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PLASMA METHODS FOR TECHNOLOGY PROCESSING OF TOXICAL
INDUSTRIAL WASTES.

V.V. AZHARONOK', A.L. MOSSE?, V.D. SHIMANOVICH'

‘Institute of Molecular and Atomic Physics of National Academy of¥Sciences of Belarus. Skarvna Av.,
70. Minsk. 220072, Belarus. E-mail: Iphpp@imaph.bas-net. by
‘Heat and Mass Transfer Institute of National Academy of Sciences of Belarus, 15 P. Brovka Sir.,
Minsk. 220072, Belarus F-mail:mosse@ptlab.itmo.by

Abstract. Experimental study of thermal neutralization of some toxic chlorine and
bromine industrial wastes, as well as of pesticides with a expired term of validity was
carried out in the three-jet plasma reactor. Different physical-chemical methods were
used for analysis of products of waste processing. It was shown that plasma
technology provides effective processing of toxic wastes.

l. INTRODUCTION.

Alternative to conventional low-temperature methods of toxic wastes incineration is
their destruction in thermal plasma, which takes place at high temperature. Using arc and
other plasmas delivering temperature of the order of 5000 K makes possible to break down
organic and nonorganic compounds in plasma is highly effective even without oxygen. The
other merit is possibility of good mixing in plasmochemical reactor, this is the important
factor of wastes thermal processing. This process can be realized in the multi-jet plasma
reactor which provides good mixing of plasma with treated wastes [1,2]. The plasma reactor
including three-jet mixing chamber with attached three plasma torches. The installation
contains a system of raw material supply into the plasma reactor. A system of stub tube,
vacuum pump and a set of evacuated flasks was used to extract exhaust gas for analysis.
There were also units for power and water supply, for arc ignition and for control system of
work parameters of "the installation. The system works on the following principle:
interaction between three intakes plasma jets and wastes produces in the mixing chamber a
certain heterophase flow which then forms the reaction zone over the whole length of the
reactor dust. The physical-chemical processes of wastes thermal destruction take course just
in this reactor and separation of the power products takes place then in a hopper whereas
gases are conveyed into special filter to remove ultradispersed fractions. Gases pass then
through a lye scrubber and are exhausted into atmosphere by a fan.

2. PROCESSING AND DESTRUCTION OF CHLOROORGANIC WASTES [3].

Decomposition (destruction) products of the real withdrawals were analyzed. The
withdrawals were the mixture of the following products; trichloroethylene — 80%,

nitrotoluene — 17%, nitrobenzoalcohol ~ 1,1%, nitrobenzoaldehyde - 1,1%, carbon
tetrachloride — 0,8%. Toxic connections were not established in the composition of exiting
products.

All experimental investigations were made with a constant waste feed of 3,6 kg/h. The
variation of the plasma air supply was connected with a_corresponding change of the
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carbon-oxigen-ratio in the plasma reactor. On the other side the increase of the plasma
generator. Due to the realized air supply the waste conversion was happen in all cases in a
reduction atmosphere. In agreement with the calculation of the thermodynamic equilibrium
the analysis of the gas phase shows a complete conversion of the organic substance into
carbon monoxide and hydrogen respectively carbondioxide and stream. Each sample
contained hydrogen chloride and hydrogen sulfide in small concentrations. Free chlorine
was not be detected. The gaseous phase was analysed by means of gas chromatography and
the mass-spectrometer MAT 311 Varian,

In some cases the product gas contained a insignificant amount of soot which points out
that locally a pyrolysis regime took place. The formation of soot could be stopped by supply
secondary air at the end of the reactor. In all experiments in gas phase a small concentration
of nitrogen oxides was found, although in the thermodynamic calculations it occured only in
oxygenous atmosphere. This fact may be connected with the formation of the oxides in the
plasma jet and the short reaction time prevented the decomposition.

3. PROCESSING AND DESTRUCTION OF BROMINE CONTAINING WASTE [4].

Study was done with the solid free-flowing wastes containing bromide phenols with
ditterent proportions. Elemental analysis of the wastes was made by different methods
before experiments. The average results obtained by different methods are: C=30,03%;
H,=4.31%: Br=50,32%; N,=0,51%; $S=0,08%; 0,=14,75%. The previous thermal analysis
was also used for bromide-phenol wastes which seeked for content of water and mineral
tmpuritics.

Water solution of 2,5% bromine mass was prepared for the first run of bromine wastcs.
It was expedient for the sakc of monitoring disperse solution feed into the plasma heat
medium at the high concentration of material. The run of experiments with this solution was
carried out at variation of power and material feeding rate. Consumed electric power ranged
over 95-120 kW, plasmaforming gas flow rate accounted for 4,7 g/s, and material supply
varied from 1.0 to 15,5 g/s. The degree of decomposition amended to 100% for all
experiments of the run. Chemical analysis of exhausting gases for content of bromine and
toxic components was made after every experiment. No toxic dioxin and oxide was
detected.

Possibility to increase the efficiency of the process at the expense of the solution
doping was investigated at the second run of experiments. Three experiment, with the 75%
solution of wastes in a polar organic solvent were made for processing optimization. At this
run, electric power varied from 80 to 110 kW, material rate ranged over 5,6-12,5 g/s and
flow rate of the working gas was taken at the constant level 6,0 g/s. The complete
decomposition was observeth maximal material rate, but the incineration was incomplete
and a lot of unoxidizedcarbon was settled out in the water-alkaline scrubber. Exhausting
gases produced during the plasmochemical processing of the wastes were analyzed for the
content of dioxides and their analogues, carbon oxides and dioxides, as well as for
concentration of bromine hydrogen. Mass-spectrometer Hewlet-Packard GC/MS 5890/5972
was used for analysis of dioxides applying EPA 8270 method with gas filtration through
methanol and the subsequent examination of methanol solution. All experiment exhibit no
dioxide. Content of CO was analyzed by mass-spectrometer MX-1320 with high resolution.
The observed m/z 29 peak had intensity 0,8% that indicates the absent of CO in the gaseous
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phase. As to content of oxygen, it was found to be low in the first experimental run and
negligible in the second one. On the other hand., the measurements demonstrated high
concentration of nitrogen. Proportion of HBR in the produced gaseous mixture was
measured by gravimetric chemical-analytical method with titration of HBr by silver nitride
solution and subsequent analysis of silver bromide by mass-spectrometry. The concentration
of HBr in the gaseous phase at normal conditions was determined both runs: for optimal
experiment of the first run upstream from scrubber — 0,337 g/| and downstream of it — 0,143
g/l, for optimal experiment of the second run upstream from scrubber — 0,03 g/l and
downstream of it — 0,015 g/i.

The component HBr can be considered as a useful desired product of such a wastes
processing that can be used for pure bromine production. The experiments have shown that
the yield of HBr in the first run applying water-emulsion feed of the wastes is about an
order higher then in the second run when organic solvent was used and the plasma-chemical
process proceeded at the excess of free carbon and deficient air. Bromine vaporization and
reduction at the excess of H,O according to the first variant is apparcntly the most efficient
method of the wastes processing.

4. PROCESSING AND DESTRUCTION OF PESTICIDES WITH A EXPIRED TERM
OF VALIDITY.

Investigations are carried out in different regimes of the work of plasma reactor for
processing of two pesticides - isophene (C,4H,307N,) and concentrate of butyl ether of 2,4-
dichlorphenoacetic acid (C;HyCH,COOCH;Cl,), with expired term of validity,

Both these pesticides contsist of 50-60 % of base material (butyl ether and isophene)
and 50-40 % of the filler substances, which contains of kaolin, aerosil and silica gel.

The detailed analysis of gases at the outlet of plasma reactor is executed. The methods
of chromato- mass-spectrometry and absorption spectroscopy in ultraviolet (UVR), visible
and infrared (IR) wavelength range are used.

Absorption spectra in the UVR, visible and near IR wavelength range (0,2<A<3,0 um)
were recorded with spectrophotometer “Cary S00 Scan® of the firm "Varian" (USA), in
such spectra in the distant IR area (2,5<A<25 um) — were detected by Furie spectrometer
"1IFS28" of the firm "Brucker"” (Germany).

The analysis of the obtained spectrograms made it possible to establish that they weakly
depend qualitatively on the type of the raw material used and are presented by three
characteristic absorption bands:AA=0,2+0,25 um, AA=0,35<0,6 um and AA=2,5+25 um.

Because of the high optical density of mixture in the UVR region of the spectrum we
could not interpret reliably the recorded maximums of absorption. They can be the diffuse
absorbtion bands of hydrocarbons of the type of the benzaldehyde C4HsCHO of the
propionaldegida C;H;CHO. benzene C¢H,. formaldehyde CH,O, acetaldehyde C,H,0, etc.
with transsitive into the intensive continuum.

The visible region of the spectrum is presented by the clectron- vibrational-rotational
absorption bands of molecules NO, NO,, HNO,, C,, AlO, CaO, FeO, CuO, CN, SiN, CH.
However we could not identified a number of the maximums of absorption as well as in the
spectrograms of UVR range.

