence with an emphases
to the low temperature region where broadening parameters are relatively small and
difficult to measure. These results are used for the testing of the theory in the low
temperature region. The linear dependence of the Stark broadening upon electron
density has been tested and proven in a number of experiments (Griem, 1974; Konjevi¢é
and Roberts, 1976; Konjevié et al., 1984; Konjevié¢ and Wiese, 1974, 1990). These
parameters upon electron temperature in a wider temperature range has been tested
only in a few cases (for example see Shumaker, 1974). Our results in conjunction with
other experimental data obtained at higher electron densities and temperatures are
also used for the testing of semiclassical theory Griem (1974) in a wider temperature
range.

2. EXPERIMENTAL

For the plasma source an atmospheric pressure wall stabilized electric arc is used. For
diagnostic purposes 4 % Hs is mixed with pure argon. The current of 30 A was supplied
to the arc by a current-stabilized power supply with stability of 0.3 %. The plasma
observations were performed side-on with a 1m monochromator and photomultiplier
tube. The signals from the photomultiplier were led to the digitizing oscilloscope
working in the averaging mode. For the shift measurements, the low pressure argon
lamp with microwave excitation is used as a source of unshifted line. The light from
the arc plasma and from the reference source i1s focused on to the entrance slit of
the monochromator alternatively by means of light chopper. The stepping motor
of the monochromator, light copper and oscilloscope are controlled by the personal
computer. The same computer is used for data acquisition.

An electron density (N,) in the range (0.47 - 3.50) x 1022 m~2 is determined from
the width of Balmer Hg line (Vidal et al., 1973). The electron temperature (T.) in
the range (8900 - 11000} K is obtained from plasma composition data evaluated as
described in White et al. (1958).
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3. RESULTS AND DISCUSSION

The spectral line profiles, recorded side-on from the stabilized arc are Abel-inverted
(Djurovié et al.). The argon line Abel profiles are treated by computer program de-
veloped for deconvolution of Gaussian (instrumental and Doppler) profile and ja r(x)
profile (Mijatovi¢ et al., 1993) to obtain measured Stark full-halfwidth, w,,, data. The
spectral line profiles from the reference are fitted by least square method to Gaussian
profiles. The shift of plasma broadened lines is measured at the halfwidth, dys, and
at the peak, dnp, of line profile. All experimental widths and shifts are corrected for
Van der Waals broadening (Griem, 1964). The experimental results and comparison
with semiclassical theory data together with corresponding electron density and tem-
perature are given in Table 1. The estimated errors for N., T., wy,, and d,, are £
811 %, £+ 2-3 %, £ 5-10 % and + 4-12 % respectively from the largest to smallest
electron density and temperature. The theoretical widths and shifts are corrected for
Debye shielding effect (Griem, 1974).

Table 1. Measured values and comparisons with the theory (Griem, 1974).

N, T, Wm wm/wl dmn dmh/dth dmp dmp/dtp
(102 m=3)  (K)  (am) (um) (o)
3.50 11070  0.071 0.70 0.038 0.75 0.036 0.70
3.40 11040  0.070 0.70 0.037 0.75 0.035 0.69
3.30 10980  0.066 0.69 0.036 0.76 0.034 0.69
3.30 10890  0.062 0.68 0.034 0.75 0.032 0.69
2.70 10690  0.057 0.72 0.030 0.77 0.028 0.65
2.40 10540  0.049 0.71 0.025 0.73 0.024 0.69
2.00 10310  0.042 0.74 0.023 0.79 0.021 0.72
1.70 10120 0.035 0.73 0.019 0.75 0.018 0.72
1.40 9930 0.030 0.75 0.016 0.79 0.016 0.77
1.05 9680 0.024 0.80 0.012 0.77 0.012 0.76
0.90 9470 0.019 0.75 0.009 0.71 0.009 0.71
0.70 9260 0.014 0.70 0.008 0.75 0.008 0.74
0.60 9130 0.012 0.73 0.007 0.77 0.007 0.76
0.47 8900 0.010 0.81 0.006 0.85 0.006 0.83

The comparison of the experimental and theoretical data in Table 1 shows that
experimental results for both, widths and shifts, are systematically smaller than semi-
classical theoretical data (Griem, 1974). In order to extend the temperature region of
the comparison and to compare with other experiments (Gericke, 1961; Powel, 1966;
Schulz and Wende, 1968; Bues et al., 1969; Morris and Morris, 1970; Musielok et al.,
1976; Klein and Mainers, 1977; and Jones et al., 1986) the ratios w,, /w, and dmp/dyp
are introduced together with our data in Figs. 1 and 2 respectively.
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Fig. 1 The ratio of measured and theoretical widths w,,/w; vs electron temperature T,.
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Fig 2. The ratio of measured and theoretical shifts at the peak dpp/dyp vs electron
temperature T,.

In spite of the scatter of the ratios w,,/w, and d,;p/d;, the comparisons in Figs. 1
and 2 show systematic discrepancy between experiment and theory (Griem, 1974) with
experimental results being always smaller. These comparisons indicate that further
improvements of theory are required.
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1. INTRODUCTION

The hydrogen Balmer Hg line is frequvently used for plasma electron density determi-
nation. This spectral line profile emitted from plasmas is asymmetric and red shifted
(see for example Wiese et al., 1972). However, theoretical calculations, see for exam-
ple Keple and Griem, (1968) and Vidal et al., (1973), give symmetrical and unshifted
hydrogen line profiles. There are many experimental determinations of the Hg line
profile. These experiments treated separately the peak of the profile (Helbig and Nick,
1981; Mijatovié et al., 1987; Halenka, 1988), the widths of the line profile at 1/2, 1/4
and 1/8 of the line maxima (Wiese et al., 1972), the line wings (Bengtson et al., 1976)
and the Hy line shifts (Wiese et al., 1972, Mijatovié et al., 1991).

Here we present experimental results of the asymmetry of the whole Hg profile in
presence of the low d.c. magnetic field. These results are compared with our measure-
ments obtained in absence of the magnetic field.

2. EXPERIMENTAL

The plasma was produced in a small, magnetically driven T-tube with an internal
diameter of 27 mm and supplied with a reflector. It has been generally accepted (Kolb,
1957; Pavlov and Prasad, 1968) that plasmas produced in small electromagnetic T-
tubes are quite homogeneous, both radially and axially, behind the reflected shock
front. The tube was energized by using a 4 uF capacitor bank charged to 20 kV. The
filling gas was hydrogen at a pressure of 300 Pa. In this experiment we used a constant
d.c. magnetic field of 0.5 T produced by an electromagnet supplied by a 3-phase bridge
rectifier. A hole drilled along the axis through one of the poles, allow us to perform
observations of radiation emitted parallel to the magnetic field lines. Spectral intensity
measurements were performed simultaneously along two directions of observation,
parallel and perpendicular to the magnetic field lines using two monochromators. The
measurements in the presence and in the absence a magnetic field, were performed
without changing the monochromator wavelength setting, so that comparisons of the
line profiles obtained in presence and absence of magnetic field becamie more reliable.
The point of observation was 15 mm in front of the reflector. The photomultiplier
signals were recorded by an oscilloscope equipped with a 35 mm camera. The details
about experimental procedure are given in Mijatovié et al., (1995).
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The electron densities in the range from 2 x 102 m=3 to 8 x 102 m~3 were
determined from the Hg line halfwidth (Vidal et al., 1973). Electron temperatures in
range from 20000 K to 34000 K were determined from the line-to-continuum intensity
ratios of the Hg line (Griem, 1964).

3. RESULTS AND DISCUSSION

All recorded Hg profiles emitted from the plasma in presence and absence of the
magnetic field show the well known asymmetries. Furthermore, we found a difference
in the profiles recorded with the magnetic field compared to those recorded without of
the field only when observation was made along the magnetic field lines. A comparison
of two simultaneosly recorded Hg profiles in the presence and absence of d.c. magnetic
field, observed along the magnetic field lines is shown in Fig. 1. The magnetic field
caused a small additional red shift of the whole Hg profile. We also found a small
asymmetry increase of the profile in the presence of the magnetic field.
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Fig. 1 The Hg profile recorded in the presence and the absence of the d.c. magnetic field.

We measured the positions of the center of the line on 0.8, 0.6, 0.5, 0.4, 0.2 and 0.1
of the maximum Hy profile (I/Imax, using the relevant profile) which is illustrated
in Fig. 1. Line drawn through obtained central points is not straight line due to the
asymmetry of the line. Difference between central points for corresponding line profiles
with and without presence of the magnetic field represents additional red shift caused
by external magnetic field. The measured additional shifts Ad for different electron
densities are shown in Fig. 2. In order to obtain the best fit we used the linear
least square fitting procedure. In this procedure we included the zero point also. The
observed additional red shift increase with electron density increase.
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Fig. 2 Additional red shifts measured at different positions of the Hg line profile.

These results are in agreement with our previous results (Pavlov et. al., 1988;
Mijatovié et al., 1995; Djurovi¢ et al., 1995). The additional red shifts noticed in
presence of the small external d.c. magnetic field could be explained by appearence of
additional electric field. The charged particles electrons and ions in the moving plasma
in the T-tube are separated by the magnetic field. This separation of charged particles
causes an additional anisotropic electric field perpendicular to plasma flow velocity
and field directions. The Zeman effect in this case was negligible as we reported earlier
(Mijatovi¢ et. al., 1995).
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ELECTRON DENSITY DIAGNOSTICS IN
AN ATMOSPHERIC PRESSURE
HELIUM MICROWAVE-INDUCED PLASMA

M. IVKOVIC, S. JOVICEVIC, N. KONIJEVIC

Institute of Physics, 11 080 Belgrade, P.0O.Boz 68, Yugoslavia
E-mail konjevic@atom.phy.bg.ac.yu

Abstract. In this paper we present the results of the electron density measurements
in an atmospheric pressure microwave-induced discharge. For this diagnostics we use two
independent spectroscopic methods for plasma electron diagnostics : Hg line profile and
from the He I 447 nm line and its forbidden component. Good agreement between these two
methods is obtained. The electron concentration in the vicinity of the plasma axis between
1.9 and 3.6 * 102°m~3 with microwave power input of 80W was determined.

1. INTRODUCTION

The low-power microwave-induced plasmas (MIP) were found to be very advantageous
sources for atomic emission spectrometry (AES). The attractiveness of these plasmas
lies in their high electronic temperatures, especially when He is used as plasma gas, al-
lowing efficient population of high-lying excited levels of non-metals to be. In addition,
the low cost of instrumentation and operation for conventional atmospheric pressure
MIP makes these sources particularly attractive for element analysis. Although MIP
was used in AES for almost 20 years, there is only a few papers reporting the results
of plasma parameters studies (see e.g. Goode et al. 1994, Tanabe 1983 and reference
therein). All reported electron density (Ne) determinations are based on the measure-
ments of the Hg line profiles. Here, we presents the results of the Hel 447.1 nm and
its forbidden component line profile measurements, as a new candidate for plasma
diagnostics in this type of plasmas.

2. EXPERIMENT

Schematic diagram of the experimental setup is presented in Fig.1 As a power supply
commercial 2450 MHz generator connected by the coaxial cable to the TEMg;g type
microwave cavity described by Beenakker (1977) is used. Helium flow through the
3 cm long quartz discharge tube (I.D.1.5mm, O.D. 3mm) and right-angle pneumatic
nebulazer is adjusted by the mass flowmeter and regulator. A 1 : 1image of the plasma
source is projected on the (20 um wide and lmm high) entrance slit of 0.5 m Ebert
type spectrometer (Jarrell Ash 82-025) with inverse dispersion 1.6 nm/mm. Spectra
recordings were performed by the use of photomultiplier EMI 9659QB mounted on
the exit slit of the spectrometer. The wavelength scanning was performed by the step
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motor and step motor drive (Isert ID 3304) controlled with PC AT computer. The
spectral line shapes are recorded by the help of boxcar averager (Stanford Research

Systems SR 250) and the same computer. For enhancement of the signal to noise
ratio, averaging of 10 signals at each step of the motor was also performed.

SPECTROMETER

—> Y !
P i MICROWAVE
| GENERATOR
pinter S

Fig. 1. Schematic diagram of the experimental setup.

3. RESULTS AND DISCUSSION

Side-on measurements of line shapes of Hy spectral line and Hel 447.1 nm and its
forbidden component 5mm above the top of the quartz discharge tube was performed.
The radial distribution of studied line profiles from the layers 0.05 mm apart are shown
in Figures 2 and 3. In all cases helium flow was 0.75 |/min and forward microwave
power 80W. For separation of the contributions from different plasma layers and to
obtain the true radial plasma intensity distribution we used Abel inversion procedure
as developed by Djurovié et al., (1996). Electron density is determined from the fitted
Hyg spectral line profiles in conjunction with the theoretical calculations by Vidal et al
(1973). From the recordings of 447.1 nm line shape electron density Ne is determined
by using empirical formula (Czernichowski and J. Chapelle ,1985)

log Ne = 23.056 + 1.586 log(S — 0.156) + [log(S — 0.156)]?
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Fig. 2. Radial distribution of the Hg line profiles from layers 0.05 mm apart.
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Fig. 3. Radial distribution of the He I 447.1 nm line profiles from layers 0.05 mm apart
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The obtained results of the radial dependence of electron density concentrations
are presented in Figure 4. Densities between 1.9 and 3.6 * 102°m~3 are determined.
Also a good agreement between this two methods is found.
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Fig. 4. Radial dependence of the Ne obtained from the different line profiles
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THE FORMATION OF PLASMA SPRAYED
COATING CONTAINING CARBIDES

A. ILYSCHENKO, P. VITYAZ, V. OKOVITY, S. SOBOLEVSKIJ], T. DUBELIR
Powder Metallurgy Institute, Platonov Str.41, Minsk,220071, Republic of Belarus

Abstract. The paper presents technological concept of the formation containing carbides
(TiC, SiC). This type of powders were produced by self-propagated method of synthesis.
Spraying parameters APS and CDS were determined. Microstructure and wear resistans
of the obtained coatings were determined. The results obtained in this investigation were
applied to a selection of optimal parameters of spraying, content of hard phase grains in
acordance with deposition rate and wear resistance.

