UDC 533.9(063)(082) YU ISSN 0373-3742

[IYBIUKAILMJE ACTPOHOMCKE OIICEPBATOPUJE ¥ BEOI'PALLY
PUBLICATIONS OF THE ASTRONOMICAL OBSERVATORY OF BELGRADE

Sv, 53 No, 53

PROCEEDINGS OF THE FIRST BELARUSSIAN-YUGOSLAVIAN
SYMPOSIUM ON PHYSICS AND DIAGNOSTICS
OF LABORATORY & ASTROPHYSICAL PLASMA
PDP-1'96
July 1 — 3, 1996, Minsk, Belarus

In memoriam of M. A. Elyashevich, academician of Belarus AS

EEOTPAI
1996

PUBL. OBS. ASTRON. BELGRADE No. 53,1-174 BELGRADE JUNE 1996




PUBLICATIONS OF THE ASTRONOMICAL OBSERVATORY OF BELGRADE

FOUNDED IN 1947

EDITORIAL BOARD:

Dr Milan S. DIMITRIJEVIC, Editor-in-chief (Astronomical Observatory, Belgrade)
Dr Luka €. POPOVIC, Editor (Astronomical Observatory, Belgrade)

Dr Olga ATANACKOVIC -VUKMANOVIC (Astronomical Observatory, Belgrade)
Dr Zoran KNEZEVIC (Astronomical Observatory, Belgrade)

Dr Andrea MILANI (Universita di Pisa, Pisa)

Dr Jelena MILOGRADOV-TURIN (Faculty of Mathematics, Belgrade)

Dr Slobodan NINKOVIC (Astronomical Observatory, Belgrade)

Mr Vojislava PROTIC -BENISEK (Astronomical Observatory, Belgrade)

Dr Sofija SADZAKOV (Astronomical Observatory, Belgrade)

Dr Sylvie SAHAL-BRECHOT (Observatoire de Paris, Paris)

Dr Istvan VINCE (Astronomical Observatory, Belgrade)

Reviser: Dr Ljubisa MITIC

Published and copyright © by Astronomical Observatory, Volgina 7,
11050 Beograd, Yugoslavia

Director of the Astronomical Observatory: Dr M. S. Dimitrijevié

The publication of this issue is financially supported by the Ministry of Sciences
and Technology of Serbia

Number of copies / THpax : 500
Production: "Komex” Peé , Vlade Raicevica 1/B




UDC 533.9(063)(082) YUISSN 0373-3742

IIYBJIIMKAIIMJE ACTPOHOMCKE OIICEPBATOPUJE Y BEOI'PALLY
PUBLICATIONS OF THE ASTRONOMICAL OBSERVATORY OF BELGRADE

Sv. 53 No. 53

PROCEEDINGS OF THE FIRST BELARUSSIAN-YUGOSLAVIAN
SYMPOSIUM ON PHYSICS AND DIAGNOSTICS
OF LABORATORY & ASTROPHYSICAL PLASMA
PDP-1'96
July 1 - 3, 1996, Minsk, Belarus

In memoriam of M. A. Elyashevich, academician of Belarus AS

PDP-I'96

Edited by V. S. Burakov and M. S. Dimitrijevié
%\\WEO
v

&

N
Mo

BEEOTPAIL
1996

PUBL. OBS. ASTRON. BELGRADE No. 53, 1-174 BELGRADE JUNE 1996




The First Belarussian-Yugoslavian Symposium
on Physics and Diagnostics of Laboratory & Astrophysical Plasma
PDP-I'96
July 1 - 3, 1996, Minsk, Belarus

In memoriam of M. A. Elyashevich, academician of Belarus AS

Program Scientific Committee

V. S. BURAKOYV, Co-chairman (Institute of Molecular and Atomic Physics of
Belarus Academy of Sciences, Belarus)

M. S. DIMITRIJ EVIC, Co-chairman (Astronomical Observatory, Belgrade, Yu-
goslavia)

N. KONJEVIC, Vice-chairman (Institute of Physics, Belgrade, Yugoslavia)
L. Ya. MIN’KO, Vice-chairman (Institute of Molecular and Atomic Physics of Be-
larus Academy of Sciences, Belarus)

A. N. CHUMAKOYV, Scientific secretary (Institute of Molecular and Atomic Phy-
sics of Belarus Academy of Sciences, Belarus)

V. I. ARKHIPENKO (Institute of Molecular and Atomic Physics of Belarus
Academy of Sciences, Belarus)

S. DJUROVIC (Faculty of Physics, Novi Sad, Yugoslavia)

V. K. GONCHAROYV (Research Institute of Applied Physical Problems at Belarus
State University, Belarus)

O. P. KUZNECHIK (Belarus State University, Belarus)

T. NENADOVIC (Institute of Nuclear Sciences ”Vinga”, Belgrade, Yugoslavia)

J. PURIC (Faculty of Physics, Belgrade, Yugoslavia)

G. S. ROMANOY (Institute of Molecular and Atomic Physics of Belarus Academy
of Sciences, Belarus)

V. D. SHIMANOVICH (Institute of Molecular and Atomic Physics of Belarus
Academy of Sciences, Belarus)

A. P. VOITOVICH (Institute of Molecular and Atomic Physics of Belarus Academy
of Sciences, Belarus)



Local Organizing Committee

V. L. ARKHIPENKO, Chairman (Institute of Molecular and Atomic Physics of
Belarus Academy of Sciences)

A. N. CHUMAKOYV, Vice-chairman (Institute of Molecular and Atomic Physics
of Belarus Academy of Sciences)

N. A. SAVASTENKO, Secretary (Institute of Molecular and Atomic Physics of
Belarus Academy of Sciences)

V. L. KONTSEVOJ (Research Institute of Applied Physical Problems at Belarus
State University)

E. A. KOSTYUKEVICH (Institute of Molecular and Atomic Physics of Belarus
Academy of Sciences)

G. V. MILOSHEVSKY (Heat and Mass Transfer Institute of Belarus Academy of
Sciences)

Editors of the Conference Proceedings

V. S. BURAKOV

M. S. DIMITRIJEVIC



CONTENTS

Dimitrijevié¢ M. S. :
FOTEWORM ..o vseonn mmmmemnossms o sssss s s s s esssssessssesssiesssdsm

Invited lectures

Ananun C. M., Acraumnckuit B. M., Muneko, JI. ., Moposos A. 1.,
Tepemun B. M., YeGorapes B. B.:
KsasucramoHapHbie KOMITPECCHOHHEE TUIA3MEHHHEE TTOTOKM . .'vvvvnneirnneneannn.

Apxurenko B. W. :
CamocToATeIbHHA TJICIOMUNA pa3pAl B MHEPTHHX rasaX IPU aTMOC(epHOM
MABIICHEIE s s < vseis/iiy sias ook b s st s S 5 55 e 39 0o 00 MaE P S B P E Ay e e

Vince 1. :
Long-term variations of Solar spectral lines ...t

T'omqapos B. K., Kouuesont B. JI., Ilysupes M. B. :
Binanne pasnniHHX $aKkTOpOB HA OMHAMIKY Jla3ePHHX IUIa3MEHHHX
5 e TUTTE B G ) S e ot Py g e Qe oy e A 4 I 7 i (U Rt e

Dimitrijevié¢ M. S. :
How critically select theoretical Stark broadening data needed for the
investigation of astrophysical, laboratory and laser produced plasmas ...........

Hmvnrpuesud M. C., Munsko JL £ :
CoBpeMeHHOe COCTOSTHIE TeOPMH U GKCIEPUMCHTA TI0 YIIMPEHUIO CHEKTPaNIbHBEIX
JVHAR NPUMEHUTENBHO K JUATHOCTUKE JTaGOPATOPHOM ITMA3MEL . ....ovnvnennen..

Djurovié¢ S., Mijatovié Z., Pavlov M., Kobilarov R. and Vujicié¢ B. T. :
Influence of weak d.c. magnetic field on the Hg line emitted from
A T g T S R OSSN ST IR Y S e R

Konjevi¢ N., Kuraica M. M. and Videnovié¢ I. R. :
Spectroscopic studies of an analytical glow discharge .............ccoooiiiiiii

Kuznechik O. P. :
Statistical properties of the background noise for the atmospheric windows
R thenterniedi St AN ITATAd FREION e s v v s st s sim soamssrs w5 o e
Mihajlov A. A. and Dimitrijevi¢ M. S. :
*
A - A (n) ionization and A - AT - & recombination processes in stellar

AR R R et o s B v DB SR R e e e e e T

Muneko JI. 5. :
Ot onTUIecKUX AABIEHUA ANCPHLIX B3PHIBOB K ONTHUKE M CIIEKTPOCKOIIHMU
HUBKOTEMITEPATYPHON IUIA3MHE M PAIUAIMOHHON [UTA3MOIMHAMMKE . ........ovn..

1



Nenadovi¢ T. M. :
Crater morphology induced by different energetic beams ....................... 33

Petrovié Z. Lj. :
From electron molecule scattering cross sections to plasma applications :
Physics of non-equilibrium low-pressure discharges ................cooooiiiao.. 35

Tapacenko H. B.:
Meronn nma3epHO- M CTONKHOBUTEILHO- WHIYLMPOBAHHONA (BIyopecieHI i Wi

BHAT TR TIHASMIEL o« orsis wio o s Srmaimes S S S S e pansmrr sy 37
Tonkax B. U.:

[lepeHoc NMUHENYATOrO MIJIYYEHNA B HEOOHOPOAHHIX CJOAX IVIAZMEL . ..vuvuvrnnan. 39
Yymaxos A. H.:

Hcenenopanye cBoiicTB J1asepHO- IUIA3MEHHEX HCTOYHHKOB ONTHYECKOro

VRIYSCHHAA B ATMOCPEPE M B BAKYYME iiiivsianiviaminsnsoiasavesidsnsenesaasassn 41

Contributed papers

Arees B. A., Boxonos A. ®., Xykosckuit B. B., flukoBckuin A. A. :
$opMupoBaHNe ra’oBoil IOJIOCTH TIPH Jiaseploil abialuy MeTallIoB B AMIKocTH . 43

AxapoHok B. B., ¢unatrosa M. M., llumanosuy B. I, Opiios JI. H.,
Hexkpawesuy f. W. :
Hcenenopanne Harpepa HeMTPaJILHOM KOMIIOHCHTH IUIA3MH BHICOKOYACTOTHOIO

€MKOCTHOr0 paspaa B atMociepe N2 U cMecaX No € TeIIHEM ..ovvvniiuennnnn. 47
Arkhipenko V. 1., Pisarev V. A., Simonchik L. V. :
Dynamics of a plasma in a strong oblique Langmuir wave field ................. 5]

ActamuHckuit B. M., Bakanosuy I'. WM., Koctiokesna E. A, Manbkosckuim AL A,
Munbxko JI. . :

WurepfepoMerprtieckiie M CEKTPOCKOIIMYCCKUE MCCTeNOBAHMA TUTA3MEHHRIX

notToxen: B KCIY TI00- MY LG . mes B et | onl S5 mneeny Sl AR o nonan) 55

ActhuniHcki B, M., Manbkoyeki A. A., Minpko JI. 5. :
HOuHaMika gapMaBaHHA 1 TOpMaILHAMITHESA yiIaciliBaci KaMIpaci iHam
SpasifiHall TIIasMaBail IUILHI § MaBeTpH NPH aTMACPEPHBIM LUCKY ..........u.s. 59

Baruno I. B., 3onmorosekuin A. U., Cmarmukos WM. I1., umanosug B. II. :
Hcenenosanue napamerpos gactuil, KI® B kaTonHOR CTpye BICKTPUTIECKON
BYTH roroiese e s e e o s e T S s e s P B ST e e b A e 63

Blagojevié B., Popovié M. V., Konjevié¢ N. and Dimitrijevi¢ M. S. :
Plasma broadening of spectral lines along isoelectronic sequences of lithium
0 1T B T (o7 ¢ PP 67

Boposuk ¢. H., Crenanos K. JL :
O koofpuivenTax peanuzaiuy lTapkoBCKMX KOMIIOHEHT JIMHUA BOZOpOZa B
FHATME ¢ vcsiosisson Apat s P v e e T s L BRI o sy s BT PR R S W e e 71



Burakov V. S., Naumenkov P. A. and Raikov S. N. :
Dynamics of discharge chamber wall ablation in pulsed nitrogen or carbon
BRI ARG o o R S T R R T S R e e e R 75

Bypaxos B. C., Haymenkos II. A, Tapacerko H. B.:
HuarsocTyka jasepHod MiasMH 1o LTapkoBckoMy ymMpeHUIO JIMHMA
S A (3101 R R R 1 Ty RoD T oy LSNP USRI NP 79

Bux A IL, Torsapos B. K., Kpasuesua U. U., Cuxonenko A. E.:
ABTOMATH3HPOBAHHAA CHCTEMa QMATHOCTMKY I1apaMeTPOB OIITHHECKOr0
RN PRV T AT oo e oAl 3 s e o B e g P i A R 83

Videnovié I. R., Konjevié N. and Kuraica M. M. :
Temperatures of excited hydrogen atoms in the abnormal glow
REECRIR e L 2 S A SRR T L L h L L i b 85

Videnovi¢ I. R., Kuraica M. M. and Konjevié N. :
Stark profiles of Hy line in the cathode fall region of an abnormal glow

e TP DU SN 89
Vitiaz P., Ilyschenko A., Sobolevskij S., Okovity V. :

The biocompatible plasma sprayed coatings ..........ccoevvieniriininieiinennnn. 93
Gakovié B., Jokié T. and Nenadovié T. :

Laser sputtering of TiBj thin films deposited on Al based substrate ............ 95

Dimitrijevi¢ M. S. and Sahal-Bréchot S. :
Electron-impact broadening of neutral strontium lines in stellar and

T B v R ARt LT TESRT PO TN U N O S 97
DjeniZe S. and Labat J. :
On the Stark width regularities along a sodium’like isoelectronic sequence ..... 101

Djurovié¢ S., Mijatovié Z., Kobilarov R. and Konjevié N. :

Stark parameters temperature dependence of the Ar I 425.9 nm line ........... 105
Djurovi¢ S., Mijatovié Z., Pavlov M., Vuji¢ié B., Kobilarov R. and Savié L. :
Asymmetry of the Balmer Hg line in the low dc magnetic field ................ 109
Ivkovi¢ M., Jovicevié S., Konjevié N. :

Electron density diagnostics in an atmospheric pressure helium

pRervdveimduced PIESINR 1ovsm saa s R s e fb s emr oo s s e o I 113
Ilyschenko A., Vityaz P., Okovity V., Sobolevskij S., Dubelir T. :
The formation of plasma sprayed coating containing carbides .................. 117

Ilyschenko A., Vityaz P., Okovity V., Ilyschenko E., Sobolevskij S.,
Kalinovsky V. :

Investigation of diamonds plasma sprayed coatings .. R 119
Ilyschenko A., Okovity V., Sobolevskij S., Dubelir T. :
Deposition of the plasma sprayed thermal barrier coatings .................... 121




Ilyschenko A., Okovity V., Sobolevskij S., Dubelir T., Shimanovich V.,
Naumenko N. :
Optical system for control plasma spraying ..........cvieiiiiiiiaiininanans 123

Munsko JI. ., Haconos B. . :

OcoBeHHOCTH TMHAMWKM TPHIIOBEPXHOCTHOrO IU1a3M000pa3oBaHud U

OIITUYCCKIE CBOMICTBA DPOIMOHHLIX IUIa3MEHHHIX (aKeIoB IIpH

KBa3MHEIIPEPHBHOM JIA3¢PHOM BO3UEACTBMH Ha BUCMYTOBYIO MUIIEHD . ..o vvvyens. 125

Mussko JI. 51, Yymaxos A. H., Efpemos B. B, Bocak H. A.:
Ocobentoctd MK-usiydeHns MpUIoBEpXHOCTHHX JIA3ePHEX IIasMEHHHX
06pa30oBaHHA B PASJIMTHBEIX TA3AX . .iuvevenrarorenrerarisraranassssrarensaranss 129

Opnos JI. H,, Taitko O. JI., Hespax B. B., Hekpamesng f. U. :
Ucnonssopanue nonepetnoro BY BosGyxueHua WiA cosfaHUA ras’oBuX JasepoB . 133

Opios JI. H., Xasat LI ans :

OO0 ocobeHHOCTAX BO3OYAUCHMA YacTHIL B BEHICOKOTACTOTHOM E€MKOCTHOM

POBPATE b bl atih s immsavsls ms medaraioce s sdaodcrnvis bioma o oo oo e i o e 137
Popovié¢ L. C. and Dimitrijevi¢ M. S. :

Stark broadening of Kr'II spectral lings . ....cccvinioniianidamaiibbvecninzians 139

Puri¢ J., Milosavljevié V., Milosavljevi¢ M.and Cuk M. :
Stark widths and shifts predictions from regularities for higher members of

several Mg I and Mg II spectral series ......cviovimsmmnmiivieviiveives sussis 143
Sreékovié A., Bukvié S. and Djenize S. :
Measured Stark parameters of the Ni I 397.356 nm spectral line ............... 147

Crenanos K. JI., Cranyur JL K. :
Koo@uuuenTH M3nydeHns IUIasME BoJopona BGJIM3M MOPOroB CreKTpabHEX
COPHTE o v i s 0003 0 VR T e A P i S A e SR e b s 3 S e B 3 kel & e b o 151

Stojanovié V. D. and Petrovié¢ Z. L. :
Arrival time spectrum of electron and ion avalanches at very high E/n in
DREEOBEIL v wisvor iy bisiis oo o b e s e Ao s A N (T B R SR S B 155

fAcuuckun B. M. :
OcoGeHHOCTH TaJIbBAaHOMArHUTHOro 3dpeKTa B TJCIOMEM paspale reud U

PENHR-HEOHOBOM CMOCH - vt s S s s e S S O s s i g e e 6 4 e i e 159
Anthor Wdex ..ottt v i odeie AFsptimeilil) W seaiidle b o= 1 163
List:of pArticiPants: «ouwesmrivs s Sasifin 4 aimes s el S v le L 165



FOREWORD

The first Belarussian - Yugoslav Symposium on Physics and Diagnostics of Labo-
ratory and Astrophysical Plasma (PDP-I’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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KBAZUCTAIIMOHAPHBIE KOMITPECCHUOHHBIE
IUIASMEHHBIE INIOTOKH

C.M.AHAHUH!, BM.ACTAIIMHCKHUH!, J.A.MUHBKO!,
A.U.MOPO30B?, B.U.TEPELLIMH3, B.B.4EGOTAPEB?
| Huemumym monexyasproii u amomnoii usuxu AH Beaapycu,
npocnekm @.Ckapunst, 70, Munck, 220072 Eé.aapyr:b

2PHII "Kyp+amoeckuii uncmumym"”, Mockea, Poccus

SHHII "Xapvkosckuii gpusuxo-mexnuxeckuii uncmumym”, Xapskos, Yipauna

OnHolt M3 BaxXHEHIUMX HAay4YHBIX M MPaKTHYeCKMX 3amay GU3MKH
IUIa3Mbl ABASCTCH paspaboTka METONOB MONYYEHHS M CMIOCODOB yrmpaBlneHUs
rnapaMeTpaMy KOMITPECCHOHHBIX (CXKATbIX COOCTBEHHBIM a3WMYTAIbHBIM Mar-
HUTHBIM [10JIEM) KBAa3WCTaLMOHAPHBLIX IU1aaMeHHbIX motokoB (KKIIII). HUure-
PEC K KOMITPECCHOHHBIM FIOTOKAM, MOJAYYaeMbIM B KBA3HCTAUMOHAPHBIX ILIA3-
MEHHBIX YCKOPHTE/I5IX, CBA3aH C BO3MOXHBLIM HX MPUMEHEHHEM B PELICHUH 3a-
HaY YTIPABJISIEMOTO TEPMOSLIEPHOTO CHHTE3a (MHXEKUMS TU1a3Mbl B pa3lIMYHOTO
pozia JIOBYWIKH, npobjieMa MepBoi CTeHKW TEPMOSICPHOrO peakropa U T.0.), B
TUTA3MEHHOH TEXHOJIOTHM, HampHMep, Wi o6paboTKH MOBEpXHOCTEH KPYITHO-
rabapuTHBIX meTanel, a TaKXe [UTA CO3NAHHA BLICOKOMHTEHCHBHBIX HCTOYHM-
KOB M3JTYY€HHs, B TOM YHMC/ie B KOPOTKOBOJIHOBOH 06/1aCTH CIlEKTpa.

Iupokue BO3MOXHOCTH [Isi MNPOABMXEHUsI B obiacTh 6Gonee BbICO-
KHX MapaMeTpOB MJIa3Mbl, IMOy4aeMOW B YCKODMUTENSIX, OTKPBIBAeT NMPUHLIMITH-
QIBHO HOBAs IU1a3MOAMHAMMYECKAsi CUCTEMA - ABYXCTYNEHYATBIH KBa3UCTALIMO-
HApHBIA CHILHOTOYHBLIN muiaaMeHHBlil yckoputens (KCITY) (Moposos, 1990;
AHaHWH W np., 1990; lapkywa u ap., 1992). B KCI1VY, paGoraiouiem B pexu-
Me HOHHOTO TOKOMEPEHOCA, OCYLUECTRISIETCH MOHHO-IpelidoBoe YCKOpeHHe
3aMarHWYeHHOMW IUTAa3Mbl, YTO, TIO CYLUECTBY, SB/ISIETCS HOBBIM HAaNpaBIeHHEM
B IUTa3MOAMHAMMKE,

KomniekcHele TeopeTHYecKue W 3KCIMEPUMEHTANIbHBIC HCCIeN0BAHMS
(M3INYECKMX NPOLIECCOB B TAKOM YCKOPUTE/E ¢ NMPUMEHEHMEM BBICOKOCKOPOCT-
HBIX (oTorpadMyeckux, HHTEPHEPOMETPHYECKHX M CIIEKTPOCKOMIMYECKHX Me-

1



C. M. AHAHHH w ap.

TONOB, @ TAKXKC 30HAOBLIX MCTOLOB OIpPENENeHHS BICKTPUYECKHX H MarHMT-
HBIX TIOJNEH TO3BONMIN YCTAHOBWTL OCHOBHbIE 32KOHOMEPHOCTH B (DM3NYECKMX
npoueccax, OMpeJessioMX pPeXMMBbl paboThl YCKOPHUTENS M NapaMeTpsl
KKIIIT. VkazaHHble HCCAe0BAHUSA NMOATBEPAMIIM PEATU3YEMOCTh (MU3INYECKMX
NpUHUMNOB, nonoXeHHbIX B ocHoBy KCIIY M 1ro3BoiwiM BriepBbIE MOMYYHTh
B IUIA3MEHHBIX YCKOPHTE/ISIX pacyeTHOe KBasuMpalHa/lbHOE pacrpeie/ieHue ToKa
B OCHOBHOM YCKOPHTEJIbHOM KaHWIE B TeYEHHE KBA3MCTALMOHAPHOW CTaauM
paspsna. DBeutM pasBuThl MpeAcTaBAeHus: 06 onpenensiomieid poiM OOGMEHHBIX
NPOLIECCOB B NPUIMOBEPXHOCTHBIX OGIACTAX QHONHOIO M KaToAHOro TpaHcdop-
MEpOB MNpH HMOHHO-IPEH(OBOM YCKOPEHMM 3aMarHW4eHHOW rurasmbl. 39TH
fIpelCTARIEHMs TO3BOJAIOT OOBSICHATE M MPOTrHO3MPOBATH XapaKTep pacnpeje-
JIEHMS TOKA, @ C/ICJOBATE/IbHO, M MApaMeTpbl TJIAa3MEHHOrO TOTOKA Ul BCETO
Kj1acca yckopHrtesiel ¢ coOCTBEHHBIM a3MMYTAIbHbLIM MAarHHTHLIM TMOJIEM.
PeamuzoBaH komrnipeccuonHbIN pexum pabotel KCITY, npu koropom
3a cpe3oM BHYTpeHHero TpaHcdopMepa (opMHpyeTCs KBa3UCTALMOHAPHBIN
KOMIIPECCHOHHBIA  TUIA3MeHHbI notok (wnuHon ~ 50 ¢M U aHaMeTpoOM B
06acTH MaKCHMWIBHOIO CXaTha 3 cM) ¢ XapakKTepHbIMH TpH paboTe Ha
Bomopozie cKopocTeio ~ (2 - 4)-107 cm/c, TUIOTHOCTBIO 3eKTPOHOB ~ 5 1016
cM™3 u cpeaHeii HanpamneHHo# 3Heprueii moHoB 0,5 - 1 kOB (Astashinsky et
al., 1993; BonkoB u np., 1994). OOcyxnaercss BO3MOXOCTb MMPOIBHKEHHS B
TAKOTO poda IUIA3MOIMHAMMYECKMX CHMCTEMAX B €lLUe HEU3yuyeHHYl 00acTb
MapaMeTpoB TUTa3Mbl C BpeMcHeM Xm3Hu ~ 103 ¢,  monHbIM 3Hepro-
comepxanuMm ~ 100 MJIx, 3ddekTHBHBIM MWOHHbBIM TokoM ~ 10 MA,

Hanpas/ieHHoM sxeprueit vactuy ~ 10 k3B.
CuHCOK JHMTepaTyphl

AnanuH C.M., AcrammmHckuit B.M., Bakanosuy [LW. wu op.: 1990, Quzuxa
naazmu, 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.

Bonkos .., 'apkywa U.E., Kazakos O.E. n ap.:1994, Quzuxa naazmwe:, 20, 77

lMNpxyuwa U.E., Moposos A.U., Comakos [I.I,, Tepewwmn B.U., Yebora-
pes B.B.: 1992, Quzuka naazmwm, 18, 1385.

Moposos A.WU.:Qusuxa neazme. 1990, 16, 131.
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. CAMOCTOSTEILHALM TIEIOIIHNA PA3SPH]I B
HUHEPTHBIX 'A3AX ITPH ATMOC®EPHOM

JABJIEHHH
B.H. Apxunesxo

Hucrmumym sonexyrspuodi u amomnois pusuxu AHP, np. Cxopunss 70,
220072 Muncx, Bexapyce

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

Bombmmoe YHCHO TEXHONOIHWCCKHX YCTPOHCTB, B KOTOpPhIX
HCIOML3YeTCs CNaGOHOHH30BAHHAY IUIA3MA (HCTOYHHKH CBETA, Ha3ephl,
YCKODHTEIIH H Jp.) CTHMYIHpyeT pa3paboTky HOBHX criocobos
' momydeHMS NIA3MBI H HccaenosaHHe cc caoicrs. OcoOmili MHTEpec
NPEACTARITOT PA3PIAL OpH aTMOCHECPHOM JABNCHHMH, 9TO NO3BOINCT
CYMICCTBCHHO NOBLICHTH MOIMHOCTS Pa3pafHLX ycTpolicts. OfHaxo H
afeck HccuepoBaTelcH NOXXHAAIOT TAKHC NPOLCCCH H  SBICHHSN,
KOTOphI€C IIPHBOJST K OrPAHHYICHHIO BIJIAHNBACMON MOMHOCTH.

B ocHoBHOM, HecnenosaHus, mposencuunie JI. M. Kuceneacxum 1
€10 COTPYAHHKAMH NOCBSINCHL CAMOCTOSTEILHOMY TICIOMCMY Paspany
OpH &TMOCHCPHOM NARNCHHH B NOTOKC INEHS NPH HANPIXCHHH Ha
amextponax 100-400 B 1 Toxax paspana 0,5-5 A.

YXe cCaMO CYIICCTBOBARHHC TAKOTO Paspi/ia B TAKHX YCIOBHIX
SBIANOCH HHTCPCCHBIM OO0BEXTOM [UIN HCCICOBAHMS, NOCKOIBKY,
TPEANONArane HaMMIHe 3PPEXTHRHONO NONONHHTENLHONO HCTOYHHKA
3APAMCHHBIX I8CTHIL.

Ilpy myuesun QHIMYECKHMX CBOHCTB NYTOBRIX H HCKPOBBX
paspazioB B aTMochepe remas (Kucenescxmif u np., 1968) num menest
uomaﬁmmomoﬁwnmmocmwxpmomm
ObIM DONy9YcHH JAHHBIC, KOTODHC MO3BONHIH 3a(HKCHPOBAETSH
monmmmnmmnmﬁnpummlamm

Ha 3nexTpoax no 300 B H Toxax Gomsmme | A.

Hsu Yun Fan (1939), Bruce (1948), Suits (1939) uaGmonams
nofobHLie paspsal H  HCCUEAOBAIM HX  3JCKTPHYCCKHE
X8PAKTCPHCTHKH B 3aBHCHMOCTH OT MATCDHANA 3JVICKTPOJIOB, YTO



B. M. APXHTIEHEO

ONPEACIWIOCs B [KPBYI0 OGCPCl YPOBHEM SKIICPHMCHTRILHOH
TEXHHEKH H TCOPHH, -

CHCTeMaTHYECKHE  HMCCISOBaHHN, mnposeacnHmie  JLH.
Kucenescxum ¥ corpyrauxams (Kuceneacait u np., 1972, 1978, 1979,
1983, 1986, 1990, 1991, Conosrsauux, 1993) no3BODIH HEe TONLKO
nONy9aTs CTaOHILHLIC TACIONHC DA3PAAM H BOCIPOH3IBOJHMEIC
PE3YNLTATH, HO H H3Y9HTh KHHETHKY [pPOLIECCOB, MPOCTPRHCTBEHHOC
pactipefielicHie NSPaMCTPOB HEPABHOBCCHOH IUIA3MLI, HHTCHCHBHOCTH
T, KOHLICHTPALHIO 38PIKEHHLIX YACTHII, BEIHIHHY TypOyncHTHOIO
JVEKTPHYECKOr0 ToNS B KATONHOH obnacTH. Bee 3TH Hccnenosanus
noTpeboBanH pa3lpaboTKH HOBBIX MCTOAOB JHMArHOCTHKH IUIA3MBI,
CO3JIAHHE ABTOMATU3HDOBAHHLIX CHCTCM PETHCTPALHH CICXTPOB,
METOJOB H ANTropHTMOB 00paboTiH HHGOPMAIHH.

Haygenne GU3HKH CAMOCTOSTCIRHOINO THCIOMETO Paspsia NpH
aTMochepHOM [ABICHHH NPCACTABINCT HHTCPOC H JUIN HIYGSCHMS
(unHYeCKHMX NpPOLECCCOB B BHICOKOTOYHBIX
HCTIONL3YIOTCH B IUIA3MCHHMX TEXHONOIHSX (ApxuncHko H ap., 1995).
Taconpe pa3psjisl 8TMOCHEPHOrO NARINCHHS M NYIOBLIC Paspianl B
ra’oBsiX CpEAaX NPpH &TMOCPECPHOM JaBICHMH IIpH OTCYTCTBHH
AMEKTPOAHLIX MNAPOB MMeOT Oombimyio O6IHOCTL  (PHIHIECKHX
TIPOLIECCOoB.
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LONG-TERM VARIATIONS
OF SOLAR SPECTRAL LINES

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

E-mail svince@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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BIIMSTHUE PA3JIMYHBIX ®PAKTOPOB HA TMHAMMUKY
JIABEPHBIX ILTASMEHHBIX ®AKEJIOB METAJLJIOB

B.K. TOHUYAPOB, B.JI. KOHI[EBOH, M.B. ITY3bIPEB

HuctutyT npuknanseix ¢pusndeckux npobiem um. AH. Cepuenko,
Benapycs, MuHck, yia. Kypuarosa,7

Ipu BDBI[CHCTBHH JIa3€PHOTO H3TyYeHHS YMEPEHHOH HHTEHCHBHOCTH
(IOS 10® Br/cM?) Ha MeTaILTEL, IPOLYKTEI 3PO3UM COCTOAT M3 TAPOB, IUIA3MBI K
MENKOMHMCIIEPCHOM XKUIKOKanenbHoi ¢a3sl MarepHala MHIICHH, (OpMH-
PYIOLIEHCS 3a cHeT MeXaHn3Ma 00BeMHOro napooGpasoBaHusl.

W3BecTHBl pa3iMyHble (aKTOphl, KOTOphIE MOTYT CIOCOOCTBOBAThH
HNOSBNEHHIO OO0BEMHOT0 NapooOpa3oBaHMs: NPOCTPAHCTBEHHO-BPEMEHHAs
HEOJHOPOIHOCTh JIa3ePHOr0 H3JTy4YeHHs, pacTBODEHHBIE B MeTalUle Iasbl,
pa3MYHBIE IPEMECH H CTPYKTYPHBIE HEOTHOPOAHOCTH. IIpeacTasiser uuTe-
pec BEISIBHTE CTENEHb BITHAHMA KOXKIIOr0 U3 3TUX (akTopos.

B kagecTBe BO3IEHCTBYIOILIEr0 M3TyYEHHS HCIIONB30BATIOCH H3TyYe-
HHE HEOJMMOBOrO Jiazepa B pasNMyHBIX pexumax. OCHOBHEIM METOIOM
HccienoBanus OpUT METO/L ITONIEPEYHOr0 30HMPOBAHKA IIPOJIYKTOB JIa3€PHOM
3pO3HH M3JTy<YeHHEM BCIIOMOraTeIbHOro pyOHHOBOrO Nasepa. B axcnepuMen-
T€ OJJHOBPEMEHHO KOHTPOJIHPOBATHCH KO3(G(QHUMEHTE! PacCEesHUs M IIOIrJIO0-
IIEHHS 30HAMpYOIEro u3ay4yeHusd. CpaBHMBas OTHOIICHHE MOIJIOIIEHHON
KOMIIOHEHTHI 30HIHPYIOILEro M3MyYCHHA K PacCeAsHHOH KOMIIOHEHTE, IIOITy-
YEHHOE JKCIIEPUMEHTANBHO, C TAKWM JK& OTHOIICHHEM, PaCCYMTAHHBIM IO
teopuy JliBa-MH, MOXHO ONpPENCIHTh OHAMETPhI YaCTHL XKHIKOKAIEILHOH
¢azsl M MX KOHIIEHTPALHIO.

CreM u oOpaborka MHGOpPMALMH [PH IIPOBEJCHHH 3KCIIEPHMEHTOB
TPOM3BOWIACH C MTOMOIIBIO ABTOMATH3MPOBAHHOIO MHOIOKAHAIBHOIO peru-
cTparopa 1 OBM.