In the absorption spectra in the IR region we discovered the bands CH;-, CH,-, CH- of
the groups of hydrocarbons and NOj - group, bands CO,, H,0, N, NO,, the traces of bands
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NO, bands of the condensed phase HNO;, of the vapor phase H,CO;, the bands of the
valency oscillation of the carbonyl group C=0, and also the weakly intensive bands of the
deformation oscillations OH and CO. Obtained data testify about the intensive thermal
decomposition of pesticides in the plasma airflow. which is accompanied by oxidation and
nitriding of the products of decomposition. Bands CHs-, CH;-, CH-, and C=0 groups are
caused by the formation of the secondary hydrocarbons at the outlet of the plasma reactor
in hardening zone. Formed simple oxides and nitrides are not highly toxic or cancerogenic
substances and are not ecologically dangerous. Some of them can be separated, assembled
and used further.

Chromato-mass-spectrometric analysis of emanated gases was performed for a
determination of a type of produced hydrocarbons and their quantitative content in the
outlet of plasma reactor. Chromato-mass-spectrometer “MM" of “Brucker” firm (Germany)
was used, range of mass numbers was 28-400, resolving power R was ~ 10000, threshold of
detectability was ~ | ppb. Samples were taken after hardening zone with help of
programme pump SKS and were placed at two-layer absorb tubes of the firm “‘Dreger”.
Activated coal and tenaks were used as absorb substances. Duration of sample taking was 4
min, velocity of pumping (circulation rate) of samples trough sorbents was 300 I/min.

Prelimenary separation of mixture components was curried out at the capillary cotumn.
Quadrupole mass-analyser was used as a mass-detector.

Produced products were identified by the comparison of complete mass-spectrum of
analyzed substance or of its separate peaks with mass-spectra from the bank of standard
substances. In order to increase statistic significance of the identification we used two
methods of library search: a straight one, which provides computer comparison of analyzed
spectrum with each library spectrum consequently, and a reverse method, which provides
comparison of library spectra consequently with analyzed one.

For a calculation of every component concentration an evaluation of absorb substance
mass and data of normalization of chromatometry results were used. Instrumental error of
an evaluation of different substance contents in analyzed gases mixture was less 30-40 %.

5. RESULTS OF THE CHROMATO-MASS-PECTROMETRIC ANALYSIS OF THE
COMPOSITION OF WASTE GAS DURING THE PLASMA-CHEMICAL
PROCESSING OF PESTICIDES

Results of tests in the experiments with isophene and butyl ether processing are
presented in the tables A and B. Plasma-forming gas - technical air. Average value of the
specific enthalpy of plasma along the length of reactor H~6000 kJ/Kkg. )

After butyl ether processing without hardening we found saturated, unsaturated and
aromatic hydrocarbons, ordinary and complicated ethers, alcoholes, ketones, acids
nitrogencontaining and chlorcontaining compounds in the products leaving plasma reactor.

As the table shows. a hardening changes significantly the composition of reactar off-
gases. Clorcontaining and nitrogencontaining compounds, as well as some substances which
contain ether groups and aldehyde groups were not detected at the outlet of reactor. Benzol
derivations appear instead of them. Absence of compounds with ether groups and aldehyde
ones and content increasing of compounds of types of methylcellosolve and benzoic acid
can be caused by processes of secondary oxidation in the zone of hardening.
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PLASMA METHODS FOR TECHNOLOGY PROCESSING OF TOXICAL INDUSTRIAL WASTES

Nitrogencontaining substances can be performed in the presence of hydrogen into
nitroacid or nitrozoacid, that was proved by the spectroscopy analysis. Chlorcontaining
compounds can be performed into chlorine salt at the base of calcium, copper and iron,
presence of with was detected also by spectroscopy method.
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PACYET MIAPAMETPOB I1JIA3MbI
KOMITPECCUOHHOI'O IOTOKA B 9PO3UOHHON
MIA3ZMOJUHAMHUYECKON CUCTEME

C M AHAHWH, B.M. ACTAILIIMHCKWI
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Pestome. PaccunTanbl OCHOBHBIE MHTErPallbHblE NMapameTpbl 3po-
3HOHHBIX KOMIIPECCHOHHBIX Mi1a3MEHHbIX MOTOKOB 3adaHHOIO COCTABA,
MOYHAEMbIX B BO3AYXE MPH aTMOCHEPHOM IaBICHMH C NIOMOLLLIO CITELH-
anbHO paspadoTaHHbIX IPOZHOHHBIX MUIA3MOAHHAMHYECKUX cHcTeM. [lo-
Ka3aHO, 4TO TE€YEHHE IUIa3Mbl B TAKMX CHCTEMAaX OIHCBIBAETCS EKTPO-
JMHAMHUYECKOH TeopHeR ycKopeHHs nia3Mel. [IpenoxkeHa MOCTAHOBKA
3afa4d pacycTa JOKAIbHBIX MapaMCTPOB M M3TYHATENbHBIX XapakTepH-

CTHK TAKUX TTOTOKOB.

1. BBEAEHHUE

nOJI}/L{CHHC HATIDABIEHHBIX AJTA3MCHHbBLIX [TOTOKOB B TJIOTHLIX ra-
3aX (B TOM 4HCJIE H B BO3AYyXe MPH aTMOC(HEPHOM JaBJIEHHH, T.€. B yCIIO-
BUSIX CBODOJHOrO AOCTYMA K [1a3Me) ¢ MOMOLLUBIO IIA3MEHHBIX YCKOPH-
Tenel BbI3bIBAET 10OCTATOYHO OOMbLINE TPYAHOCTH, CBA3aHHbIE C HEOOXO-
JAHMOCTBIO TWATENbHOH CHMMETPH3ALIMH Pa3psaaa — PaBHOMEPIILIM pac-
PENeICHHEM PA3PANHON0 TOKA 110 pabovel NOBEPXHOCTH KOAKCHAbHBIX
371eKTpoaoB. MHTepec K TaKUM NMa3MEHHBIM MOTOKAaM BBI3BAH BO3MOXK-
HOCTBIO HX HCMNOJIb30BAHMA AN pa3pabOTKH HOBBIX TEXHOJOrMH Ta3-
MEHHOH 00paboTKH MATEPHANIOB.

Komnpeccuonipie dpo3HONHBIE TIa3MEHHBIE MOTOKH 3alaHHOTO
cOoCTaBa, ONpPEeaseMoro MaTepHanoM BHYTPEHHErO 3JIeKTPOAa, BIEepBbie
OblK nofyuebl B BO3AYXe NpH aTMOCHEPHOM [ABAEHHUH € [HOMOLUBIO
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CNEeUHATBHO pPa3paboTaHHLIN 3IPOIUOHHBIX MAA3MOJIMHAMHYECKUX CHC-
TeM, noapoOHO omUCcaHKbIX B (AcTanrnHckui, 2000).

2. PE3YJIBTATbBL H OBCYIKIEHHUE

YCTOHUHBOE CYLUECTBOBAHME KOMIIPECCHOHHBLIX  IPO3HOHHBIX
IJ1a3MEHHBIX MOTOKOB HA KBa3UCTAaLMOHAPHOM CTalMH pa3BHTHs pa3psna
B HCCICAYESMbIX MMa3MOJHHAMHUYECKHX CHCTEMAX YKa3blBaCT Ha TO, 4TO
ra30KHHETUUECKOE JaBJIEHHE IJIa3Mbl B NIOTOKE YPaBHOBENIMBAETCA JaB-
NIEHHEM a3HMYTallbHOTO MArHUTHOIO 10J15 TOKA, TEKYUIEro BAOJIb MOTOKA.

b}

Iz
[Tpu >ToM W3 cooTHOweHUs benneta 2NAT = —— MOXHO ONMpeaeHUThL
s

3Ha4el e yAeP)KHBAIOLLETO TOKA B COOTBETCTBHH C BBIPAXKECHHEM:
I=416-10-8-R-VNT . rne tox [ Boipaxet B [A], KOHUEHTpPALHS 3JiEK-
TpoHLB N, — B [CM"B]. Temiieparypa tasmbl 7 — B [K|. a panuyc noroka
R — 8 |cm|. B topuesom 3posuoHHoM yerpoiicte (TOY) npu ;= 5 kB
ANg MOMEeHTa BpeMeHM /= 50 MKC KOHLEHTPauus 3eKTPOHOR N, paBHa
410" enla Temneparypa niaasmbl 7, — 2-10* IC (Acrawunckuit. 2000).
Paznyc KOMIIPCCCHOHHOIO MIa3MEHHOTO MOTOKA ¥ COCTABMSIET I1PH 3TOM
1.5 cM. Tlpd maHHBIX rapaMeTpax KOMIIPECCHOHHOr0 MOTOKa 3HAYEHHE
YAEPHHBAIOLLE!IO TOKA OKA3bIBACTCH PaABHBIM 56 KA. 3HaueHHe xe paz-
PSUIHOTO TOKA [UIS YKa3aHHOrO MOMEHTa BpeMeHM cocTasiseT 60 kA. B
KOMOMHIPOBAHHON 3PO3HOHHON nnasmoarMHamuueckoit cucteme (KDTIC)
nmpu Uy = 5 kB ang mMomenta spemelt 1= 65 Mxe N, = 10" enm, Try —
410" K. ar — 1.2 cm. Torsa 3Hauenus yAepkHBAIOWEr0 H pa3piaHoro
TOKOB cocTagnsoT cooTreTcTReHHO 110 w 120 kA. BuaHo, 4T0, ¢ yueTom
NOTrPEeLIHOCTH 3KCIIEPUMEHTOB H PACYETOB, NPAKTHYECKH BECh pa3psiIHblil
TOK Te4eT BOJbL KOMIIPECCHOHKOIO NOTOKA.