The program of the experimental research work had included preparation of pow-
ders, their morfological analysis, investigation of spraying parameters and studies on
the microstructure and wear resistance of the coating obtained. The coatings were pro-
duced mainly using atmospherical plasma spraying (APS) and continuous detonation
spraying (CDS).

Powder and coating morphology, porosity and homogeneity were investigated. Sev-
eral tests for wear, corrosion behaviour, bond strenght and hardness were carried out.
Protective coating was deposited by plasma spraying in air (APS) using Ar-Hy mix-
ture as plasma gases and CDS using propane (C3Hg) and oxygen (O3). The influence
of spraying parameters variation on properties and microstructure of spraying coating
was determined by means of deposition rate of powder.

Present investigation demonstrated, that carbide particle reinforced Al and AlSi
coatings can be produced using atmospherical plasma spraying as well as continuons
detonation spraying. The difference between both spray techniques becomes noticeable
specially in the field of wear resistance. Here the CDS process showed the clearly
better results. The coatings productions from composite powders containing carbides
grains (SiC, TiC) is possible to use in wide field of industrial applications, where
a combination of light structure materials combined with a high wear resistance is
required.
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INVESTIGATION OF DIAMONDS
PLASMA SPRAYED COATINGS

A. ILYSCHENKO, P. VITYAZ, V. OKOVITY, E. ILYSCHENKO

S. SOBOLEVSKIJ, V. KALINOVSKY
Powder Metallurgy Institute, Platonov Str.{1, Minsk, 220071, Republic of Belarus

Abstract. The paper presents both theoretical and technological concept of the formation
coating containing selected diamond, nitrides and carbides. This type of powders were chem-
ically covered with NiCo layer, surounding the hard phases grains. The results obtained in
this investigations were applied to a selection of optimal parameters of spraying, content of
matrix metal in the coatings containing hard phase grains in acordance with its deposition
rate, and wear resistance.

The paper presents some preliminary results of the project whose aim is to deter-
mine the technological conditions for the process of plasma spraying of hard phase
grain containg coatings with some particular properties.

The program of the experimental research work had included preparation of pow-
ders, their morfological analysis, chemical nickel-cobalt coating, and investigation of
plasma spraying parametrs. The influence of spraying parametrs variation on prop-
erties and microstructure of plasma sprayed coating was determined by means of
deposition rate of powders. Scanning electron microscope investigation of the shape
and size of the initial powders, revealed that the particles are of fairly irregular shape,
and all HPG had covered by NiCo - coating. The datum on deposition rate of APS
coating had the same dependences as UPS coating but the absolute value of this da-
tum was higher, because the powder distribution in plasma stream was quite better,
and area of the spot of spraying at the substrate quite higher. Coating density and
their bond and cohesion strength depends on the degree of powder particles penetra-
tion in plasma stream, parameters of plasma, medium surrounding aerea, the speed
of movement, temperatures, and materials of substrate.

From the experimental and theoretical part it is obvious that the HPG plasma
coating can be used for mashine tool if its content of HPG is considerable. The quality
of this coatings can be estimated by its scaleability and the efficiency of the process
of plasma spraying, together with manufacturing aspects.
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DEPOSITION OF THE PLASMA SPRAYED
THERMAL BARRIER COATINGS

A. ILYSCHENKO, V. OKOVITY, S. SOBOLEVSKIJ, T. DUBELIR
Powder Metallurgy Institute, Platonov Str.41, Minsk,220071, Republic of Belarus

Abstract. The influence of the sprayed powder quality and oxygen content in the LPPS-
coatings on their structure, rate of oxidation and thermal cycling lifetime of the top ceramic
layers are under considerstion of the paper presented.

Thermal barrier coatings applied in high temperature applications are generally
manufactured by atmospheric plasma spraying of partially stabilized zirconia. The
bond layer between metal and ceramic is usually a sprayed metallic coating and the
thermal barrier coating reliability is essentially influenced by the behaviour of this
metal ceramic interface.

Damage to the ceramic coating can be caused by thermal shock fatigue and by
oxidation of the bond cout too.

The Ni(Co)CrAlY low pressure plasma sprayed (LPPS) coatings are speed widely
like resistant to high temperature oxidation layers and bond layers of thermal bar-
rier coatings, for heat engines and gas turbine applications. For such the conditions,
the resistance to the high temperature oxidation is a basic coating property, which
is known to depend on its structure hardly. Among the parameters, controlling the
LLPS-coating structure, the sprayed powder quality is one of the most substantial.
Probably the influence of gases contents on the coatings properties is the less investi-
gated factor of the LPPS-process. In spite of the known recommendations to reduce
the oxygen content in these coatings as far as possible, it is necessary to take into
account the conformity of the coating price growth and the properties achieved.

The coating resistance to the high temperature oxidation was estimated as the
samples weight growth ratio to the tested surface square m/s, after each hour of
ageing at 1100 or 1220 °C. The metal-ceramic coatings were also thermal cycled by
heat treatment at 1050 °C for 30 minutes with water cooling to 20 °C.
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OPTICAL SYSTEM FOR
CONTROL PLASMA SPRAYING

A. ILYSCHENKO, V. OKOVITY, S. SOBOLEVSKIJ, T. DUBELIR

V. SHIMANOVICH, N. NAUMENKO

Powder Metallurgy Institute, Institute of Molecular-Atomic
Physics, Platonov Str.41, Minsk, 220071, Republic of Belarus

Abstract. In the present paper experimental results bearing on the dependence of spectral
radiation of different powders upon conditions have been rendered. An experimental unit for
research of optical characteristics of powder within a plasma jet has been described.

In the thermal spray process, the particle temperature at impact on the substrate
surface is an important parameter which influences the quality and characteristics of
the deposit formed. In order to ensure the repeatability of desired coating character-
istics, and to control the process, it is necessary to measure the temperature of the
particles, in flight, before impact on the substrate. Since the particles are small (of
the order of 10 to 100 microns in diameter), and moving at high velocity (up to 1000
m/s) and moreover, can have high temperature (as high as 3000 °C), only nonintusive
optical techniques are applicable.

These techniques deduce the temperature of an object by measuring the intensity
of radiation emitted by the object in one or more spectral (wavelength or color) bands.
The technique is however susceptible to errors caused by variations in emissivity with
wavelength, and special precautions must be observed to ensure that adequate signal
strength is available to obtain an accurate measurement.

An experimental unit for research of optical characteristics of powder within a
plasma jet includes standart equipment for plasma spraying (plasma gun, power
source, console, powder feeder, etc), and an optical set. The optical set consisted
of monochromator and electronic blocks for control and processing of optical data by
means of a computer on the base of Intel-80286 type processor.

Combination of light guides and photormultiplyers allowed automatical selection of
the desired spectral range from 200 to 850 nm. The equipment allows carrying out a
gradual analysis of radiation within the visible range with a step from 1 to 5 nm. It
is possible to record 6 different regimes.
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OCOBEHHOCTY IVHAMUKY TIPMIIOBEPXHOCTHOI'O
TIJTASMOOEPA3SOBAHUA ¥ ONTUYECKME CBOWCTBA
OPO3NOHHNX ILTASMEHHNX ®AKEJOB IIPY
KBABMHEIPEPHBHOM JIABEPHOM BO3NE{CTBYM
HA BHCMYTOBYK MMIEHB

JI..MHbKO, B.M.HACOHOB

WHCTATYT MoJIEKYJIAPHOR Z aTomHO#l §usmkm,
0 .Crapmau 70, 220072 Mumrck, bBexapychk

AHHOTalUWA, JKCOEDMMEHTAJIBbHO K3yUYeHa IMHAMUKA I[LIa—
3M000pa30BaHyA [P BO3LEACTBUM B BO3LYXE HA BUC-
MYT KBA3MHEIPEPHBHOI'O K3JIYYEHMA HEOLMMOBOI'O Jia3e-
pa (T~I,5 mMc) IUIOTHOCTEL MowHocTH G =0,I-I0 MBt/
CM2. [Ioka3aHo, UYTO B IMAIA30HE 2%qe~4 MBT/c
asmMooCpas30BaHNe MMEET HEYCTOWUMBHI XxapakTep.
YcTaHOBNEHO, YTO BO3neilcTBHe mPH 9> 5 MBT/CMB BH—
3HBAET [POCBETJIEHNE (QaKeya M CHUKEHUE EI'0 DKpPaHHA—
pywouero LellcTsMa Ha MHWEHE.

HacTosuana padoTa OOCBALEHA KOMILIEKCHOMY 3KCIIE-
PEMEHTANBHOMY HCCJIELOBAHMD B3aMMOLEeHCTBHAA KBa3U-—
HEIIPEPHBHOrO JasepHoro manayueHmsa (A =I,06 MkM,
T~1,5 Mc) ¢ mmumeHspb u3 BucmyTa (Bl). MeTonmamnm
BHCOKOCKODPOCTHO# ¢oTorpadum perucTprpoBalCh IDPO—
CTPaHCTBEHHO~ BDEMEHHHE XapPaKTEDUCTHKHA IIPUAMTOBEDPX—
HOCTHOI'0 IJ1a3Mo0o0pas30Baunf, QOTOBJIEKTPUYECKAM Me-—
TOLOM HU3MEPSINCH OTPAXEHNE U pacCefHNEe JA3EpPHOrO
mauayuenna (M), a Takke APKOCTHHE TEMIEpPaTypH IO-
BEPXHOCTH MANEHZX X JIA38DHOI'O SPO3MOHHOI'O ILJIA3MEH-
Horo gaxena (J3MP) T, . MaueHaME CIyKwm o0pasuy
C MEXaHMUECKH MOJMpOBAHHO! mOBepXHOCTED (KO3dHdm—
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IIMEHT OTDAXERUd ~ 67%). [LIOTHOCTE MOWLHOCTH q, JU
B 30HE BO3neiicTBEA ZmameTpoMm 3,5 MM H3MEHAIACH B
npemesax 0,I-I0 MBT/CMZ. ViccoenoBaBus IPOBOIWIACE
B BO3LYyXE IpUd aTMOCHEpHOM IABJIEHNA,

Ha ocHoBe m3aMmepeHuit pacceanus JMI X BHCOKOCKO—
pocTHOf KuHOCBEMKHM (opmupoBanua JOlI@ ycTaHOBJEHO,
YTO HA XapaKTep [PUIOBEPXHOCTHOI'O IIasM000pasoBa—
HIA BJMANT HE TOJBKO XUMUYECKH! cocTaB MHWLEHH,
Hasnume B aKeJse KOHLEeHCHDPOBAHHOM mucrnepcHo# ¢asHu
(KI®), Ho ¥ BUI mucnepcHoctd YacTmn (Mmupro J.H.
¥ mp., 1996). JKCIEpPMMEHTH OOKas3aaud, YTO NpH pas-
pyumenmz Bi nox neiicremem JII BuOpacwBaemue B (a—
KeJ YaCTUUH UMEDT MEJKOLUCIEeDCHHI BuI. Mesaxomuc-—
IEepCHOCTE: YaCTWMIl ¥ OTHOCHUTEJNBHO HH3KNE TEpMOLEHA-—
MUYECKUE NapaMeTpH BL onpeneisoT cOenuzduKy B3au-—
moneiicTsua JV ¢ vacTmiaME X QAKeJOM, OIpereldaf
ero IMHaMEUKY X B3ammogmelicTsze I ¢ MEmEHBD B Lig—
JoM, [lokasaro, YTO pa3BuTUE naposoit dasu Jakesa
Bl HamexHo permcTpupyercA yxe upm q~0,I6 MBT/CMZ.
JCTaHOBJIEHA 3aBUCHMOCTHL CKOPOCTH IBIXKEHWA QpOHTA
naposoro gaxesa ot q JM. Illpm msmeHenusm Q, B nna-
nasone 0,23-0,52 MBT/CM2 CKOpPOCTE (pOHTA BO3pacTa-
Jna B npenenax 3-I55 M/c coOTBETCTBEHHO. IlOpOr0OBOE
3HAUEHNE Q, HAYAJIBHOT'O o6pasoBauua maasma  ( Te™
3400K) B SKCIEDPHEMEHTAX COCTABAIO ~ 2,1 MBT/cM.
llpm sTOM IpE HASKUX Q, IIA3MOOCDPA30BAHNE HAUYUMHAET-
CAd B sAIpe DApoBOr'o Jaxesa y MOBEPXHOCTH, & C yBe—
JAYEHAEM Q, DOABJAAETCA Ipyras KOHKypupyomasd o0JacThb
nrasmMoolpa3oBaHdA, Ha (POHTe dakesa, KoTopad cTa-
HOBATCA JOMEHEpYDUe# mpu g5 MBT/CMé (T@;v?SOOK).
lIpu neGombumx q JI (€2 MBT/CMZ), Korma dopMmEpyeT—
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CcA napomas CTPYyfA, HU3KOIOPOrOBOrO ILIA3M0O0OCpa30Ba-—
HNA B (akese Ha 3aK/OOYUTEJBLHOR CTamuy Ja3epHOI'o
IMIOyJhCa, XapaKTepHOro OOHYKO IJsA OoJiee TeMOoepaTy-
POCTOIKAX MaTepmasoB, B 9KCOEpMMEHTaXx ¢ BL He Ha-
Giomasock. OCHapy®eHHas OCOCEHHOCTE ¢ BL mpm Hus-—
KEX O, OOBACHAETCA OTCYTCTBUEM B (paKese OTHOCHTEJb-
HO KpymHEX yacTmi KI® (o~ 0,5 mm), cmocoCHHX Ha
nyTa Jgyua “"HapadaTHBATh" LOCTATOYHO ILIOTHHI HOINIO-
waouuit caoif mapa. Mccaermosarusa JOIP B pacCedaHHOM
CBETE IOKasas®, YTO TAKUe YacTHUUH BHODACHBAWTCH