Jlis onpenenieHus CTENEHH BIMAHUS Pa3sIMIHBIX cpax'ropOB Ha 00B-
€MHOE NapooOpa3oBaHHe IPOH3BOAMIOCH BO3JCHCTBHE HAa CBHUHIIOBBIE MH-
MIEHH MMITyJibca HEOAWMOBOro Jiasepa JuHTeNbHOCTEIO 400-450 Mkc ¢ pas-
JHYHOMR CTENEHBIO MOAYJIALIMH 110 aMILUIMTY €.

MiHileHr H3roTOBISUTACH ITYTEM MEPEIUIABKM CBHHIIA: B OJIHOM CITydae
B BO3QyXe, B APYyrom - B BaKyyMe, JOOWBascCh NpH 3TOM CYIIECTBEHHOrO
YMEHBINEHMS COIePKaHHA ra30B B CBUHIIE BAKyyMHOH IIepEIUIaBKH.

OKCIEPHMEHTHI CO CBHHIIOBBIMH MHLICHSMH TIPOBOAMIIACE PH ILIOT-
HOCTH MOIIHOCTH HEOOMMOBOro Jasepa 6,5- 10° Br/em?. JuameTp ocaelae-
MOro Ha MHIIEeHHM naTHa coctasisul 0,9 cM. B Takux yclnoBHsX 3KCIEpHMEHTa
YA4eTCs pa3fe/iuTh B NPOCTPAHCTBE M BO BPEMEHH YACTHIBI XXHIKOKAIENb-
HOM (asbl, obpasylommecs K3-3a 06bEMHOro napoobpa3oBaHHs K 3a CYET
THIPOJAHHAMHYECKOr0 MEXaHH3Ma.
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IlpoBeneHHBIE HCCIIENOBAHHA II03BOJIAIOT CAENATH BHIBOJ, YTO IUIA
peanbHBIX META/UIOB (JOPMHPOBAHHE 3PO3HOHHOIO (hakena ¢ MENKOAuCIepc-
HOH XHUAKoKaneasHoH (asoll MaTepHana MHUIIEHH 32 c4eT 0OBLEMHOTO Mapo-
obpa3zoBanus obneryaercs, Mpexae BCEro, 3a CYET ra3oB, PaCTBOPECHHBIX B
METALIE, ¥ MPOCTPAaHCTBEHHO-BPEMEHHON HEOJHOPOIHOCTH JIA3€PHOTO HM3ITy-
yenus. JlelicTBre 3THX ABYX (hakTopoB comsmepumo. Creayromum dakropom
ABJIETCA HANMYHE B META/UIE Pa3jIHYHBIX BKIIOYEHHH H HCKYCCTBEHHBIX
ueHTpoB. IIpu oTCyTCTBHM 3THX TpexX ¢akTopoB mpoueccy 0O6beMHOro mapo-
obpa3oBanus CrocOOCTBYIOT CTPYKTYpHBIE HEONHOpPOAHOCTH. M, HakoHew,
MpH OTCYTCTBHH BCEX 3THX (paxTopoB 0Opa3oBaHMe MHAKOKANENbHOH ¢(asnl
XOTH ¥ 3aTPyJHEHO, OMHAKO TAKKE PEaIH3yeTcs NPU YBEIMYEHUH IUIOTHOCTH
MOIIHOCTH. 3TO MOXET OBITh KaK U3-3a HEYCTOHYHBOCTH QPOHTA HCIIApEHMS,
Tax M 3a CYeT B3phiBa MeTacTabHIBHOM XHIKOCTH.

IToxazano, yTo QOpMHUpPOBAHHE MEIKOJHCIIEPCHON MXHUIKOKAIIETBHON
¢aze1 MaTeprana MUILEHH 3a cueT 0OBEMHOro napooOpa3oBaHus - SBIEHHE
Bceobmee. OTmiyne y pa3sHBIX METAUIOB HAOMONAeTCA TOJNBKO KOJIHYECTBEH-
HOE.

B onmcaHHBIX 3KCIEpUMEHTaX KOHTPOJb BCEX MapaMeTpoB OCYLIECT-
BJIUICA Ha OJJHOM PAacCTOSHHH OT MOBEPXHOCTH MHIIeHH (1,5 MM). g BeIsSB-
JICHHs M3MEHEHHH NapaMeTpoB HMIKOKaneJbHOH (as3el B Mmpollecce MBHXKE-
HHS BIOJIbL 3pPO3HOHHOrO ¢axena ObUIO NpOBENEHO 30HOMPOBAHHE Ha
Pa3NMYHBIX PacCTOSHHAX BIUIOTH 10 0,1 MM OT NMOBEPXHOCTH MHIICHH MpH
OIMHAKOBBIX YCJIOBHAX BO3HCHCTBHA.

OKCNEPHMEHTAJILHO II0KAa3aHO, 4YTO CYINECTBYIOT TaKHE YCJIOBHS
BO3JIEHCTBHSA, NIPH KOTOPBIX KOHUEHTPALMS YaCTHUI[ MEIKOIUCIEPCHOM XX
KOKanejabHOH (hasbl, MOCTYNAIOUIMX B 3PO3HOHHBIA (haken ¢ IOBEPXHOCTH
MUIIEHH 34 cYeT 0OBEMHOro napoobpa3oBaHus, YBEIHYMBAETCS NIPU yane-
HHHM OT NOBEPXHOCTH MHIIEHH. IIpH 3TOM NHaMeTps! YacTHIl yMEHBLIAKOTCH -
NPOMCXOIHT WX npobneHue BcieacTBHe mneperpesa. C Apyroil CTOpPOHEL
YacTHIIEI B IIPOIECcCe NBHKEHHS JOMCIAPAIOTCS, 33 CUET Yero yMEHEIIaloTCs
KaK MX pa3Mepbl, TaK M KOHIUEHTpanus. BenencTene KOHKYpEHLHHE IPOLIECCOB
IpoONEeHHs ¥ MCITapeHHs YaCTHI] HA HEKOTOPOM PacCTOSHHM OT MOBEPXHOCTH
MHINCHE HabmojaeTcs MakCHMYM KOHLEHTpaumH 4acTul. Paccrosnue, Ha
KOTOPOM 3TO NPOMCXONMT, 3aBUCHT OT MaTepHala MHIIEHH H OT TUIOTHOCTH
MOIIHOCTH BO3JIEHCTBYIOLIETO W3y CHHUA.

B cBa3H ¢ TeM, 4YTO B 3KCHEPUMEHTaX YIAIOCh MPUOIH3MTCA K 110-
BEPXHOCTH MHIIEHH Ha paccrosgude 0,1 MM, NMosBHIach BO3ZMOXHOCTE IIPO-
BECTH HCCJISIOBAHMs O Hadally MNOSBJIEHHS B [IPOLYKTaX JIa3epHON 3po3uH
YacTHIL XHIKOKANeIsHOH (a3sl, popMHUpYyIOIIHXCS 32 C4eT 0OBEMHOr0 apo-
obpasosannd. JIng 3TOro KenaTeNbHO HMETh MAKCHMAIBHYIO YyBCTBHTEIIb-
HOCTB M3MEPHTEJILHON annaparypbl IPH W3MEPEHHH KOHLEHTPAMH YACTHIL.
B GMAHHOM  Clyqae MHMHMMAIBHO PErHCTpHpYeMas KOHLUCHTpALis 6bu1a
10" em™.
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BIHMAHUE PABIIMYHEX $AKTOPOB HA OHHAMMEY JIASEPHHX NJIABMEHHHX $AKEJIOE METAJIJIOR

OKCNepHMEHTBI NMOKa3aIH, YTO JUIA KaKIOro METaula CyIIECTBYIOT
TaKye yCNOBHS JIa3epHOro BO3/ICHCTBHSA, KOI/la Yepe3 HEKOTOPOE BpeMsi ocie
Hauaia oOMyueHus NPONYKTHl paspylIeHHs COCTOAT M3 CBETALMXCS IapoB
MpO3pavHbIX Uik M3myueHHs. Yepes HEKOTOpOE BpeMsi mocie OPMHUPOBAHHS
M3 3THX I1apOB 3PO3HOHHOIO (akena B HEro HAUYHHAIOT MOCTYNAaTh MEKHEe
MHUIKAE KAIUTH MaTepHala MHIIICHU 3a c4eT o0seMHoro napoobpaszosanus. B
KOHIle MMITysibca B ¢aken nocrynaior Gojiee KpynHbIE YAaCTHIEI CO 3HAYH-
TeJBHO MEHbIIEH KOHLEHTpaluel 3a CYeT rHApOAHHAMUYECKOr0 MEXaHHU3Ma.
IDioTHOCTE MOIIHOCTH BO3JEHCTBYIOIIETO H3JTyYeHHS HEOMMMOBOIO Jlasepa,
IPH KOTOPOH 3TO MPOHCXOMT, SIBIAETCS XapaKTepHOH IS KaXI0ro MeTaula.

Onupasice Ha MPOBEIECHHEIE dKCIIEPHMEHTHI Iponece (popMHpOBaHUS
JIa3epHOI0 3PO3HOHHOro (akena, obpasyioLIErocs NpPH BO3JCHCTBHH Ha
METa/UTBl JIa3€PHOrO M3JTy4YEHUS YMEPEHHOH HHTEHCHBHOCTH, MOXHO Npes-
CTaBHTH ciexyromuM obpasoM. Ilpy MameIX MIOTHOCTAX MOIIHOCTH IPOHMC-
XOIMT TOJBKO HarpeB MuiueHd. IIpH yBenW4YeHMHM IUIOTHOCTH MOIIHOCTH
MPOMCXOMMT IUIABJICHHE MeTauia B 30He obimydenus. [Ipu manbHelimem yse-
JIAYSHHH IUIOTHOCTH MOIIHOCTH BO3JEHCTBYIOIIErO H3JIyYEHHS IPOHCXOIHT
MCNapeHHe pacIUIaBeHHOro METaUla ¥ B 3TO BpeMs HauMHaercs ¢opmupo-
BaHME 3PO3HOHHOrO (hakena, KOTOPEIH EepBOHAYAILHO COCTOMT M3 IpOo3pay-
HBIX napoB M IwiasMel. [Ipu mocieqyouieM yBeIWYEeHHH IUIOTHOCTH MOIIHO-
CTH BO3JIEHCTBYIOIIEr0 H3y4eHHs MosBisercs o6beMHOe napoobpa3oBaHHue,
3a CYET KOTOPOro B 3PO3HOHHEIH (pakes] HaYMHAET NOCTYNaTh MEIKOAMCIEpC-
Has XuMAKoKamnenbHas (asa, NepBOHAYaIBHO C CYLIECTBEHHOH 3a/IepXKOH, a
3aTEM NPH yBEJIWYCHHH HMHTCHCHBHOCTH OOJIyYeHHs 3alepikKa YMEHBINAeTCs

M CTaHOBHTCA MHHHMaNbHOH. JXXuakue kammm, cHOpMHPOBaHHBIE 3a CYET

00BeMHOro napoobpa3zoBaHus, JBUrasiCh HABCTpPEUy JIa3epHOMY JIydy, IIOIJIO-
HIAIOT M PacCceHBalOT nocye HHHA. BO6nu3u noBepXxHOCTH MHIICHH BCIEICTBHE

TIEpErpepa 4acTHIIbI ﬂpOﬁﬂTCﬂ H ODOHCIAPAIOTCAH. ﬂOHCH&pFU[CB OHH CO31a10T

BOKpyr cebs 6osee MIOTHYIO IUIA3MEHHYIO Cpefly, YeM TIpH aauabaTHYecKoM
pasJieTe Npo3payHbIX MapoB. Bonee IU0THasA cpefia MPH JOCTHXEHHH HEKOTO-
POH MJIOTHOCTH MOIIHOCTH BO3JEHCTBYIOIIETO H3TyYeHHS IIPHBOOMT K pe3-
KOMY, JaBHHOOOpasHOMY YBETHYEHHIO K03 PHLIHEHTa NOTJIOIEeHH B [UIa3Me
H mapamMeTphl IUIa3Mbl (KOHLEHTpALlMs 3apsOKeHHBIX YAaCTHI M TEMIepaTypa)
pe3ko Bo3pacTaloT. TakuMm o00pa3oM MpPOMCXOJNMT IUIa3MEHHas BCIbIIKA
(nnasmenHbni 1npo6oi) B 3pO3MOHHOM Ja3zepHOM (axelsie, WHHIMHpYeMas
JOHCTIApAIOMMMHCS YaCTHIIAMH XKHIKOKANEIbHOH (a3bl MaTepHaia MUILCHH.

Takum ob6pa3om, mepBOHAYaNBHO 3PO3HOHHBIN (aKesn MpaKTHYeCKH
MpO3paveH Juld H3TyueHHs, 3aTeM, KOrja B 3p03HOHHOM (akene ¢opMHupyer-
€5 MEJIKOAMCIIEPCHAs HUIKOKallebHas (paza MaTepHala MHIUEHH, HAYHHAIOT
HaO/mofaTECs 3aMETHBIE TIOTEPH M3NyYEHHS B MPOXYKTAX JIA3EPHOM 3PO3HH.
OTBETCTBEHHBIM 33 3TH NOTEPH ABJIAETCS MOTJIOMIEHHE H pacCesHHe Ha HJI-
kux karisx. ITocne "Bempnmku nmornomeHus" OCHOBHBIE NMOTEPH H3JIYYCHHS

ONPENENAOTCA MEXaHH3IMaMH MOTTIOUICHHA B IJIa3Me.
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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 thecretical 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 ions 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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Ilpuzaawennuia Qokaad

COBPEMEHHOE COCTOSHME TEOPHUHU U DKCIIEPUMEHTA
10 YUIMPEHHIO CIIEKTPAJIbHBIX IMHHUHM IIPUMEHHUTEJILHO
K JTHUATHOCTHUKE JIABOPATOPHOM ILIA3MbI

M. C. ITHMHUTPUEBUY!, JI. 1. MUHBKO?2

\demponomuneckas obcepsamopua, Boaeuno, 7, berepad, 11050 Kzocaasus

2 Hucmumym monekyaspnoii u amomuoii usuxu Axademuu Hayk benapycu,

np.~-m @D. Ckopunsi, 70, Munck, 220072 beaapycs

HManoxeHbl 0COBEHHOCTH CNEKTPOCKONMYECKOH AUATHOCTHKM HMITY/Ib-
CHOM IUIa3Mbl, CBA3AHHBIE € HECTALHOHAPHOCTHIO M HEOJHOPOAHOCTBIO ILia3-
MEHHBIX TIOTOKOB. JlaHO COBpEMEHHOE COCTOSIHME PacCHeTHO-TEOPETHYECKMX
metonoB (dumurpuesud, 1996) u skcrnepuMeHTATbHBIX crioco6oB (MUHBKO M
ap., 1995; Ilypuy, 1996) AuarHoCTMKM MAA3MBI IO YIIMPEHMIO CHEKTPUIbHbIX
nuHuiA. Ha ocHoBanuM 6oasluoro akTHYECKOro MaTepHana M CPaBHEHMsS ¢
PE3yJIbTATAMM, MOJYYEHHBIMU HE3aBUCHMBIMM Criocobamu (Mo CIUTOLUHOMY M3-
JIYYeHMIO, UHTEeP()EPOMETPHYCCKMMH M TronorpaMyYecKkuMm), caejiaH aHaIM3
3} EKTHBHOCTH ¥ HHGOOPMATHBHOCTH MPHMEHEHHS CITOCOBOB AMArHOCTUKHM  C
MCMONB30BAHNEM YIIUPEHUS CMEKTPAIBHBIX JIMHUW WIS palTH4YHbIX Jabopa-
TOPHBIX 3JJICKTPOPAa3psUIHbIX M JIA3€PHbIX MCTOYHMKOB IUIa3MEHHBIX ITOTOKOB

33[IaHHOTO COCTaBa W KOHTPOIMPYEMBIX MapaMeTPOB.
Jlureparypa
Humurpuesny, M. C.: 1996, X7IC (B nevatu)
Munsxo, JI. 5., Aspamenxo, B.b., Bakanosny, I'. Y., Uymakos, A. H.:; 1995,
Publ. Obs. Astron. Belgrade NS0, 51

[typsry, 5.:1996, XIIC (B neyarn)
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INFLUENCE OF WEAK D.C. MAGNETIC FIELD ON
THE H; LINE EMITTED FROM T-TUBE PLASMA

S. DIUROVIC, Z. MIJATOVIC, M. PAVLOV, R. KOBILAROV and'B. T. VUJICIC
Institute of Physics, Trg Dosileja Obradoviéa 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 field 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
Hy 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 indentify possible effects which could influence the line profile we checked
the effect of a frozen magnetic field in the plasma and contribution of the Zeeman
effect. Calculations 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 effect 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 field could be
responsible for additional red shift of Hz line.
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SPECTROSCOPIC STUDIES OF AN
ANALYTICAL GLOW DISCHARGE

N. KONJEVIC, M. M. KURAICA and L. R. VIDENOVIC ..
Faculty of Physics, Universily of Belgrade, P.0.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 lines is 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 €V 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 H+ and
H3+ ions 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 is related to the dominant role of H3+ ion in this discharge. For both
gases, in 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
NCISE 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 um 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)=(2n0")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, o isthe 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)=c*-05D(4), (4)
R(A)= L*P(A)+ L? [1-P(A)]=c’exp(-aA)+ L?, (5)
where £ is the interval length between two adjacent points on x coordinate, 7 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 (wx , wy) is obtained, as follows;

w(wx,Wy)=21tao2(a?+wf+wf)-l.s, (1)

provided that L = 0, and wy , wy 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)=4oc” (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) ITONIZATION AND A - AT - e
RECOMBINATION PROCESSES
IN STELLAR ATMOSPHERES

A. A. MIHAJLOVY? and M. S. DIMITRIJEVIG?

! Institute of Physics, Pregrevica 118, 11080 Zemun, Serbia, Yugoslavia
2 A stronomical 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+ ¢€)

A +e= A"(n)+ A (1a)
At +A+e=> A"(n)+ 4, (1%)

as well as for A" ('n) + A ionization

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

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, A 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-ionized hydrogen and helium plasmas, and particularly in weakly-
ionized helium plasmas of DB white dwarl atmosferes.
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OT ONTUYECKMX SABJEHUN SIAEPHBIX B3PLIBOB K OIITHUKE U
CHEKTPOCKOINUU HHU3KOTEMIIEPATYPHOM IUIA3SMBI U
PAIMALIMOHHOM ITUIASMOJAWHAMMKE

JI. 1. MUHBKO
Hucmumym smonexyaspnoti u amomuoul pusuku Axademuu nayx beaapycu,

np.-m D. Cropunwi, 70, Munck, 220072 beaapyce

[IpeacraBneHue o ONTHMYECKMX CBOMCTBaxX SIEPHOTO B3phlBA Kak
"B3pRIBHOM " HM3KOTeMIepaTypHOH ruiaiMul 6bumM copmupoBanbl M. A. Enesi-
wesuyeM cobmecTHO ¢ A.C.Komnaneiiuem u HO. T1. Paiizepom B 1955-1956 rr.
B oryere "OrHeHHbIH wWwap aTtoMHoro B3pbiBa”. Ha OCHOBAHMM BBICOKOCKO-
pocTHBIX doTorpadMyeckux MCCIeJOoBaHUH ObUIM YCTAHOBICHBI CICAYKOLIME
CTaIWH 00pa3oBaHUA W Pa3sBUTH OFHEHHOTO 1UApa: HAYWIbHOH BCIBIIIKH,
nepeoit ¢asbl cBeyeHWs, KOrga [IOBEPXHOCTb CBEYEHMsl Lapa COBMAxaer ¢
(ppoHTOM ynapHOH BOJIHBI, MMHMMYMa  CBECYEHMWsI BCJICACTBME TNOMIOLIEHHS
o6pa3oBaBLUMXCH OKHCJ/IOB a30Ta, BTOpoi ¢asbl, KOraa Iocje oTpbiBa yAapHOM
BOJIHBI, CBETMTCSI ropsiuuit Bo3ayx. Bor kak o6 3rom rmuuier cam Muxawn
AnexcannpoBuy: "OrHeHHBIH Wap npeicTamiger coboif HU3KOTEMNEPATYPHYIO
I1a3My, ONMTHYECKHE CBOMCTBAa KOTOPOH TpebOBaW M3ydYcHMUS, YEM IMOTOM fi M
saHsics B Muncke... B Mucturyre dwmsuku u maremaruku AH BCCP, B
KoTopoMm s ctan paborate ¢ 1956 r., s cHayana 3aBeNOBal OPraHu30BaHHOMN
MHOM nabo-patopuelt paaHoCreKTPOCKOTIMHM, HO O4YeHb CKOPO CEpLE3HO
3QHSUICS ONTMKOM M CMEKTPOCKOMWEH  HM3KOTEMIIEPATYpHOH TUIasMbl, Kak
NpoaC/IKEHUMEM MOMX paboT No CBETOBOMY MAIYYEHHMIO SLIEPHBIX B3pbLIBOB".

B oty roasl Hapsaay ¢ wmpokum pasmaxoMm B Coserckom Corose pabot
no ¢r3MKe BBICOKOTEMIICPATYPHOW IUIa3Mbl B CBS3M C MpoOJIcMOM yriparis-
€MOro TEPMOSLIEPHOTO CHMHTE3d, MCCNEeOBAHUS IO KOTOpoi ObUIM HayaThl B
Hayaie 50-x romoB mo uumumatuse M. B. Kypuarosa, 6osbwioe BHHMaHHe
YACHAETCS WCCJIEJOBAHMAM 10 QH3HKE HU3KOTEMMEPaTypPHOH TU1a3Mbl B CBA3M
C 3anpocaMM  HOBOM TeXHMKM: pa3paboTKoM M CO3JaHMEM IUIa3MEHHBIX
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J. A. MUHBKO

[IBUraTeJied, BXOIOM KOCMMYECKMX AamnmnaparoB M OaUuTMCTHYECKMX LENeH B
IUIOTHBIE CJIoW arMocdepsl, CO3OaHWEM M NPHUMEHEHMEM JIa3cpOB B
IUIa3MOIMHAMHYECKHX HCCIICIOBAHMSIX.

B konue 50-x - Hayare 60-x TromoB TIOA PYKOBOACTBOM M
HEIOCPeACTBEHHbIM yyacTuM akageMuka AHB M. A. Enpsuesuya B UHcTHTYTE
dusuku AHDB 6butH pasBepHyTbl CHCTEMATHYECKME HCClefoBaHMS B obsactd
BBLICOKOTEMIICPATYPHOM ONTUKH, B OCHOBHOM IIOCBSIIEHHBIE CMNEKTPOCKOITMM
HM3KOTEMIIEPATYPHON IUIa3Mbl W  pa3paboTKe OITHKO-CMNEKTPOCKONUYECKHX
crocoboB €e QHArHOCTHKH.

PeaynbpTaThl MccneqoBaHWM He 3actaBwin cebs xmatsh. Yxe B 1965 romy
Ha  MEXIYHapOIHOM cnmﬁoauymc 110 CBOHCTBAaM M  NPMMEHECHHIO
HH3KOTeMneparypHoi rasmel npu XX  MexayHapogHOM KOHIpecce [0
Teoperuyecko xumum (r. MockBa, 1965 r.) 6sUTH D0/IOXKEHBI Pe3y/IbTaThl M0
pa3paboTKe M MPUMEHEHHIO CMNEKTPOCKOMMYECKUX METOHNOB [UIst JAMArHOCTUKM
Hu3koTeMneparypHoi iuiasmbl (EnbsitmeBuy w1 ap., 1965 r.). Hokmag 6bui
MOCBSAILEH METONaM Ofpele/icHUs KOHIIEHTPALlMH 3apsiKeHHbBIX YacTHL Mo
M3MEPEHMAM YLIHPpeHUs CIEKTPAIBHBIX JIMHUM, 00yCJIOBIIEHHOTO
KBAJPAaTHYHBIM a¢hdexrom Ulrapka, no W3MEepeHHUSIM MHTEHCUBHOCTEH
3aMpeleHHbIX, 4 TAKXE ABTOMOHM3aUMOHHLIX CNEKTPAJIbHBIX JIMHHI.

OcHOBHbBIE pe3ysbTaThl Nepsoro nepuoaa (mo 1969 ropa) meATenbHOCTH
stabopaTopMy BHICOKOTEMMEPATyPHOH ONMTHKH, co3JaHHOM akanemukom AHDB
M. A. Empsuesnyem B 1961 r. (Penopos, 1968). Ha ocHoBanuu duamyecknx
H ras’oJHHaMHYECKHMX MCCJIECIOBAHHH OYTOBBIX H CWILHOTOYHbIX MMITYJILCHbBIX
pa3psioB MOJY4YeHbl BBICOKOCTAOWIBHBIE OCECMMMETPHYHBIE IUTa3MECHHBIE 00-
pazoBaHua B uHTepeaie maepneHui ot 0,01 mo 1000 at™m u Temneparyp or 3000
no 100000 K. BriepBbie 3KCMEpUMEHTATBHO ONpEE/IeHbI CIIEKTpalbHbIE KO03¢-
GUUMEHTBl  MOMIOLIEHWS  BLICOKOHAIPETOro BO3MyXa IIpH  TeMIepaTypax,
HENOCTHXMMBIX HAa COBPEMEHHBIX Tra3’0AMHAMMYECKUX YAapHBIX Tpybax (Io
14000 K) (JI.M.Kucenesckmit, B.d.llumanosuy u np.). HMcenenosanus

ANMEKTPHYECCKHX paspsiioB B Ta3OBbIX [OTOKAX MMO3BONWIM pa3paboTraTh
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metawioB ¥ razos (JI.M.Kucenesckuit, [I.WU.I'panbkoBa). Mayyeno yumpenue
CNEKTPANbHBIX JIMHHA npu keaapatuuHoMm s¢dexkre [lrtapka. Paspaboransbi
KOHKpETHbIE Crnocobbl  ornpenencHUs] KOHLIEHTPALMH 3apAXeHHbIX YACTHIL
IpoBenen pacyer nocrostHHbix  [lrtapka s psila CRCKTPAILHBIX JTMHMIA
ATOMOB JIMTHS, HATpHsl, KaJlMsl, Ue3usi, Oapusi, Meld, MarHus, allOMMHUS M
yrnepoga. M3MmepeHbl KOHUEHTPALMM  3apPSXKCHHBIX YaCTHLL B YCIOBHMSIX
OYrOBbIX paspsiioB M IUIA3MEHHOM  CTpyM MMMYJILCHOrO reHeparopa
(M.A_Enbsawiesuy, JLLA.I'peunxun, JI.51.Munsko, I''.bakanosuy,
E.C.Tionnna, JI.K.Ckyros). O6HapyxkeHO, 4TO NpM BO3NEHCTBUM JIa3ePHOTO
M3MYyYCHUST Ha MOINIOLAIUME maTepuaibl obpasyercss IUIa3MeHHas CTpys,
KOTOpasi MCTEKAeT CO CBEPX3BYKOBOH CKODOCTBIX).  YCTAHOBICHA NOJHAS
AHWIOrHS KaK IMPOLIECCOB Pa3pyLIeHHs BEILECTBA MPH  BO3JICHCTBUM MOILHBIX
TIOTOKOB JIa3¢PHOTO UITYYEHMSI, TaK MU MeXaHW3Ma 00pa3oBaHUsi U MCTEUYEeHUS
CBEPX3BYKOBbIX TUIA3MCHHbBIX CTpyH B 0boux c/iyyasix. CrpyiHOe McCTeuyeHHe
HMeEeT AWCKPETHBINH XapakTep, 9TO 3HAYWT TUIA3MEHHAs CTPYS COCTOMT M3
oraeabHbIX cTpyeK (JI.A.Munbko, JI.U.I'peunxun, I.U.Bakanosny).

B nocnenylomne rommi  (Kucenesckumit, 1979) B naboparopum
HEPABHOBECHBIX IMPOLECCOB BbLITIOJIHEHBI MCCACAOBAHMS TUIA3MOJAMHAMMYECKHX
NpOLECCOB ¥  PACNpPOCTPAHEHMSI CBEPX3BYKOBBIX IUIA3MEHHBIX CTPYiH B
PAVIMYHBIX  YCKOPWUTE/bHbIX YycTpoicTBax. Pa3BUTBI ONTHYECKME MeTOAb
MCClIeoBaHMA TakuX cTpyd. PaccMoTpeHBI 3aKOHOMEPHOCTH B3auMMOeHCTBUS
MOILHBIX TTOTOKOB JIA3¢PHOr0 M3JIyYeHMS] KAK C OTICJIBHO CO3JaHHOW IIa3sMo,
TaK M ¢ COBCTBEHHOH 3PO3MOHHOM [UTa3MOil, 0Bpasyloleics nNpu Bo3HeHCTBUH
JIa3epHOTO  WITYYE€HHA Ha TBepible MWINEHH. BBINOJHEHB CHUCTeMaTHYECKHe
HUCCEI0OBAHMSA ONTUYECKUX M Tra3ofMHAMUYECKMX CBOMCTB 3PO3MOHHON
NA3CPHOH TUTA3Mbl W €€  RIMSIHWSE HAa MPOXOXAEHHE MHAYLMPYIOLIEro Iaasmy
JIa3€PHOTO HMWIYHEHWA € TUIOTHOCTBIO TTOTOKA CBETOBOW 3Hepruu mo 10°
Br/cMm2.

EctecTBeHHBIM pasBHTHEM HallMX MCCledOBaHMil MO  (QH3HKeE
HU3KOTEMNEPATYPHO#H IUIasMbl B cepentuHe 70-X rOIOB SIBWIOCH HOBOE HAy4HOE

HanpamncHue - pdanauMonHas rasmoavHamuka (PII), 3apomwsiuasics
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BHayalie KaK JlasepHas IulasMOOMHAMMKa M TpaHChOpMHpOBaBLIAsICH
BMOCJEACTBMM B  PANHALMOHHYIO JIA3€PHYIO TUIA3MOAMHAMHUKY M IWHAMMUKY
KOMTIPECCHOHHBIX KBa3UCTAUMOHAPHBIX IUIA3MEHHBIX TIOTOKOB.

PagualiMoHHasl IUTA3MOJWHAMMKA MCCIEeNyeT AMHAMHKY IUIa3MEHHbBIX
TIOTOKOB, KOr/a CYLIECTBEHHYIO pOJIb B MX 3HEPreTMKe MIPaloT paanalMOHHBIC
npotieccsl. OCHOBHbIE 3TaNbl MCCIEMOBAHWA 1O PIT: muHaMWKa Ja3epHbIX
[JIa3MOAMHAMHYECKHMX TMpOLIECCOB - Jia3epHasl MUIa3MOAHHAMMKA; IOHHAMHMKa
KOMITPECCHOHHBIX TUIA3BMEHHbLIX MOTOKOB, TEHEPUPYEMbBIX OAHOCTYNCHUYATBHIMM
KOAKCHAIBHBIMM  TUIA3MEHHBIMHM  YCKOPHUTENSMHM,  AWHAMHKa  JIa3€pHBIX
paIMalMOHHO-TUIA3MOAMHAMHYECKMX TIPOLIECCOB - palHaUMOHHAs JIa3epHad
[UIA3MOOMHAMMKA; Jla3epHOe B3aUMOIEHCTBHE €O CIIOXHBIMW IUIa3MCHHBIMH
o6pa3oBaHWsIMKA;  OMHaAMMKa  (QOpPMHMPOBaHMs, CTPYKTypa W CBOMCTBa
KPYNHOMACIUTAOHBIX KOMIIPECCHOHHBIX IUIA3MEHHBIX IIOTOKOB; IMHAMHKA M
CBOMCTBA HH3KOIMOPOTOBBIX NPHITOBEPXHOCTHBIX ONMTUYECKHUX Pasps/ioB.

B HacTosilliee BpeMsi TEMAaTHKa HALIMX HMCCICIOBAHWH BXOIMT, MOXHO
ckasath, pasgenom B PIIJl: panuauuonHas niasMoAMHAMMKa HMIYILCHbBIX
WCTOYHMKOB IJIA3MEHHBIX MOTOKOB Ha OCHOBE OINTHYECKUX M 3JIEKTPHYECKHX

paspsiloB.

Jlureparypa
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Ilpuznawennmid dokaad

CRATER MORPHOLOGY INDUCED BY DIFFERENT ENERGETIC
BEAMS

T. M. Nenadovi¢ -
Institute of Nuclear Sciences “Vin¢a”, 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 consequence the degradation of material
properties. Empirical knowledge has been collected but mechanism involved in
the processes have not been completely explained.

The goal of our experiments 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 - more than a few km/s - sputtering of target takes place with crater
formation. For irregular microparticlcs the crater was detected for velocities
above 0,5 km/s, 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 experiment 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 useful information
for the analysis of the mechanism of vehicle material degradation can be
obtained.
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FROM ELECTRON MOLECULE SCATTERING CROSS
SECTIONS TO PLASMA APPLICATIONS : PHYSICS OF
NON-EQUILIBRIUM LOW-PRESSURE DISCHARGES

Z. Li. PETROVIC
Institute of Physics, University of Belgrade, POB 57, 11001 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 commonly 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 scattering 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 characteristics 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
sections it is required to provide experimental transport data including the drift ve-
locities, characteristic energies, excitation and ionization coefficients in as broad range
of electric field to gas number density parameter (E/N) as possible. The conditions
for 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 coefficients in nitrogen, argon, hy-
drogen, methane, neon and in different mixtures of 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, deuterium, 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 Blanc’s law, influence of reactive collisions on transport
coefficients 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
dc transport, including the anomalous anisotropic diffusion, relaxation, modulation
of transport coefficients 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 suit 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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METOJIbl JJASEPHO- H CTOJIKHOBHTEJIBHO-

HHIYIIMPOBAHHOMN ®JIYOPECHEHIITHH I
JTHATHOCTHKHM TLIAZMBI

H.B.TAPACEHKO
Hucmumym monexyasproil u amomnoi guzuxu AH B, 220072, Muncx, Berapyce

B HacrosmeM JoKIale MANaraloTcs pe3yAbTaThl NMPUMEHEHHS METONOB
JA3€PHO- M CTOIKHOBHTEIbHO-HHIYIHpoBaHHOH quryopecnenunu (JIN®-CHD)
VI MCCNEHOBAHMA (DHIMKO-XMMHYECKHX ITPOLIECCOB B JIascpHO-abIANMOHHON
WIasMe, a TAKKe IUIa3Me MOCICCBCYCHHS HMIYILCHONO Tra3’oBOTO paspsjia.
OCHOBHOS BHHMAHHE VICJNCHO ONpeleleHHI0 abCOMOTHHX KOHICHTpamuH
YACTHI, BX DPOCTPRHCTBEHHO-BPEMCHHEIX M JHEPICTHICCKHX Dacupeie/ieHHH.
Paccmorpens Takxe BoaMOXHOCTH Metonos JIMP-CHP it BHACHCHHS
MEXaHH3MOB XHMHAYECKMX PpeakiHidi H HCCICHOBAaHMA CTOIKHOBHTEIBHEX
IPOLIECCOB.