[{oMMpecCcHOHHBIN XapakTep TEYEeHMsS Ia3Mbl B paccMmarpHBac-
MBIN IPO3HOHHBIX MAAIMOAMHAMHUECKHX CHCTEMAX NO3BOJSET, UCIONL-
3yS OKCIEPHMEHTAIBHO 110JIYYEHHbIE 3HAYEHUS OCHOBHBIX MapaMeTpoB
M1a3Mbl, ONPENENIHTE HHTETPATLHBIE XapAKTEPHCTHKH KOMITPECCHOHHOTO

MOTOKA, TAKHE KAK MAacCOBbIH pacxod HOHOB )57,, 3KBHUBAJIEHTHBIH HOH-
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PACCYET MAPAMETPOR TMIA3MbI KOMITPECCHOHHOIO MOTOKA B DPO3UOHHOI ..

nblit Tok /,, W napaseTp ofmeHa & a Takke NPOBECTH CpPaBHEHHE dKCTie-

PHMEHTANbHbLIX PE3YabTATOB € AdaHHLIMH, CICAYIOUHUMH H3 TCOPETHYE-
CKOro ofiMCaHus NpoueccoB B IMUIA3MEHHBIX YCKOPHTEIAX (MOPO3OB.
1978).

CpenHufi MaccoBbllii pacXol MOHOB W IKBUBAIEHTHBIH HOHHBIN

TOK OMNpEAEsHM COTNIACHO BelpaxeHusm: m,; = NV.S-M; u I, =NVSe,

rae N;-— KOHUEHTpauHs 4yacTHl; V; = V,, — cKOpocTb mnasmsl; S —
TIoLAAb NONEPEYHOro CEYEHHR MIIa3MEHHOT0 NnoToka; M, — macca npo-

TOHA. ¢ — 3apsAd JNEKTPOHA. B TOpuUEBOM 3PO3HOHHOM YCTPOMCTBE MpH
Up = 5 kB /is KBA3HCTAUHOHAPHOH CTaanK paspsaaa m; coctarasct 70
r/c w 230 xA, a B KOMOMHHUPOBAHHOK MNNa3MOAMHAMHUECKOH CHCTeMe

cooTBeTCTBEHHO — 130 r/c 1 420 KA. Iapamerp obmena & = 1,/1;, B

3TOM caydae pased s [2Y 0.39. a ang KOIIC — 0,35 Dtv xe Benu-

bt (M, 1, u &) onpesenum MCXOAs W3 TEOPETHYECKOrO OMMCAHHA
NEKTPOAMHAMHUUECKOTO YCKOPEHHS MUIa3Mbl. MaccoBblil pacxon HOHOB

IE
. 1,
ONpEAEsIHM M3 BbIpaskerus m, =010 ' —

L/
nr
[lpn HabmoaaeMbix B DKCMEPUMEHTAX 3HaueHHsAX [, u V), nony-
UMM LIS TOPLEBOro ycTpoiictBa M, = 62 r/c, a s KOMOHHHPOBAHHOM

cucteMbl — 110 r/c. DxBHBaNEHTHBIH HOHHBIH TOK 1,;,, =e-m/M; B 3TOM

cnyvae paseH 200 kA B TOVY, a B KOIIC — 360 kA. Torna napamerp
oomena & coctasut ang 12Y 0,45 u nns KOIIC — 0,42, Beimu taxkxe
PACCUNTAHBI MAKCHMATBLHO BO3MOXHAS CKOPOCTb TEHYEHHS IJIa3MEHHOIO
HOTOKA Ve ¥ reMIIEpatypa nnasmel 7,, 8 TOY u KBIIC. dns topuesoro
YCTPOHCTBA PACCHHTAHHBIE 3HAYEHHS Ve M T,y COCTABHIIH COOTBETCI-
Benio 2.7-10° em/c 1 3.4-10° K, a 2179 KOMOUHHPOBAHHOH CHCTEMBI —
6,5-10% em/e m 5.8-10" K. B 1o e BpEMsl 3KCMEPHMEHTAIBHO H3MEPEHHbIE
3HAYEHHS CKOPOCTH W Temlepatypbl M1a3mbt B TY paBHSIIOTCS COOTBET-
creerro 2-10° em/c w 2.2:10° K. a B KOTIC — 5-10° em/c 1 4-10° KK
Taxum oOpazom. NPOBE/ICHHBIHA aHANH3 NOKA3LIBAET, YTO PACCYHTAHHBIE H
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IKCTIEPUMEHTAIBHO HM3MEDEHHBIE 3HAYCHHS CpaBMMBAEMbIX HHTErpasb-
HBIX MAPaMETPOB MM1a3MbI B JPO3IHOHHLIX MAa3MOAHHAMHYECKUX CHCTE-
Max [ rpoTHsopeyar ApYyr APYry. T.€. NOBEACHHWE Ma3Mbl B PACCMATPH-
BACMBIX IPOZHOHIBIX MIAZMOIMHAMUUCCKUX CHCTEMAX COOTBETCTBYCT
INEKTPOAMHAMHUUSCKOR TEOPHH YCKOPEHUS MMa3Mbl, B TOM UYHCAE H TEO-
PHE KOMNPECCHOHHBIX Tedenuit (Mopozos, 1978).

Jnst 1oro, 4Todbl UMETh BO3MOMHOCTh PACCHMTHIBATL HE TOMLKO
MHTETPANIBHBIC, HO 1f JIOKANBHbIE MapameTpbl IPOIHOHHOIO [OTOKA, 4
TAKXKE CrO H3MYyYaTeNbHbIE XaPAKTEPHCTHKH. MOYKHO HCMONB30BATL JBY-
MEDHYIO OAIOXHIKOCTIIYIO MOASAL, OCHOBAIHYIO HA METONE KPYMTHBIX
YACTHIL C BBECHHEM MATHHTHOMO MONA H YHETOM TMEPEHOCa IHCPrHH W3-
NYYCHHCM B JBYNIIOTOKOBOM TpPHOMKEHHH 10 KOOpAHHAaTaM z W r
(Aranun C. M., 1986). YueT cnexTpannHOro cocTaBa M3JAyUEHHS IpH
3TOM MPOBOAMTCS B MHOTOTPYMMNOBOM MpHONMMKEHMH. BHYTpPH KaXIoH
rpynnbsl — HHTEpBana 4acToT KOXp(PHUIMEHT MOTAOILCHWS NonaraeTes He
JUBHCHLLIMM O HaCTOThl H PABHBIM VCPEUHEHHOMY 110 PACHIPeLeieH o
[NraHKa B 'paHHUAN JAHIOH TPYNNBL DTH KO HLUHEHTE! TAK KE. KAK #
YPABHEHHE COCTOAHUA MEIH K BO3AYXA. MCIONB3YIOTCH B BHAe TabnH o
mMerToauke. onncannoil B (Kacsxkosa C. U u ap., 1999). B pacuerax npo-
BOAHMOCTH Méﬂn UCTIONB3YETCS METOAMKA, onucanHas B (Kanurkud H.H.
nap., 1972).
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THE HYDROGEN AND HELIUM LINES BROADENING IN THE
GLOW DISCHARGE AT ATMOSPHERIC PRESSURE

V.I. ARKHIPENKOQO. L.V. SIMONCHIK
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The Stark broadening of the hydrogen H, and helium Hel 492.2 nm lines was used
i experiments (Arkhipenko et al. 1998, 1999, 2000) for sizing of the spatial distribution
of a constant and variable components of an electrical field intensity in the cathode fall
rcgion of glow discharge in helium at atmospheric pressure. The external electric field is
small in other discharge regions. Thercfore it is necessary to take into consideration
other broadening mechanisms of i spectral lines in these regions. The analysis of the
hvdrogen and helium lines profiles in a positive column. Faraday dark space. glow and
w the cathode fall region is carried out in the present work.

The glow discharge m hehum at atmospheric pressurc has the stable characteristics
and can be used as a hght source m spectroscopy and a test object for improvement of
the differeni diagnostics. The working gas is helium. The hydrogen was not specially
introduced. and acled in the discharge chamber as small (~ 0.01 %) tmpurity with a
helium flow. The discharge current was |1 A. and the electrode voltage 250-270 V. The
plasma parameters of the discharge are: the electron density n, ~ 10" =5 10" cm™. the
efcctron temperature T, ~ 1 eV, the gas temperature T, ~ 1000 K. The radiation of the
discharge was focused 1:2 onto the entrance slit of the scanning double grating
monochromator with inverse linear dispersion 0.5 nu/mm. The photoelectric step-by-
step registration of the line profiles with application of the CAMAC equipment and
personal computer was used. The height of entrance slit was 1 mm while width of
entrance and exif slits was 20 pm resulting m 0.012 nm insttumental width. The
aperture shit of width 1.3 nun located before lighting system of monochromator was
used Tor achievement of the spatial resolution along discharge axis ~ 10 pm. As the
dischfrge luminescence is nou-unifornt in cross section. the procedure of the Abel
inversion was applied 1o the experimental line profiles.