3 30HH BO3ZelicTBUA IOL OOJNBUUME YyIJIaMA OTHOCHTEJE
HO OCHM JIA3epPHOI'0 JIy4a U COCPELOTOUEHH B OCHOBHOM

B IIPUIOBEDXHOCTHOR o0JacTH 3a IpenejaMd IRaMeTpa
nATHA GoxycupoBr#. Jums mprq> 4 MBT/cM® BCaELCT-
BHE pamuanuoHHOI'0 HArpesa I[IEpEeusJIyuyeHHON BHepruei
dakesa KpYOHHE YaCTHAUH NHTEHCHBHO WUCHADANTCA, X B
IPUIOBEPXHOCTHO! 00JaCTH Pa3BMBAETCA MHTEHCUBHOE
CBeyeHMe ILIa3MH. BHfABIEHO, YTO B Iuanas3oHe 250<4
MBT/CM2 o0pasoBaHue wasve B JIII¢ Bi mmeeT Heyc—
TolluuBHil xapakTep. yJbcalliy MHTEHCHABHOCTH CBOUE-
HAS [OJA3MH OIHOI'0 BUIA MMEKT IEepUOL OOBTOPEHHA
35-90 MKC M, Kak IIOKa3WBaeT aHaJu3 paccedanusa JU,
CBf3aHH C HEPABHOMEDHOCTHD BHHOCA BEleCTBA MHIIEHHN
13 30HH Bo3geiicTsusa. Haldimomaemue OyJIbcaluy IPYror'o
BUOA mEMeNT nepuon 5-8 MKC U CBA34HH, BEPOATHO, C
BHODOCOM OTIHEJNBHHX [1JIA3MEHHHX CILYCTKOB BCJIEI-
CTBHE B3PHBOOODA3HOI'O MCOAPEHNA ¥ C AMCKPETHOCTHI
OOCTYIJIEHAA BemecTBA MUIEHU H3-3a HEOTHOPON-—
HOCTH TEIUIOPM3BUYECKNX CBOUCTB MaTepuaia MALEHH.
Ha IOMCKPETHOCTE IOCTyIIeHWs BemecTsa B JJI® MoryT
BJMATE X BHCOKOYACTOTHHE KOJEOaHUA MHTEHCUBHOCTHU
JU, Bcerma mmenune MecTo Ha ormdawvue# peaybHOIO
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Ja3EPHOI0 MMIYJIbCa. YCTAHOBJEHO, UTO IIPH U3MEHE-
HAW q, B Auanasone 2,I-5 MBT/cM® B o6iacTd ckauka
VIUIOTHEHNAA B KBA3UCTALMOHADHOM HELOPACWHEDEHHOM
daKese mapoB peayM3yeTCH CAMONONKArawUMiAcd ooTU-
YECKU{ paspsAl B Spo3UoHHOR mrasme. Ha ocHoBe aHa-
JIA38 TAHHHX BHCOKOCKODOCTHON KMHOCBEMKM Da3BHTHA
JOIR m mayueHusa orpaxenus JI B npouecce BosneilcT-
Bl YCTAHOBJIEHO IPOTEKaHWE B (JaKeJe pPEeaKId;m rope—
HEAA yacTil Bi. B pesynnTare cropaHusd 4acTWll Ha
IIyTHA JIa3epPHOr'0 Jyya K I'a30LXHAMUYECKOI'O pa3lJjeTa
JOI® nmon IneiicTBHEM BO3HEKALWLEI'O IPH 5TOM IABJIEHNA
daxes NpPOCBETJIAETCH, BCJIELCTBUE YEI'O CHURAECTCA €I'0
sKpaHmpypuee melicTBue Ha MumeHs. [OTYUYEHHHS KOJIU-
YSCTBEHHHE TAHHHE O KO3QQMIMEeHTaX OTPaXeHUs CBH-—
IeTeJHCTBYOT, YTO SHepreTuyeckue norepu JII B J3IP,
UIymue Ha HarpeB X paspyuerure yacTu KIQ, pacces-
HUe, a TaKxe 3aTpaTH, OIpelelifieMHEe paTUalliOHHHMU
DOTEPAMH, MOI'YT OHTH 3HAUUTEJHHEMU. B yCJOBHAX
9KCIepUMeHTOB Ipd BosneitcTsud JM [IIOTHOCTED MOLHO-
ctz 9~0,94 MBT/CMZ, KoDLa CWJIBHO CK23HBAETCH 3K—
paHupyomee HeitcTBue yacTml KIP, SHEepreTHYECKUE
norepr B J3M0 npeswnam 30%. C yBesumueHmem o, Io
6,2 MBT/CMZ 3T NOTEPH CHUXANUCH B HECKOJNBKO pas.

JlaTepaTypa

Mmrerko J.fl., Hacoros B.M.: 1996, Xmv. drsuxa.
T.I5, k3. C.II4.
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OCOBEHHOCTH UK-U3TYYEHHS ITPUTTIOBEPXHOCTHBIX JIA3EPHBIX
IUIASMEHHBIX OBPA3OBAHHH B PA3JIMYHEBIX F'A3AX

JI.A.Muusko, A.H.Yymakos, B.B.E¢ppemosn, H.A Bocak
HWHCTHTYT MOneKynspHoit H aToMHOH (HIHKH AKaleMHH Hayk Benapycu
npocnext O.Cxopunnt 70, 220072 Munck, benapych

Abstract, An experimental investigation was made of the radiative characteristics of
laser plasma formation near Al, In, Cd and Sj targets in various gases and in vacuum.
It has shown that the indicatrixes and the intensity of laser plasma radiation depend
on the target material, on laser pulse parameters and on the process of plasma

chemical interaction of laser plasma with atmospheric gas.

HMaMepenns UHAHKATPHC H DHEPreTHYeCKOH CHABLI H3TyYeHHS Ja3zepHbIX
AIPUIIOBEPXHOCTHLIX IUIa3MeHHbIX ob6pa3sosanuii (JIIIO) npH MOHOHMMITYIBCHOM
JIa3epHOM BO3JICHCTBHH BBIABHIHM CBS3b HIIyYaTeNIbHBIX XaPaKTEPHCTHK JIa3epHOMH
wiasMul co cTpykTypoH JIIIO u npoueccaMy Iia3sMOXHMHYECKOro B3aHMOAEHCTBHA
nasepHoi rwasMu ¢ atMocdepHmM razsoM (Uymakos H ap., 1994). BuUlo B 4aCTHOCTH
N10Ka3aHo, YTO pacnpeieicHHe ClEKTPAIbHOMH IU1I0THOCTH cHabl H3ayvyenus JIIIO Ha
KagMHeBOH MHILEHH MOXeT CHJIbBHO OTJIHYAaThCi OT PaBHOBECHOIO TeIUIOBOro B
CMeKTPaNbHOM HHTepBajle oT 2 fo 4 MkM. EciiH ocHOBHOH NpHYHHONI HabmoaaeMoi
HepaBHOBECHOCTH ABJIAETCS IUIA3MOXHMHYECKOE B3aHMOLEHCTBHE J1a3epHOM IUIa3Mbl ©
OKPYXXAIOUJHM MHIUEHb Fa3oM, TO C YBEIHYeHHEM JJIMTEJIbHOCTH BO3ACHCTBYIOLLMX
JIa3epHBIX HMITYJIbCOB NMOoAOCHBIE OTIIOHEHHA B XapakKTepe HCIYCKaHHA Jia3epHOH
IUTa3MBbl JIOJIKHB YCHJIHBARTBCH H, KpDOME TOr'0, 3aBHCETh OT BHIa aTMocepHOro rasa,
OKPYKAIOLLErOo MHUICHB.

Jlng BuISCHEHHsl BIIHSHHA OKDYXAIOLIEro MHILEHb I'a3a Ha H3JysaTesIbHble
xapakTepuctHku JIIIO ObulM  TipOBeleHB!  LEJEHANpPAaBACHHLIE HCCICNOBAHHR
Na3epHOro BO3JeHCTBHA B pexdMe cBOOOAHON reHepalMH Ha psaA MaTepualioB (Al,
In, Cd, Si n Ap.) B pa3yIHUHBIX ra3ax HOPMAaJILHOI MAOTHOCTH (BO3AYX, a30T, AProH) H

B BaKyyMe. B  okcmepumentax Onut HenmomszoBaH  AMI:Nd-nmazep ¢

129



J1. . MUHBKO, A. H. 1YYMAKOB, B. B. E®PEMOB, H. A. BOCAK

NPOrpaMMHPYEMBIM PeXXHMOM paboThl H JUIHTEILHOCTBIO 1a3epHOro HMIyabLea ~ 200

MKC B pexaiMme cBoGomHo# reHepaumn (EdpemoB u ap., 1992). DHeprus nasepHoro
H3TydeHns He npesbiwiana 0,5 JIk, a aMaMeTp AATHa oOJIyueHHS HA MOBEPXHOCTH
MHILEHH cocTamsl 200 MkM. IIpH 3TOM MaKCHManbHas TUIOTHOCTh MoluHocTH JIU q
B NSTHe o0OIy4YeHHS He npepbiana 10 MBr/cM2. MHOHKaTpHCH H cHIa M3ITy4eHHs
JlasepHoOit IUIa3Mbl H3MepsUIHCh B auana3oHe 0,3-4 MKM B OTASIBHBIX CIEKTPAJIbHBIX
HHTepBanaX,  BbLIENAeMbIX  Y3KOMOJOCHBIMH  ¢wibTpaMH, ¢  MOMOLILIO
doToMeTpHYeCcKO CHCTEMB CO CMEHHBLIMH $oTonpHeMHHKaMH (DY, ¢oTtoanoan H
doropesncropnl), OTKANIHOPOBAHHBIMH C€ MOMOUIBIO IJTANOHHBIX M3INMy4aTesied.
DOHeprus H BpeMeHHas ¢opMa HMIYJILCOB M3IMYYEHHS HMITYJIbCOB H3IMEPSJINCD
CTAHOAPTHBIMHA (GOTOMETPHYECKHMH METOJAMH.

OKClepHMEHTBl B peXXHMe  cBOOGONHOH  reHepallMH  oOHapy3OUIH
CYLLECTBEHHYIO 3aBHCHMOCTD H3ITydeHKRA JITTO (ocobenno 8 UK obnacru cnexrpa) ot
MaTepHana MHILeHH (CM. pHC.1) H okpyXalouero MHllleHb ra3za. Tak, Jid KaAMHeBOMH
MHILEHH NpH aTMocthepHOM HaBileHMH BO3XyXxa uanmydyenue JITIO pinres Ha nopsagox
ROJIbLIE JUTHTETbHOCTH JIa3epHOIr0 HMITYJIbCA W HMeeT B pa3jiefieHHbIX BO BpEMEHM
MakcHMyMa (B uHTepBane 2-4 MxM). Kpome Toro, BTOopoit MakCHMyM HMITyJlbCca
waryyenus JIIIO, ¢opMmupyloumiics 3HAYMTENLHO NO3XKEe OKOHYAHHA JIa3epHOro
HMITyJIbC3, MO aMIUITMTYIE MOXeT 3HAUMTEILHO NPeBOCXOAWTb NEpBbIH MaKCHMYyM,
COBINAAAIOLHMH MO BPEMEHH MOABJICHHS C JIa3epHBIM UMITyNbcoM. Kak BHIHO U3 prC.2,
HHIHKATPHCHI H3TyYeHHS TUIa3MBl B OTHX MAKCHMyMaX TakKXe pasiHdHbl. Tak, eciH
It iepBoro MakcuMyma wanmyveHHs JIIIO vraukaTprca Haubosiee CHMMETPHYHA H
61M3Ka K KpYroBOH, TO IJI1 BTOPOTO MaKCHMYyMa H3IyYeHHR JlaszepHoH TIUIa3Mul
HHIHKATPHCA HMEET BbIPaXKeHHBIH MAKCHMYM B HarpaplieHHH ~ 40°.

CMeHa atMmocdepHOro rasa B HaHGOJbLIEH CTeeHH CKa3biBaeTcd Ha
BpeMeHHOH dopMe H aMIUIHTYAe uMmynabsca Wanyderus JIITO. Tlpu 3ameHe Bo3Myxa
a30TOM, JIHGO aproHOM NPpH aTMOchepHOM AAaBJAEHHH MNEPBLIH MAKCHMYM B HMITYJIbCeE
nayueHns JITIO noyTH He H3MeHseTes, TOrIA KaK BTOPOH NPONAlaeT, a Ha ero Mecre
0GHApY>KHBAETCA JIHLUL CHIBHO PACTAHYTBIH BO BpeMeHH "XBOCT” MepBOro MMITYJIbC
(puc. 3). [IpH noHuxkeHHH naBjieHHd BO3AyXa B KaMepe ¢ MHIUeHbio no 10-2 Topp
BTOPOHl MaKCHMyM B HMNyabce HTydeHHa JIIIO nponanaer, a Takke yMeHblUaeTCa
aMIUIHTYJa nepBoro MakcuMyma (puc. 3). HMaMeHeHHA BpeMeHHOH ¢opMbi H
AMIUTHTYAbBl MMITyAbCa H3JTy4eHHA JIa3epHOH IUIa3Mbl B 3aBHCHMOCTH OT poja

aTMocdepHOro rasa M ero AaBJieHHs HabmoaaloTces H Uit Apyrux MuueHei (Al, Si
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In), 0XHAKO B CIEKTPAJTLHOM HHTEepBalle 2 - 4 MKM OHH MeHee BBIPAXKeHH!.