IpoaHaTA3APOBAEK  IPOO/EMH  KOJIHYECTBEHHOM  METEpPOpPETalHA
duyopecneBRTHRX ~ H3MepeHMH  IUIOTHOCTH  @TOMOB M MONCKyl B
HecranmEoHapHoM HepaBHOBecHOM ImnasMe. OBcyxmaeTcss BOIMOXHOCTb ydeTa
CTONKHOBHTEIbHON JIe3aKTHBAIMM BOGOYXHEHHHX COCTOAHHH MONexyl B
PAMEAX YIIPOIEHHOR YeTHPEXyPOBHEBOH MONEH.

Tlokazano pavIM9Me MEXAaHW3IMOB JIa3¢PHONO PACTILUICHHSA AMIOMHHHEA
mox nelcrBuem wWurydeHms oxcmMepHoro XeCl (A=308aM) w AWIING*
(A=10645M) na3epoB.

WccnenopaHo RIMSHEE yOIOBHE OfIydcHHS MHIICHH (QHaMeTpa NATHA
DOKYyCHPOBKH M IUIOTHOCTH IIOTOKA HUIyHYeHHs ) Ha Mpouecc pexoMGaHaimm
MOHOB B pacnajaiomedicy najepHoll Iwiasue THTaHa (Bypaxos u np.,1992).
IlnazMa coamaBanack OpH BoaneHcreME Hurysenms AMINd?**-nasepa (1,06
uxM, 10°-1019 Br/cu2, 10HC) Ha NOBEpXHOCTb THTAHOBOH MHINEHH B BO3IyXE
NpH HOPMATHHOM JARJIEHHEH. 33pErHCTPHPOBABHHN JHMANA’0H KOHIEHTpArpH
aroMOB THTaHa cocrasiser 2 1013 - 1.1 1015 cu3 |, wonon - 2.5 1012- 4.5 1013
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om? .O6cyxmaoTes MexaHH3MB (GOPMHPOBAHMS IPOCTPAHCTBEHHO-BPEMeHHOM
CTPYKTYPhl TIOTOKOB ZTOMOB H HOHOB.

Kananrn mpoTeXaHHN PeakIHH OKHCICHHS aTOMOB THTAHA B JIa3¢pHOH
IUIa%Me PacKPHTH H2a OCHOBE HCCIENOBAHHA NPOCTPAHCTBEHHO-BPDEMEHHHX H
SHEPICTHYCCKHX paclpeleficHHH peareHTOB M MOJEKY/ISIPHOMO OpOAykTa
peaxnrr (Ti0). YcrasomneHa obiacTs MNPOCTPAHCTBCHHOH JIOKAIM3ANHH H
BpeMcHHON Jmana’oH 3>(PEKTHBHOIO NPOTEKAHMS PEAKIMH OKHCICHHA
(Bypaxos ¥ 1p.,1994). JI2 BHARICHHA BKIaNA MCT2CTaOMILHHIX ZTOMOB THTAaHA
H3y9CHO BPCMCHHOC HIMCHEHHC PAaclpCfic/ICHHS aroMoB [0 BOGOyXINCHHHM
COCTOSAHHSAM H XapaKTep H3MCHCHHA NPH 3TOM CIEKTPa XeMHIIOMHHECHCHIHE
monexyn TiO.

SIpneHMe CTOIKHOBHTEIBHOH NE3aKTHBAIIMH ONTHYECKHM BOSOYXIIEHHHIX
2TOMOB MCIOJB3OBAHO VIS ONPENC/ICHHA CCYCHHNM CTONKHOBHTENBLHBIX
mponeccoB. Ha ocHoBe uaMepeHHH orHomenus curHanos CH® u JINQ® pazsar
METOJ OnpPENENCHHAS IUIOTHOCTH 3/EKTPOHOB B rasopaspsamHod mnasme. Ero
IOCTOMHCTBA  ONpENENAIOTCH  BOSMOXHOCTBIO IIDOBEJCHHS  JIOKAIbHHIX,
DPA3peImieHHHX BO BPEMEHH H3MCPDCHHH IUIOTHOCTH 3JIEKTPOHOB B JHANA30HE
1010.1012 o3, B xagecTse NpUMepa ODCYXNAIOTCH pPEYIbTaTH NPHMCHCHHS
MeTONA IS JHATHOCTHKH IUIA3MBl NOC/HECBEYCHHHA HMIYIbLCHOTO paspsaia B
HeOHe.

BumonHEHHEE  SKCIOCPUMEHTH  JCMOHCTPMPYIOT  3HAYHTENABbHHE
IAArHoCTHY9eCKHMe BOaMOXHOCTH MeronoB JIM®-CHQY mia mB3ydeHHA
IIpOLIECCOB, OIPENC/ADINUX THHAMHKY OOpasoBaHmMd, DAsBHTHA H pacnaza
IIa3MB Ha OCHOBE M3MEDECHHH NPOCTPAHCTBEHHO-BPEMEHHHIX pacupelefcHuH,
onpeneneHda abCOMOTHHX 3JHAYeHHMH KOHUEHTpAlHH aroMoB, HOHOB H
IPOAYKTOB HX QHMIMKD-XHMHAYCCKHX [IpeBpaIncHH,

Bypaxos B.C., Tapacenxo H.B., Yermosa H.A.: 1992, XIIC 56, 837.
Bypaxos B.C., Casacrenxo H.A., Tapacenxo H.B.,: 1994, Xum. duznxa 13, 18,
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Ipueaauenrbiil dokaad

[EPEHOC JUHEAUATOIO U3J1YYEHUA
B HEOIIHOPOIHBIX CJIOAX IJTA3MbBI

B.M.TOJIKAY

Uucruryr Tenno u Maccoobuera, Muuck, Benapych

3azaus NAAIMOAMHAMMKMA BKIIOWZET PElleHMe CHCTeMb YPABHEHM TUXpo-
JAEGMUKM, DEPEeHOCA M3NyYeHMs, & TAIOKe 38pAXoBOMA M YPOBHEBOR KHMEETHIH.
B ofmeM crydse BTR 3axays YpesBmualiHO croxEA® U ee, OOnNEO, ympoma-
jor. TPaIUIMOHHEM CTAJ MONXOJ: He3aBUCHMOEe peuleHre ypaBHeEui#l KMHeTHKH
W fambEeifiree MCIONBLIOBAHME TEPMOMHAMMYECKMX M OLTHYECKAX CBOKCTS NIAS3-
MH IpM pemreEnu coBMecTHOM cucreMul ypasEeHMH IUIpPOMHAMMKYA ¥ NEpEHOCR
manyqemus. BomsnmEcTeo paboT BLIONHEHO HWMEHHO 0O eproii cxeme. B psagne
cryqaes TakoM MOAXOX EATANKMBAETCA Ha CephesHLIE TPYIHOCTH.

B nepeywo ovepems ero npobrema BGOpa WACTOTHHIX TOWEK ANA ypaBHe-
EMg UepeEoca. YMCIO YACTOTHRIX TOYeKk OGHYNO BEChM3 OrpAaHMYEHo, MOBTO-
My CHeKTp OCpeXEAeTCH B CleKTpaibEue rpymmul. Taxas mponexypa yrmosie-
TBOPHTENLHO ONKCHIBAET NEPEHOC MANYYEHMA B KORTHEYYMe, HO COBEpPIIEHHO He
IpMIrOMHa JId pe3oEaHCEmX auuud. Ocpexnenue xoeddummeETOB NOrIOMERHd
W MCnycxaEus B rpymme Gombmel, weM xapaxTepHad WMPUEAL TUEMA TPUBOIKT X
3aBEIIEEMIO USIYJeEns, eCli ONTHYECKAS TONNIMEA B LEHTpe JMEMMA 7 >> 1.

Bropoit npobremoit apngerca yuer peabcopOuuu B IMENAX X BANARKE U3y~
YeHMd Ha KMEeTHYeCKHe XAPAKTEPUCTHKY MiaiMbl. B npubianmxeru pa3iesE0ro
pemeEms ypaBEeEM} KMEETHKM ¥ NEPEHOCA U3TYYEHEHS BTE npob6rema Boobme HE
MOWeT GHTH peleHa, TEK KAK KMHEeTHYECKMe XaPAKTePHCTHKH B BTOM CIyyae 33~
BUCAT TONBKO OT HOKANbEEX napauerpos T u g (wau T un P).

Ilna pemrenys eTHX Tpobies Mhl PEIIMIH OTKE3ATHCA OT obuenpuEaATOR cxe-
ML KMEETHKA + TREPOAMEAMUKA-NEPEHEOC ¥ nepeliTH K CXeMe KMHEeTHKA-Nepenoc
+ ruapoaMEaMuKa-neperoc. CyTh nepsod yacTy »Tol cxeMbl B TOM, YTO ypaBHe-
EMA KMECTKKA PEMAOTCA ONEOBPEMEHEO C Y PABHCHMAMM EPEHOCE MITYICHMA HA
samanoM rasomuEaMmuyeckon npodune T u p. [Ipu aroum e coznaioTcs obumpHLIe
TaBUIE!, & MCTONBLIYIOTCHE KMEETHHIECKUE X3PAKTEPUCTAKA B KOKKPETERIX TCPMO-
IMEAMHYECKHX Toukax npoduas. Kpoue Toro, Takoi momxonx mossoxser bornee
06'exTHBRO BHEPATH XAy YACTOT ANA yPABHCEMA NEPEHOCA M3NYdYeRus. OTa
OpoUenypa BHIIONHAETCH B 4 BTANA:

1. Pacuer onTudeckux cBodcTB BRomb 3axarEoro npoduns T p e perynap-
Holf mkame ¢ BOJMLIIMM YMCIOM YACTOTHHIX TodeK. Bubop maubolee CHIbHBIX
MMEUH 10 METEHCHUBHOCTH M3JNYJYeEN.

2. Pacyer MEIMBMAYATLELIX YaCTOTHLX NIKaJ JUI8 @THX NUHKH ¥ nocTpoeEHe
obmedt nrxamn. [epecuer onTuvyecknx ceofcrs Ha woBoH mrkare.

3. Pacuer onTwyeckux Toxumy auuul sxons Bcero npoduna T, p.

4. Orpy6uenue KeTANLEON MIKAJNE U COSNANME KOMMAKTHON C MRILIM IMCTOM
rpynn. Ilpm eToM B mIMpoKHe I'PYNNE OCPEAHAIOTCA YUACTKH COEKTPA C T << lm
7 >> 1, 2 yYACTKM COEKTPA C 7 & | OCTAIOTCA MAKCHMANLHO AETATUIUPOBARLIMY.
Taxas npomeypa KO3BONIET &JEKBATHO NepefaTh IIEPEROC H3TYUEHMA B JUEHAX.

Jl1a TECTMPOBANMA BPTOIO METOJA NPOBOMMAICA PACYET UEPEHOCA M3NYHeHMA
B IUasMe yrIepois Hi PeambHOM clekTpe. PacueT NpoBOAMNICA Ha HETaJbHOM
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arxaxe us 2000 Towek W onTHMManpoBaERod w3 230 Towex. PeaynbTaThl OpaKTH-
YecKH COBIAJNAIOT.

Bropaa npoSaeMa - BIMSEME NONA MINYIEHNA HA KMHETHIECKHAE XapaKTepH-
CTHIGE THA3MEL DTO Eaubogee CHOXEAR WACTh 3anayu. HyXHO OTMETHTS, 4TO BT2
1po6eMa XOCTATOYHO IIMPOKO MIydasachk B IMTEpaType, OXHAKO Halle BCEro Ha
MOZENBHEX CHeKTpax. IlepexoX OT MOAENBHBIX CIEKTPOB K PEANLEEIM HOPOXKIALT
gopwe npobremul. B umcire MX MOXHO Ha3BATH TaKHE:

1. IlporEoswpoBaHMe CHTYalyi, B KOTOPEIX medicreurensrEo peabcopbnus
PUESeT & KMHEeTHHUeCKde XADAKTePUMCTHKA IIas3MbL

2. Bubop o6’exkroB (oTHAeNbHEIE NMHAM MIH ¢oTopexoMONEALHOHERIE CcKay-
), TS KOTOPLIX HeOGXOMMO yUMTHIBATE U3TYJEHMe B XHEETHKE.

3. TIpoGreMhl CXOMMOCTH MTepamuii.

ApTopoM 6ux paspaboraE pddexTuBELl MeTOX pemreHus oTOMX 3amauM. B
Opomecce pemleEHMs 3aJayd BHOMpPAIOTCA yHaCTKHA npoduad ¥ DepeyeHh JUEMA,
JUIA KOTODHIX y4YWTmBaercd peabcopbiud, mpHYeM C POCTOM HHCId mTepamik
PTOT mepevueHs MOXeT MemAThcd. Kpurepues Bubopa ABIAETCA COOTHONICHME
cxopocTell BUEKTPOEHOrO W PaMAIAOKHOTO po3by i IeHud, a TaloKe poxs HaumoR
JIUEME B obmem OanaHECce NEPEHOCA.

Pacyer ypaBEeHMI KWHETHKM COBMECTEO C yPABHEHRAMU nepeHOCH M3Iyde-
HUA OPOBOJMICA AAA YriepONHoM nIasMul C XapaKTe PHEIM npopunem ot 2 go 40
»B. Pacuer mokasal, WTo ydeT peabcopbuuu BaXkeH NUA MIAIMEHHEIX o6exToB
¢ 6ONBIIMMHK I'PaIVeHTAMH TeMIEPaTyp K mnoTHOCTeH M IMA MOHOB, IPEACTa-
BIEHHLIX B IMMPOKOM JguamaloHe Temmeparyp. Ilpexme scero eTo OTHOCHTCH X
pe3OHAHCHEIM THEMSM MeJHOIOX0GEOro HoKa CH 153 —152p' P u 15— 143p' P. W3-
myuerue Hs obxacTel nTaIME C reuneparypoli T # 40 oB npunreguee 8 o6xacTs
10-15 »B gaeT SHANMTEAHEO GONBIIYIO CKOPOCTH BO3OYMCAEHMH, WeM BJIEKTPOH-
gag. CoOOTBETCTBEHHO HiCeIeNEOCTs ypoBHeld 2p W 3p SHAUMTENLHO NpeBOCXO-
8T 6OZbIMAHOBCKAE BENXMYMHEL B HEKOTOPHIX MOHAX BAXKHEI HE TOJNBLKO pe3o-
HamcELe mepexomsl. Tak RampuMep, B IMTHENOROGHOM HOHE MOMMMO NEPEXOXOB
28-2p ¥ 28-3p HeOOXOAMMO YUMTHIBATH IEPEXON 2p-3d. B GepunirmenoXo6HEOM HO-
me xpoMe mepexoXs 2s°!S — 2s2p’P meobxoquMO yUMTHBATH 2s2p°P — 2p*°P u
2s2p° P — 252p°D. '

Birumcnenmiie TAKMM METONOM ONTHYecKue cBOHCTBA SBIAKOTCA He TONLKO
bymxameli T, p, HO ¥ BCero MOMA HINyeHUd. Oprugeckue cBolcTpa, BEIMMCIEHRLIE
00 cxeMme KMEETUKA-UEPEROC NOCTYURIOT B MMAPOMMEAMMUYeckud 610K IpOrpaMM.
34ech CAMOCTOATENHHEO pellaeTcd 3a4a4a: rMAPOMHAMHKA-NEPEROC. [MockomeKy
DepeEoC MANyWeHMd BIMAET Ha MMXPOMMEAMMVECKMAE XAPAKTEPUCTUIM, TO NPO-
¢uns T, p MOMET HECKOTBKO M3IMEHHTLCA. TIpu BTOM TAKXKE M3MEHMTCA KapTHHA
nepesoca H3InyJYeHusd, HO BOIMAHMKE NepeHoca Ha KMHETUKY YyXe B OCHOBHOM YWTE-
Ho. Bupouew, »Ta 3aa4a MOXET PelBTHCA MTEPALIORHO.

CruenyeT OTMETHThL, NTO COBMECTHOE pemIeHne ypaBHeHEMd KMEeTHKM ¥ mepe-
HOCA M3TyVeHMs NPeXCTABIZET OYEHh TPYMOEMKYO 3a1ady, HOBTOMY aBTOPOM
6LLTA CO3ZAKAE MOJAENh KMEETHKM C ONHOMEDHBIM HePeHOCOM, B TO e BpeMd BTH
pe3yILTATH MOXHO MCHOAb3OBATHL M A4 [ByMepHoit 38MauM IMAPOAXHAMMKA-
meperoc.

Darnag Mogefb pa3pabaTHBaiach ANS pellennd 3anal JuBepTopHOR mras-
ML B TOKOMaKe B pamkax Mexayrepommolf nporpamuu ITER.
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Hpuzaauen bt GoKaaod

UCCJIEJOBAHUE CBOKHCTB JIASEPHO-TUIASMEHHBIX
MCTOYHHUKOB OIITUYECKOIO HIYYEHHUA
B ATMOC®EPE U B BAKYYME

A.H4YYMAKOB
WUHCTUTYT MONEKY/ISIpPHOM M atoMHOM (u3nku Akanemun Hayk bemapycu
Mpociekt @.Cxopunsl 70, 220072 Munck, benapych

JlazepHast TUla3Ma MOXET CJYXKHMTb YAOOHBIM HCTOYHMKOM BbICOKO-
MHTEHCHBHOTO MATy4eHMUS B LUIMPOKOil ob1acTH criekTpa Gmarosaps apPexkTHB-
HOM KOHBEPCHM MOHOXPOMATHYCCKCTO JIA3CPHOTO HATYYCHUs B LIMPOKONOI0C-
HOC WanyyeHMe fasepHoil muasmbl. [loTpeOHOCTH B JIOKANBHBIX WCTOYHHMKAX
BbLICOKOMHTEHCHBHOTO W3/IYYEHHUSE M B KOHTPOJIE€ JIA3CPHBIX TEXHOJIOMHYECKHX
TPOLIECCOB CTHUMYJIMPYIOT WCCJICOBAHUA HITydaTEIbHBIX XapaKTEPHCTHK TpH-
MOBEPXHOCTHOM JIa3epHOH IUIa3Mbl B PamIMYHBIX 00MacCTAX CNEKTpa OT
KOPOTKOBOJIHOBOI 10 HHQPAKPACHOH.

Hacrostiuasi paboTa MocBsiLieHa MCCIEAOBAHNSAM CBOHCTB W M3NMy4aTe/IbHBIX
XapaKTePMCTHK JIa3ePHbIX [UTA3MEHHBIX 00pasoBaHMi B creKTpalibHOM o6acTH
0,3-10 MxM BO6IM3M psna MULICHEH B BO3ayXe, a30Te, aproHe W B BaKyyMe TIpw
[UIOTHOCTSIX MOLIHOCTH BoadeiicTeylolero JjasepHoro wuanyyenms (1,06 u
0,53 mkm) Brwiote a0 12 IBr/cm?. [lpu  BLICOKOYACTOTHOM HMMMY/IbCHO-
MepHOAMYCCKOM JIa3ePHOM BO3AEHCTBHU (1,06 MKM) Ha roOTr/ollAloIIHE KOH-
OEHCHPOBAHHBIC Cpelbl O0OHApYXEH peXHM 3 dHEKTUBHOTO  3PO3HOHHOTO
M1a3M000pA30BaHMS, KOTOPBIH PeaIM3yeTesl KaK TpH armocdepHOM, TaK U MpHU
MOHMIXKEHHOM Ha TMOpPSIOK [ABJCHWM BO3[AyXa B ONPEACJICHHOM [AHManasoHe
napamMeTpoB masepHbix Mmnyabcos (g > 0,2 er/em?; f > 5 klu) w
COMPOBOX/AETCS MOBbILIEHHEM 3()deKTUBHOCTH BO30YXJIEHUA IABIICHUS Ha
MOBEPXHOCTH MHIIEHH, YCWICHMEM 3PO3IMOHHOTO rU1a3mMoo0paloBaHus W
cMeHol TUTasmMoobpasyiolieit  cpesabl. [lokaszaHo, 4TO BO3MyLIHas TUla3Ma,
06pa3oBaHHAsl TMEPBBHIM JIA3CPHBIM HMITYIBCOM, oOOagaeT crierbuyecKon
NPOCTPAHCTBEHHOM CTPYKTYPOH, 00YC/IOBJICHHOW HWHWLMMPOBAHNEM palMa-
LMOHHOM, mMbBO CBETOACTOHAUMOHON JIa3¢pHBIX BOJH TOMIOLIEHMA, W B
AaNbHEMIIEM TMPH BO3ACHCTBMH TMOCHCAYIOLIMX JIA3CPHBIX HMMITY/IbCOB IMOYTH
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MIOJIHOCTBIO BBITECHSIETCH 3pO3WOHHOH rutasmoit. Ilpuy 3ToM B TUIA3MEHHOM
dakene o06pa3ylOTCsi YCTOWYMBBIE BHXPEBbIE CTPYKTYpPbl, MPENATCTBYIOLIHE
CMELLIMBAHHUIO 3PO3MOHHOM W BO3AYLUHOH IUIa3Mbl B TEYEHHE MHTECpPBAIA MEXIY
Na3epHBIMM MMITYJIbcaMi. B Takux yc/noBMsIX peanu3yercs cneunpuyecKHi
PEXHMM B3aMMOAEHCTBHA, KOIJa CBETOACTOHALUMOHHBIC BOJHBL TOIJIOLCHHSA
JIa3epHOro MITyueHUs] (OPMHUPYIOTCS W  PacnpOCTPAHSIOTCA HE TOJbKO B
BO3OyX€, HO M B 3pO3MOHHON mrasme. OOCYXmalOTC BO3MOXHOCTH
UCMOJIb30BAHMA OGHAPYXEHHOro pexuma Ja3epHOro BO3IEHCTBUA B JIA3€PHBLIX
TeXHONOTHsX 06paboTKM MaTepUAIOB W /IA3€PHOM CIIEKTPWIBHOM aHUIH3e.

[pewioxeH W peau3oBaH crocob ynpaeneHus vacroTHbiM HMAT-nasepom,
obecrieynBaIOLIME  NpOrpaMMHpoBaHMe ero paborel M cTabWIM3aUMIO
MapaMeTPOB Ma3epPHBIX MMITY/IbCOB C MOMOLIBIO CrieuManbHoro ycrpoiicrsa. Ha
OCHOBE 3TOrO0 MWCC/AEdOBAaHbI CBOMCTBA, CTPYKTYypa M HM3JIy4aTelibHbIC
XQpaKTEePUCTHKHM J1a3epHBIX TulasMeHHbIX obpasosanuit (JITNO) s6aw3n psna
muureHeit (Al, In, Cd, Si) npu arMocdepHOM [aBICHHM OKPYXAlOUIETO
MHLLIEeHb ra3a (BO3AyX, a30T, aproH) U B BaKyyMme B crnekTpanbHoi obaactu 0,3-
10 MKM NpH MJOTHOCTSX MOUIHOCTH BO3AEHCTBYIOLUEIO JIA3CPHOIO HINTYYEHUS
ot 0,1 oo 4 ['Br/cM2(0,53 mxm) u or 0,1 go 12 I'Br/em?(1,06 mMkm). Boisinnena
KBA3WIWHEHHAS 33BMCHMOCTh DHEpreTuueckoil cuibl uamyudeHus JIIIO ot
IUTIOTHOCTH MOLIHOCTH JIa3¢pHOTO HM3NMYYEHUS, HW3MEPEHbl HHIMKATPHCHI, a
TAKXKE 3HEPreTHYeCcKast CWIQ MAIyYeHMsl IUIasMbl M €€  pacrpenesieHHe B
crnekTpaibHoM wHTepBane 0,3-10 MxM. BoBsicHeHO, YTO MHIMKATPMCHI
aHepreTuyeckod cunpl  Manydenust JIITO  umelor  BuiTaHyTyio  ¢opmy,
3aBUCSLIYI0 OT MaTepuajla MUIIEHW, poda M AABJIEHUS aTMOC(pEpHOro rasa,
IUTMTEIBHOCTH JIA3EPHOI0 MMITYJIbCA, [UTMHbI BOJIHbI M LUMPHUHbBI CMEKTPAIBHOIO
WHTEPBAIA DPETHCTPUPYEMOrO MITYYeHHsI, MPUYEM C POCTOM HHTEHCHMBHOCTH
BO3NEHCTBYIOLIETO JIa3epHOro ManyueHus ¢opma MHAMKATPHC npubarmxaercsa K
KpyroBoi. BbIsBJIEH HETEIUIOBOH XapakTep pacnpefeieHusi CHeKTpalbHOM
wiotHocTH MatydeHus JITIO B o6nactu 0,3 - 10 MKM M ero cBsi3b C pOIOM
atMocdepHoro raza. OnpefseieHbl YCIOBMSI MHOTOKPATHOIO  TOBBIIEHMS
2 PeKTUBHOCTH  KOHBepcHMM  JasepHoro uuiyuenuss B MK-uanyyenue
NPMIIOBEPXHOCTHOM J1a3epHOi fuasMbl  KanMueBod MuueHHd. O6cyxnalorcs
BO3MOXHOCTH co3daHMsl 3(¢GEKTHBHOIO JIOKANbHOro JIa3epHO-TUIA3MEHHOIO
MCTOYHHKA HATydeHUs ¢ Bbicokol sipkocThio B UK-obnactu cnekrpa.
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®OPMHPOBAHME I'A30BOH ITOJIOCTH ITPH JIASEPHOH
ABJISIIIMH METAJUIOB B XHJIKOCTH

B.AATEEB, A ® BOXOHOB, B.B.XXYKOBCKWH,
AA THKOBCKHA

Hucmumym MonekyAsprol u amomnoud Qusuxu AH B,
220072, 2.Munck, np.Cxopunsi, 70, beaapyce

Annoranas. B pabore mpencramieH pe3yinbTarbl IKCHEPHMEHTANBHEX
HCCHCNOBAHMN paspyUIeHHs META/UIOB B BOAC MOX JeHCTBHEM JIa3ePHOIO
purygenas (JIV), BHACHEHO BIMSHHE SHEPIUM MMPOXYKTOB absLMH METAUIOB

Ha MapaMeTpHl rajoBOH MONOCTH B BOAC.

B omigmase or OGonsmuHCTBA paboT, MNOCBAMEHHEX HIYICHHIO
cetosoro mpobos B xuaxocrs (Bunkin N.F. and Bunkin E.V,,1993), B
HACTOSINEM JOKIaJie M3y9eHH IPOLECCH, IPOTEKAMHME 04 IeHcTBHEM
CBeTOBHIX IIOTOKOB HAa TpaHMIe pajieia TBEPNOIO Te&Ia H XHIKOCTH H
PACcCMOTPEHO MX BIHAHHE HA NapaMeTphl obpasyiome#cs razosoli MOJIOCTH.

DKCIEPHMEHTH BHIIONHEHH C JajepoM Ha HEOIMMOBOM CTeKe ¢
sneprreit E; B mMmynncax or 0,5 o 1,5 Ix ¥ IUIHTENBHOCTBIO Ty = 150 - 900
Mxc u Ha pybune (E; = 1 - 5 Ix, 1, = 500 Mxc). Hcenenyemuie obpasin
NOMEIATACh B TNPAMOYIOJILHYWO KIOBETy M3 CTCKId Jing perdcTpanuH
JARIEHHA HCOQIB30BANCH [Ibe300JIEKTPHIeCKHH IaTIHK

Tipa dokycuposke JIA Ha mosepxHocTh 00pasia, pacTioNOXCHHOIO B
sone, obpasyercst JNyHKa, DIyOHHA h xoropoi COCTaBISET HECKOJIBKO MHKDOH -
(cu. Tabmuiy), 9T0 MPHUMEPHO Ha JIBA NOPAAXA MCHBINE, HEM B poanyxe. Ilpu
ITOM Macca m MPOAYKTOB POJHH JIHHEHHO 3ABMCHT OT KOHCTaHT HCHADCHW.
OGpazoBaHue JYHKH B METaIC CBA3AHO C TeM, 9T0 IIpH HMITYJIbCHOM
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JIOKANIbHOM HarpeBe o0pasna TEeIUIOOTBOI BHYTDh METAUIA 3HAYUTEIHHO
NPeBHINACT TEIUIOOTAATY B OKPYXAIOMYyIo cpeny. JuaMerp d naTHa nopaxeHus
METALUIOB B XHIKOCTH BCErIa HECKONbKO (IpHMepHO B 1,5 - 2 pasa) Gonbme,
YeM IIpH CBETOBOM 3DO3HH B BO3IyXe.

Tabnuna. BeruqauHE CBETOBOM 3DO3MM METAUIOB B BOJE NPH
wioraocTH MouHoctH JIH 1,20107 Br/cm2.

BneMeHT m, MKT d, MM h, Mxu Qmel03
Menp 0,9 290 1,4 8,0
Maruai 1,1 325 7,8 8,1
Tuux 3,5 390 42 8,2
Amnomuuuii 0,6 470 1,3 8,3
Onoso 2,6 490 1,9 8,4
Camel 7,0 570 2,4 8,2
Monubzen 0,9 265 1,6 7.7
Bonsdpan 1,3 250 1,4 8,1
Huxens 0,9 300 1,4 7.8
TarTan 1,5 280 1,5 8,1

. Ycragorneno (Tabmuna), aro mfc(Ty - Tp) + Hpy + Hyq] = Qm =
=const u cocrarmsier 0,008 Ox (c , Ty, Hy, Huym - coorBercTBeHHO
TEIUIOCMKOCTb, TEMIIEPaTypa KHWIIEHMS, CKPHTas TeIUIOTA IUIABIEHHS M
WcnapeHHs Metauia). CiiegoBaTeNbHO, PHEPTHA NPONYKTOB 3PO3HH B as’oBol
nonocty, obpasylomelicsa B 30He Boanelicreug JIM Ha moBepXHOCTD paUTHUHBIX
METAUIOB, SABIAETCH NMPAKTHYECKH IIOCTOSHHOM BenuuuHoH. OHa ompegensier -
PasBHTHE Tra3oBOH IIOJIOCTH, ITOCKONbKY ABRISETCS HNOTCHUHAILHOU 3Hepruei
E,, 3anacaeMoif IpH PpacmIMDEHHH [IONIOCTH JIO MAaKCHMAILHOIO pasMepa.

MoxHO QXHIATH, YTO ITOT pasMep B YCIOBHAX 3JKCIIEDMMEHTa HE [OKEH

44



SOPMHUPOBAHME TA3OBON NOAOCTH NPH NASEPHOR ABJIALIMM METAJIJIOB B XMOKOCTH

3aBHECETH OT OBIYIAEMON0 MaTepHaa, TaK KAK MAKCHMATbHHH paMyc MONOCTH
r onpenengerca pupaxenued (Hayronsaex KA. # Poit HA., 197]):r=

= (3 E,/4xPg)/? (rze Py - runpocrarueckoe nannenne). Orciona, up Po =

= 9810 H/Mm® u B, = 0008 JIx momysum: r = 027 cM: M3
(OTOPEruCTPOIPaMM TCHEBHX KApTHH, NOIYYCHHHX C IOMOMBIO CKDPOCTHOIO
doroperucrparopa COP-2M, cienyer, 9T0 JMaMeTp rasoBOro My3HpPhKA B BOJE
cocrasisier 0,55 - 0,58 cM, 9TO YHOOBIETBOPHTENIPHO COIMIACYETCH C PacdCTHHIM
JHAUCHHCM.,

BonbImas CKOPOCTh BHUICNECHHSA 3HEpruy B 3oHe Bogneicraus JIA mHa
[OBEPXHOCTh  META/UIA  CONPOBOXIACTCS  3HATHTENbHBIM  JIOKATIBHBEIM
[OBHITICHHEM JARIEHUS W HITydeHHeM YaapHOH BonHH. I1o SmopaM naBneHHs
JCTAHORNECHA B3AMMOCBS3b MEXJy BEJMUMHOM JARNCHHS M IICPHONOM
HynbcaiMi NaporasoBod IONOCTH. DTH XapakTEPHCTHKH, B CBOK OUCDElD,
CRA3AHH ¢ MAXCHMATbHBIM Pa3MepOM ra3oBol MOJIOCTH M BEJTHIMHON. 9HEPIUHM,
prenuBmeiics B Toaxe soaneicraus JIM (Toake “p3priBa’).

Hnnynsc pamneHus (GopMupyeT B XHIKOCTH CCPHIO BOIH CXATHA,
COOTBETCTBYIOIIMX KAK MOMCHTY Hauana obpasoBaHud ra30BoH IIQJIOCTH, TaK H
[OC/TIENYIOMMEM €€ IYJIBCAMsIM C IEPHONOM, P3BHBIM IPHMEPHO 750 wmxc.
eppas BOJIHA CXATHs XApaKTepH3yeTCs YNADHHM HApacTaHHCM JABICHMA, 2
MOC/EAYIONIHe HMITYNECH HMEIOT, Kak IIpaBRIIO, Gonee IUIABHOE HAPACTaHHE
papnenMs. IIpM NPOXOXJNEHHWH BONHH CXaTHA 4Epel cno¥ XMAKOCTH
OTMCYACTICA YMCHBIICHHE aMIUIMTYAH HMMITYJIbCA. Hepuon oynapcannmi <
rasopoif moJIOCTH ONEHHBAICH TAKKE HA OCHOBAHMH dopmynu (HayronbHBX
KA. u Poii HA., 1971): t =1,14p}/2B1/3P-5/6 (p - muioTHOCTH MaTepuana
mumenu, P - cxadok masneHus Ha QponTe ynapro# sonuu, B = 0,008 Ox -
9HEPIHA, BHJETHBIIAACA IPH B3pEiBe) W cocTaBma 750 Mxc.