The hydrogen and helinm lines profiles measured in a positive column. Faraday dark
space and tn plow. have the forim closc to dispersion one. In the cathode fall region
these profiles are Gaussian. At first the separation of different broadening mechanisms
was made for reception of the fitted line profile. The instrumental and Doppler
broadening werc taken into account in all cases. This broadening mechanisms bring to
(e Gaussian sumunary profile. The resonant and Stark helium line broadening and the
Van der Waals and Stark hydrogen line broadening result in the dispersion profiles. The
sumnury line profile was described by the convolution corresponding Gaussian and
dispersion profiles. As the gas temperature is practically invariable along an discharge
axis. the calculated according to (Konjevic 1999) parameters of the Van der Waals.
resonant and Doppler broadenings were considered constant along an discharge axis
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too The Stark broadening half-width was determined by comparison of experimental
and litted profiles. The obtamed widths of hydrogen Hy and Hel 492.2 nm lines were
used for the estimation of electron density according to (Griem 1974). Both these
estiations have given the close results. In a positive column the electron densily is 3-5
10" em'ina glow ~ 5 10" em™

The large Stark broadening half-width are required for approximation of
experuncntal profiles in cathode fall region. Such half-widths can be at concentration of
the charged particles ~ 10'® cm™. Such concentration value is not given by is any
estimation. [n additon the line profile is similar to Gaussian one. that specifies other
broadenimg mechanism. which is differed from considered above. The broadening
owing to the large electric field gradient in cathode fall region (~ 500 kV/mm at the
achieved optical resolution ~ 10 pum) can not explain of the observed line profiles.

The assumption was stated. that the observed line broadening in this region result in
the effect of the oscillating component of an clectric field. Its nature is not established
specifically: now. but among the probable causes inducing such oscillations. it is
possible to call of the edge microinhomogeneitics on a cathode surfiace. which are
formed during the discharge operating. Another probable cause can be connect with the
formation of an domains m near cathode plasma (Oreshko 1991). which occurs at
mequality of flows of the directed drifts of clectrons and ions in time. exceeding the
Maxwellian ume of the space charge relaxation. The Stark broadening and shift of lines
m an external electrical field of intensity ~ 10-30 kV/cm with oscillating component ~
LO-15 kV/em bring in the dominant contribution to formaton of the spectral ling
profiles.

Thus. the carried out analysis of the helium and hydrogen spectral lines profiles in
different regions of the glow discharge at aunospheric pressure has allowed 1o receive
the distribution of electron density. distribution of the electrical ficld intensity in the
cathode fall region and also has shown an opportunity of the discharge usc for study of
parameters of the different kinds of the line broadening,
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PE3FOME. .Ilposenen aHau3  TEPMOAHMHAMHYECKHX napameTpoB 1a3mbl
KOMIPECCHOHHOTO NMOTOKA, FEHEPUPYEMOr0 MarHMTONna3MeHHsIM komnpeccopom (MITK)
KOMNAKTHOH reomeTpuu. [10KkazaHo, YTO Ha KBA3HCTALMOHAPHOR CTA[IMH PA3BHUTHA paspsia
B MIIK, nnazmoo0pasyrowluM BEILECTBOM KOTOPOrO ABMISIETCA BOAOPO[, YCTaHABJIMBAETCS
JIOKabHOE TEPMOAMHAMHYECKOE PABHOBECHE MIa3Mbl KOMIPECCHOHHOMO MOTOKA.

1. BBEAEHHE

B HacTosinee BpeMs AOCTATOYHO OOJIBIIOE BHUMAHHE YAEISIETCH MCCIEN0BAHUSIM
KOMIAKTHBIX  yCKOpHTene#, crocoOHbiX paboTaTh B COCTaBe  CIOMHBIX
nnasMoJnHaMuueckux cucrteM. OmHOM W3 TaKHX MIa3MOAMHAMHYECKHX CHCTEM
HOBOFO  MOKOJCHHS ABNSETCS  ABYXCTYMNEHYATbIH  KBA3HCTALIMOHAPHBIH
CUABbHOTOUHBIH niasMeHHbld yeckoputens (KCITY) tuna [1-50M (Mopo3zos, 1991;
AcrawmHckuit, 1992).

K nnasmeHHBIM °nIoTOKaM, reHepupyembiM nepsoit cryneneio KCITY —
BXOAHbIM HOHUW3aUHOHHbIM Onokom (BUDB), cocrosiunm w3 Habopa BXOAHBIX
vonuzauMoHHbix kamep (BMK) — npenbsBisioT AOBOABHO NPOTHBOPEUMBLIC
TpeGoBaHus. C OAHOH CTOPOHbI, OHM JODKHBI 0DECNEUYUTb JOCTATOUHO
paBHOMEpPHOE  3aMofIHEHHWE  [1a3MOH  BXOAHOrO  CEYEeHHs  OCHOBHOIO-
yckopuTesnbHoro kaHana KCITY (r.e. nnasmenHslii notok BHUB pomkxeH umers
JOBOJIbHO CHJIbHYIO PACXOJHMMOCTh), C APYTrOH — MJIa3MEHHBIH NOTOK JOMKeH-6e3
OLLYTMMBIX NOTEeph NPOHTH ApeHdOBBIH KaHAN yCKOpWTEns (T.e. pacxoaMMOCTH
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MNA3MEHHOro noToka Ao/KHA ObiTh Heenuka). B UMA® HAH benapyceu v 8
LleHTpe HayuHO-TeXHUHYECKOro pa3BUTHa benrpafckoro yHHBEpCUTETa CO3MAHb! U
MCCIIeNYIOTCS MarHWTOIIA3MEHHbIE KOMIIPECCOPb! KOMMaKTHOM reomeTpud (MITK-
KT'), cnocobusie paborats B cocrae KCIIY B kauecTtse ero BXOAHbIX
MOHHM3ALMOHHbBIX Kamep.

2. PE3YJILTATBI U ObCYXXIEHHUE

Hunamuka dopmupoBarus koMnpeccHoHHbIX noTokoB B MITK-KI v pesynbratel
ONpefeneHus OCHOBHBIX MMapaMeTPOB Ma3Mbl TAKUX TOTOKOB JOCTATOUHO
noaApoOHO u3NoxkeHbl B (AcTallMHCKW U aAp., 1991, Acrtamunckuit v ap., 1992).
[lpu pabore MITK-KIT ¢ wumnyaecHOl (kfanaHHoi) nojaveid BOAOpOaa
hOPMUPYIOWHICS KOMIPECCHOHHBIH MOTOK AMWMHOW 4-5 cM W auamerpom ~ | ¢M
UMEET CIEAYIOWIME NapaMmeTpbl: CKOpOCTb razMbl —  (4-+7)- 10° cm/c:
KoHUeHTpauua N, W Temneparypa T, DAEKTPOHOB Maa3Mbl  COCTARMAOT
COOTBETCTBEHHO (2+4) 107 em™ m 1-2 5B.

Mamepennbie 3HaueHWs TeMMepaTypbl W KOHUEHTpPALKH  JIEKTPOHOB
MO3BOJIAIOT CAENaTh BbIBOA O TOM, YTO COCTOSIHME MJ1a3Mbl KOMMPECCHOHHOIO
MOTOKA OMWUCLIBAETCS MOAENBIO JOKANbHOTO TEPMOAMHAMHYECKOrO paBHOBECHS
(JITP). J[e#icTBHTeNnbHO, HEODXOAHUMbIM YyCliOBHEM cyluecTBOBaHus JITP B
ONTHYECKHU TOHKOH CTALIMOHAPHON W OQHOPOAHON nuasme steaserca N, = N,, , rae
N,, ans sonopoaa npu T, ~ 1 3B cocrasnser ~ 10" em? (Cpum, 1969). OtmeTuM
3f1ech, YTO yenoue uacTuunoro JITP ana yposueit n > 3 menee xectkoe: N, = 10"
cm” (Buze, 1967).

HeoaHnopoaHocTs nnasMeHHbIX 00pa30BaHHil HakNadbiBaeT cleaylouue
OrpaHWYEHHS Ha [NapaMeTpbl, OMUCHLIBAIOUIME JIOKaAbHOE COCTOAHHE MJ1a3Mbl
(Puxrep. 1971):

AeigradW < W (1)

rae A.; — cpeaHss anuHa ceoboanoro npobera ajektpona B rmazme: W —
paccMaTpUBAaEMbIH MapameTp.
Boipaxcenue ans A, 3anuiiem cienytoninm obpazom (Puxrep, 1971):

Aes =4,510° —5—
NeA

rae T, — Temneparypa, N, — KOHUEHTpaUus 3NeKTpoHoB, A = In 1,210°(T,/N,)"*
— KYJIOHOBCKHH florapudm.