TakuMm 00pa3oM NOKa3aHO, YTO NMPH MajIbiX pa3sMepax JIa3epHBIX ILITeH
obmydenns (d<200 MKM) HROIHKATPHCH H CHJIA HITyYeHHSK Ja3epHoll ruaimm B MK
o0nacTH CMeKkTpa CYLIECTBEHHO 3aBHCAT OT MaTepHala MHLIEHH H pola
aTMoctepHoro rasa. UsiryuaTesibHble XapaKTepHCTHKH JIa3epHBIX
1U1a3M006pa3oBaHHil 328BHCAT OT MX CTPYKTYPW H MPOLIECCOB IUIa3MOXHMHYECKOTO
B3aUMOACHCTBHA Jla3epHOH rwasMl ¢ arMochepHmM  raszoM. Ilpn  sToM
cnietHdpHYeCKHM BRIGOPOM MaTepHalla MHILEHH H COOTBETCTBYIOLLEH Ia30Boit cpelnl
(kaaMHA-BO3XYX) MOXeT OnTb MHOTOKPATHO YyBeJIHYeHAa HTEHCHBHOCTb HITyYeHHS

JIa3epHbIX [U1a3MeHHBIX 06pa30OBaHHiA.

a
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Puc. 1. OciwutorpaMMm H3JTy4eHHS TUIa3MeHHBIX 00pa30BaHHi (AA = 2-4 MKM ) NpH
Na3epHOM BO3JCHCTBHM Ha WHOMH (a), kpemuui (6) u kamMuil (B) B BO3myXe

aTMoctepHoro aapieHns (q = 6 MBr/cm?).
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Puc. 2. VUHIMKAaTpHCH H3Ty4eHHMS [UIa3MEHHOro oO0pa3oBaHUA NPH JIa3epHOM
BO3JEHCTBHM Ha KaaMHi B Bo3myxe atMmochepHoro aamieHus (1 - B nepBoM

MaKCHMYMe HMITYJIbCA HIITy49eHHs, 2 - BO BTOPOM).

N
| Kw N

Puc. 3. OcuwurtorpaMMmbsl  HUTy4eHHS IUasMeHHBIX oOpasoBannit (1-4) npu

BO3JeHCTBHH Na3lepHOro MaiyueHHs (5) Ha kamMmui B Bo3myxe (1,3) u a3zore (2)

aT™MocdepHOro NaBjeHHs H B BakyyMe (4) npu q = 10 MB1/cM2.

JIUTEPATYPA
Edpemon B.B., Touten H.A., Yymakos A.H., lIuenox 10.D.: 1992, IIpu6Gopsr u
TeXHHKa JKcnepuMenTa, N 4, 179-183.
Yymakos A.H., Edpemos B.B., Bocak H.A., Munsnko JLJA, Yusenp HO.A.,
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HUCITOJIb30OBAHHE ITIOIIEPEYHOI'O BY BO3bYX-
JAEHHUS 1)1 CO3TJAHUA I'A3OBBIX JIASEPOB

JI.H.OPJIOB, O.JI.TAMKO, B.B.HEBJIAX, 1.U.HEKPAIIIEBHUY
HUncruryT dusuxu AHBenapycu, 220600 Munck, np.dD.Ckapunsl, 68

Annoramusi. PaccMOTpeHB 0COOEHHOCTH IUIa3MBl eMKocTHoro BY
pa3psiia B 1ICJCBRIX 3a30pax IUIaHApHONM M KOAKCHAIBHOI reo-
MeTpUM MPUMEHMUTENBHO K ITpoGJieMe CO3TaHUS ra3opaspsii-
HBIX J1a3¢pOB Y ONMMCAHBI BapUaHTHl paspaboraHHex B WP
AHBb CO:2 nasepos.

HasectrHo (Paizep u np., 1995; Hall, Hill, 1987), yro npu cosmaHuu
ra30BhIX JIa3€pOB IONEPEYHBIM BEICOKOYACTOTHBIM €MKOCTHOM pa3psil
(IIBYEP) obnapaer LENBIM PAOOM CYLIECTBEHHBIX MMPEHUMYLLECTB I10
CPaBHEHHUIO C JOPYrMMHM THUIIaMM pa3pslIoB : Malble IIOMNepeyHbie
pasMepHl M OTCYTCTBME KaTOQHOrO ITaJleHHs IoTeHIMana obecre-
YMBAIOT MAJIOCTL paboyero HarnpsoKeHUS M peald3auyio 60JblLIOro
Ko3¢dduLMeHTa yCWIeHUsI B BOTHOBOTHOM PEXHME; IOJIOXUTENbHAS
BOJIBT-aMITEpHAst XapaKTEPUCTMKA U BBICOKAs YacTOTa BO3OYXIECHHUSA
MO3BOJIAAIOT paboTaTh 0¢3 aKTUBHBIX OAJUIACTHBIX COIPOTHBRIIEHUN U
JIOTIOTHUTEJIBHBIX TIOTEPh S3HEPIMM,3KUTaTh U MOAIEPXUBATh pa3psil
C BHEIWIHMMU 3JIEKTPOJaMH B ITOJHOCTbIO IMANEKTPUYECKOM Kallwi-
Jsipe (T.e. 6e3 HarpeBaeMbIX M paclbUISEMBIX 3JIEMEHTOB B TpyOKe,
YTO CYIUECTBEHHO ITOBLIILAET JOJTOBEYHOCTH NMPUOOpPOB B OTIIASH-
HOM pexuMe paboThl); Ha BBICOKMX YacTOTaX CHIDKAeTCHd poJib
OONBILIMHCTBA IUTa3MEHHBIX HEYCTOMYMBOCTEH, UYTO NMPHUBOAUT K BO3-
MOXHOCTU BO30OyXIeHHUs Oojplimx oObeMOB rasza 6e3 crpaTtudu-
KallMM pas3psiia. JTO MO3BOJAET CO3JaBaThb KOMITaKTHBIE Ja3epHBIC
YCTPOICTBA C YIYYIIEHHBIMUA 3HEPreTUMECKUMM XapaKTEePUCTHKaMU,
NOCTaTOYHO IMPOCTHIC B U3rOTOBIECHUM W 3KCIUTYyaTaLlAM.

OgHako WIS peanu3aly 3THX MPEUMYLUECTB CIEAYET PEUIUTh LEJIbIHA
psO 3amay, B TOM 4uciae cBA3aHHBIX ¢ rorasMoit ITBYEP: Heobxo-
OUMO OIPENENUTDb YCIOBUS 3KUTAHUSI M MOJNEPXaHHUS OTHOPOIHOM
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IUIa3Mbl B Y3KMX lUEJCBRIX 3a30pax IUIaHApHOW TIE€OMETPUU WIU
MEXOY OBYMS KOAKCUAIbHHIMU LIWIMHIPWYECKMMU SJIEKTpOIaMH, a
TaKX€ [PU MCIIONBb30BAaHMM MHOI'OKAHAJIBHBIX aKTHBHBIX 3JIEMEHTOB,
CO3aTh YCTPOICTBa WA Hawryywiero cornacosaHuss BU reneparopa
C TakKUMH paspsAHBIMKM MPOMEXYTKAaMM, MCCIENOBaThb 3aKOHOMeE-
PHOCTU Ilepexoja OT o- K y- ¢ase paspsiza, HaTU OITUMAaNIbHBIE
yCJIOBHMS BO3OYXIEHUS JIa3€pHBIX aKTUBHBIX CpEZ.

C ucnosp30BaHMEM MeTola Mpo3payHoro anexkrpona (Opios M ap.,
1992) HaMu poBenEeHO UCCIEIOBAHHE ONMTUKO-(PHU3IMIECKMX XapaKTe-
PUCTHK CBEYECHUS pa3psila IpU HCHOJB30BAHMM pa3psiIHBIX 0ObEMOB
PaVIMYHBLIX pa3MepoOB M TeOMETPHM (BKIIIOYAS OOHOPOIHBIE M CTY-
MeH4yaThle IUIaHaApHBIE, LIWIMHAPHYECKHE, KONbLEBBIE KOAKCUATBHBIE
3a30pHl, @ TAKXX€ MHOIOJJEMEHTHBIE CHUCTEMBI C IMOJHOCTBIO MU30JIH-
POBAaHHBIMM JTUGO COOOIIAIOMMMUCA Pa3PAIHEIMUA [IPOMEXYTKaMH) B
PAVIMYHBIX TIa3ax IpU Yacrotax Bo3byxmenus 40 u 120 Ml
IlpakTiyeckd st JIOOBIX F€OMETPUM paspsila M COCTaBOB ra3a Ipu
OaBJIEHUSIX OT eOWHUL OO AecsTKOB Topp yAaBanoch peaM30BaTh o-
¢azy IIBUEP. B aroM cayyae pacnpeneieHMe WHTEHCHUBHOCTU
UUTYYCHUS T10 CEYEHUIO Pa3psiAHOro MPOMEXYTKA MUMEJIO NOCTaTOYHO
ONHOPOIHYIO TPHUOCEBYIO 00JacTh, IO CBOMM XapaKTepHUCTUKaM
MONOOHYIO IMOJOXHUTEJIbHOMY CTOJIOY TJIEIOUIEro paspsga IOCTOSIH-
HOro TOKa, W [Ba OTIACJCHHBIX OT 3JIEKTPOAOB TEMHBIMU IIPOME-
XYyTKaMd MAaKCHMyMa MHTEHCMBHOCTH, CBS3aHHBIX C OO0JACTBIO
ITOJIOXHUTEJILHOIO IMTPOCTPaHCTBEHHOTO 3apsiaa. [lo Mepe yBenHyeHus
BBOoOMMOI B paspsan BY MolIHOCTH, cBeyeHHe, BO3HHUKalOIee
IEPBOHAYAILHO JIMIUL BOJM3M LieHTpa 5JeKTpoxa (WIM TOJNBKO B
OIHOM Y3KOM KaHaje), IOCTCMEHHO 3aIlOJHSIO BECh pa3psiAHbIA
npoMexyTtok. Ilpu 3ToM oTHocuTeNbHO MajoMy BodpactaHuio BY
HaIpsoKEHUST COOTBETCTBOBANIO 3HAYMTEJNBHOE YBEJIMUECHUE TOKA pas-
pAOa.

IIpu ganpHedIeM yBEJIWYEHMM ITPUKIAABIBAEMOrO HAIIpSDKEHUS Ha-
CTyNal JIOKAIbHBIM Mpoboi (KaK IMpaBWiIo, BOJU3N TOPLIEBBIX OKOH
60 naTpybKoB OTKayKd WIM BBOAA rasa), ¢ JajJbHEHIUMM Iepexo-
JOM K HeXeaTeJbHOU IpU CO3NAHUM JIa3€pOB CWIBHOTOYHOM Y-
¢aze pa3psila WIM K €€ COCYLLECTBOBaHMIO ¢ o~ (a3oil. Kak npasu-
Jlo, npu nasieHustx rasza 5 - 20 Topp ¥ AOCTAaTOYHO CUMMETPUUYHOM
¢opMme paspsiTHOro INpoMexyTka o- ¢asza Obuta Hanbolsiee yCTONYM-
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MCIONBbIOBAHME NMONEPEYHOIO BY BO3BYXOEHWUA N CO3NAHUA FA30BHX NASEPOB

BOIf BO BCEM IMAIlla30HE MOILHOCTEH MCITONB3yeMBIX McTOYHMKOB BY
HaIpsDKEeHUS.

[To Mepe nepeMeuteHUs BIOJBL 3JeKTponoB ¢opMa TMOMNEPEYHOIo
pacripelleJICHHSI MHTEHCUBHOCTH OCTaeTCsi HEU3MEHHOM, HO MHTerpa-
JIbHad WHTEHCUBHOCTb MOHOTOHHO I1afaeT OT TOYKM IPWIOXEHUA
MOJIA K KpasAM 3JIeKTpona; rnoabupas cormacylolline MHIYKTUBHOCTHU
M MeECTa MX BKIIOYEHMS [IApaUIeIbHO pa3psgHOMY [IPOMEXYTKY,
ylIaeTcsi BHIDOBHATb paclpeleeHUe MHTEHCUBHOCTM Ha UIMHAaX 10
30 cM (ripu yacrote Bo3Gyxnenus 100 MI'u) ¢ HeogHOpOOHOCTAMU
Menee 5 %.

OnpenenedHple TPYOHOCTH ¢ 3dgexkTUBHEIM BBeaeHueM BY
MOII{HOCTM B aKTUBHBIE 3JIEMEHTBHl pa3IAYHOU IEOMETPUU CBA3AHBI
KaK ¢ HeOOXOOUMOCTBIO COIJIACOGBAHMS BOJIHOBBIX COITPOTHMBIICHUIHI
BY reHeparopa ¥ aKTUBHOIO 2JIEMEHTa, TaK M C TeM, YTO IIEpBOHa-
YAIBHO YUCTO €MKOCTHON HMITENaHC aKTUBHOIO 3JIEMEHTa IIOCIE
3AKHUTAaHUA pa3psiga U3IMEHSETCs, MOSBISETCS aKTUBHAs COCTaBIISAIO-
was. Pa3spaboraHHble y Hac cornacywowuue LC -uernodyku obnaagaroT
OONBIIMM OMHAMWYECKUM AUANAa30HOM M TO3BOJISIIOT MOICTPOMKOM
BEJIMYUHBI €MKOCTU OCYUIECTBUTb ONTHMAIBHOE COMIACOBaHMUE [UIS
BEJIMYUH COINPOTURICHUN pa3psiaa B auarnaszoHe ot 100 mo 1500 Om.
s ynoGcTBa 3KCIUTyaTallMM CepUIHBIX MPUOOPOB CIEIYET MCIONb-
30BaTh 6oJiee CI0XHBIE CUCTEMBl aBTOCOIJIACOBaHMS.