Ha pHC. MPHBENCHH Pe3yNBTaTH 0GpaboTKH OCLM/UIONDAMM IABICHHA
OpE PACHONOXCHMH JATIMKA HA DPAVIHIHOM PpacCTOAHHH  OT TOYKH-
poanedicreus JIA Ha merawl 3[ech Xe NPHBEIACHH BETHTHHE JABNICHHAA,
paccYMTaHHbLIE 110 npubnaxeunod dopuyne (Hodpde AM. u np., 1970):
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£ = 22 (0,611[(1 + 0,16 24 r2)%% - 1]},

A 25 n+l

IHie Iy - PATMYC yaapHOK BonHH, A = 3000 arm, n = 7 (1 BOIH).
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Puc.3aBHCEMOCTE BENMYHMEN gasieHusas P Ha ¢poHTe ymapHol BOJXHM OT

paccroarng | 1o Touxu soaneticrausa JIM (1,2¢107 Br/cn?) Ha anoMuHAH.
YIORNETBOPUTEIEHOC COOTBETCTBUC IKCNCPUMEHTAILHEIX M PAacdCTHHIX

3HaYcHMH OCHOBHHX NAPAMETPOB Ta’OBOH IONIOCTH .CBHICTENLCTBYET © TOM,

qT0 OHM ONMpPEJENLIOTCS MOIHOM SHepruci MCNapeHMs BEMIECTBA, YNAICHHONO
W3 oM BoamedcrBus JIM Ha METWUIN B XHIOKOCTH, @ [JUHAMHKA

KABMTAIMOHHOM IMOJOCTH MOXCT PAacCMaTPHBATBLCA HA OCHOBE MpeNCTaRNCHUH

duzuxy TOIETHONO BIPHIBA.
JInTeparypa

Bunkin N.F. and Bunkin E.V.: 1993. Laser Phys. v.3, Nel, P.63.
Hayromeurx KA. u Poit HAA.: 1971, DiekTpHicCcKHe paspaibl B BOJE. M, 155 -
Hodde AM., Mempuuxos HA., Hayrompunx KA. v Yoamumes BA. : 1970.

OMT®. Ne3, C.125.
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UCCIENOBAHUE HATPEBA HEUTPAJIBHOM KOMITOHEHTHI
IJIASMBI BHICOKOYACTOTHOI'O EMKOCTHOTI'O PA3PSIIA B
ATMOC®EPE N; U CMECSX N; C TEJIMEM

B.B.Axaponox, U.H.®@wiarosa, B.JI.Illumanosuy, JI.H.Opnog*,
A.U.Hexpamesny*
Hrcmumym monexyasproti u amomnoti ¢pusuxu AHE
*Hncmumym @uzuxu AHB
220072, Munck, np.®.Ckapunw, 70, Besapycs
E-mail: imafbel%bas05.basnet.minsk.by@demos.su

Abstract. The gase temperature fields of N, and N,+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. BBEIEHHUE.

[InasmMa BHICOKOYACTOTHOIO EMKOCTHOIO paspsna SBIAeTcs TNIepCTIeKTUBHOH
pabouert cpenoit CO; u CO-nasepoB, YCTPOHCTE HOHHO-IUIA3MEHHOM
MOINHQHUKALIMH TOBEPXHOCTH MATEPHANIOB, IUIA3MOXHMMYECKOTO CHHTE3a
HOBBIX THIIOB BELUECTB H COSAMHEHHH. BQ(PEKTHBHOCTh aKKyMyIHPOBAHMS
SHEPrMH 3JIEKTPHYECKOTO TIIOJf B 3JIEKTPOHHEIX, XonebaTenbHBEIX M
BPAlIATCJILHEIX CTETeHSX CBOGOABI 9acTHU reHepupyemod BY-ruasmm, a
TaKXe CKOpOCTP INPOTCKAOLUMX B HEH IUIA3MOXMMHYECKHX peakllHii Bo
MHOIOM 3aBHMCAT OT IOTepPh IOABOAMMOH K pa3spslly 3JeKTpHYecKoM
MOILIHOCTH Ha HArpeB HEHTPANbHOM XOMITOHEHTHI IUlasMbl. MccnenoBanmst
NMPOLIECCOB NMCCHIIALMH B TEIUIO BKiaibiBaeMol B BY-paspsa MoluHocTH
npakTHdecku orcyrcrsyior (Paiisep w ap., 1995). Hacrosuuas pa6ora
NOCBSALIEHA HCCJICAOBAHMIO TONIEH ra30BOH TEMIIEPATYphl B MEX3/IEKTPOLHOM
npomexyrke BY-paspsna B cMecsix MONEXy/NsipHRIX W aTOMHBIX Ta30B M
BBIICHEHHIO HaHOoNee BEPOATHRIX KAHANOB MHCCHMIIAIMM TIOXBOAMMON K
paspsny 3JICKTPHYECKOH 3HEPTHH B TEIUIOBYIO.

2. DKCIIEPUMEHT

Hccnenyemslif BEICOKOYAaCTOTHRIA €MKOCTHOI paspsill BO36YXIANCH Ha YacToTe
81 Mru Mexny OByMs M3ONMPOBAHHBIMKH IUIOCKHMM QTIOMHHUEBEIMM
3JIEKTPOAAMH NPAMOYTONbHOM GopMel mowansio 20 cMm2, pacnonoXeHHKIMH
NMapajuieNIbHO OPYr ApYry Ha paccrosHuM L=3 MmM. OmHa M3 IUtacTMH
EKTPONHON CHCTEMEl Oblna 3a3emieHa. BU-HanpsokeHHe NOZABANOCH Ha
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HesaseMIIeHHBIN anexTpon. B xauectre paboymx rasoB MCIONB30BAIHCH asorT,
TeNIMA M WX cMecH npH pasnenmsx oT 1 no 20 Topp. Perucrpaums crnexrpos
HIMYydeHHSA IUIasMhl  OCYLUECTBIUIACh € TIOMOLIBK  AHPPAKIIHOHHOIO
MOHOXPOMATOpa B IHANa30He WIMH BOJMH AA=250 - 700 HM c paspelneHHeM Io
cnextpy 8A~0,001 nm. IIpoctpancTeennoe paspewenue 8L cocramnsio ~0,1
mM. Temneparypa HeifTpansHo# KoMmmoHeHThl Ty IUIa3MKI OnpeeNsiach mo
OTHOCHTE/IEHEIM HHTCHCHBHOCTAM BpAlUATENbHBIX JIHHMH Ip;» B cmexrpax
HITYSCHHA 3JIEKTPOHHO-KOJIE0aTE/IBHAIX TIOJIOC MOJIEKYN a30Ta.

3. PE3VJIBTATHI H OBCYXIEHUE

B ucenenyemoMm amanazone AN CneKTpH MINyYeHES IUIasME paspsana B
YHCTOM  a30Te MpEACTABIEHB  NPEHMYLICCTBEHHO IIOJIOCAMH  BTOPOH
TIONOXHTENbHOH (2+) M mepsoii (1+) monoxwmrensHoit cucrem Nj, mepsoii
oTpHUATeNsHOH (1-) cHcTeMn Nj, a Takke cNaGOMHTEHCHBHBIMH TIOJIOCAMM
MOJIeKyn nipuMeced (B- M y-cucremMnl NO, mHTeHcuBHas cucremMa OH ¢ A
=3064 A, B-cucreMa BO). B cmecax Ny+He wHaGmomalorcss Tacke
HMHTCHCMBHLIE JIMHHH aTOMOB BoOfopoaa M renus. B kxayecTse
MHPOMETPHIECKHX MCIIO/IL3OBANMCH CBOGONHLIE OT NEPEHANOXEHHS C APYIUMH

HITYHalOLHMH KOMIIOHEHTAMM IUIa3MEl NOJIOCH! CeKBeHUMH V' -V" = =(0-3, 0-
2 u 0-1 2+ cucremn N,. JIuseHHEIN XapakTep 3aBHCHMOCTH M3MEPEHHEIX
BenmmyuH  In(1/S)jym (Sj-j - akropst Xenns-JIonooHa) or 3Heprum

BpalIATENBHBIX YpPOBHEH j'(j'+1) B MccieayeMBIX MONEKYNSPHEIX TIOJOCAX
CBHACTCILCTBYET O GONbLUMAHOBCKOM paclipele/ieHHH N0 YPOBHAM J' Monexyn

Nz B cocrosnuu C3[1,, ¢ Bpamarensuosi Temneparypoit Trot (puc.1).

300 400 500 600
FG+1)

Puc. 1. 3aBucumocTs In(I/S)jj* ot j’(’+1) B monocax 2+ cHcTeMEl
MoJiekysbl Ny T = 400 (¥); 420 (m); 450 (@); 500 K (a).
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BoamoxaocTs oroxaectaieHus Ty ¢ Ty cnenyer M3 coOTHOLIEHMS BpeMeH

¥13HH (T.) BO3GYXIEHHOIO 3JIeKTPOHHOro cocrosHua C3I1 monexkymm Nj ¢
Y4ETOM €ro TYLICHHS IPH MEXMONEKYISIPHOM B3AHMONEHCTBHH M BpPEMEH

BpauwatensHoi R-T- penakcaumu (Try) Nz B cocrosumm C3I: Te/Trr>>5
(AxapoHok M ap., 1991). Hamepennsie pacnipenenenust remnepatypn Tg(L) B

paspane B yMcroM N; mpu P=1-20 Topp u B cmecu Nj:He = 1:10 (P=11
Topp) npuBeaeHH Ha pHC. 2.

450-
600 6 2
¥ 500 X 400-
= =3
400
350 gy i
0 1 2 3
L [mm] L [mMMm]

Puc. 2. Pacnipenenenne remMnepatypul T BIOJIB MEX3NEKTPOIHOTO
npoMexyTKa:a - YMcThi No, P = 1 Topp (@), 5 Topp (@),
10 Topp (a), 20 Topp (¥); 6 - cmecs Ny:He=1:10, P=11 Topp (+),
1 Topp (®-.uuctmii Nj).

B paspane B uHcromM asore npuH P<l0 Topp MaxcHMyM TeMIepaTyphl
HaGnionaeTcs B LEHTpPaIbHOMW 30He L, MeX3JeKTpogHOro npoMexyrka (puc.2,
a). C ysemuuenueM nmamneHus ot 1 go 10 Topp remneparypa B ueHtpe PK
BospactaeT oT 430 xo 500 K. Ilpu stom 3navenue Tg BOMH3H 3/EKTPONOB
NpaKTHYeCKH He H3MeHsercs M He mnpesbiwaer 400 K. [danbHeiwee
yBenuyenue namnenus asora B PK go 20 Topp nmpHBOAMT K CYyLIECTBEHHOM
Tpancopmaumu pacnipeaenenus Ty(L): B obnactu L, TeMneparypa cHuxXaerca

mo ~400 K, a MakcHManbHble 3HayeHHs Tg ~600 K nabmoznaiores B 30HaX,

TPAHHYAUIMX C TMPH3NIEKTPOAHBIMH ClOAMH L, HECKOMNEHCHPOBAHHOIO
npocTpaHcTBeHHoro 3apsina. [lpu mobaBneHWH K a30Ty rejiusl pacripefelieHHe
Tg(L) n abcomornble 3HadeHus Tg npakTHyeckH He HaMeHsiiores (puc.2,6). B

MccreflyeMOM AuanasoHe HamneHu# mnpopwim Tg(L) um I(L) nomobumr:

HaubosiblIHe 3HAYEeHMS TeMIlepaTyphl HabuonalTess B 30HAX ¢ MaKCHMAJTbHOH
HHTEHCHBHOCTBIO cBeueHHs ™, M3 pacuyera 6anaHca 3HEeprHH 3JICKTPOHOB B
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IUIa3Me TasoBOIO paspsfa B YHCTOM Aa30Teé YCTAHORIEHO, YTO B YCJIOBMSAX,
NONOOHEIX peamu3yloIMMCd B  MCCISAYCMOM  paspsac (NpHBeACHHAs

HaNpSDKEHHOCTh 3/leKTpHyeckoro mons E/N~ (5-6)-10'6 B-cm?), no 50%
BKIaAhIBaeMOH B pa3psAl 3/IEKTpHYecKoil 3Heprim W pacxoayercs Ha
Bo36yxneHue xonebareNbHLIX yPOBHEH MoNeKysl Ny B OCHOBHOM 3JIEKTPOHHOM
cocrosuun X'E (Lovke u ap., 1973). [pyras gacts aHeprum W TpaTuTcs Ha
NEKTPOHHOEC  BO3OYXINCHHE, HOHM3AUMIO H JHCCOLMALIMIO MOQJIEKYIL.
JlOMHHMpPYIOIINM CpElM 3THX NpPOLECCOB sR/sieTcss Bosbyxuenne Monexyn Nj
B cocroauua C3[1, BT u AL (Zhang u np., 1993). PaspymeHue cocTOSHMI
B0 u C3T npu aamnenusix 1-10 Topp ocyuiecTBIseTcS TABHEIM 06pasoM
NMyTeM paIHALMOHHOIO pacnaia ¢ MUTySCHHEM CBETOBOIO KBaHTa, a
nesakThBalms MetacTabwiedi AL NpOMCXONMT B OCHOBHOM B peE3ynbTaTe
NApHBIX CTONKHOBECHHH

2N2(A%Z) — Ny(B’IT) + Ny(X!'Z) + AE,

COMpPOBOXNAWOMIMXCS BhileneHHeM B Tenno axepruu AE (Cnoseuxwmit, 1980),
Taxmm o06pa3oMm, perucTpupyemMoe B 30Hax ¢ [™X (NpUMBIKAIOWMX K
NMPH3NIEKTPOAHLIM CJI0AM L) 3HAUMTENBHOE TIOBLIUEHHE TEMIIEPATYPH

HEHTpANbHONH KOMIIOHEHTH IUIa3MEl CBSI3aHO, HAapAAy ¢ Je3akTHBalHell
Kone6arensHbix cocrosnui N, (X, V"), ¢ npoueccaMu caMOTylIEHHS MOJIEKY
N, B MeracrabwisHoM coctosiiun A’L. CylwiecTBEHHBIH BXNal B HATPEB
wiasMbl NpH HanmwuyuM B PK npumecn monexyn H;O Moryr nmars Taxke
npouecch o6pa3oBaHus pagHkanos ruapoxkcuna OH

H,0(B!Z) - OH(A%Z) + H,

npoTreKalHe uYcpe3 Bo3byxneHHoe anexTpoHHoe cocrosHue H,O(B!I),
Kotopoe obnanaer wuiburrkoM nedopMaUMOHHONW KonebaTenbHON 3HEPrM,
YacTHYHO Bhlaensoleiicd B Terwio (OuxuH U ap., 1985).
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DYNAMICS OF A PLASMA IN A STRONG OBLIQUE
LANGMUIR WAVE FIELD

V.IL.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
elcctxomagneﬁcwmintemﬁonvmhplamm,whenthcmcﬂhm:y
electmnencrgye..ishighcrthanthcntomicionizaﬁonmsyﬁ,is
connected with a possibility of application of knowledge about
processes at such interactions in various branches of physics and
engineering. Strong non-equilibrium of plasma at such conditions
haveanesaenﬁa!inﬂuemeonthccbctmdymnﬁmofthcdischam
and kinetics of the elementary ic processes (Gil'denburg,
1989; Vikharev, 1991). To know ionization frequency, excitation
rate of atoms and ions in strong electromagnetic wave field is
important for the practical applications.

In present work the dynamics of the partly ionized and
magnetized argon plasma inhomogeneous both radially and axiall
is investigated at incidence the short (hundreds of nanosecondes
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
magnetic field - 3 kOe, working gas-argon pressure - p = 10-2
Torr, scale of the longitudinal plasma inhomogenity - 5 cm, cross
scale - 0.4 cm, electron concentration - n, < 1011 cm3, electron
temperature - T, = 2 eV.

An oblique electrostatic wave basically in the form of the
fandamental Trivelpiece-Gould mode was excited in plasma by
influence of a electromagnetic wave with frequency f = o/(2x) =
2,84 GHz essentially smaller than electron cyclotron , but
higher than the ion plasma frequency. The dispersion relation for
thiswavciskﬁ=[a{ﬁ,2(r,z)/m2-l]k[z,wherck“andk,,_nrc
the components of cwavcvectorpa.mllnlandtmnsvcmtothz
magnetic field, wp(r, ) = 4xn.c2/m, - electron plasma frequency,
N, - critical concentration. The wave can propagate in a plasma
withdcnsityhighcrthnnthccriticalvahw(n,(r,z))@in
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direction of decreasing density to a point of a plasma frequency
Tesonance (foca.lpom)m'%(r, z). Propagating in this fashion
the wave slows down i

clectron-plasma collision wave 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 field of the fundamental Tri

Gould mode in focal point is about 100 kV/cm for incident power
P = 10 kW. Then the oscillatory electron energy will be equal & =
¢?E? / (2m w?) ~ 25 keV >> E, that much exceeds the ionization
energy of argon atom E; = 15,76 eV.

To study of processes in plasma before and during wave
influence we have used the follow diagnostics: cavity dmgnoshc
allowing to measure the electron plasma density distribution;

optical diagnostics giving thcmformatmnnbm:tthcc.hmofthe
mmltyofthcmwsralphsmaemmonmvﬁbhmm
registration of a light radiation spectrum in the range of 400 -
nm; multigrid analyzer of charged parnclcsallomngtoconu'ol
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
msnalsﬁ'omallclectmmcgaugeswasmadeumngthcstrobosoope
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 =

1 10 kW, pulse duration t ~ 300
12- =X ns,pulsc&ontdnmhont;-‘lo

/ . S
9 120 ns \ 250 ns At mmalmment(t(

7 S 150 ns) the longitudinal
| ¢ 50 ns N, distribution maximum of the

y Vo, integral plasrna ecmission is

4+ \ located in the area of the
! \ critical concentration (arrow
l ) N— in Fig. 1). There is the growth

0 ~—————7———— 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
emsss:ls ;ndxstribuuonhavcthclcngth~lmmandthenmmsm

times.

’Ihereamthelow—ﬁwmncyﬁuctuatsommthﬁnquencylo-
ZOMHzmdctocmdscaumedmmmmmsmlﬁomﬂmmm
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 Ty ~ 500 eV. At t> 150 ns Ty, decreases in 2 - 3
nmea,atthesamcunmtheelectmnoomtmhonhnatendemy
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 is occur
due to slow relaxation of high electron temperature after
microwave pulse.

I, au
16

Arlil 1
124

400 ns

I Y T T T 0 v Y ' |
450 452 454 A . nm 10 20 _— 30 40
Fig.2 Fig.3 =

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 bagic state

amonalonsa.ftcrcol]monsmthacoclem:edclcctmm.'lhc
plasma peremeters in focus are changed during a pulse: electron
concentration is increased, wave ficld decreases, that results in
reduction of electron energy. Therefore the lines Arll intensity to
the pulse end also fall and become weaker than Arl one.

The longitudinal line intensity distribution for ion
Arll (454,5 nm (4s?P P?)) in various time moment from start
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of is presented in Fig. 3 (curve 1 - t = 70 ns, 2
100 ns, 4 - 110 ns, 5 - 130 ns, 6 - 180 ns). At t <
maximum of intensity is located in the area of focus of initial
plasma, similar of integral light distribution. However, in this case
distribution curves have an obviously expressed maximum and
repeat a theoretical ofelectncalﬁcldwavedmihmnn in
the area of focus (Arkhipenko et. al., 1987). Since t>110 ns,
manmumofd;stribuuanbeginstodmplacc that is likely to
conmctmthgrowthcomenmuonofelecmmand,asa
consequence, displacement of focus point. Knowing electron
concentmhondastribunonmmmalplamn,,anddmphm
time of a longitudinal intensity distribution maximum ¢, it is
possible to estimate ionization frequency in plasma: v/p ~
In(n./n.,)/x = 3x10° s,

The estimation of ionization frequency have been carried
out also, basing on change in time of intensity of a spectral line of
zoncomponentIAccodmsmtheplasmacmwnnmdel I ~ n, and
for ionization frequency was received the following value: v‘/p e
3,5x10° 57!, that is close to already received one above from the

analyms of focus point displacement.
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HMHTEPO®EPOMETPUYECKHE M CIIEKTPOCKOINIMYECKUE
HCCJIIENOBAHHUA IVIABMEHHBIX TOTOKOB B KCITY I1-50M

B.M.ACTALLUMHCKHUH, I 'U.BAKAHOBUY, E. A KOCTIOKEBUY,
A.AMAHbKOBCKHH, J.A.MUHBKO
Hucmumym monexyaspuoii u amomnoii ¢usuxu AH Beaapycu,
npocnekm @.Ckapwnw, 70, Munck, 220072 Beaapyce

Peaiome. TIlpeacrasiensl  pesyibrars! HHTEPHEPOMETPUYECKHX U
CIICKTPOCKOMMHYECKHX MCCJICIOBAHUA  KOMITPECCMOHHBIX TUTA3MEHHBIX TIOTO-
KOB B IABYXCTYIICHYaTOM KBa3HCTALIMOHAPDHOM CHJIBHOTOYHOM IUIa3MeHHOM
yekoputene (KCITY) tuna I1-50M (Ananuu v ap., 1990), paboyum razom
KOTOPOro ABJSIETCS BOAODO/L.

L.BBEJEHHE

Bbicokne 3naveHMs mapameTpoB I1a3Mbl, peajiu3yeMbie B KBasMcCTa-
UMOHAPHBIX CWIBHOTOYHBIX IUIa3MeHHbIX yckoputensx (KCITY), npu otHocH-
TEAbHO Heboublolh anuTenbHOCTH paspsiza (~ 400 MKC) CO3ZaKT ofpe-
OEJIEHHbIE TPYAHOCTH ULt AHATHOCTHKU TAKUX CHCTEM.

HauGonee undopmarubHbiM 1 B TO Xe Bpemsi Haubollee cCJIOXHBIM
ABNACTCA WHTEPOEPOMETPUUECKHMIT MeTON NMATHOCTHKM. JlOCTOMHCTBOM Me-
TOIA HBJSIETCS BO3IMOXHOCTR MOJIYYEHMUst OOIIMPHON M JOCTOBEPHOIA uHdop-
MalMK 6e3 BHECEHMS BOSMYLICHMH B HCCIICHyEMYIO wiasmy. Ilpumenenue
MHTEPDEPOMETPA B COYETAHHM C BBICOKOCKOPOCTHOI CheMOYHOM KaMepo#
MO3BOJIACT HC TOJIBKO BH3YANH3MPOBATb MPOLECCHI, HE AOCTYNMHBIE (OTOr-
PaQuyYeCKON PETHCTPALMM, HO M  ONPEAEISTh C BBICOKOH TOYHOCTBIO
POCTPAHCTBEHHO-BPEMEHHOC PACTIPEJeICHHE TMAPAMETPOB B MCC/IeAyeMOst
iasme.

Ob6cyknas BO3MOXHOCTH MPHUMEHEHHMS CHEKTPOCKOMWYECKMX METOIOB
anardHoctukn B ycaosusix KCITY, HeobxoammMo oTMeTHTb, YTO WIS TAKOro
POla CHCTEM XapaKTepHO HanH4YHe 06/acTeH IUIasmbl ¢ CYLIECTBEHHO pa3-
JIHYHBIMM TEMIEPATYPAMH M TUIOTHOCTSMM yYacTHll. Temmeparypa a/eKTpo-
HOB MOXeT cocTamsith ~ 1 3B B KaHame u cotiu 3B B KOMnpeccuoHHOM
NIOTOKE, KOHUEHTPAUMS 3JEKTPOHOB TIPU 3TOM TAKXKC MeHHeTcs Ha
HECKO/IbKO MNOPSIIKOB.  3TO BbI3bIBACT ONpPEIENEeHHbBIC TPYIHOCTH B CIIEKT-
POCKOIMMHYECKOM AMArHOCTHKE KCITY, «korna paGouyuM rasoM noOC/HeIHEro
ABIACTCA  Bonopod. B Takux ycnoBusix Goiee yaoGHBIMH B 3KCMepUMEH-
TAJIPHOM IUIaHE OKa3bIBAlOTCH METOAMKH OMpEAC/IEHHUS 1apaMeTpoB  [Ia3Mbl
C HCNOJIb30BAHHEM  CHEKTPWILHBIX JIMHHH aTOMOB M HMOHOB MHEPTHBIX ra-
30B, CHOCUMANBHO BBOAWMBIX B KayecTBe NMpuUMeceil B pabouMii ras wiu
HETIOCPEACTBEHHO B ONPEACCHHbIH 3JIeMCHT yckopuTens. [Tapamerpsl yiim-
PCHHA [UIA STHX JTHHWH MCHbLUE, a TCMICPATYPHbIH AMANa3oH, B KOTOPOM
OHM 3P (EKTHBHO BO3DYXIAKOTCA, WHMPE MO CPABHCHMIO C JIMHHUSAMM BOOpPO-
Aa. JlobaBka B paboumii ras HeGOIBILOTO KOJAMYeCTBa NMpUMeECceH HWHCPTHBIX
Ta30B ¢ OTIHYAKOUMUMUCH TOTCHLUMAIAMH HMOHM3ALMU TIO3BOJISET He TOMbKO
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OMpeae/HTh TEMMEepaTypy M MJIOTHOCTh IUia3Mbl, HO M BHM3yaAH3UpOBaThk B
o6beMme KCIIY obnact¥ ¢ pa3/iMYHBIMM 3HAYEHUSIMH NapaMeTpOB.

2. PE3YJIbTATbHI 3KCINEPUMEHTOB

KoHUeHTpauMa 3/JeKTPOHOB IUIa3MEHHOTO MMOTOKA 3a CPE30oM KaTol-
Horo Tpatcgopmepa KCITY onpenensnach HHTep(epeHUMOHHBIM METOIOM C
MPOCTPAHCTBEHHO-BPEMEHHBIM ~ PaspellleHHEM C MOMOLIBK [ABYX3ePKAIbHOIO
aBTOKOJUIMMaUMOHHOro uHTepgepomerpa M-200 ¢ nonem 3penms 200 mm rio
METOAHKE, OINHCaHHOH B (ActawMHckuid M ap., 1981). OaHako peanmsa-
LMA METOAA BbI3BANA CYUICCTBCHHBIC TPYAHOCTH, CBS3aHHBIE ¢ OONBIUMMH
pasMepaMH BaKyyMHOH KaMepbi, CMOTPOBBIX OKOH M 3epKaa HHTepdepomeT-
pa. Cpean OCHOBHBIX NMpobneM OTMETUM TaKHe, KAK KOHCTPYKTHBHas COB-
MECTMMOCTb HHTepdepoMeTpa ¥ KaMepbl, BOCIPMHMYMBOCTL Npubopa K
BUbpaLMaAM, BAMSAHME ONTHYECKMX HEONHOPOAHOCTEH CMOTPOBBIX OKOH Ka-
Mepbl Ha KauyecTBO MHTepdepeHUMOHHONM KapTuHel. bBnaromapsa koHcTpyk-
TUBHBIM OCOBEHHOCTAM WHTephCPOMETPA TMEpPEYHC/ICHHbIE BBILIE TPYIHOCTH
6eu1n  ycrpaneHbl. MHutepdepomerp (puc.l) coctout u3 Teneckona (4),
GopMMpYIOLLEro Napaule/ibHbiii CBeTOBOM mydok awamerpoM 200 mw, nepe-
Hero (5) u 3anHero (6) 3epkad, OTPAXAIOUIMX COOTBETCTBEHHO ONMOPHBIN
M MpeAMETHLIH Ny4YKH, W cBetojenuTensa (7), HANpPaBASKOWIEr0 MX B BbICO-
KockopocTHoi peructpatop BDY (8). lNockoabky 3epkana uHtepdepoMeT-
pa HaxolATCH BHYTPH BaKyyMHOW KaMepbl, BJIHSHHE ONTHYECKHX HEOJHO-
POMHOCTEH CMOTPOBOro OKHa, Yepe3 KOTOPOE BBOAWTCS 3OHAMPYIOWMIT ny-
40K, HA4 Ka4yecTBO MHTEep(EpeHUMOHHOH KapTHHLI TOMHOCTBK YCTPAHSETCH.
HakoHew, XecTkoe KperieHHe 3epKasl K CTeHKaM Kamepbl obecrneuupaer
HaJexHyo BHOpo3awnTy npubopa. HOcTHpoBKa 3epKal NPOBOAMTCS CHAPYXH
Kamepbl. JLnsi yMeHBIIEHWs ONMACHOCTH paspylUeHHsi TOKPBITHI 3epKul IJias-
MOH, Haxo#suieicsi B 33aHOIHOM TIPOCTPAHCTBE, YAIbl MX KpPETUIEHMS 1o-
MelleHbl B Kopryca, obpasyiouiye KapMaHsl rrybuHon 150 mu.

TunuyHas wHTepdeporpaMMa IUIA3MEHHOrO MOTOKA, BLIXOMAUIETO H3
KCITY, npeacrasiena Ha puc. 2. JUis CUMMETPHHHBIX HHTepdeporpaMm
rpou3Boauica abeneBCcKHil mepecueT CABUIOB  110J0C, YTO [O3BOJIMIIO
MOCTPOMTL MPOCTPAHCTBCHHO-BPEMCHHYIO KapTHHY pacripefielieHUs] KOH-
LUCHTPALMH 3JIEKTPOHOB KOMIIPECCHOHHOrO MJIa3MEHHOro mnotoka (puc. 3).

CreKTpOCKONHYECKHE HCCAEAOBaHMS IU1asMeHHoro mnortoka B KCIIV
[1-50M nposomwiucs ¢ nomouisio cnekrporpada UCII-30 B koMBHMHALIMM €O
cnektpoxponorpadom CI1-452. Bpemennoil uHrepsan, B TeYeHHe KOTOPOTro
PCTHUCTPHPOBANIOCHL M3nyyeHue, coctasasa ~ 40 mke. B kavecrse pabo-
yero raza KCIIY wucnons3obanach cMmech BOJAOPOAa C TenleM B COOTHOLLE-
Huu 3:1. KoHUEHTpaUMsi 3TeKTPOHOB B U1a3Me ONpeAesssach Mo yuupe-
Huo smnnit Hy v Hel 587,5 um, oBycnomneHHOMy NiHeHHbIM ¥ KBaapaTHy-
HbIM 3¢ dextoM UTapka. VYcepenHeHmble 1o JIydy 3peHMs! MJIOTHOCTH 3JEKT-
POHOB,  M3MEpPCHHbIe Mo  ywwupenuwo auHuid  H, w  Hel,
COCTABHJIM COOTBEeTCTBEHHO ~ 3,5:10% u ~ 3,6-10'" cM?. Pacxoxne-
HHE pe3ynbTaTOB M3MEPEHHMH N, NOAYYEHHBIX C MCNONBL30BAHWEM YKa3aH-
HBIX JIMHMH, BBIXOAMT 3a Mpelesibl OMOOK M3MEPEeHUI M CBSI3aHO C  TIPOCT-
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Puc. 2. Tunuunas untepdeporpamma Komnpeccnonnoro noroka KCITY.
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Puc. 3. Pacnpenencune N, B KomripeccuonHomM notoke s t = 200 Mk,
U, =4 kB.
]

PaHCTBEHHOM HeoxHOpoaHocTeIo IwiasMeHHoro notoka KCITY. Jluuuu Hel c
6onee BBICOKHMH ([0 CpPaBHEHHUIO C JIMHMIMM aTOMa BOAOPONA) 3IHEPrHIMH
BEDXHHX YPOBHEH BBICBEYHBAIOT M3 UEHTpanbHOW, Oosiee ropsiyei 06-
nacTH. DToM obJlacTH M COOTBETCTBYIOT 3HAYEHMsT TUIOTHOCTH 3JIEKTPO-
HOB, MOJYYEHHKIE C MCIOJIb3OBAHNEM JIMHUH aTOMA relius.

B JAKJIYEHHE OTMETHM XOpouice COOTBETCTBHE peliyﬂbTﬂTOB H3IME-
peHH, MOJYYEHHbBIX MHTEP(EPOMETPHYECKHM H CMNEKTPOCKONHYECKHM METO-
AaMH.

CrnMcoK THTEpaTyphl
Anannn C.H., Actammnckuii B.M., Bakanosuy M. u np.: 1990, Pusuxa

naazmot, 16, 186.
AcrawnHckuit B.M., Koctiokesuu E.A.: 1981, Qusuxa naasme, 7, 523.
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JBIHAMIKA ®APMABAHHS 1 TOPMAJIBIHAMIYHBISA VJIACLIIBACIII
KAMITPOCIMHAM DPA3IMHAN IUIA3SMABAM ILIbIHI
¥V [TABETPBI TPl ATMAC®EPHBIM I[ICKY

B.M.ACTBILLIBIHCKI, A A.MAHbKOYCKI, JI.1.MIHbKO
Incmuimym maaekyaspuaii i amamnai Qiziki Axadamii naeyk beaapyci,

npacnexm D.Cxapuiusi, 70, Minck, 220072 beaapyce

Pa3zwm3. [IpeiBeaseHsl  BBIHIKI JacieJaBaHHAY YMECPUIbIHIO aTPbIMAHbIX ¥
naBeTpbl Tpbl aTMacGepHBIM LICKYy KaMIp3CiHHBIX 3pasiiHBIX IU1a3MaBbiX

TUTBIHSTY, CKJIAM SIKIX BBHIHAYACLUA PIYbIBAM HYTPAHATa 3JIEKTPOLY.-

1. YBO/A3IHbI

JlacTaTkoBa BsUliKasl yBara Hajaculla AacicOaBaHHAM, CcKipaBaHbIM Ha
aTphiMaHHe IUIA3MAaBBIX YTBADOHHAY y mNaBeTpsl  HapMmanbHara  (aTMac-
¢epHara) UicKy, MAKOMBKI ¥ [ITHIM BBUIALKY iCHYe cBaboaHbl HOCTYN [a
TUTa3sMBl.