[1pu peanusyembiX B KOMIPECCHOHHOM MIOTOKE MapaMeTpax riazmbl CpeaHsis
JUTHHA cBOOOAHOrO Mnpobera 37eKTPOHOB COCTABIAET ~ 210 cm, uto. ¢ YUETOM
HaOMoONaeMblX B IKCIEPUMEHTe rpaaveHTon N, v 7,, NpUBOAUT K BHITIONHEHHIO
HepaeHCTBa (1) ¢ BOoNbLUIMM 3aMacoM.
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HAna  cywecrsosanus  JITP B ycjaoBMSX  HECTAUMOIIIPHOH  Maa3mbl
HeOoOXOAMMO, UTOObI BpEMSi YCTAHOBIEHUS KHHETHYECKOrO DaBHOBECHA MEKAY
MEKTPOHAMM M TSHKEJIBIMUA HACTHLAMM ObINO MAJIO MO CPABHEHHIO ¢ XapaKTEPHbIM
(MpoNeTHbIM) ~ BpPEMEHEM  MMa3MEHHOro  T1oToka. Bpems  ycTaHoBieHUs
KUHETHUHYECKOTO PABHOBECHS MEXAY OJIEKTPOHAMM W THXKEIbIMH  4aCTHLAMM
ONpeaeNmM COrIacHO BbIPAKEHHMIO (3enb0oBHY U Ap., 1966):

Te3/2
Tej =250———

NeA

Jns ykasaHHbIX BbIlLE 3HAYEHHIA MapaMeTpoB NN1a3Mbl T,; COCTABIAET ~5107"° c,
YTO 3HAUYMTE]LHO MEHbLIE XapPAKTEpPHOro (MpONIETHOrO) BPEMEHM [J1a3MEHHOro
noToka ( ~ 1 MKc).

CywecrsoBanue JITP B nnasmMeHHOM MOTOKE MNO3BONSET OMPEAENHTh
CTEMEeHb HOHM3AUMM MJIa3Mbl, MCXOAS W3 ypaBHeHus (Caxa ¢ Y4eTOM CXEMBbI
ynpoiueHui Peccena-Caynnepca (Dpank-KameHeukui, 1968):

*
J

3- —_
»Q-3-102'T2-e T )
gotge T

NN 2g1
No

rneJ =J- A, Al = ],93']0"'0(NL/Te)'/2, — CHIDKEHME MOTEHLMANA UOHWU3AUMH B
3B; N, N, N,— KOHUEHTpauHs 3JIEKTPOHOB, HOHOB U aTOMOB; 1 — Temneparypa
nnasmsl B 3B; £ — 3Heprus neproro Bo30yKAESHHOro COCTOSHUS aToMa B 3B; J —
NOTeHUWaN HOHW3aUMH B 3B; g, — CTaTHUCTHUYECKHH BEC OCHOBHOIO COCTOSHHS
MOHA; gy W g; — CTAaTHCTHUYECKHE BECa OCHOBHOIO W MEPBOro BO30YKAESHHOIO
cocTosaHui aTtoma (ans Boaopoaa gp=2; g, =1 u g, =0).

Hcrionb3ys nosydeHHble B 3KCNepUMeHTe 3HadueHus /7, U N, = N, MOXHO M3
Bbipa)keHus (2) paccuMraTb KOHCTaHTy paBHoBecus k = NN, / N, a 3atem wu
KoHUeHTpauuio atomoB N, = NN, / k, 4TO MO3BOMWT ONpPEAenUTh CTElEHb
HoHW3aUWK maasmnl & = N;/ (N, + N;).

Hanpumep, npu yseaudennu 7, ot | 3B ao 1,5 3B ¢ coorsercTytowmm
namerenuem N, ot 1,510" 10 3.510" em™ , CTE€MEHb HOHU3ALMUKW ( YBEHUHUBAETCS
¢ 51093 %.

Taxum o00pasom, nposefeHHbIH aHanu3 napaMeTpoB rmnasmsl B MITK
KOMMAKTHOW FEOMETPHH, MOKA3bIBAET, YTO COCTOSHHUE MMJ1a3Mbl KOMIMPECCHOHHOIO
NOTOKA Ha KBa3WCTAUMOHAPHOW CTAAMH pa3BUTHA pazpsana OTMMCLIBAETCS! MOAESbIO
JIOKQJIbHOTO TEPMOAHHAMHUYECKOTO PABHOBECHS .
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ON THE APPLICABILITY OF THE SPHERICAL CELLULAR MODEL FOR
THE ANALYSIS OF ZERO ISOTHERMS OF HIGHLY COMPRESSED
PLASMA

F.N. BOROVIK. L.I. GURSKIY, G.S. ROMANOV

Heat @, Mass Transfer Institute, 15. P. Brovka str., 220072, Minsk. Belarus.
E-mail: ksi@hmli.ac.by

To construct a wide-range equation of state of plasma it is necessary to have
information of zcro isotherms. Zcro isotherms can be determined (for example) with
Korringer-Kohn-Rostoker (KKR), the argumented planc wave, the argumented spherical
wave (ASW), the linear combination of Gaussian-type orbitals (LCGTO) techniques.
There exists much simpler the spherical ccllular model (SCM) ( Gandelman. 1962) in
which the Wigner-Seitz cell 1s replaced by the spherical cell with the equal volume of
radius r; . satisfying condition

4 4, A

— My ag = .
3 P do N,

wherc a, is the Bohr radius. 1 1s the atomic weight of an element, # , is the Avogadro

number. p is the substance density. Further the atomic units are used. In the SCM the
electron wave functions ‘W(7) must satisly the following boundary conditions

W(R)e o = W(-ry) e

r=ry r=rn"

2
frkro \{J( ) lkro Ty I‘)
a 74 -
where ‘V(7) satisfies the Schrodinger equation with a spherically symmetrical potcntial
{/(r) These conditions result in that the cigenvalucs form bands and are [unctions ol
quasi-momentum .. Use of spherical cells allows one to characterize bands by quantum
numbers 7, fy, m corresponding to k =0. Il a wave function is represenied as a scrics

wo S B g 0.0

i=|m

where the normalized functions R,J satisfy an equation

Ry +2[5—U(r)— 1+
2r

the following set of equations can be obtained for odd /

23



BOROVIK F.N., GURSKIY L.I., ROMANOV G .S.

I"u'(
> A (k)ay (R4 (ry) =0

Vaim

and for cven /
1

T

d (R,
2 "/]1'",(/")”//'(/")E[de =0,

Iy r=r
Here

I'm

ap k) =i" [, 0,e Felda

and

i "11371(k) =1.

Ioinre
The selfconsistent potential U(r) 1s expressed in terms of the cell electron density com-
puted through wave functions R,; . Value 1," is selccted from the condition of small-

ax

ness |y at £ >0 .

The SCM neglects dependence ol the spectrum on the direction of the quasi-
momentum veetor. The latter 1s certainly an oversimplificd approximation for low pres-
sure. but il is reasonable for high values of parameters. The applicability of this model
has been analyzed in (Fagam M.1988) at normal conditions. In the present work cal-
culations for Ne, Li and Al with the purpose of comparison to results presented in
(Chernov. 1988: Chernov.  1990:Boettger, 1986: Mever - ter - Vehn, 1988) were car-
ricd out to verify the applicability of this model for analysis of zero isotherms at high
COmpressions o .

In (Boettger. 1986) a number of points on the cold isotherm of neon is calcu-
lated with the LCGTO technique and mctallization is detected at r, =0.91a,. Neon at
densities of about 1 g/cm” is a Van-der-Waals crystal with a FCC lattice. Free electrons
appear in the course of compresston which allows one to apply the SCM.. In the pres-
ent work the coincidence of cigenvalues of 2p and 3d at a zcro quasi-momentum for
ncon occurs at r; =0 967. Note that the coincidence of eigenvalucs mcans vanishing of
the gap between the filled 2p zones and empty 3d zones. i.e. metallization. At smaller
compression ncon has filled bands with a 1s*2s™2p°® configuration and is a dielectric.
The discrepancy with the data from (Bocetlger, 1986) is possibly associated with an in-
sufficient basis for calculations with the LCGTO technique (a basis of s. p and d orbi-
tals was uscd there). Calculations with the help of the SCM show that at ry =1 contri-
bulion of f and g orbitals to pressure is approximately 25 percent. Thus the SCM de-
scribes exactly cnough the deformation of the Ne energy spectrum at high compres-
sions.