B npunuurie, noxyyeHHas uHdopmaimsa o mnapamerpax [IBYEP
MOXET OBITb HCMONB30BaHA IpPU pa3paboTKe U CO3JaHUM Ta30BBIX
JIa3epoOB C PalIMYHBIMUA aKTHBHBIMU BElIECTBAMU; B 3aBMCUMOCTHU OT
MX Ha3HayeHHs!, MOrYT OBITh MCIIOJNb30BAHBI CaMble pa3IMYyHbIE
KOHOUIYpalMM aKTUBHBIX 2JIEMEHTOB M pPE30HaTOPOB - CM.,
Harnpumep (OpsioB U ap., 1993). B wacTtHOocTH, HaMH pa3paboTaHo U
HCCIIEIOBAaHO HECKOIBKUX BapUaHTOB ManorabapuTHeix CO2 JnasepoB
[MOBBLILUEHHONM MOIIHOCTA. bBBUIM co3maHbl 2 MakeTa IUIaHApHBIX
BOJIHOBOIHBIX JIa3€POB € TPEX3€PKAIbHAIM MHOTOIIPOXOMOHBIM YCTOM-
YUBBEIM PE30HATOPOM :  Jlazep A - C BO3OYWHBIM OXJIAXICHHEM
OOHOrO U3 OJEKTPOAOB U 7-MU MPOXOOHBIM PpPE30HATOPOM, C
rabapyraMd pa3psigHoro mnpomexyrka 3 x 120 x 160 wmwM,
obecrieyrBalOLIMI MOLIHOCTh eHepauMu oo 5 BT B HenpephlBHOM
pexume npu yacrore Bo30yxneHuss 40 Mru; nasep B - ¢ BoasiHbIM
OXJTaXICHUEM [IOBYX IUIOCKMX QJIIOMHHHEBBIX 9JIEKTPOIOB, 3-X
MMPOXOOHBIM pe3oHatopoM, rabapuramm 2,5 x 150 x 180 MM,
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yacrotoii  Bo3byxzmeHuss 100 MI'u u MolIHOCTBIO reHepalM B
HenpepulBHOM pexuMe a0 30 Br. B oboux cinyvyastx Ucrnosb3oBantach
pabouyast cMecb CO2: N2: He : Xe B cootHowmrenmut 1 : 2 : 5 : 0,02
npH nojgHoM masiaeHuu 25 - 30 Topp; BeIXOOHOH IMy4OK B ONVCKHEMN
30HE MMeJ pasMepH 2 X 7 MM M cocTosl u3 6 - 7 4acTU4HO
[EePEKPBIBAIOIIMXCS MapaJUleNIbHBIX JY4Yel; [IPH 3TOM B JAJIbHEH 30HE
pacripeeIeHue MHTEHCUMBHOCTH OBLIO IMOYTHU rayCCOBHIM M HMMEJIO
OOMH MaKCHUMYM.

Paspa6oran Taxke CO: Jaszep KOaKCHATBHOrO TUIIa MOIIHOCTBIO
reHepauMu o0 95 Bt npu muamerpe 160 MM, miuHe 500 MM M
IIUpHUHE KoJibLueBOro 3azopa 10 MM; YCTOMUMBBEIA pe30HATOp
oOpa3oBaH B 3TOM CJiy4ae KOJbLEBBHIM HEMNPO3PaYHBIM 3€PKaIOM U
oTpaxaresieM, 00pa3oBaHHBIM 1LECTbIO 3€PKWIAMM, OJHO U3 KOTOPbIX
IOTYIIPO3payHO; ABA BRIXOOHBIX ITyYKa OOBEAMHSIOTCS ClieUHTbHBIM
YCTPOMCTBOM B OOWIMA ITyYOK C TMPaKTU4ECKM [ayCCOBBIM
pacripeieJleHUeM MHTEHCUBHOCTU B JanbHeH 3oHe. Ilpenrionaraercs,
YTO pa3paboTaHHHE MNPUOOPHI, UCITOJL30BAHHBIE B HUX CXEMHBIE
pewreHua U Metox [IBUEP - Bo30yxaeHUsT MOTYT CIIY>KUTb OCHOBOI{
IUISL CO3IaHMsl TUIopsina NadepHbIx cucteM cpenHero MK muanmasona
C MOIIHOCTBIO reHepauuy ot 1 no 1500 Br.
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Ob OCOBEHHOCTIX BO3bYXJIEHUA YACTHL] B
BBICOKOYACTOTHOM EMKOCTHOM PA3PSE

JLH.OPJIOB', LII. am» XABAT*
! HucteryT dmzmxm AH Benapycn, 220600 Manack, np.Cxapranr, 68, Benapycs
2 Atomic Energy Commission of Syria, Damascus, P.o. Box 6091, SAR

3HauuTEeILHBIE HHTEpPEC, DposSBILeMbli B nociaemaue rogs! (Hall e.a., 1987;
Paiizep u mp.,1995) x RCCiIeIOBAHMIO BHICOKOYACTOTHOI'O €EMKOCTHOTO pa3’-
psaa (BUEP), cBs3aH B nepByIo o4epelb € BO3MOXHOCTBIO CO3IAHHS HOBBIX
KOMITAKTHBIX H BbhICOKO3({ ek TUBHBIX HCTOUHHKOB cBeTa. [IpH pa3spaborke
TAKHX CHCTEM OCHOBHAZ OpoOJIeMa COCTOMT B pacdeTe HHTCHCHBHOCTH pa3-
JMYHBIX CINEKTPAIBHBLIX JHHMI HCHONB3yeMbIX rasoB. ClIeXysS METOIMKE,
pazBuToii B.A.®abpuxarromM (1940) mia crygas TaeOmero paspsajaa
nocrogaHoro Toka (TPIIT), mpH M3BECTHBRIX (YHKIMH pacIpeICIICHHS
3IEKTPOHOB 1O 3HEPrHsM B paspaie (DP3J) H TeMmepaTrype 3IEKTPOHOB
Te, 3HaR ceucHHME BO3OYACHHS PA3IMIHBIX YPOBHEH, MOMKHO PACCIHTATH
HUX HACCJICHHOCTH, a N0 H3BECTHBIM CHIAM OCLIUDISTOPOB - HHTCHCHBHOCTH
PA3HYHLIX IIEPEXOJIOB.

I'To cBonM onrrHUeckHM xapakTepAcTHKAaM BUEP noxo6exn TPIIT, Ho EMeeT
CYyImMECTBEHHBbIC OTIHUHNA 110 BHIy OPOO. B Hameif padbore (Opnos H mp,
1993) nokazaHo, YTO IIPH NMPOH3BOIBHOH YaCTOTE ® IPHIOKCHHOIO HOJIA
OPID npexcrasnger cobo HEMAKCBEIDIOBCKYIO ¢ YHIAMIO, COCTOSINYIO M3

OCHOBHOI OHOPOIHOM YACTH f v onpenergIeMot COyTapeHHIMH 3JIEKTPO-
HOB ¢ OeCCTPYKTYPHBIMH YACTHIIAMH, H HCOTHOPOIMHOH YACTH, 3aBHCAmICH
OT KOHKPETHOIO BHIA CCYCHMII HEYNPYTHX CTOJKHOBEHHI 3JIEKTPOHOB C
JACTHIIAMH ra3a H NpHBOIdINed K riyboxuM ‘mpoBanaM” Bo OPID

(Hampumep, mug Moxexkyn CO2 - B obmacty sHepruif 3-5 3B). Mcnons3ys
PA3VIOKECHHE HHTErpala CTOIKHOBEHHHA B paJl, MOXKHO ANNPOKCHMHPOBATD

cbymcumo fl) B BHJIC CJICOAYIOMICIO BBIPDAXKCHH A

@

x X
fo=e I+ —
X , 3

_m
™ kT
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Yo' Ma+x)? a-(a=j+)

137




JI. H. OPJIOB, lil. an» XABAT

2 2
— X K=
kT | ™' 2T kT
m, € U A - Macca, 3Heprug H UIHHA cBobomHoro npobera snekrpona, M -

Macca 9acTHIbI ra3a.
B 1Byx nmpeneibHbIX ciry4dadgx 5Ta 9acTb GPO3O cBOOHTCH K H3BECTHBIM

¢yrxamsaM:nipu ;) —>0 oHa nepexomuT B ¢yHxanno [{pioBecreiina BHAa

rhe ¢y =

foon exp(- aogz), a npu @)—>» o0 - 6muska x $yHxumH MaxcBelnia.

IIpn oObraHO HCMONB3YyeMBIX JUIA Bo3Oyxnenus BUEP uacrorax 1 - 200
Mru no cpaBHernmxo ¢ PIIT, OPOO obnazaer 3HAaUHTEILHBIM H3OBLITKOM
3JIEXTPOHOB ¢ 3HeprusMH 0,5 - 2 3B u cepmme 10 3B n, crexosaremsHo, obec-
neauBaior 6oiee BBICOKYIO 3¢dexTHBHOCTL BO3OY)aeHHs MO0 HIDKHHX
KOIeOaTeIbHbIX YPOBHEH MOJIEKYNI, MHOO XOCTATOYHO BBICOKO JICAKAIMMX
3JICKTPOHHBIX YPOBHCH, HAITPUMED B HHEPTHBIX rasax.

B moxuiane rnpuBeaeHbl PE3YIBTATHI YHCIIEHHOTO MOASIIHPOBAHH S AKTHBHBIX
CpelX paIAa NEPCNEKTHBHLIX Ja3epHbIX cucreM ¢ BUEP- Bo3OyxaeHHeM, B
MepBYIO odepensh- BoHoBOomHbIX CO2 u He-Ne na3epoB, ¢ HCONL30BAHHEM
JAHHBIX O CEYCHHIX PANIHMYHBLIX MpoueccoB H3 KHHIH (Opnos. 1991) u o
napamerpax BU mrasmsl- u3 xuurn (Paitzep u xp., 1995). ITokazano, gro
ONTUMAILHOE HCMONb30OBAHHE TAKOI'O BO3OY)ICHHMS IIO3BOISET CO3IATH
KOMINaKTHbIE H BecbMa 3 eKTHBHBIE J1a3€Phl ¢ IUNIAHAPHOH, KOAKCHAIILHOMN
WIH MHOTO3]ICMEHTHOH reoMeTpHell aKTHBHBIX cpelbl. BO3MOX®HOCTH OOHO-
pozHoro Bo30yxzaeHnsa BUEP B 6oimbmoM o6beMe raza ImpH CymecTBEHHOM
MOBBIOIEHHH CBETOOTZAYH MO3BONLET Pa3paboTaTh HOBBIA KJIACC HCTOYHH-
KOB CB€TA THIIA CBETOBBIX TA0IO, B TOM 4HCIC - C YIIpaBIgeMbIMH
MPOCTPAHCTBEHHBIMH XAPAKTCPHCTHKAMH HITYICHHUS.
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STARK BROADENING OF Kr IT SPECTRAL LINES

L. C. POPOVIC and M. S. DIMITRIJEVIC
Astronomical Observatory, Volgina 7, 11050 Belgrade
FE-mail lpopovic@aob.aob.bg.ac.yu
E-mail mdimitrijevic@aob.aob.bg.ac.yu

Abstract. Stark widths and shifts for 19 lines from 55— 5p transition of Kr II are calculated
within the modified semiempirical approach. The obtained Stark widths are compared with
available experimental data.

1. INTRODUCTION

Stark broadening data for many transitions of many atoms and ions are needed for
diagnostic of laboratory and astrophysical plasma. Such data for Kr II lines have ad-
ditional theoretical interest for investigation of regularities and systematic trends for
singly charged noble gase ions (see e.g. Di Rocco 1990, Purié et al. 1991, Bertuccelly
and Di Rocco 1993) and have been considered experimentally and theoretically in
a number of papers. However, for singly charged krypton lines for Stark broadening
parameters exist only calculations by using various approximate methods. Bertuccelli
and Di Rocco (1993) have calculated Kr II Stark broadening parameters by using
analytical expression for the cross sections and rate coefficients and also with the help
of semiempirical method (Griem 1968). Also exist estimates based on the dependence
on atomic number and the upper level ionization potential, established from the con-
sideration of regularities (Di Rocco 1990, Purié et al. 1991, Bertuccelli and Di Rocco
1991, 1993).

In this paper the Stark broadening parameters for 19 spectral lines from 5s-5p
transition array of singly charged kripton have been calculated by using the modified
semiempirical approach (Dimitrijevi¢ and Konjevié 1980), due to the complexity of Kr
Il spectrum, calculations were performed as in Popovi¢ and Dimitrijevié¢ (1996a). Our
aim is to compare obtained data with existing experimental and theoretical results
in order to test the applicability of the modified semiemprical method for a complex
spectra as Kr I

2. RESULTS AND DISCUSION

The atomic data needed for calculation were taken from Sugar and Musgrove (1991).
Stark widths, determined by using the modified semiempirical approach, as well as
the discussion of regularities within multiplets and comparison with other theoreti-
cal results (Di Rocco 1990, Bertuccelli and Di Rocco 1991, 1993) will be published
elsewhere (Popovié and Dimitrijevié 1996).
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Our results have been compared in Table 1 with numerous available experimental
data (Brandt et al. 1981, Vitel and Skowronek 1987, Konjevié and Uzelac 1989, Lesage
et al. 1989, Bertuccelli and Di Rocco 1990). Obtained results are in good agremeent
with experimental data.