Haii6onbluae pacnayCiolkKBaHHe MpPbl JACIEAABAHHAX IUIa3Mbl Y rasax
HapMaIbHara WicKy aTpbIMalli CTAUbIIHAPHBIA AYTraBbls TUIA3MaBbli KPBIHILIbI.
AIHaK, CICT3MBI Takora KIUTAATY reHepyloub IUla3My 3 alHOCHa HI3KiMI
3HAYDHHSAMI MApaMETpay, LUTO iCTOTHA CTPLIMIIIBAC IXHSE YXKbIBAHHE ¥ HaByLibI i
TOXHiUBl. ATpbIMAaHHE X HAKIPABaHLIX IUIA3MAaBBIX IUIBIHAY Y FIThIX YMOBaX
BBIKJIiKae BSUIIKIA  LsDKKacui, 3BS3aHBIE 3 HeaOXomHAcLlo [JakJiaaHai
ciMeTpbi3alibli paspady (payHaMepHbIM pasMepKaBaHHEM paspanHara TOKy Ia
pabouaif naBepxHi  KAAKCIUIBHBIX  3/IEKTPOAAY). Y WwYbLIBHBLIX — ra3sax
HalfMeHILAe TapyludHHEe CcIMEeTpbli B3¢ Aa Taro, IITO 3aMmecT rUlasMaBa#

[IbIHI (apmyelua OyraBbl pa3pal, “NpbIMaLaBaHbl’ A3 MN3YHBIX yyactkay
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afiexTponay. V¥ JeniubiM BHINAIKY &TPLIMIIBAIOUL [UIA3MaBYl0 TUIBIHB 3
HaBaKoNbHAH cyusabHail IU1asMaBaii abanonkad, gAkas abamipaeuna  Ha
BOHKaBBbI AIEKTPOIL. IcHaBaHHe X cyuonbHai IUlasMaBail  abanoHkKi
nepalukamkae ceaboaHaMy HOCTYNy Aa TUTbIHI. AKpams Taro, paspan [amix
KaakcCisUlbHbIMI - 3/1ekTposami  anbmiBacuua ¥ abMmexaBaHait  abGanoHkai
NpacTopsl, TaMy CKIQ fulazMaBaif  TUIbiHI  Bbl3HAvaellla npagykKrami
pa3byp3HHs (3po3ii) anexkTponay i pasasansuibHara isansitapy. Tamy acabnibyio
HaBYKOBYKO [bl [MpPaKTbIYHYIO 3HayHaclb HaObIBAIOUL AAC/CHaBaHHI,
HaKipaBaHbl Ha MOLUYK UUIAXOY aTpbIMaHHA Y WYBLUIBHBIX rasax apasidHbIX
TUIA3MaBbIX TUILIHAY 3a4ai3eHara ckiany, cBaboAHBIX al CyU3/JbHAH BOHKaBaH

abanoHkli.

2. BBIHIKI IACJIEJABAHHSAY

YnepuibiHio KaMrnpaciiHbl 3pasiiHbig  uiasMasbist eI (KDITIT)
3aJa3eHara ckjady, fAKi BbI3HAuAclllla puybIBAM  HYTpaHOra  3JIEKTpoay,
cBaboaHbist an BOHKABAM CyU3/bHAH rUiasmasaid abanoHki, ObUIl aTpbIMaHb
HaMi ¥V nasetpel npsl armacdepHbIM ULICKY 3 [JanaMmorad  pacrnpauaBaHbIX
TapuoBara paspajHara rpbicTacaBaHHs 1 KambiHapaHail IUlasMaZbiHaMIMHal
ceicTambl (Minbko 1 iHw., 1991; Miusko i iHw., 1992). AamMerHail pbicaid
I3TBIX CBHICT3M 3'AyascULa Toe, ILUTO BOHKAaBBIS 32JIEKTPOALI bl OaTapas
KaHasHcaTtapay BbIKaHaHbl CEKUbiSiBaHbIMI (3 aJHONbKAaBail  KOJLKACLIO
ceKllbIH), TMpbIYbIM KOXHasi cekubil Oartapai anyuyaeuua 3 HYTpaHbIM
SJIEKTPOIaM | 3 aIHBIM ca CTPLRKHSY (CeKUbIH) BOHKABAra 3JIeKTPOIY.

SIx BBIHIKAE 3 [Aac/NeNABaHHAY KAMNPA3CIHHBIX IUILIHAY, [ALIHaAMIKa
dapmaBaHHA, NapaMeTpsl TUIA3Mbl, I3Tak Xa AK 1 QisiuHbig Ynacuisacui ¥
LU9/BIM, BbI3HAYAIOLILA ¥ KAHYATKOBBLIM BhIHIKY KaHQIIypaubisii 3MeKTPbIYHBIX i

MAarHiTHbBIX nNan€y, sKis camay3rofHeHa YCTanéyBalouLa pasMepKaBaHbIMi



OHHAMIKA $APMABAHHA [ TOPMAIONHAMIYHEA ¥IACUIBACLI KAMIIPOCIAHAR DPA3IAHAN TUJLABMABAN TJIMHL.

ToKaMi paspaaHait CbICT3Mbl. aMy pa3MepKaBaHHE TOKY Na BOHKaBamy
57IeKTpOdy TpBICTACaBaHHs, $KOe Mpbi3HayaHa i reHepausii K3IIIT y
WYBUTBHBIX ra3zax, ckaHgirypaBaHa IIpBIHUBINOBA HEAAHAPOAHBIM,  LUSXAM
pas3billsi roTara SAEKTPOLY Ha CeKubli (CTPBDKHI). Y r3TRIM BBINAAKY Ha
KOXHBLIM CTPbKHI 32siekTpony QapMyelua CBOH TOKAHACY4Ybl CTPYMEHb 3
yJIacHBIM  Q3iMYTWILHBIM MAarHiTHBIM  TONEM. AcHoyHas (kKamnpaciiHas)
spasifiHas ruiasmaBsas TUIbIHB dapmyenua abanipajoybics Ha Tap3l HyTpaHora
snektpony. Toki ¥ K3IIIl 4l BOHKAaBbIX CTPYMEHAX  HAKipaBaHbl
CympouwIeria, TaMy iXHs€ 3/IeKTpaablHaMiIuHae Y3aeMal3esiHHe BbIKJIIKae
anxiieHHe (aJIUTYpXOYBAHHE) CTPYMCHSY ax acHOyHal TUIbHI. Y raThiX
BApYHKAX MaKCiMyM BbIHIKOYHAra MarHiTHara rosis Tokay rasMagsiHaMidyHai
chicTOMBI mNaBiHeH ¢apmaBauua ¥ abcary mnamiX acHOYHAH TUIBIHHIO Ibl
BOHKABbIMi  CTPyMEHsIMi, LWITO  CTaHOYYbIM  ublHaM  anbiBaciiia  Ha
makpaycroitisacui KOIIIT i § manarak  Baase aa  3'siyIeHHA 9QEKTy
MATHITHAll camaizaisilbli PasA3sUBUIBHATA AbI3JIEKTPLIKA PaspaiHai ChICTIMBbI.
YeroiUtiBae icHaBaHHe acHOYHall 3pasiiiHai  rulasMaBail IUIbIHI  pazaMm 3
Manoil pa3bexHaciio, raTak Xa siK BSUTIKI CTacyHaK JAayKbiHi ribiHi (T 15 cM)
na sie apsMeTpy (1-2 cM) Bbi3HAyae KammpaciifHbl XapakKTap ratad IUTbIHI.

TakiMm usiHaM, 3amaya a6 ¢apmaBaHHi KOTIIT y nMbUIbHBIX razax Bbl-
painaela npa3 ag3KBaTHae KaHQirypasaHHE VIacHBIX 3JIEKTpaMarHiTHbIX
naiéy opasiiiHail  rIa3MaObIHAMIYHAN CHICTOMBI UULIXaM (apMaBaHHA TOKa-
HSCYYLIX CTPYMEHsSTY [bi apraHisallbli aanaBeqHara  pasMEpKaBaHHA  pas-
panHara Toky.

Sl maka3paloUb  CHEKTPACKANiYHbIA  JacjieflaBaHHi, KaMIpaciiiHas
apasiiiHas IUIbIHb, KaJii sie aTphIMIIBAIOUb Y IUIYBUILHBIX Fa3ax, Mae iICTOTHae
caManariblHEHHE BblpaMeHbBaHHA. Y TIThIX BapyHKax Hau3¢HHBIM MeTalaM
BBIZHAYSHHA  TOPMAbLIHAMIYHBIX  Tlapamerpay [U1a3Mbl 3’gynsiena

(hOTAIEKTPbIYHAS METOAbIKA PIriCTpalbli BbiNpameHbBaHHsA. Takis aacie-
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nasganHi K3TIIT npasoasinicst ¥ O3bBYX CHEKTPANLHBIX iHT3pBanax 465 - 555
HM i 745 - 1120 1M, sKif BbIp33Balics NMoyHbIM HabopaM ANTBIYHBIX (LILTPAY
(ActamslHeKi abl iHWL., 1995). BeikapbicToyBanacsi A3bByXKaHAnbHAsA cxeMa
BRIMSIPOHHAY, SKas [Aa3BAUIa MPABOA3illb MAc/elaBaHHI BbIMPaMeHbBAKOYbIX
xapaktapeicTeik K3IIIl, rartak xa sik 1 kasgiubleHTay MNarjblHeHHA, SKif
aTpLIMIIIBANI TMPbI CAMAIpPacBeYBAHHI IUIA3MBL.

BriMAp3HHI crnafansHal TUIBIHI  BHINPAMEHBBAHHSA Jbl CHEKTPAIbHBIX
KasgiubleHTay MarjablHEHHA  [Aa3BOJIUII  BBI3HAYBILG YC€ ACHOYHBIS BbINpa-
MeHbBaKOYbIsA XapakTtapbicTelki K3IIIT sk Tapuosara spasiiiHara npsicraca-
BaHHA, Tak 1 kambiHaBaHail IUlasMaabiHaMiyHall CbLICTA3MBI.  Bei3HayaHa
CNeKTpa/ibHasl WMbUIbHACLL 3Hepril BoinpaMenbBaHHa KOI1I1 3  nepapaani-
KaM Ha TOYHBI LSUTECHBI BYral, padiiyaHa CrneKTpaibHasi WYbUIbHACLb
3HepreTeivyHaM 3pipkacui (CILLI33) BeinpamMeHbBaHHS TUIA3MBL,

[la paznmiyaneiM  3HausHHAM CLI33 seimpamensBanns K3IIIT asi
BhIMEPAHBIM  Kad(]iubleHTaM MamiblHeHHsA ObUla BbI3HAYaHA  canpayaHas
T3MIIEPaTypa IUIa3Mbl, MakKciMaibHae 3HAYOHHE SAKOW CKiana ¥ TapLOBbIM
3pas3ifHbIM npbicTacaBaHHi ~ 22:103 K, a ¥ kam6iHaBaHail niasMaabiHaMivHAai

ceictaMe - 40-10° K npsl agHONBKaBBIM y3poyHi HazanawaHail y 6arapasx

KaHazHcarapay 3Heprii (~ 30 k/Ix).
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UCCIENOBAHME NAPAMETPOB YACTHII KD
R KATOAHOM CTPYE DJEKTPUYIECKON IYIU

Baruno J1.B., 3onorosckuit A.M., Cuarnuxos WU.II., Ilnmanosuy B.JI.

HUnemumym monexynaproid u amomwnoil Quzuxu AHE
220072, Muncx, np.@.Crapunwt, 70, besapycs
E-mail: imafbel%6bas05.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 scattering and speed camera
of their radiation. 5

Baenense

C ysenudeHueM TeMmeparypsl Ty(t) B 30He KOHTaKTa HarpeTod JacTHIIH
¢ MOBEPXHOCTHIO H3NENMA BO3PAcTalOT ONHOPONHOCTh W aure3ds IIOKPHTHH,
DNONy9aeMbIX TIPH IUIa3MEHHOM HAaIBUICHHHM IIOPOIIKOBEIMH MaTepHalaMu
(Kymusor u np., 1992; Xyxos u Conorengo, 1990). 3nauuTensHOE YBEIHIEHHE
T(t) Do cpaBHCHHIO C CYMECTBYIOIIMMH YCTPOMCTBAMHM MoXeT OlTh
JIOCTUTHYTO HOpPH HarpeBe HaNLUIAEMHEIX YacTHI[ IUIa3MOM TIPHA3IEKTPOTHBIX
obnacreil myrH, oco0eHHO NPHKATONHON, Ile TEMIEparypa IUIasMHB MOXeT
nocturars 20000 K (Azharonok et al., 1987; Haidar and Farmer, 1993).

B wacroame#t pabore paccMarpusaercd nosegenue uactunm KO B
KATONHOM IUIa3MEHHOM noroke ayrda (i=200 A, U=25 B, muHa nyru L=10 MM,
11a3Moo0pasyiomuif ®  TpaHCIOPTUpYIOIMH ra3 - aproH). Meromauu
IuPaKIMOHHOIO paccessHUA JIa3epHOTNO MYUTyYEeHHs HAa YacTHNAX B COYETaHHH
CO CKOPDOCTHOM KHMHOCBEMKOM HX WUTyIeHUs OIpelesieHH (QyHKIIHH
PacIIpeic/ICHHA 9acTHI] 110 pasMepaM H CKODOCTAM.

DEcEepEMERT

CxemMa B3KCIIEpUMEHTAIbHOIO creHiua npueeieHa Ha Puc.l. Bopo-
oxlaxgaeMulil KaTONHKIH y3ell COHMEePEMT BONbB(MPAMOBHYN cTepXHeBOW XKaTol H
COIUIO IUIA TojaYM IuiasMoolpasyiollero raia M yYacTHl nopomxa (OpoHza
BpO®-10 (90% Cu + 10% Sn), cpemuuit pasmep 90 mxm). KoHcrpyxauus coruia
ofecneuMBacT NOKAIBHYIO MOJAYy IOPOIMKA Y3KMM IOTOKOM JIO 2 MM B 30HY,
nHaubonee Gnuakyio K xarony 6e3 HATMIIAaHUA YACTHII [IOPOIIKA Ha IIOBEPXHOCTh
Karoja ¥ CTeHOK coILTa.

Ha npBetHHx ¢ororpadguax OyrH ¢ YacTHIAMH HX TPEKH MMeET
seneHH 1Ber. CnexTpanbHble HCCIENOBAHHS IOKA3AIHW, 9TO B 3eJICHOH
oflacTy¥ Ha CIEKTp HITyYeHHs TOMOreHHoro moroka (6e3 wactunm)
HAKIAINBAIOTCA WHTEHCHBHEE JIMHHH atoMoB Memw Cul 510.5, 515.3, 521.8 AMm.
.Dro yxajwBaeT Ha TO, YTO WYACTHIA B IUIa3MEHHOM IIOTOKC OKPyXeHa
000NI04KON CHIBHO HITYYalONIEero I1apa Marepuasa YacTHIH. TakuM obpaioM,
perdcrpaniusa  M300pakeHHs 4YacTHUHK BO3MOXHA TONBKO B CIEKTPAITLHOH
obnactn, cpobomHod OT CHABHBIX JUHHK aroMoB wemd. Kak mnoxaszanu
IKCIIEPUMEHTHI, 3TONO YC/IOBHSA HENOCTaTOYHO: JUIS M3Yy4acMOIo IeTepONeHHOIO
nnasMersoro 1noroka (I'TIII) spxocrs TNOBEPXHOCTHM WYacTHUH MEHbINE
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HHTErpaIbHOM BO BpeMeHHM APKOCTH IUIa3Mbl TNPHKaTogHOM  ofacTu.
OnpefeneHHHE pe3yAbTaTH B BUIYAIM3ANMM YacTHULl IO MX COGCTBEHHOMY
HUTY9eHHIO, NIO-BHIMMOMY, MOrYT OBITh JOCTHTHYTH TONBKO IIPH DErMCTPAIIMH
varydenus ITIIT ¢ BpeMeHHEIM paspemeHHeM.
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Puc.1. OxcnepaMeHTATEERIA CTEH] IS H3ydeHns nosefeHus gacTun K@
B xaromaol crpye nyrm. I1- mrasMorpor (1-BBOA IUIa3M000pasyiomIero rasa,
2- BBOJ TPaHCHOPTHPYIOIEro rasa ¥ nopomxa); O- oconwurorpad; JI- nasep;

01, 02, O3- otsexrusil, 31, 32- sarsopul, P- ¢mistp; - mens; PII-
doromnenka; I- BOV-1; II- CKC-1M; CII- cuexrporpad.

B pexume HenpepuBHOH  GOTOPETMCTPallHH C  BPEMEHHHIM
paspemenreM 50 wmxc ObUIH mOAy9eHH — W300paXeHHMs — MITYyYAIOMIMX
IUIa3MeHHBIX 000/I049eK 9YacTUL B BHIE OTHEIBHEX TpekoB. Ilo WX HaKiIoHy K
HAIIPABICHUIO BPEMCHHOW pa3BepTKH OLUIM OMNpEAc/CHH CKOPOCTH 4HacTHI,
BEIMUHWHH KOTOPHX COOTBETCTBOBaNM auanasoHy 4-10 m/c. OueHeHHBIR o
ukpuHe TpekoB pasMep KJIQ® 3HauWTeNbHO TMIpeBHINAI CpegHUM pasMep
IIOJABAacMBbIX B PaclbUIMTEb HYaCTHIIL. B Toxe BpEMs, COIIOCTABJICHHE
KOJIMYECTBA PErHCTPHPYEMBIX TPEKOB C PacdeTHHIM KOMWYEeCTBOM BBOOHMBIX B
IUla3My YacTHIl [IOKA3LIBAeT, YTO YBEJIMYCHHE pajMepOB YACTHI, BQIEICTBHE
xoarynauue  (OpWIHNAaHus  Opyr K Opyry) Oymer  He3HaYHTENIBHO.
CrenoBareIbHO, OCHOBHOM  INpHYHHOK  YIOMpEeHHS  TPEKOB  SBJIsSeTcd
CYINECTBOBAHHE BOKPYT IBHXYINEHCs JacTUIH CBeTsIeidcs mapoBoi o0omoaKH.

Haygenne cTpyxTypsl IUasMeHHOM OOOIOYKHM 9YaCTHI[ IIPOBOIWIOCH €
MCIIOb30BAHKMEM CKOPOCTHOH KHHOCheMKH Kamepodt BOV-1 ¢ paspemennem 1
Mmxc (Puc.l, I). HOna ycrpaHeHHsa nepeHamoxeHus wu3obpaxenuit npu
PETHCTpallAM CTALMOHAPHOIO IIOTOKA, ONHOBPEMEHHO C YCTAHOBJICHHHIM B
KaMepe 33aTBOpPOM 32 Mcronb3oBaics Gonee ckopocTHOH 3aTBOp 31 ¢ BpeMeHeM
cpabareiBanus mopamka 1 Mc. OnTuveckad cxema obecrieddBana MATHUKPATHOE
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yBeJIMYeHUe, Yero OLUIO NOCTAaTOYHO VI BHIYAIM3ANMHM 9acTHus dy =50 MxM.
Ha Puc2a npuBeleHH OTfeNbHHE KAIDH KHHOCHEMKH. Bugno, 4ro
HaTyqalomue ODONOYKH YacTHII MMEIOT BHTAHYTYIO ¢opMy B HanpamreHHuH
ABHXCHUA TUIa3MEHHOrO moroka (x anomy). Cpemuuif monepeunmif paamep
obonouxu cocramnser 0,5-1 MM, WTO Ha HOPATOK TPEBHIIAeT HavyanbHHH
pasMep I0AaBaeMbIX B IUIA3MY YacTHIIL.

Prc.2. CkopocrHas KHHOCHEMKA HIIYYeHHMA YacTHI (8) (BpeMs IKCIOIHIHH
xampa | MKc, paccrosHpe Mexny KanpamH 50 MKC) B HEOPEpPHBHAS PErECTPaIAsd
padpaxmEonHoro u3obpaxenms vacrmn (6). Crpenxamm A m C  yxasasm
IIOJIOXEeHHe 8HOMIAa M cpesa KaTOMHOro COIUIa COOTBETCTBEHHO.

B cBS3m C Bhillle HITOXEHHKIM, OCHOBHEIE OIpEeNeHHs! I1apaMeTpOB
yactuun K@ Ouiu npoBefieHB MyTeM HabNMioNaHWs HENpephIBHAIX pa3BepTOK
NMGPAaKIIMOHHEIX H300paxeHuit orgenbAnx uacrvl, (Puc.l, II). Tpex Ha
1TeHKe OOpasoBWBANCA BC/IENCTBHE 3aTEHEHMs] YacTHLEH Jla3epHOro Iydxa
MMEeT BMI YepeAYIOMMXCH CBETJIHIX M TEMHHX [ONOC, PAacHONOXKEeHHBIX
CHMMETPUYIHO LeHTpatbHOM cBemio monoce (Puc.26). Pasmep wacTHIH
BOCCTAHABIMBAICA II0 PDAacCTOAHHIO MEXJY NepPBRIMM MakCHMyMaMH BHE
TeOMETPHYECKON TeHHM YacTHUB. I[PpagydpoBKa H3MEPHTENBHOX CHCTEMH
OCYIIECTRIISUIAcCh MO TU(PPAKIIMOHHBIM H300paXeHusIM MPENnATCTBUH HM3BECTHHIX
pasmepos B muanazone 50-200 mxM. C npuMeHeHHeM JaHHOW MeToIMKu ObutH
PacCIMTAHHl 3HAYeHHs CKOpOCTed M pa3MepoB HAarpeThIX HacTHll 110 JIHHE
AYTOBOIO KaHAIA M XOJONHBIX 9aCTHI B rasoeoi crpye (Puc.3). OrHocuTenbHas
LIOTPEIIHOCTh ONpEJe/IeHNs CKOPOCTH H pasMepa OTJAENbHOM HacTHIH He
npesuimana 3 ¥ 15% coOTBETCTBEHHO.
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Pre.3. Pacripenenenue gacran KA® no pasMepaMd B CKOPDOCTSM.
1- razosas crpys L=5 waq; 2 B 3- mnasuenHad crpys L=5 1 9 mm.

Obcyxnense peayAsTATOBD

Bpems HaxOXIeHHS YacTHUB B KaHAle IYTH 110 JAHHBIM CKODOCTHBIX
HMCCIeNoBaHUM He mpeBHmaeT 2 Mc. ECIU NMpeINoNoXuTh, YTO B TEICHHE 3TOIO
BPEMEHH TEMIIEPaTypa IIOBEPXHOCTH 4YacTHUH He npesnmaer 2400 K, Tto
JIMaMeTp YaCTHUH JOMXEH YMEHBIIUTHCA H3-32 MCMApeHHUA B COOTBETCTBMH C
Dyrkesua u np. (1978) ue OGomee gwem Ha 7 M. TakuM obpasoM,
PErHCTPUpYEMOE B 3KCIIEDHMEHTE H3MeHeHHe nuamerpa Ad=20 MXM He MoXeT
6uTh ODyCIIORNIEHO TONBKO HenapeHHeM. IIo-BHAMMOMY, 3HAYHTENbHHER YHOC
MacCH TPOMCXOOUT BCJIENCTBHE CIOyBa IIOTOKOM IUTa3MH CYOMMKPDOHHBIX
Kanenex ¢ PpacIUlaBeHHOH TIOBEPXHOCTM YacTHIH. DTO [MpPenoloXKeHHe
COINIACyeTcss C BHTHHYTOM B CTOPOHY aHODA KOHTparupoBaHHoOH Qopmoit
000N0YKH BOKPYT HaCTHIIAL.

IMpennoxXeHHH| MeTON BH3YanM3allMKM YacTHI, OCHOBAaHHHWH Ha
HerpepHBHOH GOTOPErucTpauny ux IMAPakIHOHHEX K300paxkeHuH, ARIgeTcsa
LICPCIIEKTUBHEIM  JUIA ONpEICNICHUA NapaMcTpoB HacTul B TETEPOrcHHBIX
IIa3MeHHBIX T[MOTOKAX. OCHOBHBIM JNOCTOMHCTBOM €I'0 ABNACTCHA BO3MOXHOCTD
TIpOBENIEHUS McCIeNoBaHUY abnsanuy YacTHIl B MTOTOKE.
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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. DIMITRIJEVIG!
Institute of Physics, 11080 Belgrade, P.0.Bozx 68, Yugoslavia
T Astronomical Observatory, 11050 Belgrade, Volgina 7, Yugoslavia

Abstract. The Stark width dependence of the 35>S — 3p? PP transitions along lithium
isoelectronic sequence (BIII, CIV, NV, OVI) and 3525 — 3p% PO ; 3p? P°3d2D 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 from the width of the Hell P, line while
the electron temperatures were measured from Lhe 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 (Blagojevi¢ et al. 1994) electron-, proton-, and Hell-impact broadening pa-
rameters for OIV 3s®S — 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.

1 m CZERNY TURNFR
MUNOCHROMATOR
= SM
o 4 LOW PREASURE PULSED-ARC
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t=1m) (o= 30mm|
- <
1 B =
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* PRUBE e
Cnz cm ‘ T KGNITRON | L
l 2 CHANNEL PCAT *, | SWTCH |
l DSO COMPUTER| 7
; v _ A . :
ol seaaasson | CAPAGITOR HV CHARGING |

4 HPIB
_@ i i
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o
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Fig. 1. The experimental setup.

68



PLASMA BROADENING OF SPECTRAL LINES ALONG ISOELECTRONIC SEQUENCES ...

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 — 3p2PY ; 3p?P° — 3d*D transitions for boron isoelectronic sequence (Fig.3;
Fig.4). The best agreement was achieved with our semiclassical calculations.

1180
Bl

(L) 3s‘S-3p‘P"

a0 4 N

0 B) frrrrrrrrr T T T R T AT T T NN Y T T T T T T T T e Ty

45 055 065 075 N.85 n.945
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Fig. 2. Stark widths Li-like spectral lines (in angular frequency units) as function of logiy 2

for 35S — 3p? PY multiplets. Theory : e e ee, 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).

116 - = — i
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Fig. 3. Stark widths B-like spectral lines (in angular frequency units) as function of log,0 Z
for 352S — 3p2 P° multiplets. Theory : e ee, 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, D, Glenzer et al. (1994).
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Fig. 4. Same as for figure 3 but for 3p? PY — 3d?D multiplets.
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O KO2#SHIIHEHTAX PEAJIM3AIIAHA IITAPKOBCKHX
KOMITOHEHT JIMHUH BONOPOIA B IIJIA3ME

¥. H. BOPOBHIK, K. JI. CTEIIAHOB
Hacruryr renno- B Maccoobuens AHB, 220072, Muzcx, Bpoexu 15, Bexapycs

Ammoramus. Ha ocmose umcxennoro pemerus ypasuemus Ilipemumrepa nua ato-
M3 BOXOPOJAA B NOCTOSEHOM BXEXTPHYECKOM NONE ONPEACNEE: BHEPrEeTHYECKAH
CTPYKTYPR, BEPOSTHOCTH HMOHM3AIMM ¥ XoedPRIMEETH PACTBOPEHMS IITAPKOB-
CKMX KOMIOHEHT CHEXTPANLELX XuEmil,

1. BBEIAEHHE

Ilpuemnzemolt Mozempio xug onmcamms xelcTBHME NNAIMEEHOrO MEKpONOXS
H2 ATOM BONOPOJXA SBNSETCH 38Ja4a 00 aTOME BOZOPOAS BO BHENIHNEM IOCTOSH-
HOM BEeKTpEYecKoM moxe. COCTOSHESE aTOMA BOXOPOXAE B BAEXTPHYECKOM IO-
XIe Hé SBNAIOTCH CTAIMOEADHEIMH, T.K. braroxaps TymmemnEoMy ddexry prex-
TPOE NPONEK&ET CKBOSH OAphep, IPOMCXOAMT HOHMSamua aToMa. Ilpwm cra-
6L mOXAX ABTOMOHMSANMOHHAS MEPHHA XHENM HACTONLKO MAXE, WTO YPOBEHL
MOMHO CYMTATEH CTAUHMOEApHEM. C pocToM moxs, KOrXs BepOSTHOCTh TYHHE-
AMPOBAHMSE CTAHOBHMTCE COMAMepHMOlf ¢ BEPOATHOCTLIO DANMAIMOHEOrO pacua-
XL YPOBHS, MOHHSAIMS ATOMA NpogBXgeTcd B oczabuemmu coorsercrByomel
mrapxoscxolf xoumnomerTm (Jlamwoc). Koeddmumen pacrsopemms npomopmmo-
BeE Ama/(Ama + Su(F)). Nccaexoparumo cocrosmuit aToMa BOXOPOAS B BXeEX-
TPEYECKOM NOXE NOoCBAmEeRo Goxbmoe xoxmvecTso pabor Jlambypr m Koxocos,
Luc-Koenig, Bachelier, Kleppner, Littman, Zinnerman, Haberland, Kraeft. B zan-
Eoll paoTe NpUBENEN PESYyALTATH NO PHEPIUEM ¥ IIMPHEAM ABTOMOEMSAIMH 2 B
TaKe KopPPRIEEETAM PACTBOPEERA MTAPKOBCKHMY KOMIOReRT auuull Boxopoxa,
HeoOXouMule N4 AHEANKIA CHEKTPOB M3NydeHMs HeHmeaunEod mmasmu,

2. TEOPHA

Ypapmenue Illpesmnrepa xns aTOMa BOXOPOXA BO BHEIINEM NOCTOSHEOM
BAEKTPHYECKOM NOXNE B NpeHeGpemMemuN CIMEOM BEEXTPOES ¥ PEeNdTHBRCTCKUME
nonpaskaM¥ B aTOMEOM cHCTeMe efMEMI B NapaboNHYECKEX KOOPXMHATAX, TAe
NepeMeRERle PASFENTIOTCH, KMEeT BHX:

&y E p 1-m? F
b e b U L @
d’U B ﬁg 1- m’ F
E,;,—+(-2-+;—+-4—q5—+7ﬂ)u=os (2)
rxe BoxEonas pymxms ¥ = ({n)~/3V(£)U(n) exp(Limep), m ~ MarmmTEOE KBAX-
10BOE CHO, f; W fy — XoHCTAETH pasgexemus (f; + fa =1).

Y poBeEL BOXOPOXS C MIABHLIM KBAHTOBLIM WMCXOM % BO BHCOIHEM LONE pac-
mMenxgeTcs Ha KOMUIOHEHTH, XKAXKXaL H3 KOTOPHX XapaKTepHsyerTcd EabopoM na-
paboumvecxux XBaETOBHIX WMCEX B, B3, m (% = n; + nz + m + 1), wHcHo xou-
noEeRT pasEo n(n + 1)/2, BHIpoxAeRHe COXpANAETCH NO SHAKY MATEMTHOIO KBAH-
rosoro wncna. Symagan V(§) u U(n) coorsercraenno npr £ — 01 { — 00 umenT
BE:

V() (™3 Y(n) xqfntil/a (3)
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Ao VE (-2 ”‘]
B . |VF 2E\¥?
U(n) ~ (T 2E[F) £ 8in [—3- (n+?) +*] (5)

Ms (5) BMAHO, YTO CHEXTP BOXOPOXA NPH AeHCTBHR BHENHETO NOAS CTAROBRT
cg menmpepuBEEM. Teu e MeHee yPOBEM PHEPIEW MOMHO CURTATEH KBASHCTAIRO-
EADHLIMM, €CNE BEPOSTEOCTS MOKMSAIMHR XOCTATOUHO MaNa. ¥ CXOBHE OTCYTCTBRL
Ha GecKOEEeNHOCTH cXoxameitca Bommnl oT6GEpaeT COGCTBEHELIE SHAVEHEA BHEDP-
rux Fo u napury ypoera I' (Bere u Coxmurep). B6amsx pesorarcrolf eEepram
Eo napauerpusamus Bpelita - Burrepa caasuBaer acuunToTHYeckuil pasopuil
capur # ® acHMOTOTHYECKYW aMuTHTYRY B cooTEOmemasmm:

B(E) = BY[(E - Eo)* +1°/4]  (6)
DEeprig XBASHCTAIMONAPEONO COCTOSHMA HAXONMTCE ¥S YCHOBMS MENMMES AN
acEMnTOTHYecKoM aunmuTy R B?(E).

Pemexue ypasuexus (1) nposomaxocs meroxou Hymepona (Hemomxaxemxo,
Kyuepemxo) Ha pasEoMepHOM cerxe xus nepemexnolt z = { +In{. ¥Ypasmemue (2)
(npoTEB NOXE) PEMANOCH C NOMOMILIO PASNOMEHES B CTENEHEHE PAXH.

B rabxunax 1 - 4 npEBexenis egepruu ¥ nmapum yposxelt H xxa cocrogmuit
cn=1-4, (Bce BeXdYMELl XANL B ATOMHEIX € MEEMIAX ).