At the present time calculations performed with the KKR (Chernov, 1988) and
ASW |Meyer - ter - Vchn, 1986] techniques for lithium for compression up to o =
1000 are available. Calculation with the SCM  has shown that in conformity with
KKR and ASWat =5 (ry = 1.9) the zero Li isotherm experiences a sharp change in

24



ON THE APPLICABILITY OF THE SPHERICAL CELLULAR MODEL FOR THE ANALYSIS ...

inclination associated with formation of a cavity inside the Fermi surface. Since the 2s
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zone of lithium is filled only half (lithium is a one-valence element) at ry, > 1.98 the

shape of the 2s zone 1s such that the clcctrons fill states in the neighbourhood of the
zero quasi-momenturn, i.¢. are populated mainly s -orbitals. At further compression the
clectrons of zone 2s begin to populate states with quasi-momenta close to maximum
which signifies growth of the p -orbital population. Eventually this leads to a situation
in which the states in the vicinity of the zero quasi-momentum become unpopulated, i.e.
a concavity is created inside the Fermi surface. In (Chernov, 1988) a small oscillation
on the isotherm is also observed at o =33 (r, = 1). which the author attributes to
squeczing with growth of compression of level 1s into a continuous spectrum. However,
calculation with the SCM have shown. that level 1s is delocalized already at o =12,
and at ¢ =33 pressure due to band Is has no peculiarities as the function of compres-
sion. The density of clectrons on the cell surface has no peculiarities too. Since change
in inclination of the isotherm 1s sometimes difficult to detect, the value D = Py / P

was used. where P~ is pressure, calculated as per the SCM, P, is pressure calculated

as per the Thomas-Fermi (TF) model. Since the TF model isotherm does not have any
peculiarity value D allows one to describe peculiarities on the quantum mechanical
isotherm more evidently. The results of calculations are presented in figure. In (Cher-
nov, 1990) value D was considered as a function of compression. In the present work
D is considered as a function of the cell radius since for compression on the sections
where the peculiarities are absence is practically a linear function. This cxplains the
usefulness of argument r,. The minimum in the curve takes place since in this range of

compressions the relative contribution of the 2s band to the total pressurc decreases and
the relative contribution of 1s-band increases as compression increases.
Results for aluminum up to= 2000 compression are presented in (Meyer - ter -
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Vehn, 1986). Calculations of the value D for Al as per the SCM are given in the fig-
ure. It is seen (in full conformuty with (Meyer - ter - Vehn, 1986) ) thatat o = 10 (r
= 1.3) the cold i1sotherm of aluminum has a peculiarity (a sharp change in the inclina-
tion) duc to the intersection of the bands 3s and 3d, which is accompanied by transition
of electrons from s -states to d-states. This takes place since electrons leave the 3d0
band and occupy the 3d2 band in which s- orbitals are absence. The minimum in the
curve occurs as in this range of compressions (o = 24) the relative contribution of the
3d band to the total pressure decreases and the contribution of the 2p band increases as
compression increases. The contribution of the 2s band is negligible in this range of
compressions, In conformity with (Meyer - ter - Vehn, 1988) ato = 1000- 2000 (r,
= 0.2) zone 2s is replaced by zone 3d. This is accompanicd by reduction of the popula-
tion of s-states in zone 2s and by increase of the population of d- and f-states. In the
curve this is represented by the appearance of a sharp change in the inclination.

Thus calculations show suitability of the SCM for analyzing zero isothcrms at
high compression and allow one to link various peculiarities in the behaviour of ther-
modynamic parameters with changes in the characteristics of the spectrum and the
population of levels.. [t should be noted that the SCM leads to excessively sharp
changes in the inclination of zero isotherms which can be wrongly interprcted as a sec-
ond-order phase transitions., Calculations have shown that deformations of the energy
spectrum at large compression do not result in electron phase transitions and only gen-
erate rather sharp changes of the inclination of cold isotherms. All these peculiarities
are not associated with squeezing deep shells into a continuous spectrum, but with
deformation of highly positioned bands. Deep shells only modify these peculiaritics.

Use of the SCM for superhigh compressions is not reasonable because the en-
ergy spectrum of the empty lattice in the SCM differs from the spectrum of free electron
gas. [t is found that the populations of / - orbitals also differ from the populations for
the frec clectron gas. Calculations show that the clectron density distribution for the
empty lattice in the SCM  is not homogeneous which results in that the ratio Ps / Py

( Py - the pressure of free clectron gas) differs from unity. This ratio is 1.004 for Li,

1.128 for Al. It is largest for Mg and equals 1.133. For example by the empty latlice for
Mg we mean that the spherical cell contains 12 electrons and does not the nucleus.
Henee the SCM at o — wo docs not contain the free electron gas limit.
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CHEMICAL REACTIONS IN LASER PRODUCED PLASMA
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In the present paper the laser-induced fluorescence method (LIF)
combined with the time resolved emission spectroscopy was adopted to measure
the spatial and temporal distributions of ions, atoms, and molecules, electron
temperature and density in the laser ablation plasmas. Based on the results of
quantitative |IT diagnostics chemical dynamics in the laser-produced plasmas of
metallic, and graphite samples were examined. The main attention was focused
on the LIF detection of reagents and reaction products, their spatial and temporal
distributions as well as on the clucidation of the pathways for oxide and dimer
formations in the ablation plumes.

The chemical kinetics of ablated species, both in vacuum and gas
environments is complex mainly because of wide range of the variation of the
thermodynamic conditions (from high pressure and temperature at the time of
ablation to a rarefied gas at times long after the ablation event). Besides, there
exist many possible reaction pathways and reaction rates are available only for
the limited pressure and temperature regimes.

Plasma was produced by focusing of a Nd:YAG laser radiation (1064nm,
10ns. 10%-10° W/em?) or XeCl (308nm,lOns,I08—109 W/ecm?) on the surface of the
metallic (Al. Ti) and graphite samples in the helium (air) atmosphere at pressures
of 107-500 Torr. The details about the densities, temperatures, time-space
distributions of various ablated species (Al, Al', Ti, Ti*, AlO, TiO, C,) were
obtained. The quantitative interpretation of LIF measurements was performed by
using the three-level atomic and four-level molecular approximations, the
measured collisional quenching rates of the excited states as well as taking into
account the shape of the excitation laser pulse and the temporal variation of the
absorption linewidth (Burakov er al, 1992).

The temporal profiles of atoms and ions in the plume were in the form of
curves with maxima whose value and position were dependent on the conditions of
focusing of radiation onto the target. The range of the concentrations of Ti atoms
of 2010"-1.1e10" cm™ and ions of 2.5010'-4.5¢10" c¢m™ was recorded in the
titanium/air plasma. TiO molecules were detected at the stages of plasma
expansion and afterglow in the time interval of 5-60 ps after ablation laser pulse
and up to 3 mm from the target surface. With the plasma evolution the density
decreases up to | 10" cm™ (60 yis) as well as with increasing of a distance from a
target (Burakov er al. 1995).
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The energy distributions of the TiO molecules over the vibrational-
rotational states were used to determine the mechanisms of their formation. An
analysis of the populations of the rotational levels shows that only for the groups
of levels (J'<60, J'<50) ‘the rotational distribution may be considered as
Boltzmannian with a temperature varying from 800 to 450 K for the lower state
(v'=0, a'A) and from 2100 to 1400 K for the upper state (v'=0,c'®) over a time
interval of 5-30 ps. Measured temperatures differ from the surface temperature
attainable at the values of the radiation power density on the target that were used
in our experiment. The maximum vibrational temperature is attained in the time
interval within which the density of Ti atoms in the ground state and the intensity
of luminescence of TiO molecules reach their maximum values (t = 15-20 ps). The
results obtained indicate that the most probable reason for the formation of
electronically excited titanium oxide molecules is the gas-phase reaction
proceeding between titanium atoms and oxygen inside the plume. Comparison of
the spatial-temporal distributions of the TiO atoms and excited molecules allowed
us to find a correlation in their change, which testifies that electronically excited
titanium oxides most probably are formed from oxidation of atoms in the ground
and low lying metastable states (Burakov ef al, 1999).

The formation of C, and C; molecules in laser ablation carbon plasma was
investigated by LIF monitoring of the time-space distributions of these molecules
in the plasma. Estimates of vibrational temperatures of C, species under various
helium pressure support that, the recombination of free carbon atoms is the most
likely mechanism for the production of C; molecules.

So,. the experiments performed demonstrate the great diagnostic
capabilities of the LIF combined with the time resolved emission spectroscopy for
the analysis of chemical dynamics during the laser induced ablation of solid
samples. Based on the quantitative data provided by LIF measurements the details
about the densities, temperatures and kinetic energies of various ablated species
were obtained. These results permitted to elucidate the pathways of oxidation
reactions and dimer (cluster) formation and their influences on the relative
concentrations of various species in ablation plasmas. The role of excited and
metastable reagents in oxidation kinetics has also been established.
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CMEKTPOCKONUA NAA3MblI MAFTHETPOHHOI'O PA3PALA
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The spectroscopic research results of magnetron discharge used for depo-
sition of film coatings are discussed. The influence of gas flow rate, discharge
power, and pressure in vacuum chamber on the plasma emission is analyzed.