Table 1. Comparison of theoretical Stark widths (w;, - FWHM) with experimental
data. (L) — Lesage et al. 1989, (BDR) — Bertuccelli and Di Rocco 1991, (VS) — Vitel
and Skowronek 1987, (UK) - Uzelac and Konjevié 1989, (B) — Brandt et al. 1981.
Stark width are given for an electron density of 1023m=3.

[ Transition | A (nm) [T (1000 K) | wm (nm) | w (nm) [ wy/wen | Ref. |

5s7P —5p1S0 | 4145 14.5 0.030 0.0259 1.16 | (BDR)
5s'P —5ptPY | 473.9 11.0 0.049 0.0361 1.36 (L)
12.0 0.029 0.0361 0.80 (B)

115 0.040 0.0353 1.13 (UK)

11.65 0.039 0.035 1.10 (UK)

11.9 0.048 0.0347 1.38 (UK)

12.0 0.041 0.0346 1.18 (B)

12.5 0.039 0.0339 1.15 (UK)

12.75 0.039 0.0335 1.17 (UK)

14.5 0.041 0.0310 1.32 | (BDR)

14.9 0.0304 0.0302 1.00 (VS)

15.5 0.0302 0.0298 1.02 (VS)

15.7 0.025 0.0288 0.87 (VS)

16.2 0.026 0.0293 0.89 (VS)

174 0.025 0.0283 0.87 (VS)

465.89 11.0 0.045 0.0346 1.30 (L)

115 0.040 0.0341 1.17 (UK)

11.65 0.041 0.0339 1.20 (UK)

11.9 0.039 0.0334 1.18 (UK)

12.5 0.040 0.0327 1.23 (UK)

12.75 0.039 0.0324 1.21 (UK)

14.5 0.039 0.0299 1.30 | (BDR)

14.9 0.029 0.0292 1.00 (VS)

15.5 0.029 0.0288 1.01 (VS)

16.2 0.027 0.0282 0.95 (VS)

174 0.028 0.0273 1.02 (VS)

483.2 14.5 0.039 0.0334 1.17 | (BDR)

520.8 12.0 0.038 0.0375 1.01 (B)

5s'P —5p*D® | 429.29 11.0 0.030 0.0284 1.06 (L)
14.5 0.038 0.0244 1.56 | (BDR)
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Table 1, continued

| Transition | A (nm) | T (1000 K) [ wm (nm) | wip (nm) | wm/we | Ref. |
435.55 11.0 0.039 0.0300 1.30 (L)
11.5 0.038 0.0294 1.28 (UK)
11.65 0.039 0.0292 134 | (UK)
11.9 0.038 0.0289 1.32 (UK)
12.5 0.039 00282 | 138 | (UK)
12.75 0.038 0.0279 | 137 | (UK)
14.5 0.046 0.0258 178 | (BDR)
14.9 0.025 0.0252 0.99 (VS)
15.5 0.026 0.0248 1.05 (VS)
16.2 0.024 0.0244 | 0.97 (VS)
17.4 0.020 0.0235 | 0.86 (VS)
443.1 11.0 0.031 0.0329 0.94 (L)
14.5 0.037 0.0283 | 1.31 | (BDR)
476.57 11.0 0.051 0.0380 | 1.34 (L)
11.0 0.039 0.0380 1.03 (B)
12.0 0.039 0.0364 1.07 (B)
14.5 0.044 0.0326 1.35 | (BDR)
481.1 14.5 0.031 0.0330 | 0.4 | (BDR)
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STARK WIDTHS AND SHIFTS PREDICTIONS FROM
REGULARITIES FOR HIGHER MEMBERS OF
SEVERAL Mg I AND Mg II SPECTRAL SERIES

J. PURIC, V. MILOSAVLJEVIC, M. MILOSAVLIJEVIC and M. CUK
Faculty of Physics, University of Belgrade, P. O. Boz 368, 11001 Belgrade, Yugoslavia

Abstract. Stark width and shift dependencies on the upper level ionization potential
within several Mgl and MglI spectral series have been found and discussed. After being well
established using existing theoretical calculations the dependencies have been used to predict
additional Stark broadening and shift data for several higher numbers of the investigated
spectral series.

1. INTRODUCTION

A comprehensive set of Stark broadening data of Mgl and Mgll spectral lines [Dimi-
trijevi¢ and Sahal-Brechot, 1995a; Dimitrijevi¢ and Sahal-Bréchot, 1995b] has been
used here to demonstrate the existence of Stark widths and shifts data regularities
within several Mgl and Mgll spectral series. Namely, Stark parameters dependences
on the upper level ionization potential of particular line within following spectral
series :

Mgl and Mgll: 3s- np, 4s-np, 5s-np, 3p-ns, 4p-ns, 5p-ns, 3p-nd, 4p-nd, 5p-nd, 3d-
np, 4d-np, 4f-nd have been found and discussed. Different kinds of regularities within
Stark parameters of a given spectra can be explained on the bases of their dependence
on the upper level ionization potential [Puri¢ et al. 1991; Purié et al. 1993; Purié,
1993,]. A general form of that dependence is

w,d=Ax" (1)

where w and d are the line width and shift in angular frequency units, respectively yx
is the corresponding upper level ionization potential expressed in eV. Coeflicicats A
and b depend on temperature and electron density but are independen: of x.

2. RESULTS AND DISCUSSION

It has been verified that the Eq.(1) is appropriate not only for the electron-impact
width and shift but, also, for proton-, ionized helium- and ionized argon-impact pa-
rameters for the investigated ion spectral series. As the examples in Fig. 1. are given :
a) electron-impact width (w,) of Mg II 3p-ns and b) electron-impact width (w,) of
Mg I 3s - np spectral lines as the functions of the inverse value of the upper level
ionization potential x.
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STARK WIDTH REGULARITIES WITHIN 3p - ns Mg N SPECTRAL SERIES ( T=5 000 K)
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By a comparison of the regularities found here and those presented elsewhere [Dim-
itrijevi¢ and Sahal-Bréchot, 1992 (Figures 1 - 7)] one can conclude that the method

used here differs in the choice of the variable conveying atomic structure information.
Prior work was based on the hydrogenic model. Consequently , it used integer princi-
pal quantum numbers instead of the upper level ionization potential. Although both
parameters take into account the density of states perturbing the emitting state, the
advantages of the present method are : (I) x— based trend analyses achieve better
fits; (ii) x values the lowering of the ionization potential [Inglis and Teller, 1939] is
taken into account, predicting merging with continuum when the plasma environment
causes a line’s upper state ionization potential to approach zero; and (iii) the x de-
pendence of w and d are theoretically expected [Purié et al. 1991; Purié ef al. 1993;
Purié, 1993]. Using the existing Stark parameters data for the investigated lines from
Rb I spectral series the corresponding coefficients A and b from Eq. (1) are found.
The corresponding correlation’s factors were almost equal to unity. Therefore, the Eq.
(1) can be used to calculate Stark parameters of the higher members of the spectral
series not calculate so far. The results obtained by the above described procedure are
given in Table 1. All data are normalized at an electron density N, equal 1 x 1023m~3,

3. CONCLUSION

Stark parameters dependence on the upper level ionization potential, alter being well
established within particular series can be used for prediction of these parameters for
the members where not available so far. The electron-, proton- and ionized helium-,
and ionized argon-impact widths and shifts predicted by intraseries regressions anal-
yses are of the same accuracy as the results used in the course of the calculation of
coefficients A and b that are used in Eq.(1) to generate widths and shifts for higher
series members. This method is computationally simple, involving each line’ s upper
level ionization potential and one multiplicative and one exponential fitting param-
eter per spectral series and emitter temperature and electron density. Such method
is conductive to the method’ s incorporation into mathematical simulations of stellar
atmosphere opacities.
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MEASURED STARK PARAMETERS OF
THE Ni I 397.356 nm SPECTRAL LINE
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Abstract. Stark width and shift of Nil 397.356 nm spectral line, originating from a!D —
23 P (31) multiplet of 3d°(a%D)4s — 3d°(a%D)4p transition array, have been measured for

the electron density range of 1.8 x 10%° — 4.2 x 1023 m~3 and for electron temperature
range of 43 000 - 47 000 K in a pulsed linear arc plasma discharge in nitrogen.

1. INTRODUCTION

The abundance of nickel in the Universe makes the neutral and ionized nickel spec-
tral lines of importance for astrophysical diagnostic purposes. Spectral lines of Nil and
NilI are present in the spectras of G-K type of stars (Edvardson 1988; Tautvaisiene &
Straizys 1991). The contribution of various mechanismus to the spectral line broaden-
ing is discussed in detail in Lanz et al. (1988). Howewer, only two papers are devoted
to the experimental investigation of Nil spectral lines (Djenize et al. 1994; Skuljan et
al. 1995). To the knowledge of the authors, experimental Stark width and shift of Nil
397.356 nm spectral line have not yet been published (Konjevié and Wiese, 1984,1990;
Fuhr & Lesage, 1993 and references therein).

The aim of this investigation is to provide, for the first time, experimental Stark
FWHM (full-width at half intensity maximum) and shift of the NiI 397.356 nm spec-
tral line, originating from a!D — 23P% (31) multiplet of 3d°(a?D)4s — 3d°(a%D)4p
transition array.

Results were obtained using the plasma of a linear pulsed arc discharge in nitrogen
described by Djenize et al. (1996).

2. EXPERIMENT

A reliable plasma source has been constructed, the plasma was generated by a pulsed
discharge of 8.0 uF condenser initially charged to 2.8 kV. As a working gas we used
nitrogen of the pressure of 266 Pa.

The plasma source consist of Pyrex discharge tube of 5 mmi. d. and eflective plasma
length of 80 mm. Both electrodes are made of nickel and iron (98% Ni + 2% Fe). The
quantity of nickel atoms sputtered from electrodes was sufficient for spectroscopic
observation. The spectroscopic observations are made end-on, along the axis of the
discharge tube.

The electric properties of the pulsed discharge were measured by Rogowski coil, the
following values were found : discharge current maximum 6.0 kA, discharge period
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100 us, logarithmic decrement 0.9 and circuit self-inductance 2.4 pH.
Parameters of the pulsed plasma were determined by a standard diagnostic method.

Electron temperature (T) was found from the ratios of the relative intensities of NIV
347.869 nm, NIII 393.852 nm and NII 399.00 nm spectral lines assuming existence of
the LTE. The Measured electron temperature was in the range (43 000-47 000) K, with
+15% error. Atomic parameters required were taken from Wiese et al. (1966). The
electron density (N) was found by a single wavelength laser interferometry using visible
632.8 nm He-Ne laser line. The measured electron density values were (1.8—-4.2)x 1023
m ~3, within £8% accuracy. Temporal evolution of electron temperature (T) and
electron density (N) in the decaying plasma are given in Fig. 1.

P [
qc ®
2t {F
-~
° L T . —
40 140
30 130
20F 420
10 e —Electron Temperature 10
o—Electron Density

5 10 15 20 25 tps)

Fig. 1. Temporal evolution of electron temperature (T)
and electron density (N) in the decaying nitrogen plasma.

Scanning of the spectral-line profile was done by using a shot-to-shot technique
while advancing the exit slit photomultiplier combination in small wavelength steps
described in DjeniZe et al (1991; 1992). The photomultiplier signal was digitalized
using HAMEG 205-2 oscilloscope interfaced to a computer.

The measured profile was of Voigt type due to the convolution of the Lorentzian
Stark and Gaussian profiles caused dy Doppler and instrumental broadening. Van
der Waals and resonance broadening are estimated to be smaller by more than an
order of magnitude in comparison with Stark, Doppler and instrumental broadening.
A standard deconvolution procedure (Davies & Vaughan, 1963) was used. The de-
convolution procedure was computerized using the least square algorithm. A sample
output is shown in Fig. 2.

The Stark width values were measured on 10, 12, 15 and 20 us after the beginning
of a discharge. Experimental error in evaluation of the measured Stark FWHM (w,,)
was £15%, at given electron temperatute and density.
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Fig. 2. Ni397.356 nm line profil at T=43 000 K and N=1.75 x 1023 m~3 :
e - experimental points, solid line corresponding Voigt profile (best fit).

Reproducibility of the plasma has been checked by monitoring of the radiation
originating from working gas atoms. We found that plasma reproducibility was at
least 95%. Also, reproducibility of the invesigated Nil spectral line radiation was
abaut 90% what can be taken as acceptable considering the method by which the
nickel atoms were introduced.

The selfabsorption of the measured spectral line can be neglected, owing to a very
low concentration of the investigated emitting atomic species in the plasma consider-
ing the method by which these species were introduced in the plasma.

The Stark shift was measured relatively to the unshifted spectral line emited by
the same plasma, opserved at a later time and lower electron densities during the
plasma decay (Puri¢ & Konjevié¢ 1972). The Stark-shift data (dm) were determined
with absolute error of £0.001 nm at given electron temperature and density.

The Nil transition were identified using tables by Zaidel et al. (1977) and Moore
(1952).

3. RESULTS

The results of measured wy, (in 107! nm) and dp, (in 107! nm) of investigated Nil
397.356 nm spectral line, originating from a' D — 23 P° (31) multiplet of 3d°(a2D)4s —
3d°(a?D)4p transition array, at the given T (in 10* K) and N (in 10%% m~3) are
presented in Table 1.
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Table 1. Measured Stark FWHM (wy, in 107! nm) and shift (d, in 107! nm) values
for Nil 397.356 nm spectral line, at given electron temperature (T in 10* K) and
electron density (N in 1023 m~3). A positive shift is toward the red.