#(E) = #o + arctan[l/2(E - o)l

DHEprud ¥ WKPHHH YpoBHS ¢ n=1. Tabmna 1.

m n, n, F E r

0 0 0 2.500D-02 -5.014292918D-01 3.3100D-10
0 0 0 3.000D-02 -5.020742726D-01 2.2374D-08
0 0 0 3.500D-02 -5.028514198D-01  4.3497D-07
0 0 0 4.000D-02 -5.037715909D-01 3.8927D-06
0 0 0 4.500D-02 -5.048501482D-01 2.0776D-05

DHepru¥ ¥ IKPHHH YpoBHSA ¢ n=2. Tabmuna 2.

m @n; 0o, F E r

0 0 1 2.500D-03 -1.330617593D-01 9.9218D-11
0 0 1 3.000D-03 -1.348255594D-01 1.3197D-08
0 0 1 3.500D-03 -1.366511611D-01 3.8757D-07
0 0 1 4.000D-03 -1.385487932D-01  4.4396D-06
0 0 1 4.500D-03 -1.405331333D-01 2.7089D-05
0 1 0 2.500D-03 -1.180098771D-01 1.0810D-12
0 1 0 3.000D-03 -1.167330000D-01 2.1181D-10
0 1 0 3.500D-03 -1.154976212D-01  8.7548D-09
0 1 0 4.000D-03 -1.143053394D-01  1.3640D-07
0 1 0 4500D-03 -1.131587889D-01 1.1102D-06
1 0 0 2.500D-03 -1.254967287D-01 1.0549D-11
1 0 0 3.000D-03 -1.257217467D-01 1.7188D-09
I 0 0 3.500D-03 -1.259936495D-01 6.0194D-08
1 0 0 4.000D-03 -1.263168854D-01 8.0996D-07
1 0 0 4.500D-03 -1.266982470D-01  5.7597D-06
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DHepruy ¥ MUPHHK yposHs ¢ n=3. Tabmna 3.

m o, 8, F E L
070 2 6 000D-04  6.127704250D-02  1.2464D-11
0 0 2 7000D04 -6230321018D-02 1.7581D-09
0 0 2 8000D04 -6335559655D-02 6.2527D-08
0 1 1 6000D04 -5.587521179D-02 3.3770D-13
0 1 1 7000D-04 -5.599398206D-02 6.6882D-11
0 1 1 8000D04 -5613355285D-02 3.1823D-09
0 2 0 6000D-04 -5043096817D-02 2.5148D-15
0 2 0 7000D-04 -4962837449D-02 6.5622D-13
0 2 0 8000D-04 -4884015122D02 4.3784D-11
1 0 1 6000D-04 -5856526675D-02 2.0846D-12
1 0 1 7000D-04 -5913361892D-02 3.4983D-10
1 0 1 8000D-04 -5972458620D-02 1.4442D-08
1 1 0 6000D-04 -5314114747D-02 2.8421D-14
1 1 0 7000D-04 -5279437688D-02 7.0046D-12
1 1 0 8000D-04 -5246413697D-02 3.8285D-10
2 0 0 6000D04 -5580827180D-02 19146D-13
2 0 0 7000D-04 -5590214152D-02 3.7700D-11
2 0 O 8000D-04 -5601241461D-02  1.8260D-09

DHepruM ¥ MMPHHH YPOBHA ¢ n=4. Tabmmna 4.

m o, Bn, F B r .
0 0 3 2500D-04 -3.605606225D-02 6.6075D-10
0 0 3 3000D04 -3711126811D-02 1.3446D-07
0 1 2 2500D-04 -3305758354D-02 3.9541D-11
0 1 2 3000D-04 -3350356872D-02 1.2016D-08
0 2 1 2.500D-04 -3.003616550D-02 1.1430D-12
0 2 1 3000D04 -2.986463545D-02 5.0980D-10
0 3 0 2500D-04 -2.699153701D-02 8.0083D-15
0 3 0 3000D04 -2.619494044D-02 5.7784D-12
1 0 2 2500D-04 -3.455097003D-02 1.6423D-10
1 0 2 3000D-04 -3.529865797D-02 4.1041D-08
I 1 1 2500D-04 -3.154040485D-02 6.7363D-12
1 1 1 3000D-04 -3.167435720D-02 2.5315D-09
L 2 0 2.500D-04 -2.850720798D-02 1.0219D-13
I 2 0 3000D-04 -2.801923810D-02 5.5519D-11
2 0 1 2.500D-04 -3.302146438D-02 2.9055D-11
2 0 1 3000D-04 -3.345095438D-02 9.0291D-09
2 1 0 2500D-04 -2.999792852D-02 6.0061D-13
5 1 0 3000D-04 -2.980838341D-02 2.8938D-10
3 0 0 2500D04 -3.146597632D-02 2.7145D-12
3 0 0 3000D04 -3.156535421D-02 1.0798D-09

Ha puc. 1 - 4 xamu xospdum@enTs PacTBOPeHR Amn/(Amn + Sm(F)) naa
IITAPKOBCKHX KOMIOKEHT NEePBLX 4-X xumuit xathuanoncxolt cepEM B SABMCHMOCTH

OT BEXHYHHEL NOX4A.
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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%bas05.basnet.minsk.byademos.su

Abstract. The intracavity laser spectroscopy method
was used for plasma diagnostics of high-current
pulsed discharge in moderate pressure nitrogen or
carbon dioxide. The main attention was payed to the
dynamics of quartz wall ablation during a discharge
pulse and to the influence of evaporated species 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 species
during a discharge pulse on the evolution of basic
plasma parameters are practically unstudied and re-
quire for detailed investigation the application of
laser techniques with high temporal and spectral
resolution. The most sensitive absorption 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 electiric pulse with duration
of 1.4 ms was applied to a tungsten electrodes 1n
the quartz tubular chamber (1 cm inner diameter and
16 cm length) filled with high-purity nitrogen or
carbon dioxide at 1Intermediate pressures: 5-20
Torr. The discharge energy was varied from 0.5 to
1.5 kJ. The chamber with quartz windows was located
along the axis in a non-selective cavity of a dye
laser. The laser radiates a smooth broadband spect-
rum in the visible range with pulse duration of 3
pus. 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 speclies ablated from a transparent wall of
the chamber were determined and the influence of Si
atoms and ions appeared 1n gas plasma on excited
energetic states populations of N and C atoms and
lons, electron denslty and temperature was
examined.
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DYNAMICS OF DISCHARGE CHAMBER WALL ABLATION...

For both nitrogen and carbon dlioxide the pure gas
plasma with electron temperature of 9-11 kK 1s ob-
served only at minimal energy, i.e. Si absorption
lines are absent in laser spectra. The time depen-—
dence of excited N or C ions density 1is similar to
the electric pulse shape. The minimal measured spe-
cles densities mainly depend on laser pulse durati-
on and oscillator strength of absorption line reco-
rded and were about 108 cm™> for N* and c¥, 10° for
N, si, si* ana s1**, ana 10'% for c.

With discharge energy ilncrease 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 in
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 main peculiarities of plasma evolution are
kept with increase of initial gas pressure up to 20
Torr. Together with Si lines an intensive molecular
spectral structure (intendingly Si0O) 1s recorded 1n
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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NTHATHOCTHEKA JIABEPHOM TLTASMAI T10 HITAPKOBCKOMY
YIIHPEHHIO JTHHUN UITYIEHHUS

B.C.BYPAKOB, [1.AHAYMEHKOB, H.B.TAPACEHKO
Hucmumym monexynrsprod u amomriou ¢usuxu AH B, 220072,
np.D.Cxropunw, 70, Munck, Beaapycs

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

line shapes.

JlazepHo-asMenHas 06paboTka MaTEpHANOB ¢ CyOMHKPDOHHBIM
PaspelicHHEM MPEACTABIACTCA TNECPCOCKTHBHLEIM HANPASBJICHHEM B
Pa3BHTHM HOBEHINHX TEXHONOTHHN, I ONMTHUMHKZAIMH KOTOPOHM BAXHOC
SHaYCHHC MMCIOT HMCCICOBAHMA MPOLECCOB, CONPOBOXAAIIHX
naszepHOe BO3AcHCTBAC Ha oOpaseny H pa3paborka METONOB HX
MHAATHOCTHEH. MHKPOIDIASMECHHEIC CTPYKTYPH CO3JAITCH OOWYHO IpH
JIOKANILHOM BO3JCHCTBHH MMIYJILCOB JIA3€POB ¢ MAJIOM PAaCcXOJHMOCTHIO
My49Ka HAa NOBEPXHOCTH MPOTXKEHHON MUILICHA

B Hacrommei# pabore mnpoBefcHBI WCCHEJOBAHHS JIA3CPHOM
IUIA3MBL, MONY9AeMOM NPH BO3NCHCTBHH JIA3€DHOIO HUIYYCHHS HA
TOPEIl TPEX IUIOTHO CXATHIX IUIACTHH, CpPeJHEH M3 KOTOPHIX SIBNACTCH
amoMuanueBas ¢Qoibra. Ilpu gocratouno GombinoM auMaMeTpe ISTHA
QOKYCHPDOBKH JIa3¢pDHOIO HIIYICHHS aTOMBl MaTrepHana ONsrd
OKPYXEHH IUIA3MCHHOM OGONOYXOM M3 IpPYroro BeINECTBA H TeM
caMbIM co3jaercsd Oonee OAHOPOMHEIM CJIOH IDIA3ME ABOMHUHHSL B
ITOM CIy4ac y CHEKTPaIbHbLIX JHHHH aTOMOB GQONBrA camoobpalncHEe
JoIDKHO OWTH cymecTBeHHO cinabee, WIM OTCYTCTBOBATh BoobIme. Dro
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OBGCTOSITEILCTBO MO3BOJSET HCHOONLE30BaTH Takyld IUIasMy UM
NpPOBEIEHHUA CNIEKTPOCKONMMIECKHX HCCIIEOBAHHH.

[Mnasma co3aaBayiach IOJ BO3NCHCTBHEM HMITYJIECOB H3Jy9CHHA
aMOMOMTTPHEBOTO Jasepa mmrenbHocThio 10 HC H SHEprHed B
wymce 100 M/x. [namerp narHa GOKYCHPOBKH HANYSCHHSA Ha
wmnens cocrassui 0.8 Mm. Tommuna amoMuaREeBOMH GoNbra 35 MxM.
JIBe HapyXHBHEC MACCHBHBIC IUIACTHHH Ui KpeIDieHWd dombri
M3rOTOBJICHE M3 JIATYHH.

Hccnenosanns IIPOBONAIHCEH c TIOMOILIBID MeETOIA
paspemeHHOM BO  BPDCMCHH  3MHMCCHOHHOH  CIICKTPOCKOIMH.
PernCTpHPOBANOCH H3INYyYCHHC JHHMA A&TOMOB MaTrcpHala MHINCHHA
(amoMmrns u Mexy). M3 aHAMM3a KOHTYPOB JIMHHH B TIPENIONOXECHAH
JOMHHHMDYIOIIETO BKJIAJA INTAPKOBCKOTO YIIHDEHHS ONPEACIIUIACH
KOHIICHTPAIHAS VIEKTPOHOB B IUIA3ME U €€ BPEMEHHOH XOZL.

Ha puc.] npHBeicHO M3MEHEHHe KORTypa mmHEH Al13961,5 A
NpH yBeJIWYeHHH BPEMEHH 3aJIcPXKH IMOCNe Ha4vaia BO3NEHCTBHA
7I83epHOTO HMIYJbCA. BHIHO, YIo IOMpHHA KOHTYpa OBICTpO
YMEHBIIAeTCS CO BpeMeHeM (MpHMEpHO B 4 pasa B HHTEpBAlNC OT 0.5
10 1mMxc), JocTHras HHCTpyMeHTanbHOro mpeaena ( 0.5 A) mpm t >2.5
MKkc. MaxcHMANLHOE CHCKTPANIbHOE pAaspeliCHHE CICKTPAlbHOH
alMapaTyphl ONPEACIUIOCH IyTeM PErdCTPallHH JMHHA H3JIy9CHHA
paspana ¢ nomiM xatonoM W He-Ne- nasepa. CreayeT OTMETHTD,9TO
HAPANY ¢ YIIMpeHHeM HaOJIOJBCTCS CABHI MAKCHMYMAa KOHTYPA JIMHHH
H3Ty9CHHSA.

H3MmepeHHbe 3HA9CHIST AL HCIIONBL3OBAMCH IUISL OTIPE/ACTICHAA
[UIOTHOCTH ICKTPOHOB B IPEAIIONIOXECHHH ONpeJie/imomerD BKiaga B
yImvMpeHne AR kBaaparaaHoro sddexra llitapka (B OCHOBHOM 33

CYET YAAPHOIO BO3JACHCTBHSA MEKTPOHOB). DTO NOATBEPXIACTCS TAKKE
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Puc.l. Komryp ymumm All 3961.5 A B nasepHOM IDIasMe mnpu
PAVIMYHBEIX 34JePEKAX OTHOCHTENBHO  IUIA3MOOOpasyiomero  Ja3¢pHONo
HMITYNIBCA.

HAIMIHMEM B COOTBEICTBHH C TEOPHEH CIOBHra KOHTYpPOB B
JJIMHHOBOJHOBYIO OOIACTL CHEXTPa HA PaHHHX CTagusix pacnana
WasMelL B ycloBHMsIX HalDEro 3XKCNCPHUMCHTa BIMAHHC [PYTHX THOOB
B3AMMOJCHCTBAM HA YIIHPEHHE CHOCKTPAIBHLIX JMHHMH 3HAYHTCILHO
MEHBLIE H MOXeT OBITE OTHECCeHO K BEeIMYHHC OHOKH H3IMEepeHHst
ITMPHHBI JIMHHH.

B TakxoM ciiydae pETHCTpHpycMas [oJHAS IIHPDHHA JIHHHHA Ha
MONYBHICOTE (C Y9eTOM AMNIAPATHONO YIIHPEHHS) H CHOBHI IICHTpa
KOHTYPa JHHHH H3JYYCHHS MOINH OHTH ONECHEHH COOTBETCTBEHHO M3
BHIDAXCHHN:

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

SA(A) = [d/w+2e10-4n /4x(1-0.068n./6T-1/2)1e10-16wn,,  (2)
e W- YAApHAS MEKTPOHHAS NOMylIHpuHa, d- yAapHLI 31eXTPOHHEIM

81



B. C. BYPAKOR. Il. A HAYMEHKOB, H. B. TAPACEHKO

CHBHT H O - IIApaMeTp HOHHOIO YIOMpeHHs1, ciaabo 3aBucsiMe OT
AMEKTPOHHON TeMueparypsl, B misa maHHE All3961,5A cooTBETCTBEHHO
pasuge 1.54 102, 0,187 10-! u 0.036 upu T, = 13B (I'pum, 1978).

TeMmneparypa  2MIEKTPOHOB  OLCHHBANACE H3  OTHOCHTEILHOH
uHTeHCHBHOCTH mHmA Mmexm Cul 51055 m Cul 5153,2A u
npEHEManacs pasHoi 13B mnpu t=1Mxc. BpemecHHas sBomous
IVIOTHOCTH JNICKTPOHOB, ONpelclicHHas Ha ocHoBaHMH (1) B (2) =Ha

paccrosHEd 0,5MM OT DOBEPXHOCTH MHINCHH, OPHBECHA HA pHC.2.

20+ s 10'®,cm> Puc.2  Bpesennas 3aBACHMOCTD
\ KOHIEHTPAIHH 3JIEKTPOHOB B
' \\“ JIa3epHON IUIa3Me, OIpeleNieHHas 1o
104 ‘Q\*x IITAPKOBCKOH IMHpHHE (¢) M CHBHTY
054 \:"““w»__.___ﬂ‘ (V) nuuEH Al13961,5 A
o-\____._____.
%%% 06 o8 10 12 14 1%
L ps

Kax BHAHO u3 pHC.2, HMEET MECTO YIOBJIECTBOPHTEIBHOC
COBLAJNCHME PE3YJILTATOB ONPCACHCHHS N, Ha OCHOBAHHH H3IMEPCHMM
WITAPKOBCKOH IMHPHHLI U [0 CHABUTY JIMHMM HIIYYCHHA B HAYUILHOH
craaguM pacnaza daxena. [Ipu t >0.8MKec 10 IIMPpHHE JTMHAHA NOXYyICHE
Gonce HA3KHE 3HAYCHHASA IDIOTHOCTH ICKTPOHOB.

B pmoxnane Takkxe NpPHBOIATCA CpPABHCHHC IAPAMETPOB
AMOMHEHHECBOH MHKDOIDIA3MBI, pacmapsiomcics B arMocdepHBE
BO3/IYX M OKPYXAIIYIO JIA3CPHO-A0ISIHOHHYIO IUIA3MY M€ M.

Pabora semonrsnacs npu duHaHCOBOH noanepxke DoHza
dyrnaMeRTALHELX Hecnenopanmid PecnyOimxn Benapyce.

I'pau I'.: 1978, “YmmupeHne coekTpaibHBIX JIAHMH B IasMe” M.
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ABTOMATHU3HPOBAHHAS CUCTEMA TUATHOCTUKH
IIAPAMETPOB OIITHYECKOI'O H3JIYUYEHHA ILJIAZMBL.

A. I1. BBIK, B. K. TOHYAPOB, U. . KPABIIEBHY,
A. E. CUKOJIEHKO.

HHcTuTyT npuknagHeix Gusugeckux npobiem
uMenH A. H. CeBueHKo.

Benapycs, r. Musck, yi. Kypuarosa, 7.

Ilpu pemenuu psana 3ana4 GU3UKH, TEXHUKH, OHONTOTrHH, MeIu-
IMHBI C YCIIEXOM NPHMEHSACTCA pa3paboTaHHas B MHCTHTYTE CHCTEMa
Ha ocHoBe [I3C-MaTpuisl ¥ Tpex cHHXpOHHO paboraroumx [13C-mu-
reek. Kamepa ¢ [13C-martpuueit popmara 512x256 anementos pabora-
€T B MaJOKaJpOBOM PEXHME M MCHoasdyercsa mis Bsoaa B IBM PC
AT-coBMecTUMBINH KoMIbIOTEp HHGOPMALMK O NPOCTPAHCTBEHHOM
pacnpelielieHHd HHTEHCHBHOCTH CBeYeHHs Iasmel. Obnacrs criek-
TPAILHOH 4yBCTBUTENBHOCTH MaTpHLB!l 300 — 1100 um. Pasmep cse-
TOYYBCTBHTENBHOIrO 3yeMeHTa 17 MkM X 23 MkM. MuHdopmauus or
IT3C-kamepel nocTynaer B KOHTPOJUIEP, IOMELAEMEIH B OHH K3 CBO-
GoHEIX cn0TOB KoMmmeioTepa. KoHTpomiep ynpasnser BpeMeHeM Ha-
KOIUICHHS, BBIMOJHACT NBEHA/LATHPA3PIHOE KOJMPOBAHHE BHIEO-
CHI'Ha/la, CHHXPOHH3ALHIO ¢ HCTOYHHKOM HMMITYJIBCHOIO M3JIY4YEHHA H
BPEMEHHOE XPaHEHHWE MOTYYaeMEIX JaHHEIX.

BTopoii KOHTpoJUIEp, MACHTHYHEIN NEpBOMY, HO 3aHHMAIOLIMIL
Apyrue paspelleHHBIe ajpeca LWIMHEI BBOAA - BBIBOAA KOMIIBIOTEpA,
4Yepe3 MyJIbTHIUIEKCOP mouiepxusaer paboty Tpex kamep ¢ I13C-nu-
HefikamMu. YHCI0 CBETOYYBCTBUTEIBHEIX 9IEMEHTOB OHOM JIMHEMKY —
1000, cnexTpansHel# auanasoH gyBcTBUTENbHOCTH 200 — 1060 HM,
pasMep CBETOYYBCTBHTEIBHOrO 3jeMenTa 13 MM x 500 mxm. Kamepsl
¢ II3C-nuneiikaMi HCHONB3YIOTCA [UIA CIIEKTPAIBHEIX MCCIIEOBAHMI
M OLEHKH MPOCTPAHCTBEHHOrO pacnpe/ie/ieHHst OJHOMEPHEIX CBETO-
BEIX IIOTOKOB B Pa3IMYHBIX TOYKaX 3KCIEPHMEHTAIBHON YCTAHOBKH.
OcHOBHO# BapHAaHT Kamep — OXJIAXK/JIEHHE BCTPOEHHEIM IlebThe-Xo-
JIONHIBHUKOM, BPEMsA HAKOIUICHHS CHUTHAlIa NP 3TOM MOXET JOCTH-
rate 20 cexyna. JIONOMHUTENBHOE OXJIKIEHHE BHELIHETO PaHaTopa
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IPOTOYHOMN BOJOH NMO3BOJIAET YBENMYHTH BPEMS HAKOIUICHWS CHIrHala
JI0 IECATKOB MHHYT.

ITperycMOTpEHHBIE PeXUMBI pabOoTHl KaMep M CHHXPOHU3ALMH C
BHEIIHMMH YCTPONCTBAaMH MO3BOJISIOT PErHCTPUPOBATh HEINPECPEIBHBIC
¥ MMITyJIbCHEIE CIEKTPHL. BO3MOXHa NpHBA3Ka K paboTaiomemy B Jac-
TOTHOM PEXHME HCTOYHHKY MMITYJIBCHOTO M3ITyYeHMUS, a TAKKE 3aITyCK
TAKOr0 MCTOYHHMKA MO mporpamMMe KomnbrorTepa. CBA3b MEXIYy KOH-
TPOJIEPAMH M CHHXPOHM3MPYEMBIM YCTPOHCTBOM OCYLUECTBIACTCA
1460 10 IEKTpHYecKoMy Kabemo, 1o 110 CBETOBOY.

Vyer HEJIMHEHHOCTH YYBCTBHTENBHOCTH KAXKIOrO 3JEMEHTA
[13C-npu60opoB MPOM3BOAMTCS IPOrPaMMHO-ANNAPATHEIM KOMILICK-
coM, HOpPMHUpYIOLIMM Ui KaXIOro demMeHTa npubopa MacimTabHble
K02 GHILMEHTE], COOTBETCTBYIOUIME YYacTKYy aMIUINTY[bl BXOMHOIO
CHMI'HaJIa, Ha KOTOpble HEOOXOAHMO HOMHOXKATh ITOy4aEMBIC IaHHBIC.
Co3maHHbIH TakuM o0pa3oM (aiin KOppeKLUH HCIONE3YETCS OCHOB-
HOIl NporpamMMoii, OPMEHTHPOBAHHONH HA CHNEKTPAIBHEIC HCCIIENOBA-
HHS ¥ TPEIOCTaBNsIomelt necea0BaTeo OoNbIIHE BO3ZMOXKHOCTH 3a-
nanus pexumoB paborel II3C-mpubOpOB, PerucTpauyi ¥ XpaHCHHA
3aJJaHHOTO KOJIMYECTBA CIIEKTPOB, CHHXPOHHU3AIMH C HCTOYHUKOM H3-
Jy4eHHs, MaTeMaTHYECKHX ONepauuii €O CNEKTPaMH. IIporpammHoO-
annapaTHbIE CPeNCTBA CHCTEMEI NMPENOCTABIAIOT IKCIEPHUMEHTATOPY
GOJIBIINE BOZMOKHOCTH IPH PErHCTPALIMH H3MEHSIOIMXCA BO BpEMe-
HH ONTHYECKHX MPOLECCOB, HAMPHUMED, NPH MCCICIOBAHUH JIMHAMHUKH
reHepanyy Jia3epoB, a TAloKe JUHAMUKHA OBICTPONCHCTBYIOWMX ILIa3-
MEHHEIX TTPOLIECCOB.

Ipejyiaraemast CHCTEMA PETHCTPALMH C YCIIEXOM HCMOJB3Y eTCA
B e HAyYHBIX YYPEKACHHH H MPOMBILIICHHBIX npeanpuaTui bena-
pycn, Poccuu, Ypannsl, Ipubarruku. OHa Xoporuo cebs 3apeKOMeH-
noBaya npu OTpaboTKE METOJMK SMHCCHOHHOIO CIEKTPAJIBLHOIO aHa-
M3 HHU3KOJIETMPOBAHHBIX CTAleH, HAIMYMA COJIEH THXKEIBIX METall-
JIOB B MSICOMOJIOUHEIX NIPOJYKTaxX, IPH JIA3E€PHBIX HCCIEN0BAHUAX.
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TEMPERATURES OF EXCITED HYDROGEN ATOMS
IN THE ABNORMAL GLOW DISCHARGE

1. R. VIDENOVIC, N. KONJEVIC and M. M. KURAICA
Faculty 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 argon-hydrogen mixture are reported. 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 Konjevi¢,
1992), has shown Balmer lines shapes with an extraordinary wings developinent. 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 Konjevi¢, 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; Videnovic 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 Videnovié et al., this
Volume). Placing the polarizer parallel or perpendicular to the discharge axis, we have
selected components with Am=0 or n, and Am= %1 or o polarization respectively. All
components (10 n 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 ncgligible. Therefore, to the
each Stark component we have assigned Gauss function, which takes into account
Doppler and instrumental broadening. Considering overall profile as the snm 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 (£ =~ 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% Hy), at currents of 20 and 30 mA.

Typical results of Balmer Hp 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 (Videnovi¢ 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.

Ar+3%dH, Ar+3%H,
4lz=012mm 40|z =0.12mm

A

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
Hy, “slow” 34-82 50-10.4
“fast” 80 - 190 90 - 160
Ar+3%H, 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 Yt + Hasiow = H gy + (Hy ) 100 0~3.710"" cm’,
(Hy Yot + Hsiow = H* gt + Hagr + (H; ) 0 0 ~8.410"° cm’,
HyVre + Htow = H i + e + HDow 0 %2.1:10" cm®,

where Q 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, E“; =35, Eu; =175.
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):

By = 114 Bty = 117 Cott) = 168
Hence, two groups of hydrogen atoms, originated from H' and H;' ions, have enough
energy to exceed threshold for Balmer lines excitation (for Hy, .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 varics in our case from 3.4-8.2
eV what corresponds to H;" energies in the range 72-94 eV. 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 eV. 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, » ArH" + H,
ArH'+ H, > H," + Ar,
and
Ar'(3p’ 'P,) +H, > 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 Hy' 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 REGICN

In the negative glow region, the central narrow peak is induced by Stark and Doppler
(gas temperature T, =~ 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, 7, = 1000 K and cathode dark space length L = 0.16 cm -
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 T, = 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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Abstract. The theory of linear Stark effect has been employed to create numerical model of
hydrogen Balmer Hy profiles in external electric field of cathode fall region. 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 Hg 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 neutral 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 H, 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 fitted
with theoretical profiles, providing results of local electric field intensity and temperature
of excited hydrogen atoms.

2. THEORY

The splitting of encrgy levels of the hydrogen and hydrogen-like emitter in an external
clectric 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 spliited
into (2n — 1) equidistant sub-levels determined by quantum number k ([k| < n). Therefore,
spectral line emitted 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 = %1, or o-components). The way of polarization is
determined by the parity of the integer [(n, +k ) - (n, +k,)], so one has

A(n+Kk) = even integers - n-components,
A(n+k) = odd integers - c-components,

The Stark manifolds of © and o components of hydrogen Balmer H; (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

(nk, —-nk, )AL, (1)
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where A\, 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] 2
Y%
e
A\
-
I \/
c
s 1 il 1§ B o v .
04 02 Qo 02 04 04 £2 Q.0 0z 04

Fig. 1. Theoretical x and o profiles of Hy line (thick solid lines) calculated for: 8 kV/ecm electric
field intensity, § €V 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 Hp (x) explain
characteristic line profile parameters.

With the polarizer axis set parallel or perpendicular to the electric field, the appropriate
(n 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 n 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 107 cm™,
Thus, to the each Stark component we have assigned Gauss function only. The full
halfwidth AL, of each gaussian results from Doppler, A\, and instrumental, A,
halfwidths:

AL, = AR + AR ©)
In the case of hydrogen atom, Doppler halfwidth can be calculated from
AL, =716-107 AT @)

where ), is the central wavelength of the line and 7 is the temperature of the excited H
atoms. The overall profile is calculated as the superposition of all components: -

gk, ~ngk B |
wen-Sn[Soinl] o

where I,, are relative intensities (Condon and Shortley, 1977) and N is the total number of
components which is equal to 10 for both Hy 7 and o profiles. The examples of Stark
polarized profiles, calculated for E =8 kV/cm, T=5 eV and AX; = 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 A\, and maximum-to-central intensity ratio Ip./L..
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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 7 and
o profiles. The positions and intensitics 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 o Hp line profiles evaluated from Eq. (5) with those calculated using Liiders’
component manifold for the same electric field intensities in the temperature range 0.1-
100 eV. Temperature dependencies of the line characteristic parameters AA, AL, and
I../I, 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 AL for
7 and o profiles do not exceed 3% and 14% respectively. AA, for = and o do not differ
more than 9% and 13% respectively. The only significant differences in I,./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 Videnovi¢ et al., this Volume). From the dependencies of Hy line parameters
onc may generally conclude that differences between parameters of the n 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 field intensity E and temperature T of excited H atoms.

2 kV/icm 4 kV/cm 6 kV/icm

a4
ad

a2

A\ (om)

al

By )

=
o

= o
x

>
el 1
o 1
ai i W W af i 0 W al T i e

Fig. 2. Temperature (in ¢V) dependencies of characteristic line parameters of x and o Hy Stark
profiles. Line profile parameters calculated using fine structure splitting manifold (Ltders, 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 Videnovié et al. in this Volume.

60 F H2 T 60} H2 ° g
z=025mm ° z=025mm @ ®
wl E= ]1.73ka * 40| E=1046kV/c Y 0

o Ar+3%H, x| . [Ar+3%H, :
b z=012mm O ;=012mm

E=1544kV/cm E=1575kV/em
20 s

o

Fig. 3. Typical measured Hy 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
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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 SiOz, CaO, Mg0O, CaF3, Caz(PO4)2,
Na;O 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. Nenadovi¢
Institute of Nuclear Sciences *Vinéa", P.O.B. 522, 11001 Begrade, Yugoslavia

Any type of incident becam may be used 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 (TiB,) 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/. 1. Rothenberg and R. Kely, Nuc. Instr. Meth. B 1 (1984) 291

/2/. M. Nenadovié, T. P. Miha¢ and Z. Lj. Rako&evi¢, Thin Soid Fims
218 (1992) 247

/3/. B. Gakovié T. Nenadovié, . Rakogevié, N. Bibi¢ S. Jovicevié,
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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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 1013
cm™? (for stellar plasma research) and 10*5— 10'8 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-
jevié, 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 (Puri¢ 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 I 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.E+15¢m-3

PERTURBERS ARE : ELECTRONS PROTONS
TRANSITION T(K) WIDTH(A)SHIFT(A) WIDTH(A)SHIFT(A)
55 - 5P 2500. 0.227E-02 0.326E-04 0.780E-03 -0.119E-03
4608.6 A 5000. 0.220E-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
5S - 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
58 - 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 - TP 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= 0.6TE+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
112444 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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PERTURBER DENSITY= 1.E+415cm-3

PERTURBERS ARE : ELECTRONS PROTONS
TRANSITION T(K) WIDTH(A)SHIFT(A) WIDTH(A)SHIFT(A)
5P - 7S 2500. 0.149 0.107 *0.308E-01 *0.247E-01
5971.7 A 5000. 0.161 0.118 0.346E-01 0.296E-01
C= 0.17E+18 10000. 0.166 0.114 0.389E-01 0.345E-01
20000. 0.170 0.969E-01 0.438E-01 0.397E-01
30000. 0.172 0.828E-01 0.470E-01 0.428E-01
50000. 0.172 0.666E-01 0.515E-01 0.471E-01
5P - 8S 2500. 0.450 0.299
5166.9 A 5000. 0.462 0.287
C= 0.32E+17 10000. 0.472 0.236 *0.125 *0.103
20000. 0.466 0.179 *0.141 *0.122
30000. 0.450 0.142 *0.152 *0.133
50000. 0.427 0.977E-01 *0.168 *0.147
6P - 7S 2500. 2.23 1.45 0.427 0.339
23011.7 A 5000. 2.55 1.56 0.478 0.405
C= 0.25E+19 10000. 2.79 1.51 0.536 0.471
20000. 3.00 1.28 0.603 0.541
30000. 3.09 1.11 0.647 0.584
50000. 3.12 0.900 0.710 0.641
6P - 8S 2500. 3.49 2.27
14380.1 A 5000. 3.63 2.08
C= 0.25E+18 10000. 3.78 1.56 *0.961 *0.792
20000. 3.80 1.10 *1.09 *0.935
30000. 3.69 0.861 *1.17 *1.02
50000. 3.52 0.524 *1.29 *1.13
5P - 5D 2500. 0.498E-01 -0.233E-01 0.107E-01 -0.717E-02
7675.2 A 5000. 0.516E-01 -0.162E-01 0.115E-01 -0.824E-02
C= 0.37E+18 10000. 0.564E-01 -0.988E-02 0.124E-01 -0.939E-02
20000. 0.582E-01 -0.530E-02 0.135E-01 -0.106E-01
30000. 0.590E-01 -0.366E-02 0.143E-01 -0.114E-01
50000. 0.600E-01 -0.242E-02 0.155E-01 -0.125E-01
5P - 6D 2500. 0.123 -0.666E-01 *0.282E-01 -0.200E-01
5544.9 A 5000. 0.129 -0.531E-01 0.310E-01 -0.239E-01
C= 0.60E+17 10000. 0.141 -0.350E-01 0.343E-01 -0.278E-01
20000. 0.150 -0.206E-01 0.383E-01 -0.319E-01
30000. 0.154 -0.129E-01 0.410E-01 -0.344E-01
50000. 0.158 -0.668E-02 0.451E-01 -0.378E-01
5P - 7D 2500. 0.124 -0.605E-01 *0.347E-01 -0.172E-01
4966.9 A 5000. 0.142 -0.490E-01 *0.365E-01 -0.206E-01
C= 0.77E+17 10000. 0.176 -0.317E-01 0.385E-01 -0.240E-01
20000. 0.213 -0.183E-01 0.410E-01 -0.276E-01
30000. 0.231 -0.118E-01 0.428E-01 -0.298E-01
50000. 0.252 -0.390E-02 0.454E-01 -0.327E-01
5P - 8D 2500. 0.236 -0.910E-01
4689.9 A 5000. 0.295 -0.594E-01 *0.667E-01 -0.360E-01
C= 0.40E+17 10000. 0.372 -0.382E-01 *0.706E-01 -0.428E-01
20000. 0.440 -0.166E-01 *0.749E-01 -0.497E-01
30000. 0.477 -0.750E-02 *0.778E-01 -0.539E-01
50000. 0.510 0.247E-02 0.820E-01 -0.595E-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 Dimitrijevié 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. Our results for 33 Sr I
multiplets, for perturber densities 10'® cm=2 (for stellar plasma research) and 1015
10'® em~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~2. 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.
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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 10?2 — 102" 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 : MgII (Dimitrijevi¢ & Sahal
Bréchot 1995b) PV (Dimitrijevié¢ & 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.
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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, MgII, AIIII, SiIV, PV, SVI, CIVII, ArVIII)
isoelectronic sequence it was found (Purié 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 1023 m~3 electron density, is of a form :

w = az?T~ /21" (rad/s). (1)

The upper-level ionization potential I (in eV) and the net core charge 2(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 :

. iz 14, 2p—1/27—1.59
WNalike = 1-91 x 1075277771 (rad/s) (2)
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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 ArVIII, 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 AIIIL,
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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
(wT''/2272) 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 4s?S-4p?P°
transition.

4. PREDICTIONS

On the basis of confirmed regularities of Stark HWHM values along the sodium-like
isoelectronic sequence, up to the five times ionized 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 TiXII. 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 45?5~ 4p?P° 165 0.5 0.0057 £ 25%
CaX 146 0.5 0.0041 =+ 25%
SeXI 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 1425.9 nm line (4s’
[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; Konjevié
and Roberts, 1976; Konjevié et al., 1984; Konjevi¢ 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 % Hj 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 is 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 10?2 m~? is determined from
the width of Balmer Hy 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 j4 r(x)
profile (Mijatovié 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, drmp, and
at the peak, dpp, 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,, w,,, and d,, are +
8-11 %, £+ 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/wt dmp dmh/dth dmp dmp/dtp
(102 m=%)  (K) (om) (nm) (nm)
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 07T 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/dip
are introduced together with our data in Figs. 1 and 2 respectively.
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Fig 2. The ratio of measured and theoretical shifts at the peak dyp/dip vs electron
temperature T.

In spite of the scatter of the ratios wy,/w; and dpm;/dsp 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 Hy 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 Hp line
profile. These experiments treated separately the peak of the profile (Helbig and Nick,
1981; Mijatovi¢ 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 Hp line shifts (Wiese et al., 1972, Mijatovi¢ et al., 1991).

Here we present experimental results of the asymmetry of the whole Hy 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 becanie 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 Mijatovi¢ et al., (1995).
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The electron densities in the range from 2 x 10?2 m=3 to 8 x 10%® m~3 were
determined from the Hp 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 Hp line (Griem, 1964).

3. RESULTS AND DISCUSSION

All recorded Hp 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 Hp 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 Hp profile. We also found a small
asymmetry increase of the profile in the presence of the magnetic field.
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g. 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 Hg 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 Hp line profile.