1. Beeaenne. B npoueccax peakTHBHOIO MarHeTpPOHHOTO paciblIEHHS
MaTepuanoB, OCHOBAHHbIX Ha pPAaCMbUICHHH MaTEpHAlIOB HOHaMH pas3psia B
CKPELUEHHBIX 3JIEKTPHUECKOM M MArHUTHOM TMOJSAX, XapaKTEPUCTHKH TJIEHOK
XHMHUYECKHX COeIMHEHHH ONpenenstoTcs COOTHOWIEHHEM MOTOKOB YacTHL Ma-
TepHasa W PEaKTHBHOTO ra3a, 00pasyoUHX MIEHKY, KHHETHYECKOH X NOTEHUH-
aNLHOM JHEpPrued 3THX YacTHU. DMMCCHOHHBIR ONTHUYECKHMA crekTp paspsaa
XapaKTepH3yeT COCTOSHHE Ma3Mbl Kak HHCTPYMeHTa 06paboTKu MOBEPXHOCTH.
“ndopmauns 06 MHTEHCHBHOCTH Pa3HYHBIX KOMIIOHEHT CMEKTPa, a TaKKe O
BIMAHUM PEXKUMA MTPOBEIEHUS NMPOLIECCa MOXKET ObITh MOJOXKEHA B OCHOBY pa3-
paboTKH cnocobOB yNpaBaeHHS PEAKTHBHBIM MarHETPOHHBIM PACbLIICHUEM,

2. OcHoBHast 4acTb. B MCC/IeA0BaHMAX HCMONB30BANMCHL CACAYHOLIME
MaTepuanbl pacnblasieMblXx Muwenenr: Ti, Al, InSn, V, Ta. Uueprupiit raz — Ar,
pEaKTHBHbIC ra3bl — KUCAOPOA, a30T, yrnepogocoaepxkawui ras (C,He). Auana-
30H MOLLIHOCTEH pa3psiga W JaBieHHit pabodero rasa B NPOBOAHUMBIX JKCHEPH-
medTax W =10,5-2,5 kBt v p =0,2-0,6 ['la. Meroauka onpeaenenus 3aBUHCHMO-
CTH HHTEHCHBHOCTH OCHOBHBIX 3/IEMEHTOB CMeEKTpa paspsaa OT MapameTpoB
Mpouecca 3HAYHTENBHO YCJIOKHAETCS M3-32 HEYCTOHUMBOCTH CHCTEMbI MH-
IeHb-M1a3Ma-neHka. HeyCcToHuMBOCTL TaKOH CUCTEMBI MPUBOIUT K CaMONpPO-
M3BOJILHOMY €€ MepeXoAy B OQHO M3 ABYX YCTOHUMBBIX COCTOSHHH [polecca
JaKe MpPU COXPAHEHUH Ha MOCTOSHHOM YPOBHE BCEX BHELHHX [1apameTpoB
pa3psaAa, TAKMX Kak TOK W HanpsXKeHWe pa3psfia, MaBJIEHHE B Pa3psaHOR kame-
pe, pacxon HHEPTHOTO M PEAKTHBHOIO a308, CKOPOCTh OTKAUKH /1/.

VcxmounTs BAMsHHE HEYCTOHYMBOCTH CUCTEMBI NO3BOIIO [IPUMEHEHHE
paHee pa3paboTaHHOro HaMH Npubopa CMEKTPasbHOro ynpasfaeHus /2/, koTo-
pblHi NMO3BOAAN MOLAEPHHBATL HAa 3aJaHHOM TOCTOSSHHOM YPOBHE WHTEHCHB-
HOCTb CMEKTPAIbHbIX JIHHHA MaTepHana MHILEHH yTeM YNPaB/leHHs pacxoaoM
peakTHBHOTO rasa. Ha puc.| nokasaHna anHaMHKa OTHOCHTENLHONH MHTEHCHBHO-
CTH CMEKTPATLHOTO 3EMEHTA MaTepHasia MHWeHH ly M peakTuBHOro rasa Iy
MpH MPOBEJEHHSA TIPOLIECCA HAHECEHHS TUIEHKH B YCNOBHAX MOMAEPKAHHA Ha
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NOCTOSHHOM YPOBHE MOLUHOCTH pa3psda, NaBlE€HHA B BAaKYyYMHOH kamepe u
CKOpOCTH OTKaukH. H3meHsemoll BenuUHHOH fBAANCS pacXxond pPeaKTHBHOTO
raza. 3aece: tp — MOMEHT BPEMEHH BKJIIOUEHUS perucTpupytowed Iy v [r anna-
paTypbl; t; — MOMEHT 3KMIaHHA MarHETPOHHOIO paspsi/la B MHEPTHOM rase; ty —
MOMEHT MOJA4YM PEAKTUBHOTO ra3a B BAKYYMHYIO KaMepy; {3 — MOMEHT BbIXOAa
Ha Tpebyemoe 3HaueHue ln MHTEHCHBHOCTH ly, T.e. Ha TpeGyeMblil pexxuM Ha-
HECEHUS TIOKPbITHA MeTali-peakTHBHbIH ras (MR); {y — MOMEHT OTKJItOUEHMS
00paTHOH CBA3M MEXAY MHTEHCHBHOCTBHIO Iy M pacxoqOM peakTHBHOIO rasa;
ts — HayaJIbHbIA MOMEHT CAMOIPOU3BOJIBHOMO MU3MEHEHHS COCTOAHHS CHUCTEMbI
MUILEHb-[11a3Ma-TIJIEHKA; ts — MOMEHT BbIXOJA CUCTEMBI B OJHO U3 YCTOHYMBbIX
COCTOAHHH.

I, oTH. ea.

1 2 3 4

1.0
R‘ (In)o

Puc. 1 JInHaMHKa OTHOCHTENbHOI HHTEHCHBHOCTH CMIEKTPASIBHOIO 3/1EMEHTA
maTepHana MULIEHH [y M peakTHBHOrO rasa Iy

[lpeacrtaBnexHbie 3aBUCUMOCTH Iy H Iz OT BpeMEHH HOCAT yHWBEpCATb-
HblH xapaktep. KauecTBEHHO OHW COXPAHAIOTCS IS BCEX HMCIMOABL3OBAHHBIX
HaMH MaTepHaNoOB MHLUEHH U THIIOB PEAKTHBHOTO rasa.

Crapus ty-t) (CTaaus 2) XapakTepusyeT BbIXO[ MarHeTPOHHOrO paspsia Ha
CTALIMOHAPHbLIH PEXHM I'OPEHUS B CPENlE MHEPTHOTO rasa. JITHTenLROCTb CTaaun 2
ONpefenseTcs BPEMEHEM YCTAHOBIIEHHs TEIUIOBOrO PEXHMA PACTILLIAEMON MULLE-
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CTNEKTPOCKOMKUA TTA3MbLI MAFHETPOHHOI'O PA3PSIAA

HU W MPEILICTOPHER COCTOAHMA NMOBEPXHOCTH MHlIEeHH. Ecmu paspan 3axuraercs
Ha MHILEHH, YaCTHYHO WIW MOMHOCTBIO MOKPLITOH IEHKOH coearHenus MR, To
IUTHTENbHOCTD CTa/IHH BO3PAcTaeT Ha BPEMS, HEOOXOAHMMOE U1 OUHCTKH MHLLIEHH.

Ha cranuu 3 (MHTEpBan t;-t;) MPOMCXOAHT MEPEXOA OT pexHMa HaHece-
HHSI TUTEHKH MAaTepdana MHULIEHH K pPeXxHMy HaHECeHHA CTEXHOMETPHUECKOH
naeHkd MR. Cnaa sBenuunust ly obycnosneH obpazoBaHueM coeauHenms MR
Ha MOBEPXHOCTH MHLICHH, KOIDGHHLHEHT pacnbUIEHUS KOTOPOro BCerja MeHb-
ule K03QOUUHMEHTA pacbUIEHUs YUCTOH MOBEPXHOCTH. ECM BCS MOBEPXHOCTH
MULIEHH [OKpblBaeTCA coeanHeHuem MR, To noctvraercs MHHHMAaNbHOE 3Ha-
ueHHe BeNHUHHb! Iy, paBHoe (Iy)y. BennunHa D = (1,)/(Iy), cnabo 3aBHCHT OT
BEIGOpPA CREKTPaTbHOH AMHUM H NPAKTHUECKH HE 3aBHCHT OT MOILHOCTH pa3ps-
13 ¥ NapuMansHOro AaBfieHWs aprona. JTa BENHYMHA OMpeaesseTcs MarTepHa-
JOM MHILLIEHH, POJOM PEAKTHBHOIO ra3a H ABJSETCA NMapaMeTpOM YYBCTBUTE/Nb-
HOCTH ONTHYECKOro YNpaBieHAS M1l KOHKPETHOrO Npouecca.

[Mpu ycnoBusx nposeacHUs npouecca, koroga W u p aBisioTcs NOCTOAH-
HbIMH, KOJIMUCCTBEHHbIMH [IOKA3aTENIIMU COCTOSSHHA CHCTEMBI  MHUWCHb-
nna3Ma-naeHka Moxet anarbes Bennunna a=/[(ly)—LJ/[ (1) (L n], nMmero-
1A CMBICS CTEHEHM PeaKTHBHOCTH Lipouecca. J1a BeJIHUMHE NPUHHUMAET 3Ha-
yeHua 0T 0 OO | W MOXET CAYXHTL B KA4eCTBE KPHTEPHA HAHECEHHS NJIEHKH
TpeOyeMOro cocTaBa. AHaJIM3 BIUSHHS BEJIHYHHbI @ HAa COCTAB MOKPBITHS MO-
Kaza’s, 4To ANs BbIOpaHHON napbl MaTepHana MHUBEHH — pEaKTHBHBIN ra3 obpa-
30BaHHE CTEXHOMETPHYECKOTO MOKPLITHA NPOMCXOAMT B Y3KOM HHTEpBasie 3Ha-
yenud «. Hanpumep, TiN npu a=10,6510,03; TiO;— npn «a=0,75+0,04,
(InSn),0; — npu @ = 0,72+0,03.