T (10* K) N (1022 m~3) w,m (1071 nm) dm (107! nm)
4.7 4.2 0.781 0.072
4.7 3.6 0.700 0.056
4.7 3.0 0.692 0.029
4.6 2.4 0.550 0.029

To the knowledge of the authors no calculated Stark parameter values exist for the
spectral line, investigated here.
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KO9$$#HMIAEHTH H3JYYEHHAA IIJIA3SME BOAIOPONIA
BBJIA3H IIOPOI'OB CHHEKTPAJILHEIX CEPHAN

K. JI. CTEIIAHOB, JI. K. CTAHYHII
HMECcTHTYT Tenxo— m Maccoobuena AHB, 220072, Murcx, Bposxu 15, Bexapycs

Axmoramna. IlpmBegersd pacueTH BBOXIOIME CHEKTPOR HIXYWEHHS BoROpoxuoit
NNASME BOXHIN mOpora GaxnMepoBcxolf cepmm npm noanmmerRum sxexrpormol
xoRuerTpamEn. JlaeTcs comocTABNEHWE BXCHEPHMEHTANLELIX NAHELIX M pacye-
TOB B IIHPOKOM RRAUASOHE NAPAMETPOB NXASMEL

- 1. BBEIAEHHE

CnexTparpElle XNHNH BOAOPOXAS IPH NPRONMXENWE K I'DREHNE CEPHR CTa-
HOBATCSH BCe 60X¢e MAPOXHME, NEPEXPHBAIOTCA M HOCTENCHHO NEPEXORAT B KOR-
TREYYM. IIpE MAZHX DapAMETPAX HEMXEANLEOCTH CXNANNE BHICHINX UNEHOB Ce-
puit onpexexger xaxymuiica CXBET I'PAREIH PeKOMONHAIEE B AXKHEOBOIEOBYIO
o6xacTh. C POCTOM HEMEXEAXLHOCTH OOAACTh BXMAHWS €€ OKAILIBAETCA COMIME-
pxuolt ¢ nporTaxerEOCTLIO cepuu. CymecTByeT XBeé OCHOBHEHE I'RIOTESH 06 BBO-
XIOIME CHEXTPS C YBEXWUEHREM IADAMETPA HeHAeaNrEocTR. CorxacEo nepsoit
(Bu6epuar, 'yposuw, Ceracrhagenxo) (npEamen cnexrpockomrvecxol ycroit-
WMBOCTH) POCT MUKPONOXA BHILBALT yIIEpEHHE M CXRIHEe XHERY B XBasuxoR-
TRHYYM, KOTOPLI{ IepeXOXRT B HCTRHELIE KORTHHEYYM C COXPAHEHREM NXOTEOCTH
cxx ocmxxgropos. Corgacuo xpyroff runorese (Kobsen, Kypaxemxos, Vujnovié)
RCKANEHEE BEYTPRATOMEOIO NOTCHIEANA B MEKPONOXE NXAMMEI NPEBOXMT K He-
PesNEIANRR BepYERX ypoBEel aroma a6xusu nopore ¢poropexomGuunmem. [Mpu
®TOM PACHpPEACICHAC NETCHCHBEOCTH BOSUSH DOpora MMeer nposax. Hmme npn-
BOXETCA CPABHEEHE ONLITEHX KAHNLIX C PESyXLTATAME PACYETOB IO BTHM XBYM
MONeNAM BIHAHEL MAKPONONS NNAIMH K3 ee onTHYecx:me cnolfcTha.

2. TEOPHA

Bo BO BHEmEEeM BXEXTPHWECKOM HNOXE BOSMOWER mpoxecc cmomrammoff mo-
ERsaImR aToMa (aBToMommsamma). IIpm BTOM pACHAX COCTOSHEA M HXET IO
EBYM XKAEANAM: PRNMANBONELLS NepeXoX Ka HRAEHI ypoBEeH: B K Ge3R3XyUaTEND-
it noxGaprnepmult nepexox. Komxypemmma sTHEX mpomeccos Bexer x ocxabxe-
NRIO0 cHexTpaxbHoll XMHEM ¢ xoBdPHIMEETOM OCKALSXEHHMA NPOIOPIHOKANLELIM
Ann/(Amn + Su(F)). Korxa sexmwmma S, (F) oxamerca ~ 102Ay,, cuexrpaxs-
Hed AMERL RcYesser. Ecxu upr stoum Su(F) <€ 1, cnpaBesx®Ba TEOPKEL BOIMY-
mennif, ® sEepreTuvecxmil yposers xpasucranuosaper. C pocrod noas S, (F)
BO3PACTALT B NPORCXOXMT o6pesaune yposra. Moxao secT cpexmudt no cepun,
saymwapmeiics ¢ KENHErO ypoBHEA 1, KoodPEIEenRT ocaabxenma xrEeifaTOrO Hy-
ZY4YEHEL HR YAacCTOTE W:

= (1)

j.(W,F) - A-. +S..(F)

16 3Ry 1 Ry
Ama = 8:\/§a A amd(m? — al) ™= v Ry/n3 — Ao

Koeddpummenr ocxabrenus (1) Eeo6X0XEMO OCPEAHRTD IO PACTPEACXEXRIO IITHP-
xoBcxoro Mmxponoxg W(F) » nxasue (Hooper). Ilockoxsxy § o~ 1 npu F < F*
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R j &~ 0opr F > F° rae seIsueuns XPRTEUECKONO IOXL AXS Xaxuolf wactoTm
(xBaxTOBOTO WHCAS ™) NIPHMEDEO PABHA

e 1|
Fa = & Temt

(2)
X0 PRIMEET OCHAGREHHS OXASHEBALTCA PABHLIM

Pe !
w@= [ arwEars [Cwenr= [Cwews @

B3)f=F/F, F= 2.8033N"/ 3 " EOpMAXLEAS™ HANPAKEEHOCTE NOXSK B ILXRS-
Me no Xoxbmuapky, N; - xoxueErpamasa HogoB. C y4ueToM ocXabXeHEA KOHTYP
cnexrpaxnEol xumEm HMeeT BRX:

Juu(“’) = J:n(w)jl(w) (4)

rae J2,(w) - paccumTammiil npm coBMECTHOM XelCTBHMR BXEXTPOEOD R NOHOB
xorTyp (I'psa), 3 KOTOPOM LBTOROHMSLIKA He yUTEHA.

Corxacro NpuEImaNY cuexrpockommuecxolft ycrofftameocrn, wacT xoETYpOB,
COOTBETCTBYIOMNRE noxax F > F°, oSpasyorT XBaswkoRTREYYM. Ilpm sToum -
dexrunrOoe cevenre $oTOpexoMONEANME, YCPEAREHHOES IO PACHDPENCXEHHIO MM-
xponoxedt, » xrTepsaxe w,w + dw ecrs

s
oa(w) = 03(w) [1 - /o W(ﬂ)dﬁ] ()

rxe ¢2(w) - cevenme, ARAXHTHNECKHR NPOXONMERHOE B XOUOPOrOBYIO 05XACTD.

Muxponoxe ngasMi IPRBONMT X OrpAHMYEHEI0 biexTpommolf craTmcTERe-
cxolf cyMum ® monpaBxaM X craTHCTEYeckoMy Becy ypomus (I'ypomww, Cesa-
CTBAHEHXO)

!
jo = / W(B)dp )

Bexuquma 2 ~ 8~¢ MoROTONRO y6LIBAET IPR BOSPACTANNR XBAETOBOIO WHCKR %
H GHICTPO CTPEMRTCA XK KYXIO,

Ilpu BHNMCEEHEN CHEXTPAXLELIX XAPAXTEPMCTHX HSXYJEHHRS NAASMLI BOXO-
POAS TOPMO3ROM CHEXTp ONpexeESACA B KBASHXEACCHIECKOM Npubammenun Kpa-
Mepca ¢ nonpasxaMi ayrTa, xxs $oTopexoMORRANHMORNOrO XORTHRYYME OpRMeE-
EAARCH TOYELIE GOPMY AL HEPEASTHERCTCXOrO ARNONLEOrO Rpubxmuenna IIro6-
Ge, XONTYPA CHEXTPANBLELX XHHEME 33aZABAARCH TACKWIELIME XaHHLME I'puma,
IPeXCTRBXSIONIEME PESyALTAT COBMECTHOIO XeHCTBRL BXEXTPOHEOrO ynmpesnus
M ITAPXOBCXOI'O PACIICUXEHRA, OCPERECHEOrO N0 PacHpeeXNeHR MuEKpounoxelt,

IIpmuep pacuera Msxydemus BOXOPOXA BOXWSR mopora GamnMeposcxolt ce-
PER, B XOTOPOM YNTEHO PACTBOPEEME CHEXTPAIbHLIX XMHEMM X Zomoporosad pe-
XOMORHAIRA, HPEACTLBXER HA PRC.] (Dapamerp NeHXeAXLEOCTH & = ro/D = 0.525,
TXE To — CpemEee MeXJacCTHIHOe paccrogEme, D - zeGaencxuit pammyc). 3xecs
Me NpEBEEHL BXCHEpRMenTaxLENe xagune (Behringer). Buxmo, wro Mewxy mu-
MHE HMeeTCHS XOPONIee COOTBETCTBHE.

152"



KOD¥RULUMEHTH MANYYEHUA JA3MH BONOPOIA BEJIU3M NIOPGIOB CIEKTPAJILHHX CEPUA

UUNLEN LI R A L B AL INL I LN B B B
- 1:— -j
) : ]
g o 3
0 75:- E
0.5 -
'. C .
o : ;
m 0.25F 4 =
[= 4 = -
~ = '~ -
o - = & -1
0 v a3 2t baa s e a g alaaa sl
3500 3750 4000 4250 4500
A, A
hc.l.WmechIIGM K, N, =

1.7 1017 ca™3. 1 - Topasosmos manyoeme; 3 - mepepsmmadl masazsnl cowrp; 3 - NeTpe-
PUBNOS EAXYWGENS C yRETOM pPacTsopenns sunnit ¥ xomoporosoll pascarunerpan; 4 - mayvwenns
coswrpazann: auxmll ¢ yoeToM N pacTaopenns 5 -~ mozmuil meddunmenr mryvexna. * -
wexcmepmaranr (Bekringar)

IIpu BOIPACTAERNE RBPAMETPA HEMXCANHLHOCTH BKCICPHMEETANLELIC XAHHLIE
IO MAIYYEHH) B OGHACTH MEECANLHOIO HOPOrd OKASLIBAIOTCA HEME DPACUETHEIX
spavenxit, noxywemnix 3 npuSimwenun cxabolft memxeamrmocTm. PaccMoTpEM
BANSEEE Ha IPHOOPOroBoe NOBEXENWE CIEXTPOB CTATHCTHWECKOINO PASMLITHL IO-
pora $oTOpexoMOMHAINR B ILXASMEEROM MEXponoxe. B mocTosEEOM B mpexexax
ATOMA BXEXTPRIECKOM NOXE NAUPAKEEEOCTHIO F' CXBET NOPOr's HOEM3AIME MOXKHEO
OReHUTHL N0 dopMyxe YHSOXLAR

AE(F) = 2¢VeF (7
HuTercasaocTs $OTOPEeXOMEHRANBMORAOrO KOETHEYYMS IPH PexoMOuEamam

HA YPOBE€HL C I''XTABHLIM KBAHTOBLIM YHCIEOM % CBASANA C CCUHCHHEM q>o'ronom&-
IXROEROI0 ROI'XOINEHMA Uzl H ELCEXEHHOCTHIO BTOIN0 YPOBHSL N. COOTHOINCHR €M

8xhi®
o)

91() = 2 exp(- 22Nt () ®

OTCIOXM HETERCHBHOCTS RCIYCKSHEA Ea WacToTe ¥ B noxe F pasma (Vujnovié)

I, F) = {Jom,N.N.-n"W"’/’ap [-2=Epra2)] | by > Eu - AE(F) (0)
0, hv < Ey — AEL(F)
rae Ey - oECpras HOHHSAIHER YPOBEA, gy — daxrop I'nynTs AXZ cBA3AHHO-
cBo6oxaLIX mepexoxos, Jo = 2.146. 10733 epr cu’rpax®/3.
Ocpespas supaxcEnre (9) no pacupegexexno MEkponoxedt W(F), noxywau

J() = Jm:%v};exp —é",;,—E‘] /' ” W(B)exp(—¢f*)d8  (10)
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IMapanerp ¢ = 3.230’N.-1/ '/kT, f = F[Fy, rpana<uss EaIPAWEHEEOCTs LOXSK
onpexexserca ycxosned AFE,(F,) = B, — hv, r.c. sasrcamee 0T YacTOTH Mu-
HRMANLEOE noXe S, muMeeT BHK

b= { S(E. - W)/(3332N}7))’, < B an)

OTuMeTHM, uTO Bupaxenue B (10) saBgcHT OT mapaMerpa EemxeaxbHocTR. Ilox
HETETPAXOM CTONT BEARUNHR

w(p)exp |-avar/(xon) () VA (12)
rxe ro = [3/(4xN;)]'/%, D = [kT/(4x6*N;)}'/3. Bexexcrame sroro (10) ¢ poctom
ro/Dy KAK C KOPOTXOBOXEOBOM# CTODORE! OT BOPOrs PEXOMOGHRAIMR (3AeCh

B+ = 0), Tax u ¢ xxEEEoBOXEOBO# cTOpORLI, rEE B, > 0.