These results are in agreement with our previous results (Pavlov et. al., 1988;
Mijatovi¢ 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. KONJEVIC

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 TEMgjo 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 ym wide and 1mm 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

M1

AF
MICROWAVE
GENERATOR

I
e

B

g

[

Fig. 1. Schematic diagram of the experimental setup.

3. RESULTS AND DISCUSSION

Side-on measurements of line shapes of Hg 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 1/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
Hp 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 Hyg 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 2 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 (O2). 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.41, 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 aecrea, 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./1, 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.

121



Publ. Obs. Astron. Belgrade No. 53 (1996), 123

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 photomultiplyers 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 IVHAMVKK TPUIIOBEPXHOCTHOT'O
TLUTASMOOBPASOBAHYA ¥ ONTVYECKUE CBOWCTBA
9PO3VIOHHKX ILTASMEHHHX QAKEJOB IIPH
KBASVHEIPEPHBHOM JASEPHOM BO3IEWCTBYM
HA BUCMYTOBYK MIIEHB

JI.d.MIHBKO, B.M.HACOHOB

HHECTATYT MOJEKYJAPHON M aToMHO# QEHSHKH,
®.Crapnan 70, 220072 MmHck, DBexapycs

AHHOTalA, DKCIEDMMEHTAJIBHO M3yueHa IUHAMEKS [LIa—
3M000pa30BaHNuA NpY BO3MeficTBME B BO3NYXE Ha BHUC-
MyT KBA3MHENPEPHBHOI'O W3JIYUEHNS HEONUMOBOI'O JIa3e-—
pa (T~I,5 mc) mroTHOCTED MomHocTy g, =0,I-I0 MBr/
ol lloxazaHo, YTo B muamasoHe 2¢q¢ 4 MBT/c
I1a3Moo0pa30BanNe MMeeT HeyCTOHuMBHA XapaKTep.
YcranosneHo, uTO BosmefcTBEe mpa 9> 5 MBT/OMB BH-—
3HBAET [POCBETVIEHNE (aKesa W CHARKEHHE Er'0 DKpaHA-
pypuero neiicTBuA Ha MHUEHE,

HacTosmas padoTa MOCBAWEHA KOMILIEKCHOMY BKCIe-
PIMEHTAIEHOMY MCCJIELOBAKMD B3amMomeicTBms kBasn—
HEIIPEPHBHOIO JasepHoro uamyuyenms (X =I,06 MiM,
T~1,5 mMc) ¢ mmmeHpb #3 BucmyTa (Bl). MeTomamm
BHCOKOCKODPOCTHO# doTorpadum permcTpPEPOBAINCE PO
CTDPaHCTBEHHO~ BDEMEHHHE XapaKTEDUCTHKHA [TPUIOBEDX—
HOCTHOI'0 IJIA3MO0GPA30BaHNA, (OTOSIEKTDPAUYECKAM Me—
TONOM WM3MEDSUIMCE OTPAXEHNME M DACCESHME JA3EDPHOI'O
maxyuerns (JM), a Takke APKOCTHHE TEMIEPATYDH HO-
BEPXHOCTH MANEHI W JIA3EDHOr0 3PO3MOHHOIO ILIA3MEH-
moro gaxena (I3MQ) T, . Muwenmvu ciyRmm o6pasuy
¢ MEXQHWYECKHM NOJMpOBaHHO# IoBepxXHOCTEL (KODHHE-
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IIMEHT OTpaxeHus~ 67%). ILIOTHOCTH MOLHOCTH q M
B 30HE BO3neiicTBUA IuameTpom 3,5 MM E3MEHANACEH B
npenenax 0,I-I0 MBT/cM?, VccremoBasusa IPOBOLAIACE
B BO3Oyxe OpH aTMocPepHOM IaBJIEHNH,

Ha ocHoBe m3mMepeHuit pacceannsa JII ¥ BHCOKOCKO—
pocTHO# KmHOCBEMKE QopmupoBaHna JIIMQ ycTaHOBJEHO,
YTO HA XapaKTep NPMIOBEPXHOCTHOI'O ILIasMoo0pas3oBa-
HUf BJMSOT HE TOJBKO XMMHYECKE! cocTa®B MEUEHN,
Hamuyue B QaKese KOHIEHCHPOBAHHO#t IucrepcHo#ft ¢asu
(KI®), Ho u Bum mucrnepcHocTH dactmd (Mumpsko J.f.
¥ 1p., 1996). JKCIEPUMEHTH [MOKA3ajid, YTO NP pas—
pyuesns BL moxm meftcrsmem JIU BHOpacHBaemue B (a-
KeJ YaCTMIH MMEHNT MEJKONMCHOepCHH{ Bum. Meixomuc-—
IEPCHOCTH YaCTMII M OTHOCHUTEJBHO HU3KHUE TEpMOIUHA-
MIYECKME MapaMeTpH Bi ompemensoT coeumdmxy B3ap-
MomeficTeua JII ¢ vacTmIaME X QaKeJsioM, OHpeLeJAd
ero IMHaMUKy # B3amMoneiicTsue ¥ ¢ MREEHED B Le—
JoM. [lokasaHo, 4TO pa3BUTEE mapoBo#t fasH pakersa
B namexHo permcrTpupyercs yxe mpu q~0,I6 MBT/cM2.
JCTAHOBJIEHA 3aBHUCHMOCTH CKODOCTH IBHXEHUA (pPOHTA
naposoro gakesa oT q JiI, IIpr maveHeHuu Q, B Ana-—
nasoxHe 0,23-0,52 MBT/CM2 CKOPOCTE ()POHTA BO3pacTa-
7a B Opemesax 3-I55 m/c coorBeTcTBeHHO. IIoporosoe
3HAUEHHE Q, HAYAJBHOI'0 o0pasoBaHUA mIasMH Tep™
3400K) B aKCHmEpEMeHTax cocTaBmwio ~ 2,1 MBT/cM.
[IpE 3TOM IpM HE3KUX g, WIasMoo0pa30BaHUe HAUMHAET-
cid B ANpe IapoBOoro Qakesa y IOBEpPXHOCTH, & C yBe-
JAYEHREM Q HOOABIASTCA Ipyrafd KOHKYpHpybmas o0iacThb
asMooCpa3oBanya, Ha QPOHTE daKesa, KoTopas cTa—
HOBUTCH JIOMEHUDYWUEH! IpH Q> 5 MBT/CMé (Tq,,~ 7500K).
llpn neCombumx q JII (¢2 MBT/CMZ), Kor'Za QopMEpyeT—
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cA IapoBad CTpPydA, HU3KOIOPOrOBOr'O ILIa3smoodpa3oBa-—
HEA B (QaKesie Ha 3aKJOOYUTEJNBHOHR CTQUIUU JIA3EpPHOIO .
IMIIYJILCA, XapaKTepPHOr'o OOHYHO LJA CGoJiee TEeMIepaTy-
POCTOMKIX MaTepraJoB, B 9KcHoepmMmeHTax ¢ BL He Ha-
o6immanock. OOHapyxeHHadg OCOOEHHOCTE ¢ BL mpm Hus—
KEX Q, OGBACHAETCA OTCYTCTBUEM B (aKese OTHOCHTENb-
HO KpymHHX yactmy KI® (ol~0,5 mmM), cmocoCHHX Ha
nyTA Jydya "HapalaTHBAThL" LOCTATOYHO ILIOTHHN mOIvio-
maomuil caoil mapa. Hccanenosanus JOIQ B paccesgHHOM
CBeTe [IOKasaJ®, YTO TaKUe YaCTHUIH BHODACHBAKNTCH
3 30HH BO3meiicTema monx OOJMBUMMHA YIVISMA OTHOCHTEJIL
HO OCH JIa3epPHOI'0 JIyda U COCPELOTOYEHH B OCHOBHOM
B [IPUIOBEPXHOCTHON 0CJACTH 32 IpeLesaMi ILHaMeTpa
nATHA §OKYCHpPOBKU. JIMmNE npnty>4 MBT/cM® BClemcT-
BHE DanMaOWOHHOI'O Harpesa lepeusyyueHHOft sKeprmeii
faxesa KDYyIHHE YacCTMIH MHTEHCHBHO HUCHAPSIOTCH, ¥ B
IPAIOBEPXHOCTHON 00JaCTH pa3BUBAETCA MHTEHCUBHOE
CBEUYEHUE ILIa3MH. BHABJIEHO, YTO B IHANA30HE 2£0<4
MBr/cM® oGpasopanme miasvu B JOI B mveeT HEyC—
ToliuuBHI XxapakTep. [yJibcalny MHTEHCHEBHOCTH CBBYE—
HEf IIa3MH OLHOr'O0 BHIA KMEKNT [EPHUOL OOBTOPEHHUA
35-90 MKC M, KaK IIOKa3HBAET aHamM3 paccesHus JU,
CBA33aHH C HEPABHOMEDHOCTBEN BHHOCA BEU[ECTBA MHIEHA
U3 30HH Bo3helicTBhA. Hadimomaemue Iyascammm IPYLoro
BUIA MMEOT IeprHon 5-8 MKC U CBA3aHH, BEPOSAATHO, C
BHODOCOM OTIHEJBHHX [LIA3MEHHHX CILYCTKOB BCJEI-
CTBHE B3PHBOOCDPA3HOI'O0 UCOADEHNA U C AWCKPETHOCTHK
OOCTYIUIEHNA BeNEeCcTBa MUNEHM H3-3a HEOILHOPOI-
HOCTH TeIIOPM3NYECKEX CBOICTB MaTepHaia MHLEHH.
Ha IMCKPEeTHOCTE HOCTYIJIeHMs BemecTea B JIOI moryrT
BJMATE X BHCOKOUYACTOTHHE KOJeOaHWA MHTEHCHBHOCTH
J, Bcerma mMemue MECTO Ha ormbaplei peaybHOIO
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JIa38PHOI'0 MMOYJhCAa. YCTAHOBJIEHO, UTO IIpU KM3MEHE—
HOM q, B puanasone 2,I-5 MBT/cM® B oGmacTu ckauka
JILUIOTHEHNA B KBA3UCTAUMOHADHOM HEILOPaCUEpPEHHOM
Dakese IDapoB PEATM3YETCH CAMONOMEAIALLIACH OoTH—
YeCKHU# paspsan B 5po3uoHHOf miasve. Ha ocHoBe ana-—
JA38 NAaHHHX BHCOKOCKODPOCTHOfl KHHOCHEMKH Da3BHTHA
J3I® v m3yyenus oTpaxeHus JM B mpouecce BO3meiicT—
BUA YyCTAHOBJIEHO IPOTEKaHNE B (aKese DeaKIum rope—
HAA yacTHl Bi. B pesyipTaTe cropasns YacTHml Ha
IyTHA JIASEPHOT'O JIyya ¥ I'a30NMHAMUYECKOI'O pasJerTa
JO3IP monm meffcTBMEM BO3HEKANLETO [IDA 9TOM IaBJEHNAA
Qaxes OpocBeTIAETCH, BCJIELCTBUS YEI'O CHEKAETCH €I'0
SKpaHmpybluee NeficTBue Ha MuweESL. [IOMyUYEHHHE KOJH—
YECTBEHHHE TAHHHE O Ko3PduIimeHTax OTpaxeHWUs CBHA-
LeTeJIBCTBYOT, UTO BSHepreTuyeckue notepu JUI B JIMOD,
KIyu@e Ha HArpeB M paspyuerne yacTml KI®, pacces—
HZe, a TaK®e 3aTpPaTH, ONPeNesAeMHE DalUaIlOHEHMHI
OOTEePAMH, MOI'YT OHTH 3HAUMTEJHHEMU. B yCJIOBHAX
SKCIEPMMEHTOB IpX Bo3meicTBuz JIII MIOTHOCTBO MOWHO-
cte gq~0,94 MBT/CMz, KOI'la CHMJIBHO CKA3HBAETCHA 3K~
panupyouee neficTeue vacTul KIQ, sHepretuueckume
notepr B JOIQ npesumam 30%. C yBeJnMuyeHWEM g, IO
6,2 MBT/CMz S9TU NOTEPM CHWXAJNCHL B HECKONBKO pas.

JaTepaTypa

Mmreko JI.fl., Haconos B.U.: I996, XmM. ¢u3mKa.
T.I5, N3. C.1I4.
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OCOBEHHOCTH NK-U3JYYEHUS ITPHITOBEPXHOCTHBIX JIAZEPHBIX
TLUTABMEHHBIX OBPA3OBAHHI B PA3THYHBIX F'A3AX

J1.A.Munsko, A.H.Yymakos, B.B.Edppemon, H.A.bocak
HHCTHTYT MONEKYNSPHOA H aTOMHOMN GHIHKK AKaJIEMHH HayK Benapycu
npocnext ®.Ckopunnl 70, 220072 Munck, benapycs

Abstract. An experimental investigation was made of the radiative characteristics of
laser plasma formation near Al, In, Cd and Si 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.

U3MepeHMA MHIMKATPHC H OHCPIETHYECKOH CHIbI H3JIYYCHHS Ja3epHbIX
NPUIOBEPXHOCTHLIX IUIA3MeHHBX 06pa3oBaHHH (JIMIO) npH MOHOHMITYJIBCHOM
Jla3epHOM BO3NEHCTBHH BBLIABHIH CBA3b M3MTYYaTeIbHBIX XapaKTCpHCTHK JlasepHOH
wiasMsl co crpykrypoit JITIO u npoueccaMi ILIa3MOXHMHYECKOT0O B3aHMOJIeHCTBHA
nasepHoii IIa3Mul ¢ aTMocepHBIM rasoM (Yymakos H Ip., 1994). Brulo B 4aCTHOCTH
[I0Ka3aHo, YTO paclpejieieHHe ClleKTpabHOMH IUIOTHOCTH CHIBl M3JTy4eHHS JITIO na
KAJIMHeBOH MHILCHH MOXeT CHJIBHO OTJIHYaTbCA OT PaBHOBECHOrO TEILIOBOTO B
CleKTpaIbHOM HHTepBale oT 2 10 4 MkM. Eciiu ocHoBHOM NpHYHHOH HabmojaeMmol
HEpaBHOBECHOCTH ABJIAETCS IUIA3MOXHMHYECKOE B3AHMOICHCTBHE JiazepHOH IUIa3Mbl ©
OKPYXAIOIHM MHIlUEHb Ta30M, TO C YBelIHYeHHEM UTHTENbHOCTH BO3[IeACTBYIOLIHX
NAa3ePHBIX MMITyJAbCOB MoA0oOHbBE OTKIOHEHHA B XapaKTepe HCITyCKaHHA Jia3zepHOH
[U123MBI IOJKHB! YCHIIHBATBCA M, KPOME TOr0, 3aBHCETh OT BW/a aTMOCdepHOro rasa,
OKDY*AIOLIEro MHLUCHB.

Jins BuisSCHeHHS BIHAHMA OKPYXAKOLUEro MHIICHb raja Ha HalyHdaTeIbHbIC
xapakTepucTHkH JIIIO GbUTH npoBeleHbl UENCHANPABICHHBIE HCCICNO0BAHHA
Na3epHOTro BO3JAEHCTBHS B pexkHMme CBOGOJHON reHEpalMH Ha psil MAaTEpHAJIOB (Al,
In, Cd, Si ¥ Ip.) B pa3JIMYHbIX ra3ax HOpMaJIbHOH IUIOTHOCTH (BO3MIYX, a30T, aproH) H

B Bakyyme. B  oKcmepHMeHTax ObUI  HCIIOJNIb30BaH AWI:Nd-nazep ¢
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NMPOrpaMMHPYEeMBIM PekHMOM paboThl H IUIHTENIBHOCTLIO JIA3€PHON0 HMITY/Ibea ~ 200
MKC B pexaiMe csoGonHoii revepaumu (Edpemos u ap., 1992). DHeprus nasepHoro
H3Ty4YeHHs He mpesbliiana 0,5 JIx, a quaMmeTp nATHa oOMyYeHHS Ha MOBEPXHOCTH
MH1LLEHH cocTaBisut 200 MkM. TIpH 3ToM MakcHMaTbHas TUIOTHOCTb MoluHoctH JIK g
B naTHe oOmy4YeHHs He npesbliana 10 MBr/cMm?2. MHAHKaTPHCH H CHIA HITy4eHus
JIa3epHO# IUIa3Mbl H3MEPSUIHCh B fHana3oHe 0,3-4 MKM B OTHEeJLHBIX CHEKTPATbHBIX
HHTepBaJjiaX,  BbUIENAEMbIX  Y3IKOMOJOCHBIMH  (WIBTpPaMH, ¢  NOMOLIBIO
¢oToMeTpHuecKoit cHCTeMBbl cO CMeHHBIMH doTonpuemunkamu (OBY, doTommons 1
¢oTopesncTophl), OTKATHGPOBAHHBIMH C TNOMOUBIO 3ITAIOHHBIX H3NydaTenei.
DHeprHA M BpeMeHHas ¢oOpMa MMITYJIbCOB H3My4eHHS HMITYJIBhCOB H3MEpSIIHCh
CTAHIAPTHBLIMH (POTOMETPHYECKHMH METOJAMH.

OKCMEpHMEHTH B peXdMe  CBOGONHOM  reHepauuu  oGHapyXaulH
CYLIECTBEHHY10O 3aBHCHMOCTD H3TyueHHs JITIO (ocobenno 8 UK obnactu cnektpa) or
MaTepHana MHIeHH (cM. pHc.]1) H okpykalollero MHileHb rasa. Tak, ms KagMHeBolH
MHILIEHH TPH aTMOChEPHOM NaBJIeHHH Bo3ayXa Hanyyenue JITIO WIHTCs Ha NOPAIOK
JOJbIle JIHTEILHOCTH JIa3ePHOTO HMITY/ILCA M HMeeT IBa pa3jiefieHHBIX BO BpPeMeHH
MakcHMyMma (B uHTepBane 2-4 MkM). Kpome Toro, BTopoit MakcHMyM MMITyibca
maryyenns JIIIO, ¢opMHpyloUmACS 3HAYHTENBHO NMO3XKe OKOHYAHHA JIa3epHOro
HMITYJIbCA, MO aMIUTHTYQe MOXET 3HAYHTENBHO IPEBOCXOAHTh NMEepBBIA MaKCHMyM,
COBNA/Ia10ULH M0 BPEMEHH NOSBICHHA C JIa3epHBIM HMIyabcoM. Kak BHIHO M3 puc.2,
HHIHKATPHCHI HITYYeHHs TUIA3MBl B 3THX MaKCHMYMaXx Takxe pasiuuHbl. Tak, eciH
LA nepBoro MakcuMyma usnmydeHns JIIIO mnankaTpuca Haubonee CHMMETPHYHA H
GiM3Kka K KpPYyroBOH, To IS BTOPOro MakKCHMyMa WATyYeHHS Ja3epHOM IUIa3Mil
HHIHKaTPHCA HMEET BhIPA>KeHHBIH MaKCHMYM B HallpaBJIeHHH ~ 400,

Cmena arMocepHoro rasa B HauGosiblueH CTENeHH CKa3blBaeTcs Ha
BpeMeHHOH ¢opMe W aMIUIHTyIe uMmnynbea Watydenus JITTO. Tpu 3aMene BO3/(yXa
a30TOM, 16O aproHOM NpH aTMOCHEPHOM LaBJIEHHH MEPBLIH MAKCHMYM B HMITY/IhCe
uanydeHns JITIO nouTy He M3MeHseTcs, TOrAa Kak BTOPOi NPONA/aeT, a Ha ero MecTe
06Hapy*HBaeTCH JTHIIbL CHIBHO PAaCTAHYTHIH BO BpeMeHH "XBocT" NEPBOTO HMITYJIbCA
(puc. 3). IIpH NOHMXKEHHH KaBNeHHS BO3AYXa B KaMepe ¢ MHILEHbIO no 102 Topp
BTOPO#H MaKCHMYyM B HMITyJbce HManydeHHs JIIIO nponanaer, a Takke yMeHbLIAeTCR
aMIUIHTYZa NepBOro MakcHMyMa (puc. 3). HameHeHHs BpeMeHHOH (opMbl H
aMIUTHTYJIHl HMITY/IbCR H3NYYeHHA Na3epHOH IUla3Mbl B 3aBHCHMOCTH OT polia

aTMocepHOro rasa H ero JaBjieHns HaGIIoNalTes H IUIA JPYTHX MHLUeHeH (Al Si,
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In), onHako B cHeKTpaybHOM HHTepBalle 2 - 4 MKM OHH MEHee BhIPaeHbl.

Takum o6pasoM noka3aHo, 9TO NPH MajbX pa3sMepax Jia3epHBIX IISTEH
obnydenns (d<200 MKM) HHIHKATPHCH H CHIA M3TydeHHA NasepHol mnasmm B UK
00yacTH CrleKTpa CYILUECTBEHHO 3aBHCAT OT MaTepHala MHILEHH M pona
aTMochepHoro rasa. Hanyuatensusie XapaKTepHCTHKH Jia3epHbIX
11a3M006pa3soBaHuii 3aBHCAT OT HX CTPYKTYPH M MPOLECCOB IUIa3MOXHMHYECKOTO
B3AHMOJICHCTBHS  JlasepHOH IwasMbl ¢ aTtMocepHsiM rasom. Ilpu  3ToM
cneuHdHIeckHM BHIGOPOM MaTepHasla MUILIEHH H COOTBETCTBYIOILCH ra30Boi cpelnl
(kaIMMI-BO3IYX) MOXeT ObITb MHOIOKPAaTHO YBEJIHMeHa HTEHCHBHOCTD H3ITy4eHHs

JIa3epHBIX IUTa3MeHHBIX 06pa3oBaHHI.

Puc. 1. OciwutorpaMMbl MATyYeHMS TUIa3MeHHBIX obpaszoBaHHii (AL = 2-4 MKM ) npu
Na3epPHOM BO3IECHCTBMH Ha WHOMH (a), kpeMHMi (6) W kaaMuii (8) B BO3myXe
aTMocepHoro nasieHus (q = 6 MBt/cM2).
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Puc. 2. MnIMKaTpHCHl M3TydeHMs IUIa3MeHHOro o6pa3oBaHHA NpH JIa3epHOM
BO3JCHCTBHM Ha KaAMHHl B Bo3XyXe aTtMmochepHoro naamieHus (1 - B mepsom

MaKCHMyMe HMITYThCa H3ITydeHHs, 2 - BO BTOPOM).

Puc. 3. OcupuuiorpaMmbi  H3NMyueHHs IUla3MeHHBIX o6Gpasosanmii (1-4) mpH
BO3JCHCTBHM JIa3epHOIo H3TydeHHA (5) Ha kanamuit B Boanyxe (1,3) W azoTe (2)
aTMocepHOro XaBJIeHHS H B BakyyMe (4) npu q = 10 MBr/cm2.

JIUTEPATYPA
Edpemos B.B., Touren H.A., Yymakos A.H., Illuenox 10.D.: 1992, IIpuGopur n
TeXHHKa JKcnepHMenTa, N 4, 179-183.
Yymaxos A.H., Edpemos B.B.,, Bocak H.A., Munbko JI.A, Yusers I0.A.
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HCIIOJIB30OBAHHUE ITOIIEPEYHOTI'O BY BO3bYXK-
JTEHUSA 1] CO3TAHUSA I'A3OBBIX JIASEPOB

JI.H.OPJIOB, 0.JI.TAVKO, B.B.HEBIAX, 1. U.HEKPAILIEBHUY
Hncturyr ¢usuxu AHBenapycu, 220600 Munck, np.®.CxapuHzl, 68

AnnoTtauns. PaccMoTpeHHI 0cOo6eHHOCTH IUia3Mbl eMKocTHoro BY
paspsa B LIEJEBRIX 3a30pax IUIaHApHOM M KOaKCHANbHOM reo-
METPUM IPUMEHUTEIBHO K MpobieMe CO3MaHMsl ra3opaspsil-
HBIX J1a3¢pOB M ONMMCAHBI BApUAHTHL paspaboraHHsx B M@
AHB CO2 nasepos.

Hssectno (Paiizep u mp., 1995; Hall, Hill, 1987), yto 1ipx co3maHuu
ra30BBIX JIA3€POB MOMNEPEYHBIN BEICOKOYACTOTHRIM €MKOCTHOM pa3psl
(IIBYEP) obnamaeT LEJBIM PSAOM CYLIECTBEHHBIX IMPEUMYILECTB I10
CPaBHEHMIO C JOPYTMMM THUIIAaMM Dpa3psiioB @ MaJble IIONEPEYHBIC
pa3sMepbl M OTCYTCTBME KaTOMHOIro IMaJeHMs IIOoTeHLMala obecrie-
YMBAIOT MaloCTh paboyero HarpsoKeHMS M peaaus3aliio OoJbLIoro
Ko3dduumeHTa yclwieHsI B BOJIJHOBOTHOM PEXHMME; ITOJOXUTEIbHAA
BOJIBT-aMITEpHAsl XapaKTepUCTMKAa U BBEICOKasi 4acTOTa BO30OYXICHUSA
MO3BOJISIIOT paboTaTh 6€3 aKTHMBHBIX Oa/UTACTHBIX COIMPOTHUBICHUN U
JOTIOJHUTENBHEIX TIOTePh 3HEPTUH,3XKMTaTh U ITIONIEPXKUBATH pa3psil
C BHELIHMMU 3JEKTPOJaMU B ITOJHOCTBIO IMANIEKTPUYECKOM Karmi-
nsipe (T.e. 6e3 HarpeBaeMBIX M pAacCIbUISEMBIX 3JIEMEHTOB B TPYOKe,
YTO CYILECTBEHHO ITOBHILAET OOJIFOBEYHOCTh MPUOOPOB B OTIMAsH-
HOM pexXuMe paboThl); Ha BBICOKMX YacTOTax CHWXaeTcsd poJb
OOJIBIIIMHCTBA TUIa3MEHHBIX HEYCTOMYMBOCTEM, YTO MPUBOIUT K BO3-
MOXHOCTH BO30yXIeHMs1 OonplMx oObeMOB raza 6e3 cTpaTugu-
KalMyd paspsiia. DTO ITO3BOJISIET CO3[aBaTb KOMIIAKTHHIE JIa3epHBIC
YCTPOMCTBA C YIYYIIEHHBIMH SHEPreTHYeCKMMH XapaKTepPHUCTHKaMH,
JOCTATOYHO IPOCThIE B U3rOTOBJIIEHUM M 3KCIUTyaTalluu.

OnHaxko VIS pealu3alMy 3THX [IPEeUMYIIECTB CIEIyeT PELIUTh LEIbIH
psaO 3amady, B TOM 4Hcle cBA3aHHBIX ¢ rurasMmoii [IBYEP: Heobxo-
IUMO ONpPENEIUTh YCIOBUS 3aKUTaHUSA M MOLNEPXAHUS OIHOPOIHOW
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IUIa3Mbl B Y3KMX LUEJEBBIX 3a30pax IUIAHApHOM TIeOMETPHHM WIK
MeXIy NOBYMS KOaKCHAJIBHBIMH LIWIMHIPWYECKHMM 3JIEKTPOJaMU, a
TaKXKe IPH HCIIONb30BaHMM MHOIOKAHAJIbHBIX aKTHMBHBIX 3JIEMEHTOB,
CO3MaTh YCTPOMCTBA ML HawiIy4llero corjacosaHus BY remepartopa
C TaKUMH paspsOHBIMU [IPOMEXYTKAMU, HCCIEOOBaTH 3aKOHOME-
PHOCTH Ilepexola OT a- K y- ¢a3e pa3psna, HATH ONTUMAJIbHBIC
YCJIOBUST BO3OYXIEHUS JIA3ePHEIX aKTUBHBIX CPEI.

C ucrnone3oBaHMEM MeTona Tpo3payHoro anekrpona (OpnoB W Ip.,
1992) mamMu mpoBeneHO McceTOBaHMe ONMTHKO-(PU3NYECKMX XapaKTe-
PUCTHK CBEYEHMS pa3psiia NPU MCIONB30BAHMM pas3psaOHbIX 0OBEMOB
PATUYHBIX Pa3MEPOB M TeOMETPHUM (BKJIIOYAsA OOHOPOOHBIE U CTY-
IeH4YaTsle IUTaHApHEBIE, LIWIHMHAPHUYECKHUE, KOMbLIEBEIEe KOAKCHUABHEIE
3a30pHl, a TAKXX€ MHOIO3JIEMEHTHBIE CUCTEMBI C INOJHOCTBIO M30JIM-
POBaHHBIMU JTH60 coOOIIAIOIIMMUCSA Pa3PATIHBEIMU [POMEXYTKAMU) B
PAa3TUYHBIX Tra3ax Ipd YacroTax Bo3OyxmeHus 40 u 120 Ml
IIpakTyyecku WISt MOOBIX reOMETPHIl pa3psiga M COCTaBOB ra3a IpHU
OABJIEHUSIX OT €OMHULL IO NecATKOB Topp yaaBamoch peajM3oBaTh o.-
¢azy I[IBYEP. B 3toM cioyyae pacnpelelleHMe HHTEHCHBHOCTH
UITYYEHHUA T10 CEYEHHUIO Pa3psSIHOro IIPOMEXYTKa HMEJIO JOCTATOYHO
OIHOPOJHYIO IIPUOCEBYID 00JIaCTh, IO CBOMM XapaKTepHUCTHKAaM
ITONOOHYI0 ITONIOXHMTEIBHOMY CTOJIOY T/CIOLIEro paspsia ITOCTOSH-
HOro TOKa, M [Ba OTHEJICHHBIX OT 3JIEKTPOHOB TEMHBIMH IIpOMeE-
XyTKaMH{ MaKCHUMyMa MHTEHCHMBHOCTHM, CBA3aHHBIX ¢ 00JaCTbIO
IIOJIOXUTEJIBHOTO ITPOCTPaHCTBEHHOrO 3apsiga. [lo Mepe yBenmueHus
BBOOMMOM B paspag BY MoiuHocTH, cBeyeHME, BO3HMKAIOILEE
[ICPBOHAYJIEHO JIMIIB BOJM3U LEeHTpa 2JMeKTpoma (WIM TOJBKO B
ONHOM Y3KOM KaHase), IMOCTENEHHO 3aMOoJIHSIO BeCh pa3psiIHBIN
npoMexXyToK. IIpH 3TOM OTHOCHTENBHO MajoMmy BodpacTaHHo BY
HaIpsCKCHUS COOTBETCTBOBANO 3HAYUTE/NBHOE YBEJIMYEHME TOKA pas-
pana.

Ilpy nanpHeiireM yBeqMYeHMM MPUKIAABIBAEMOTO HAIIPSDKEHUS Ha-
CTyNaJl JIOKATbHBIN MPoOoi (Kak IMpaBwiIo, BOIMU3M TOPLEBBEIX OKOH
160 naTpyOKOB OTKayKM WIM BBOAA Ia3a), ¢ JaIbHEHIIMM Iepexo-
OOM K HeXE/IaTeNbHOH NpHU CO3NaHUM JIa3epOB CHWILHOTOYHOM Y-
¢ase paspsia WIM K ee COCYIIECTBOBAHMIO € a- ¢azoit. Kak npasu-
Jio, npy  paBieHUAX rasa 5 - 20 Topp ¥ DOCTaTOYHO CHMMMETPUYHOM
¢dopMe paspsaHOro npomMexyrka o- (aza 6bUta Haubosee yCTONYM-
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BOif BO BCEM IMANa3oHe MOIIHOCTEH MCIOIb3yeMBIX UCTOYHMKOB BY
HaITpsDKCHMSA.

[To Mepe mnepeMelleHUsT BIONb NIEKTPOIOB (opMa IOMEPEYHOro
pacrpeneNeHUsl HHTEHCHBHOCTH OCTAa€TCS HEM3MEHHOM, HO MHTErpa-
JIbHAs WMHTEHCHUBHOCTH MOHOTOHHO IaJaeT OT TOYKHM IMPUIOXEHHUA
Mot K KpasiM 3JIeKTpola; Moabupas corjacyioume MHIYKTMBHOCTH
M MecTa KX BKJIIOYEHHS ITapaUIEIbHO pa3pATHOMY MNPOMEXYTKY,
yIaeTcsi BHIDOBHATH pacrnpeleleHUe MHTEHCUBHOCTH Ha JUIMHax IO
30 cM (ipu yacrore Bo3GyxaeHus 100 MI') ¢ HEOMHOPOIHOCTAMU
MeHee 5 %.

OrpeneNieHHblE TPYOHOCTH € 3Gh¢EeKTHBHLIM  BBENCHUEM BY
MOIIIHOCTH B AKTUBHBIE 3JIEMEHTHl Pa3IMYHOM IeOMETPUM CBA3aHBI
Kak C Heob6XOMMMOCTBIO COTNIACOBAHMS BOJHOBBIX CONMPOTUBIICHHI
BY reneparopa ¥ aKTUBHOTO 3JI€EMEHTa, TaK M C TEM, YTO II€pBOHa-
YaJIbHO YUCTO €MKOCTHON MMIIeJaHC aKTUBHOIO 3JIEMECHTa IIOCIE
3KUTAHUS pa3psiia U3MeHsIeTcsl, ITOSIBJISIETCA aKTHBHas COCTaBJLAIO-
wasa. Paspaborannble y Hac comiacyioume LC -memodyku obnamaioT
GONBIIMM IUHAMMYECKHMM IMAMa30HOM M IO3BOJIIIOT MOICTPOMKOM
BEJIMYMHBLI €MKOCTH OCYILIECTBUTH ONTUMAJIbHOE COIJIaCOBaHUWE A
BEJIMYMH COTIPOTHBICHUS paspsiaa B avamasoHe o 100 mo 1500 Om.
Jns yno6cTBa KCIUTyaTalldi CepMITHBIX MPUOOPOB CliedyeT MCIONb-
30BaTh boJiee CI0XHBIE CHCTEMBI aBTOCOIIACOBAHMSI.