CparHeERe BXCOEPHEMERTANLELX XAEHHX R pacuers Io (10)-(12) xas Goxee
nucoxmx sEavennii N, (napauerp memgeaxrzocT® @ = ro/D = 0.633) npercranxe-
HO H3 pHC.2,
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BaxgRO, 4TO B B BTOM CXYWae HMEET MECTO XOpPOIIee COrXACHE PACUETOB B BKCIE-
prMenTa 3 Goxnmedt yacrm cnexrpa.
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ARRIVAL TIME SPECTRUM OF ELECTRON AND ION
AVALANCHES AT VERY HIGH E/n IN NITROGEN

V.D. STOJANOVIC and Z.Lj. PETROVIC
Institute of Physics, 11080 Belgrade, P.O.Boz 68, Yugoslavia

Abstract. In this paper present the results of Monte Carlo simulation (MCS) of electron
and fast heavy particle transport in nitrogen at very high E/n (E- electric field, n- gas
density). The simulations are aimed at modeling the experimental data of Gylys et al. (1989)
for pulsed current and photon waveforms obtained under non- selfsustained conditions. The
MCS results are in excellent agreement with the experimental data thus confirming the
assumed kinetic scheme whereby most of the excitation and ionization is performed by heavy
particles.

1. INTRODUCTION

Phelps and coworkers have performed a number of experiments at very high E/n
where they studied non- equilibrium kinetics of electrons and heavy particles (Je-
lenkovi¢ and Phelps (1987), Phelps and Jelenkovié (1988), Gylys et al (1989)). Their
experiments were supported by a beam like one dimensional theory (Phelps et al.
(1987)).

2. MONTE CARLO SIMULATION

We have developed a three dimensional MCS code for simulation of coupled kinetics
of electrons, ions and fast neutrals. The electron collisions are represented by the best
total cross sections from the literature both for elastic and inelastic scattering. Differ-
ential cross sections from the literature are used in up to 70 different energy segments
for each process to describe the anisotropy of scattering. Non- conservative scattering
is represented by the best available data for energy partitioning and by following the
secondary electrons. Finally electrons that hit the anode may be reflected, the reflec-
tion coefficient depending on the initial energy, and secondaries may be released as
well. Energy and angular distributions of the back scattered particles are taken from
the literature.

Ion collisions are represented by the cross sections, both isotropic and anisotropic,
taken from the review by Phelps (1991). In nitrogen we follow molecular and atomic
ions, the former making a dominant contribution. The anisotropic cross section set
was extended from high energies where charge transfer dominates and from the low
energies where polarization interaction dominates to the mid energy range to complete
the set of cross sections. Fast neutral cross sections were taken from the review by
Phelps as well but the particles were followed only down to thé threshold energy for
excitation.
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The code is developed in such a way so that both Steady State Townsend, Pulsed
Townsend and Time of Flight experimental conditions can be sampled by appropriate

integration. The code was tested for moderate and low E/n conditions where it give
transport coefficients with the uncertainty of less than 1 %. It was also tested against
the transport coefficients for ions in nitrogen and argon.

3. RESULTS

In Figure 1. we show the arrival time spectrum of the particles at the anode. The di-
rect electron and ion contribution is separated from the secondary contributions due
to ionization by ions and fast neutrals. The results are in agreement with the time
resolved current waveforms obtained by Gylys et al. (1989) but direct comparison can-
not be made since the experimental data are obtained with a much poorer resolution
so only the position of peaks can be claimed to be consistent. A much better quantita-
tive comparison can be provided with teh integrated (Pulsed Townsend) waveforms.
In Figure 2. we show the comparison of our integrated particle flux data with the
waveform obtained by emission integration which is identical to that obtained by cur-
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Fig. 1. Arrival Time Spectrum (ATS) of electrons, ions and neutrals induced by 500 000
electrons released from the cathode. E/n = 52 kT'd, nd = 2X10'® m~%,d = 0.04 m (d-
interelectrode distance). e~ (o) - ATS for direct electrons arriving at anode; it (e7) - ATS of
ions formed in ionizing collisions of direct electrons; e (i%) - electron ATS produced in ions
avalanche, €7 (n) - electron ATS produced in fast neutrals transport, both groups arriving
at anode; it (n, i7) - ion ATS at cathode formed during the transport of electrons created
by heavy particles; (n) ATS of fast neutrals at the cathode; i*(b) - ATS of ions produced
by the backscattered electrons from the graphite anode surface. .

156



ARRIVAL TIME SPECTRUM OF ELECTRON AND ION AVALANCHES AT VERY HIGH E/a IN NITROGEN

rent integration. The sharply rising edge is due to integration of the electrons and
the slowly rising is due to ions and electrons produced by ions. Thus the relative
magnitude of the two steps gives the ratio of particle multiplication by electrons and
by ions. The MCS result is in excellent agreement with the experimental data. The
agreement is maintained for all other values of nd.

We may thus conclude that the kinetic model for high E/n ionization proposed by
Phelps (1990) which was incorporated into the MCS code and extended by the best
available data for differential cross sections, gives excellent agreement with the pulsed
waveform and integrated waveform data of Gylys et al. (1989).
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ACCUMULATED CHARGE AND EMISSION (arb. units)
W

Fig. 2. Waveform of the integrated ATS for electrons and ions (MCS) and emission of

391.4 nm band of N2+ obtained in experiment. E/n = 52 kTd, nd = 3.9X10!° m~2,
d =0.04 m.
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OCOBEHHOCTH I'AITbBAHOMATHATHOI'O 9dPEKTA B
TIEIOIIEM PABPANE I'E/TAA H TEJHA-HEOHOBO# CMECH

B.M. ACHHCKHAH

Hucmumym gusuxu Axademuy nayx Geaapycu

220072, Muxcx, np. D.Cxopunss, 70
E-mail: ifanbel%bas03.basnet. minsk. by@demos.su

Annomayus: lIpopenenn oxcepuMEHTANLHEE MCCIEGOBAHNA FANLBAMO-
MArENTHOrO 6$exTa B TIEKINEM PAGPAJIe TEIRA N IeuNN-HeOHOBOK CMe-
cu. Ilpegnoxeno RcnonEEOBATE 0COGEHHOCTN IANLBAHOMATHRTHOTO 8-

¢dexTa INs MHATHOCTHEM HENGEOTEMIIEDATYPHOM ILIAGME.

1. Brepenune

HoBecTHO, 9TO raJbBaHOMATHMTHEHIC SBICHHS CIyXaT
MOITHEIM H IOPOH €IHHCTBEHHLIM HHCTPYMEHTOM JId HC-
clefioBaHES PyH[aMEeHTaIbHEX CBOHCTB TBEPALIX IIPOBOJ-
maxoB (Kyumc, 1990). B To Xe BpeMs Ang JHArHOCTHEH
ILTaCMH I'albBAHOMATHATHEIC SBJICHAS OPAKTAIECKH HE HC-
NOILBYITCE. B HacTOsmeR paboTe BXCIEPAMEHTAILHO ABY-
9eHH 0CO6eHHOCTH raJbBaHOMArHATHOrO odpdexTa B TiEIO-
eM paspgyie rellng A I'eIaA-HeOHOBOA CMECH H IIP eI0XEHO
HCIIONLBOBATH BTH OCOGEHHOCTH 1S JHATHOCTHKH ILIABMEI.

2. OxcnepHEMeHT

OKCIEPEMEHTH IPOBONMIACH C IaBOpaspAHOR TPYOXOR
pmaEoM 100 MM B BHyTPEHHAM [HAMETPOM 2 MM, B XOTO-
POH BaXHTAlCs TIHCIOIEH pacps) HOCTOSHHOrO Toxa. Ha
IEeHTPAILHEEM y9acTORK TpyOxm mmHOH 10 MM HaxaagnBa-
NOCHh NOCTOSHHOE NoIepedHOoe MarsmTHOoe none H, mpouo-
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B. M. ACMHCKHA

NyIEpOBaHHOE I'ApMOHAYECKHM CHI'HAOM € JacToTod 120
I'm 7 avmmaTypon ~ 0,2 9. Ilposogmnack permcrpanng
ray6HHEI MOYILAARA 1M; TOXa Pasp4fa ¢ Ha 9acTOTe MOAY-
IAIAHA OT BeIAIAHE NOCTOSHHOTO MArHATHOrO nous H, T.e.
daxTEYecxn EuMepanach npomspopHad ynxman i(H ) opm
PAGHEIX BHAYEHAIX MOCTOSHHOrO MArHMTHOrO moig (m; =
8i/6H). Ha pmc. 1 mpencTaBieHO CEMEHCTBO BABACHMO-
cteit m;(H), nomydersnx 8 paspsyge He. Bagao, 9T0 YeM
MEHLIIE AaBJieHAe, TeM 6olee IpXO BHIpaXeH PEBOHARCHEIA
xapaxTep saBECEMOCTH m;(H) B 061acTH C1abHX MAarHHAT-
puax nonedi. Ilpm pamnensm 1 Top saBmcEMocThs myi(H) B
0o6GNacTH HyleBHIX MArHATHHX IONEH AMeeT 0COOeHHOCTS,

/ m-‘l"ﬂ
1] Y 7
/ 2 4
// AN\ 10.8
.10 N 10
— -2
100 H, 3
-140 —
.
\ |/ —
-08) \J/ V
/

Prc. 1. i(H=0)=5 MA, p=1 Top(1), 1,5(2), 2(3), 2,5(4).

XOTOpad B yo6HOM Macmrrabe BLIIEIEHa OTAENLHO.
9Ta 0C06EHHOCTh COCTORT B PEGKOM HGMEHEGHHH HAKIOHA
saBECEMOCTH BOMEGHE H = (0. C pocToM 1aBNeHAS OHA HCIe-
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OCOBEHHOCTH FAJIbBAHOMAIHUTHOI'O 34¢EKTA B TAEDILEM PAIPALE FEJMA U FEJIMA-HEOHOBON CMECH

saeT. YBeIHUEHHE TOKAa Panpajja NPHBOJHET K HeGOILIMIOMY
yMeHLIIEHAO pacMaxa sasacaMocTel m;(H), e roMenss
nx no ¢opme. HanoxeHnme OHOBPEMEHHO C IONEDPEIHEIM
MarHATHEIM DOIeM HeO6OoIbIoro NpofoibHOro nonst ~ 10 9
TakXe He HUMEHS€ET XapakTepa 0cO6eHHOCTH B IIEHTpE KPH-
BOM 1, IpHBOJE TONLEO X HeGOMLIIOMY YBETMICHAO PasMa-
Xa CABECAMOCTH. ClieflyeT OTMETHTD, 9TO XapakTep HOMe-
HEeHHS DABECAMOCTEH Ha PHC. 1 COOTBETCTBYET CIydalo, KO-
rja nomepedEoe MATHATHOE I0lie IPABOJAT X YMEHBIIIEHHIO
TOXA paspdfa, 9TO COOTBETCTBYeT TPAHITACHHLIM IIpef-
CTABICHAIM.

Ha prc. 2 npencTaBieHnl aHANOTHIHEIC GABECHMOCTH s
cMecH rasoB 2?Ne:3He=1:9. He6onpmag fo6apxa HeoHa, BO-
HEepBHIX, YMEHbIIaeT a0COMOTHYIO Bemmarny m;(H)

AN
1/ %

oo | H,2
/;%
-0,8 \

Prc. 2. i(H=0)=5 A, p=1 Top(1), 1,5(2), 2(3), 2,5(4).

~t00 | 4™
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[0 CPABHEHHIO C PaspsjioM B YACTOM rejIMH M, BO-BTOPHIX,
IPHEBOJAT X mogeieHmIo B obnacte H = 0 gucoepcroRHOA
XPHBOH OPOTHBONOIOXHOrO GHAKa. HakiIOH 8TOH XpHBOH
COOTBETCTBYET CIy4al0 aHOMAIHHOTO IIOBEleHAd TOXa Pas-
papa 1o, fleicTBAEM MONEepEeYHOro MATHATHOrO NOlId, XOTfla
POCT NOIS NPHBOJHT X yBemmdeHE Toka pacpsapa (Iype-
nen, Hcamucxmit, 1983; Gudelev, Yasinski, 1985). Bmpmo,
9T0 6Ta 06/IacTh MATHATHEIX HOJIEH CABHCHT OT [aBllCHAS
cMecn. BooeAcTBEe NpOROILEOr0 MArHATHOrO MO BEIIH-
9HHOHA ~ 10 O IPHBONMT X MCYECBHOBEHWIO XPHBOH IPOTH-
BOIIONIOXHOTO BHAXa H KpHBEIe m;(H) g rermi-He0HOBOH
CMeCH CTAHOBATCA IO BHAlY AHAIOrAMIHEIMA XPHBEIM /I TH-
CTOro remms.

TaxrM 06pasoM, 6XCIEPAMERTAILHO HOXaBAHO, YTO Iallb-
BaHOMATHATHLIA 6(PexT B NONOKHTENLHOM CTON6E TIEI-
IIero pacpsayia BABACAT OT COCTABA H [laBleHAd asOB, TOKa
paspsya, BeIAIAHEl # HANPABICHAS BHEIIHAX MArHATHEIX
ooledt. JInd BMCHOILCOBAHAS rallbBaHOMATHATHOrO oddex-
Ta B IEJEX QHArHOCTHKH IIACMH HeoO6XOMAMO NOCTPOHTD
TeopHIO BTOro bPdexTa, X0TOpPad B HACTOAIEE BPEMA OT-
CyTCTBYeET.

JIunrepaTypa

Kysmc E.B.: 1990, 'anrzparoMarasTHEIe 6PPEXTH B METO-
B AX HEccnenoBamng, M., Panro m cack.

I'ynenes B.I'., Acemcxmir B.M.: 1983, 2KTP, 53, 1213.
Gudelev V.G., Yasinski V.M.: 1985, Proc. XVII Int. Conf.
on Phenomena in Ionized Gases.
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