B npuHimie, noixydeHHas uHbopMaums o mapamerpax I[IBYEP
MOXET OBITH HCITIOJIB30BaHA IpU pa3paboTke M CO3MaHMM Ta30BBIX
J1a3€pOB C PA3IMYHBIMU aKTUBHBIMM BELIECTBAMM; B 3aBMCHMOCTH OT
UX Ha3HayeHus1, MOryT OBITb MCHOJIB30BaHBI CaMble pa3IMYHbIC
KOH(UIypallMi aKTUBHBIX 3JIEMEHTOB M PpE30OHATOPOB - CM.,
HanpuMep (Opnos M ap., 1993). B wacrHocTH, HamMH paspaboTaHo U
MCCJIEOBaHO HECKOJBKMX BapuaHToB ManorabaputHeix CO2 asepos
MOBBLILICHHOA MOIIHOCTH. BBUIM co3maHbl 2 MakeTa IUIaHapHBIX
BOJIHOBOJHBIX JIA3€POB C TPEX3e€PKAIBHBIM MHOTOIPOXOMHBIM yCTOM-
YHUBBIM pPE30HATOPOM :  Jiadep A - ¢ BO3IYLIHBIM OXJIAXICHUEM
OIHOTO M3 O3JEKTPOJOB M 7-MU I[IPOXOAHBIM pPE30OHATOPOM, C
rabapuTaMy paspsIHOro mnpomexyrka 3 x 120 x 160 MM,
obecreyMBaOIMII MOIHOCTh FeHepauMu Oo 5 BT B HeNpepbIBHOM
pexuMe MpH dactoTe Bo3byxneHus 40 Mru; nasep B - ¢ BOISIHBIM
OXJTAXIEHWEM IBYX IUIOCKMX ATIOMMHHEBBIX 3JEKTPOIOB, 3-X
MPOXOOHBIM pe3oHaTopoM, rabapuramu 2,5 x 150 x 180 MM,
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yacToToil Bo3OyxmeHus 100 MI'L M MOWIHOCTBIO reHEpaLMU B
HenpepbIBHOM pexuMe 1o 30 Br. B oboux ciydasgx ucronb3oBanach
pabouast cmecb CO2: N2: He : Xe B coorHomenuu 1 : 2 : 5 ; 0,02
IpH MOJHOM naBneHu 25 - 30 Topp; BBIXOXHOM ITy4oK B GIIDKHE
30H€ HMMEJI pasMephl 2 X 7 MM M cocrosul M3 6 - 7 4acTM4YHO
MEePEKPBIBAIOIIMXCS I1apa/UTEIbHBIX JIy4el; IIpY 3TOM B JaJbHEH 30HE
pacrpeie/ieHie MHTEHCUBHOCTM OBUIO ITOYTH TayCCOBHIM M HMEJO
OIMH MaKCHMYM.

Paspaboran taikcke CO:2 Jlasep KOAKCHAJIBHOIO TWUIIA MOIIHOCTBIO
redepaimd oo 95 Br npu mmamerpe 160 MM, mmue 500 MM M
IIMpHUHE KOJbLEBoro 3asopa 10 MM; ycTOHYUMBEIM pe3oHaTop
00pa3oBaH B 3TOM CJy4ae KOJBLEBHIM HENPO3PayHBIM 3€PKATOM U
OTpaXaTejieM, 00pa30BaHHBEIM LIECTHIO 3epKallaMH, OJHO M3 KOTOPBIX
ITOJTYTNIPO3paYyHO; IBAa BBEIXOJHBIX ITyYKa OOBEIUHSIOTCH CIIELMAILHBIM
YCTPONCTBOM B OOWMHA MyYO0K ¢ MPaKTMYECKHM TayCCOBBIM
pacrpeneieHieM MHTCHCUBHOCTH B JanbHel 3oHe. Ilpenmonaraercy,
YTO pa3paboTaHHBlE NPUOOPEI, MCIONBL3OBAHHBIE B HUX CXEMHBIE
pewreHua 1 Meton IIBYEP - Bo36GyxneHHs MOTYT CIIy>XUTh OCHOBOM
IUISL CO3MAaHMsA THUIOpsina NasepHLIX cucTeM cpemHero MK muamazona
C MOUIHOCTBIO reHepatiid ot 1 go 1500 Br.
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OB OCOBEHHOCTAX BO3BY>KAEHU S YACTHLL B
BEICOKOYACTOTHOM EMKOCTHOM PA3PSIJIE

JLH.OPJIOB', 1II. am» XABAT?
! Macraryr ¢pmyma AH Benapyca, 220600 Muncx, np.Cxaprezs, 68, Eenapycs
? Atomic Energy Commission of Syria, Damascus, P.o. Box 6091, SAR

3HauYHTEILHBIN HHTEpeC, NposBiIIeMbii B nocaemare roagsl (Hall e.a., 1987;
Paitzep u ap.,1995) x HccuenOBaHMIO BHICOKOYACTOTHOTO €MKOCTHOrO pa3s-
paxa (BUEP), cBa3a4 B NEPBYIO OYEPEb C BO3MOAKHOCTBIO CO3MAHMI HOBBIX
KOMITAKTHBIX H BBICOKO3}()EXTHBHBIX HCTOYHHKOB cBera. [IpH pa3spaborie
TaKHX CHCTEM OCHOBHAS MpobileMa COCTOMT B pacdeTe HHTCHCHBHOCTH pas3-
JHMYHEIX CINEKTPAJLHBIX JIHHHH HCHOIB3yeMbIX ra3oB. Clexys METOIMKE,
paseuTOoli B.A.®abpukanToM (1940) v orygas THACIOmMEro paspsaga
nocrogaHoro tToxa (TPIIT), mpH H3BecTHHIX QYHKIMH paCIIpEHEICHHS
3JIEKTPOHOB I10 HEPrHAM B paspsie (PP33J) m TeMmeparype 37I€KTPOHOB
Te, 3Ha® ceucHng BO3OYXACHHS PA3IHIHBIX YPOBHEH, MOXXHO PACCUMTATH
HX HACCIICHHOCTH, a N0 H3BECTHLIM CHJIAM OCIIJDISTOPOB - HHTCHCHBHOCTH
PAa3JIMYHBIX IEPEXOIOB.

Ilo cBonmM onrHaecKHM xapakTepHcTHKaM BUEP noxo6ex TPIIT, HO mMeeT
CYIIECTBEHHEIE OTIHYIHSA No BHAY PP3D. B nameit pabore (OpmoB H mp,
1993) noxa3saHo, YTO IIPH IMPOH3BOIBLHON YACTOTE @ MPHIIOKECHHOIO IO
OP33 npencrasnger coboilf HEMaKCBEIDIOBCKYIO ¢ YHKIMMIO, COCTOSINYIO H3

OCHOBHOH omHOpoONHOH YacTH f X OIpeNeNIeMOH COyIAPEHHIMH 3JIEKTPO-
HOB ¢ OECCTPYKTYPHBLIMH YACTHIIAMHM, H HCOMHOPOIHOM WACTH, 3aBHCSIMICH
OT KOHKPETHOI'O BHIA CCYCHHH HEYNPYTHX CTOIKHOBEHHI 3JIEKTPOHOB C
YACTHIIAMH ra3a H OpHBOAfINEH K rayboxum “mposanaM” Bo QOPI3

(rampuMep, mig moxexyn CO2 - B obmactu s3Hepruif 3-5 3B). Hcnoms3ys
PAa3sIOXEHHE HHTEIPAIA CTONMKHOBEHHH B pAMl, MOXHO AINNPOKCHMHPOBATH

ymcanmo f , B BUIC CITCXIYIOMIETO BHIDAKCHHS:

@&

el
e WX | 27KkT
; x). 3 g = (2 j-3)a 1) .
W@, B
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S eEyA z’ _m (a)A)z, €

kT %T P

m, € H A - Macca, SHEPrUg H [UIHHA cBobomHoro npobera smexTpona, M -
Macca 9acTHIBI rasa.
B mByx nmpenembHBIX crydasx 5Ta 9actb PO cBOAHTCS K H3BECTHBLIM

¢ymxamam:npu ) —0 oHa nepexomuT B pyHxmro [{proBecTeiina BHIa

f.= Ae exp(- aoez), a IpH ¢)—> o0 - 6mi3ka X PyHximH Maxcseiia.

IIpn o6braHO Hemomb3yembix JuIt Bo3Oyxmenns BUEP wgacrorax 1 - 200
Mru oo cpasHenmio ¢ PIIT, ©PO0O obnanmaer 3HaUHTENLHBIM H3OBITKOM
SJIEKTPOHOB ¢ 3HEPruaMH 0,5 - 2 3B u ceemme 10 3B u, crenosaremsHo, obec-
neaHBaroT bonee BBICOKYIO 3PPEeKTHBHOCTE BO3OYKIeHMS NHOO HIDKHHX
KOJICOATENLHBIX YPOBHEH MOJIEKYJ, MHOO XOCTATOYHO BBICOKO JICIKAIMHX
3NEKTPOHHEBIX YPOBHEH, HAITPHMEDP B HHEPTHBIX ra3ax.

B moxiane mpHBeAeHbI PE3YILTATHI YHCIIEHHOTO MOICIHPOBAHHS AKTHBHBIX
CPeX pAAa NMEPCIEKTHBHBIX Na3epHBIX cHcTeM ¢ BUEP- Bo30yxumenwnem, B
MEPBYIO ouepeah- BoaHOBOMHEIX CO2 u He-Ne azepos, ¢ HConb30BaHHEM
JAHHBIX O CCYCHHIX PAIIMIHBIX IPOLIECCOB H3 KHHIH (Opmos. 1991) u o
napaMerpax BY rurasuel- u3 xuuru (Paiizep u xp., 1995). Ilokasano, gro
ONTHMAIbHOE HCIIOIB30BaHHE TAKOI'0 BO30Y)KICHHS ITO3BOISET CO3MATH
KOMIAKTHbIE H BecbMa 3$EeKTHBHBIC a3ephl ¢ IUIAHAPHOH, KOAKCHATLHORH
WIH MHOTO3JIEMEHTHOH reOMeTpHeH aKTHBHBIX cpelbl. BO3MOXHOCTE OTHO-
pomHoro Bo3dyxnaeHHs BUEP B 60mbmoM o6beMe ra3a IIpH CyImecTBEHHOM
OBBIMIEHHH CBETOOTAAYH ITO3BONMET pa3paboTaTh HOBBIM KJIACC HCTOYHH-
KOB CBETA THNA CBETOBBIX Ta0llO, B TOM 4HCIE - C YIIPABISEMBIMH
IIPOCTPAHCTBEHHEIMH XAPAKTCPHCTHKAMH H3Ty4eHHS.
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STARK BROADENING OF Kr II SPECTRAL LINES

L. &. POPOVIC and M. S. DIMITRIJEVIC
Astronomical Observatory, Volgina 7, 11050 Belgrade
E-mail Ipopovic@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 IT 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, Puri¢ 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 Konjevi¢ 1980), due to the complexity of Kr
1I spectrum, calculations were performed as in Popovié¢ and Dimitrijevi¢ (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 IL

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 Dimitrijevi¢ 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 (wi, — 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 10%3m=—3.

| Transition [A (nm) [T (1000 K) [wm (nm) [wes (nm) | wpn/win | Rel. |

B5siP —5p75° | 4145 14.5 0.030 0.0259 1.16 | (BDR)
5s*P —5pP° | 473.9 11.0 0.049 0.0361 1.36 (L)
12.0 0.029 0.0361 0.80 (B)

11.5 0.040 0.0353 113 | (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)

145 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)

17.4 0.025 0.0283 0.87 (VS)

465.89 11.0 0.045 0.0346 1.30 (L)

11.5 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 fesy (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)

17.4 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)

5sP — 5p*D° | 429.29 11.0 0.030 0.0284 1.06 (L)
14.5 0.038 0.0244 156 | (BDR)
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Table 1, continued

[ Transition | A (nm) | T (1000 K) [ wm (nm) | wip (nm) | wp/wen | 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 1.34 (UK)
11.9 0.038 0.0289 1.32 (UK)
12.5 0.039 0.0282 1.38 (UK)
12.75 0.038 0.0279 1.37 (UK)
14.5 0.046 0.0258 1.78 (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 0.94 (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. MILOSAVLIEVIC 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 Mgll 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; Dimitrijevié and Sahal-Bréchot, 1995b] has been
used here to demonstrate the existence of Stark widths and shifts data regularities
within several Mgl and MglI 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-us, 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 [Purié 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 y
is the corresponding upper level ionization potential expressed in eV. Coefficicnts A
and b depend on temperature and electron density but are independent 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
lonization potential x.
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MEASURED STARK PARAMETERS OF
THE Ni I 397.356 nm SPECTRAL LINE

A. SRECKOVIC, S. BUKVIC and S. DJENIZE
Faculty of Physics, University of Belgrade, P.0.B. 368, Belgrade, Yugoslavia

Abstract. Stark width and shift of Nil 397.356 nm spectral line, originating from alD -
23 PY (31) multiplet of 3d°(a’D)ds — 3d®(a?D)4p transition array, have been measured for

the electron density range of 1.8 x 10?3 — 4.2 x 102 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
Nill 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 Nil 397.356 nm spec-
tral line, originating from a'D — z*P° (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 mm. d. and effective plasma
length of 80 mm. Both electrodes are made of nickel and iron (98% Ni + 2% Te). 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 ps, 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)x10%
m 3, within +8% accuracy. Temporal evolution of electron temperature (T) and
electron density (N) in the decaying plasma are given in Fig. 1.

e kg
8 &
el 1F
z —— -~ . ..
40} 140
30r 130
20 420
10 e —Electron Temperature Bl
o—Electron Density
=L i i | 1

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 Djenie 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 ps after the beginning
of a discharge. Experimental error in evaluation of the measured Stark FWHM (wm)
was +15%, at given electron temperatute and density.
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1.0 FN=1.75x102 m3,
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Fig. 2. NiI 397.356 nm line profil at T=43 000 K and N=1.75 x 10** m~3 :
® - 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 (d.,) 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 10~! nm) and dy, (in 107! nm) of investigated 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, at the given T (in 10* K) and N (in 102 m~3) are
presented in Table 1.
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Table 1. Measured Stark FWHM (wy, in 10~! nm) and shift (d, in 10~! nm) values
for Nil 397.356 nm spectral line, at given electron temperature (T in 10* K) and
electron density (N in 10?® m~3). A positive shift is toward the red.

T (10%* K) N (102 m~3) wm (107! nm) dp (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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KOD#S$HIIHEHTH H3JIYYEHHA IIJIASMEI BOIOPOIA
BBJIM3H IIOPOT'OB CIIEKTPAJILHEIX CEPHH

K. JI. CTEIIAHOB, JI. K. CTAHYHII
HucraryT renzo— u Maccoobuens AHB, 220072, Murcx, Bposxu 15, Bexapycs

Amnorarmrs. TlpuBexemil pacueTH BBOXIOIEHN CUEXTPOBR RIXYJEHHS BOXOpPoxmol
nXasME BGEM3R mopora GaxbMepoBckol cepuE NP NOBLIIEEME BXekTpOREOM
xoHUenTpAImE. JlaeTCH CONOCTABNEENE BECICPEMCETANLHLX MAHHEIX M pacde-
TOB B IMPOKOM AWANAIOHE NAPAMETPOB IAASMEL

a- 1. BBEIEHHE

CnexTparxiELe XMEME BOAOPOAA UPH NPHONMMEENH K I'DANNNE CEDHR CT2-
HOBATCHE BCe GoXee NMPOKMMHN, NEPEXPHBAIOTCE H IOCTENEHHO NEPEXOAEAT B KOR-
TuEyyM. IIpH MAXHX DapaMeTPAX HEMXEANLEOCTH CXMSHNE BLICIIMX WXEHOB Ce-
pudt onpenexser xaxynpuiics cARAr MPAHEIE PeXOMOHEAIME B JARHEEOBOXHOBYIO
obxacTh. C POCTOM HEeMEEANLHOCTH OGNACTh BNHSHHS €€ OKRSLIBASTCH CORSMeE-
pumott ¢ nporaxenEocTEIO cepuu. CymecTByeT XBe OCHOBHLIE RUOTEIH 06 BBO-
NIOIMH CIeXTPS C YBEXMUEHNHeM NapaMeTpa HeHXeaNrNocTH. Corzacmo mepsoil
(Bu6epumar, I'yposxd, CesacTeamenxo) (npummen cunexrpockomdeckolf ycroli-
YHBOCTH) POCT MMXDOUOXA BHSHBAET YIIMpENHe M CXHJENe ¥HENi B XBASHKOE-
THEYYM, KOTOpLI NepeXoART B HCTHENLIL KOERTHEYYM C COXPAHECHREM NIOTHOCTH
cux ocrarxaTopos. Corxaczo xpyroif runorese (KoGser, Kypuxemxos, Vujnovié)
RCKAMeEHe BEYTPRATOMEONO NOTCHIKANE B MEKPONONE INASML NPEBOXMT X He-
peanusamuu pepyEuy yponmEeld aroma n6xmsu nopore goropexoMbunammm. Ilpm
®TOM PACHpCHCNEHNE METEHCHBEOCTH BEIMIM mopora EMmeer nposax. Hume npa-
BOXMTCHE CPABHEGHNE OUHTHHX XAHFLX C PeSyXLTATAMH PACYETOB IO BTHM ABYM
MOJeXAM BEMSNWS MEXPONONS NNASMLI Ea ee OnTHHeckue coiicTpa.

2. TEOPHA

Bo PO BHEmIHEM BEEXTPHUECKOM NOXE BOSMOMEH Ipomecc croETamEolf mo-
ERsarmm aToMa (aBromommsamua). IIp® BTOM DACNAX COCTOMEMA M EAET LO
JBYM XANAXAM: DPANEAIBOKELI NepexoX Ha HMKERK ypoBent ® X Gesusxyusrexs-
mut noxGaprepmudt nepexon. Komxypemmue eTEX nmponeccos Bexer x ocxabxe-
HED cuexTparsEol mumum c xoeddEmEenTOoM ocXalxeNmHd NPONOPHHOKLNLHEIM
Ans/(Ams + Sm(F)). Korxs sexuamna Sp(F) oxaxercs ~ 1034,,,, cuexrpams-
Hasd NHHES McuesaeT. Ecxu npm oToM S (F) < 1, cnpaBexaupa TEOPHE BOIMY-
merudt, ¥ sHepreTuvecxuit ypopers xpasucrammoraper. C pocrou noxs Se(F)
BOSPACTAET M NPOMCXONKT o6pesanne yporra. Moxuo BaecTn cpemmuit no cepmu,
HauREamomeiics ¢ mEsaero yposud 1, koadpPHmEeRT ocrabaenns xuEeliwaToro us-
HyQeHEHS X8 YACTOTE W!

Ams

Ju(w, F) = Amn + Sm(F)

16 Ry 1 o /_Rv___
Ans = an/ﬁa A am3(m3 —a?) m Ry/n3 - hw

Koeddmmuenr ocxabxenns (1) Reo6xoMEMO OCPEKHETS 0O PACHPENE XEHRO IITAD-
xoBcxoro Mmxponoxs W(F) » nxasue (Hooper). IMockoxsxy j & 1 npum F < F*

(1)
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¥ j & 0 opu F > F*, rxe peanunEs XpRTHYECKONO NOXd xxs xammoll wacrorm
(XBAXTOBOTO WHCHS /) NPEMEPHO PABES

e 1
P = 3 Temt @

xoodPUIEeAT OCRAONEHES OKAILIBALTCE PABELIM

P s
@)= [ i@ rwEnr= [ wenr= [Cweus @)

B(3)f=F[F, F= 2.0033}\"” ¥ "gopuaxLEaS" HAUPIWEENOCT: NOXS B ILEAS-
ue no Xoxsmuapky, N; — xoEnenTpamus HoEoB. C yqeToM ocEalNeEESN XOETYP
cnexrpaxnuEol NMEEW mMeeT BRX:

Jnu(”) o J:n(“’)jl(”) (4)

rxe J2,.(w) - paccumrammiii npm coBMecTEOM XeliCTBER BXEKTPOEOB R HOHOB
xomTyp (I'pHM), B KOTOPOM BBTOMOHMSAIMA He YNTEH.

CorxacEo npmmmumy cnexrpocxommueckolt ycrolfumsocTn, wacT® XOETYpOS,
cooTeTcTByIONRE NoxaM F > F*, ofpasyor xsasuxorTREyyM. IIpm sroM ed-
dexTuBHOE cevemMe POTOPEXOMOMEAME, YCPeXEECHEEOE IO PACHPEXEXEHMIO MM-
xponoxeil, » uETEpBANE W, W + dw ecTEB

! M
ou(w) = 02(w) [1 -/ W(ﬁ)dﬂ] ®)

rxe ol(w) - cevenme, ARLXUTHIECKE NPOXOIKEHEOE B XONOPOroBY O 0BXACTE.

Muxponoxe NIASME NPRBOAMT X OrPANMYEERI bXexTpommoll crarmcTEve-
cxolf cymumm m monpamxam x craTEcTHYeckoMy Becy ypopus (I'ypomww, Cesa-
CTLAHEEKO)

!
g jo W (B)df ()

Bexmuuma f7 ~ n~* uoRoTOENO y6rBaeT HIPK BOSPACTAHNN KBAETOBOIO WHCES %
¥ GHCTPO CTPEMHTCA K HYXIO.

Ilpe BLINMCENEREN CHEKTPANLEHX XAPAXTEPHCTHK HINyYeNHS NNASME BOXO-
POXa TopMO3NOl cuexTp onpexexaxcs B KBASMXIacCEYecKoM npubammemuu Kpa-
Mepca ¢ nonpasxaMy® MayETa, xxs $oTopexoM CHEANMORRONO KOETREYYMS NpRMe-
EAXMCE TOYELE GOPMYXHl HepeXSTEERCTCKOIO AHNONsHOro nprbamkemns [lITo6-
Ge, XONTYPA CHEXTPANBELNX XHENI SaxaBammch TAONMUELIME XaEELME [puMa,
DPEXCTABAAONEME PESYyALTAT COBMECTRONO XeHCTBESE BXEXTPOEEOIO YUIMpEEHS
R IITAPKOBCXOIO PACHIECNXEHNS, OCPEARCHRONO NO PacHpexeNeERK Muxponoxel.

IlpuMep pacyers MSIyWeHMS BOXOPOXs BOXESH nopora GaxeMeposcxolf ce-
PEH, B XOTOPOM YWTEHO PACTBOPEENEC CHEXTPANLELX mamuill m AOLOPOrOBax pe-
xOMOHEAIEL, NPEXCTAB SR Ea PRC.1 (IapaMeTp HeRMXEAXLEOCTH @ = 7o/D = 0.525,
I'Ke Tp — CpPemEee MEeXWACTHYHOe paccrosEme, D - xeGaencxuit paxmyc). 3xecs
e NPHBEXEH: BKCIEpRMeRTaXbELe xaxEnie (Behringer). Baxgo, uro Memxy mu-
MH HMeeTCHS XOpomee COOTBETCTBHE.
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KODSSUUMEHTH M3NYYEHHA MIASMHE BOOOPOIIA BEJIM3K NOPOrOB COEKTPAJIBHEX CEPHA

LA AL IR A B OE B L BN B R S i O G O G A
- 11 -
Ll = s
* = ]
g p= -
- 0.75':' 7-_
- 2 .
e 0.5 =
o - =f
s 0.25F 4 E
o C ]
~ - ' =
o o ) -
0 T T TN Y .

3500 3750 4000 4250 4500

;. l

Pue.l. hﬁ-vmmewz' = 16250 K, N, =
1.7.10"" o™, 1 = TOPAOINOS MXyweENe; 3 - Benpepsnuntl Maeaxsmull comrrp; 3 - Baxrpe-
PAMBEOS NISYUGNSS ¢ y9eTOM pacTsopamuy xumuil 8 gomoporosocll pescarSamarym; 4 - mmayvanse
m:—l:mnmi-mnﬂ%m‘-

IIpu BOSpacTANNE HapaMeTpPa HEMAEANLEOCTR BKCIEPHMENTANLELIE XAHHLIE
0O MSNYYEEHI B OCFACTH HAEANLEONO MOPOra OKASLBAOTCE EENe PACTETHEIX
sEavennil, noxyvemmux » npuSmumenwm cxabolf xempeaxsmocrm. Paccmorpmu
BNRSEHE Hi IPHNOPOrOBOE NOBEXENRE CHEXTPOB CTATHCTHWECKONO PASMIITHS IO-
pora ¢oTOpexoMOMEAIMME B ILXASMEHEOM MEXponoxe. B mocTosmsoM » mpexexax
LTOME BEEXTPHIECKOM NOXE HAIPAKEHHOCTRIO F' CHBEr NOpOra HOER3AIME MOXHO
ONEEETS: IO dopMyXe Y HSOXLXA

AE(F) = 2eV/eF ™
HrrercuBROCT: $OTOPEXOMOREANMOEEOIO KONTHEYYMS HPH pexoMGHEaImEN

EA YPOBEHSh € MXABNLIM KBANTOBLIM WHCEOM % CBASANA C CEUEHNEM (OTOMOEMSA-
IROEEOro norxomexns ot/ » RacexemmocTO BTOrO yporrs N, cooTEomenmex

8xh®
3

L) = - Mo () ®)

OTcroxs HETEXCHBEOCTE MCIYCKAIMS K8 WacToTe ¥ B moxe F pasma (Vujnovié)

3o (3, F) = {Joﬂ:N.N.-a"T"ﬁup [..ﬂ!ﬁL’ul] v hv > By — AEL(F)(9)
o 0, hv < E, — AE,(F)

rxe E, - oEeprms mommsaium ypomEs, gy - ¢axrop IuymTa xxx caesammo-
cBOGOXELIX TepexoxoB, Jo = 2.146. 10~32 ppr en®rpax’/3.
Ocpenrss prpaxcemue (9) no pacupexexenuwo umuxponoxedt W(F), noxywau

I0) = havr s e [-2E2] [“w@re-0us o)
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IMapauerp ¢ = &WN;‘”/&T, P = F[F,, rpaauvusas EaIpAWEEHOCTS NOXK

onpepexgerca ycxosrem AFE,(F,) = B, — hy, T.c. sasucamee or WacToTH ME-
HEMANbHOE noxe f, mMeeT BHE

3

Pom { (B - )/(333eM7))", < By (11)
0, hv 2 Ey

Oruersn, wro Buipaxerme » (10) sapmcur or DapaMeTpas HeHEeANLEOCTH. Ilox

HETETPRNOM CTORT BEXHUNHS

W(e) exp [~avae/(x(se)) ()’ Ve, (12)

rae 7o = !Sl(hNg]]'/‘, D = [kT/(4x*N;)]'/2, Bexexcrame sroro (10) ¢ pocron
ro/D yGrn KX C XOPOTXOBOXEOBOHM CTOPOEH OT NOpPOrs pexoMGREIER (amec»
Be = 0), Tax u ¢ gxEEEOBOXEOBOH# cTOpPOMLL rxe S, > 0.

Cpaszenne BXCOCPHMERTANLELNY XANHLX M PACYETS 1O (10)-(12) xxa Goxee
aucoxmx smavemnit N, (napamerp meumeaxrmocTa a = ro /D = 0.633) npexcranxe-
HO Ha pHcC.2,

" UL O T . T S L5, T TrrorT
o 16.5F E
u = -
®  16.35E =
S 16 =
0 : :
- 15.76 F : -
;‘: 15.5;— ;
E 15.25:IIilllllllllllll!lllllll-

4000 5000 6000 7000
A, A

Puc.2. HKosdfunmenr maywemns soxoposs ¢ oapaserpaane T' = 32000 K, N, = 4.10%®
u_'. l—mmma-wmm;a-wmr
NEENS C yIOTOM CTSTRCTNSOCHNND PAIMMTRS DOpors pesoatasarprn; 4 - noamull nosdgemeear
maysmns. * - sucoepmcest (Maspuaca)

Buxio, UT0 ¥ B BTOM CXYUae MMeeT MECTO XOPOINee COTXACHE PACTETOB M BKCTE-
puuenTa 3 Goxnmedt wacTm 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.0.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 the 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-

@

o (0)
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o (i¥)
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2

-
®
poorngl gl

i (&)

=

el

ATS distribution (arb. units)

100 TTTrIT T 4:1-'|||||i T T

102 10t
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Fig. 1. Arrival Time Spectrum (ATS) of electrons, ions and neutrals induced by 500 000
electrons released from the cathode. £/n = 52 kT'd, nd = 2X10"° m~2,d = 0.04 m (d-
interelectrode distance). e~ (o) - ATS for direct electrons arriving at anode; it(e™)- ATS of
ions formed in ionizing collisions of direct electrons; e~ (i"’} - electron ATS produced in ions
avalanche, €~ (n) - electron ATS produced in fast neutrals transport, both groups arriving
at anode; it (n, it) - 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. .
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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).

i upODIJn-n-'Uﬂ} |.
. MCS (ATS lotegration) |

0 1 2 3 4 5 6 T
t(Ks)

ACCUMULATED CHARGE AND EMISSION (arb. units)
(=]

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

391.4 nm band of N obtained in experiment. E/n =52 kTd, nd = 3.9X10'° m~2?,
d =0.04 m.
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AYAEPOBAHHOE I'apMOHHYIECKHM CHTHANOM C YacToTOoH 120
I'm = ammmaTypon ~ 0,2 3. IIpoBogmnace permcrpamus
rnyOHHEEl MOYJISIAA M; TOKa Pacpsya ¢+ Ha 9acCTOTe MOJY-
ISIAE OT BeIMIWHEI NOCTOSHHOrO MarsuTHOro nond H, T.e.
daxTEIecxH HBMepanack NpomspopHas yrxman i(H) npm
PaBHEIX BHAYeHAIX NOCTOSHHOrO MATHMTHOrO mong (m; =
8i/60H). Ha pHc. 1 NpenCTaBICHO CEMEHCTBO BABHCHMO-
credt m;(H), nonysennsix B paspspie He. Bupro, 9TO 9eM
MeHbIIe fjaBlieHAe, TeM Oolee SpXO BRIpaXeH PEeBOHAHCHEIN
xapaxTep BaBECEMOCTHE m;(H) B o6nacTH cnabrx MarHuT-
Bax nonel. I[Ipm paenenmm 1 Top saBmcEMocTs mi(H) B
o6nacTH HyleBRIX MATHATHEIX IIONEH HMeeT 0CO6EHHOCTS,

/ m. || Mx4
1] 9 7
/TZ/\ 0.8 - .
o /3 \ -192 10/
100 | A3
-140 —
e
\\ / W sl
-a.gl / //

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

xoTopasg B yfjo6HOM MacmTabe BLIIENEHA OT/ENBLHO.
9Ta 0CO6EHHOCTH COCTOHRT B PEGEOM HOMEHEHHH HAKIOHA
saBacEMOCTH BOmoHE H = (. C pocToM NarieHAs OHA HCIe-
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OCOBEHHOCTHM FAJILBAHOMAIHUTHOIO 344EKTA B TIERILEM PASPAIE MEJIMA W FEJIMA-HEOHOBOW CMECH

paeT. YBeIHYeHHe TOKa Paspayia NPEBOJHET K He6OILIIOMY
yMeHBIIeHRK pacMaxa vasucaMocTed m;(H), He HoMenss
ux no dopme. HamnoxeHme OJHOBPEMEHHO ¢ IONEDEIHBIM
MATHATHEIM IOleM He60oIbIoro NpofoisHoro nont ~ 10 9
TaxXe He HGMeHIeT XapakTepa 0co6eHHOCTH B IeHTPe KPH-
BOM 1, IPHBOJIE TONBLEO X HEeGONBIIOMY YBETHIEHA pasMa-
Xa CaBECEMOCTH. ClelyeT OTMETHTH, 9TO XapakTep HuMe-
HEHHS GABACHMOCTEH Ha PHC. 1 COOTBETCTBYeT CIydalo, KO-
Ijja NonepeYHoe MArHATHOE [Ofie IPHBOJAT X YMEHBLINCHHIO
TOKa paspafia, 9TO COOTBETCTBYET TPAJNHIMOHHEDM UpEf-
CTaBICHHIM.

Ha puc. 2 npencTaBleHsl aHANIOTHIHEIE GABACAMOCTH JI1L
cumecH racoB 2?Ne:’He=1:9. He6onsmag no6apxa HeoHa, BO-

NepBRIX, yMeHbIIaeT abcomoTHy Benmnay m;(H)

RN

L]
\
|

0,8
e 2
" 5
L —
— - foo | H,3
-100 | % —
—
[—

-0,8

Prc. 2. i(H=0)=5 MA, p=1 Top(1), 1,5(2), 2(3), 2,5(4).
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0O CPAaBHEHWIO C PaspSJiOM B YACTOM FellfH H, BO-BTOPHIX,
OPHBOJHT X HOABIEHWIO B obnacta H = 0 gucnepcmorHOR
KPHBOH NPOTHBONOINOXHOIO GHaka. HakloH eTOH XpHBOK
COOTBETCTBYET CIyYal0 aHOMAINLHOTO IOBEIEHAS TOKA Pas-
PSia 107 ileHCTBAEM NIONePeTHOrO0 MArHATHOrO NOoNd, KOTTa
POCT IOl NPEBOJMT X yBeIHdYeHWIO Toka paspapa (Iyne-
nes, Scmacxwn, 1983; Gudelev, Yasinski, 1985). Bmpmo,
9TO T3 O0NacTE MAarHATHEIX IOJEH GABHCHT OT [aBICHHAS
cMecH. BoopeAcTBEEE NpoONOILEOro MArEATHOrO NONS BEIH-
9HHOHK ~ 10 O NPHBOJMT X MCYECHOBEHHMIO XPHBOM IPOTH-
BONOJIOXHOI'O BHaka H XpEBEIe m;(H) mis renmi-HeoHOBOM
CMECH CTAHOBATCS IO BHlY aHANOTAIHLEIMHA KPHBEIM UL IH-
CTOro renms.

Taxmu 06pasoM, BXCIEPAMEHTANELHO NOKABAHO, YTO Fallb-
BaHOMArHHTHEIA 6(pPEeXT B NONOXHTENHLHOM cTOn6Ee TIEI-
IIero paspsifia GABHCHT OT COCTaBa H [JaBleHAd rasoB, TOKA
pPacpsfa, BeIHIHHK H HANDABICHHS BHEITHAX MAIHATHBLIX
noied. J[nd HCHONLCOBAHES ralbBAaHOMATHHTHOTO bddex-
Ta B NeldX AHArHOCTHKH IIACME HeOOXOHMO NOCTPOHTH
TEOpHI BTOro sppexra, X0TOpag B HACTOMIEe BpeMs OT-
CYTCTBYET.

JImrepaTypa

Kyumc E.B.: 1990, l'anrssanoMarsaTanie 6PexTH B MeTO-
IB BX HccuenoBamud, M., Paguo u cRaok.

I'ynener B.I'., fAcmucxmit B.M.: 1983, JKT®, 53, 1213.
Gudelev V.G., Yasinski V.M.: 1985, Proc. XVII Int. Conf.
on Phenomena in Ionized Gases.
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