JHamuka nHTeHcHBHOCTEH Iy W I Ha cTaguu 4, koTtopas ABAseTCs CTa-
Jveil HaHeCeHHS TIEHKH CTEXHOMETPHYECKOTO COCTaBa, XapaKTepHUlyeTcs cre-
IYIOUIHMH 0c06EHHOCTAMK. BbICOKOUACTOTHAS MOIYAUHS BETHUYHHBI |y, 00y-
CJIOBJIEHHAA KONeDaHUSAMHU HanpsKeHUS UCTOYHMKA NUTAHWA paspsaa, CHHXKa-
€TCS M0 CPaBHEHHUIO CO cTaaueH 2 W He npeebiiaeT 18%. Moaynsums Benuyu-
Hbl Ig Ha TaKHX 4HacTOTax He npesbllaet 15%. JTa HECTALIMOHAPHOCTL HE MpH-
BOAMT K MOIYJALIMH COCTABA OCAX/JIAEMOro TMOKPHITUA. B ycnorusx nposomu-
MOTO 3KCNEPUMEHTAa OCHOBHbIMH MPUYUHAMHM W3IMEHEHHMS COCTARA MOKPLITHS
SIBAKIOTCH HU3KOYACTOTHBIE (MEHbLUE AECATHIX AoneH ') koneGaHHs MOLIHO-
CTH pa3psja v JaBJeHWS B BaKyyMHOH kamepe. Bnusuue Takux xonebaHuil Ha
NNOTHOCTb MOTOKOB YaCTHL MaTepHalla MHUIEHH H PEaKTHUBHOIO rasa, Cjef0Ba-
TE/IbHO, HAa COCTAB IMOKPBITHA H3YHYEHO MYTCM HHW3KOYACTOTHOrO M3MEHEHHS HA
craguu 4 Bennuda W u p B npeaenax 5-20% wux cpennux 3HaueHui. Hanuune
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0oOpaTHOH ¢BSi3H MexAy Iy U g NPUBOAWIO B TaKHX Cllyyasx K H3MEHEHHIO g
NpH NOCTOSHHOM 3HaueHHH ly. B pesynbrarte ycTraHOBReHO, 4TO B npoueccax
HaHeCeHHst OKCHAOB W HUTPHAOB Ti W Al HecTabHAbHOCTL BenHuMHLEI C = [/l
CBA3aHA ¢ HECTABHNBHOCTHIO MOIHOCTH Pa3psaa W AaBJAEHHUS COOTHOWEHHUIMHU
AC/C = (2.3-42)AW/W w AC/C =(0,4-0,6)Ap/p. B npepenax ykalzaHHLIX rpa-
HUL HECTaOWJILHOCTh 3aBMCUT OT abCOJIOTHBIX 3Ha4YeHud W u p U CKOpOCTH
OTKAYKH W3 BAKYYMHOW Kamepbl.

C uenbio OUEHKH BAWUSHHUA HH3KOYACTOTHLIX KonedaHMH pacxona peak-
THBHOTO a3d Y Ha COCTAB OCAMUAEMOIO 110TOKA PErHCTPHPOBAINCH 32BHCUMO-
ctu Iy 1 Ig OT g NnyTeM MemneHHoro usmeHeHds pabouel To4kH npouecca (Be-
nuunkbl Ly ) ¢ nomowbo npuBopa /3/ B yCIOBHAX MOCTOSHCTBA 3HaYeHU W 1
p. [lepexon Kk KaxIOMY TIpeAblaAyLUEMY H3 KAKAOFO MOCAEAYIOLIEro COCTOSHHS
CUCTEMBl MHIULIEHb-NIA3Ma-NEHKA MPOBOAMACA 3a BpeMs, HeoOXxoaumoe Aans
YCTAHOB/ICHHST PABHOBECHS HOBOTO COCTOSHHA, T.€. [UIS YCTAHOBJIEHHS HOBOIQ
CTaUMOHAPHOrO 3HAUYEHHS BENHUMH [y ¥ |z, YCTAHOBIIEHO, YTO ANS Pa3nUuHbIX
nap matepHal MHLLIERH — peakThBHbIH raz AC/C = (2,0-4,6)Ag/g. [1puuem pocT
sennuunbl AC/C B yKazanHbIX fpefesiax o0ycnoBsieH B NMepByo oyepeab poc-
TOM CKOPOCTH OTKAUKH.

[Mocie orkiouenus obpaTHO CBA3M B MOMEHT BPEMEHH ty, Habmonaercs
COXpAHEHHE CTEMNEHW PEAKTHBHOCTH, T.e. COCTaBa OCAXKAAEeMOro MoToKa B Teue-
HUEe TMPOMeXyTKa ty-ts (cTanus 5 puc.l). Ha 3TOM cTagumn cuctema MHILEHb-
NAa3Ma-MjaeHKa HaXOAHTCA B COCTOSHUHM HEYCTOH4MBOrO PABHOBECHS W [OAB-
NenHe CAyuaiHbIX BO3MYUIEHHH NapaMeTpoB Npollecca NPUBOAHT K CAMOINPO-
H3BOJIBHOMY HIEPEXO/lY CHCTEMbI B OJIHO M3 YCTOMUMBbLIX cocrosHui. [Ipu cko-
POCTAX OTKA4YKH, PaBHbIX HIH MEHbLUE pacxoaa PeakTHBHOrO rasa, MIHTeNb-
HOCTb CTaNMU 5 COCTaBASET OT AOAEH CEKYHA 10 MHHYTbL. C POCTOM CKOPOCTH
OTKAYKH ASMTENLHOCTb 3TOH CTaAWU MOXET AOCTHYbL €AMHUL MUHYT. JUHaMHU-
KA MEPEex0A0B HInOpaxeHa Ha puc. | KpurbiMu | ¥ 2 ang Ty U kpuBkiMu | 1 2
ans lg. Hanpasienve caMOMpOM3BOMBHOrO nepexona, T.e. YMEHbUICHHE WK
pPOCT @ NpH NEPexoae CAy4YalHO H ONMpeaensieTcs 3HAKOM HHU3KOHYACTOTHOrO

so3myuerds. Hanpumep, npu AW > 0 unn Ag <0 nporcxonur cnaa a.

Jurepatypa:

|. bypmakos A.T1, 3aiikor B.A., Jlabyaa A A., Yépuuiii B.E. XIIC. -
1996. — T.63. Ne 6. — C. 1049-1053.

2. bypsmakos A.TT., Jlabyna A.A., Hukudopenko H.H., Yépnwiii B.E. Ba-
KYYMHAs TEXHHUKA W TexHonoruu. — 1993, — T3 puin.2. — C. 5-7
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OCOBEHHOCTHU MOANPUKAIIUU CTPYKTYPBI

MNOJUMETUIMETAKPUJATA ITPH HEKOTOPBIX

PEXXUMAX BO3JENCTBHS HA HEI'O MOILIIHOI'O
JAZEPHOT O U3JIYUYEHHA.

C. B. Bacunbes, A. HO. UBanos, B. A. Jluono,
B.1.Henonyros

[ pooneHcKTl cocyOapemeeHHbitl YHUSEPCUMEM UM.
A Kynanei, 230023, BEJIAPYCBH, 2.1 poono, Oxcewro 22

OObeKkTOM HccneaoBaHus ObUl NPO3padHbIA OpraHU4YecKHUH
IUANEKTPUK — nonumetunMerakpunat ( [IMMA ) .

llensto paboTel  ABJIANOCDH U3y4YeHHUE 3aBHCHUMOCTH
U3MEHEHHUH aTOMHO-MOMeKkyaspHoH cTpykTypsl [IMMA B
33aBUCHMOCTH  OT  3HEPrHH  MHWJUIMCEKYHIHBIX  JIa3epHBIX
HUMITYJIBCOB M TOJIIMHbI 0Opa3ua.

B kadecTBe BO3AeHCTBYHOWIErO UCIONB30BaJICS pPyOHHOBBIH
nmazep ['OP-100 M padotaBumii B pexume ¢cBOOOAHOH
reHepalMy (IATENbHOCTL UMMyJbca t=1,2 Mc). DHeprus
7a3epHbIX UMIYNbCOB E( BappupoBana B mpenenax or 4 10
50 Jx W wu3Mepsnach C MOrPeLIHOCTbIO HE Xyxe 5 %.
CxeMa 3KCrepUMeHTa TakoBa, HYTO MOXHO OBLIO NMpeHedpeds
JHEpruerd  MmepeusnydeHUss 3a  c4eT  TOPMO3HBIX H
peKOMOUHAMOHHBIX MPOLECCOB, @  TaKXe  3HEepruem,
paccessHHOH obnacTeto  morjouleHuss. as orpeneneHus
nojsiel TNNOTHOCTH M TemIepaTypel B oOpasle B Xxoje
BO3LEHCTBUA Ha  HEro JIA3€pHOTO M3JIydeHus obpazel
MOMeIancs B OJHO W3 QUIed TrojorpagHieckoro
uHTepdepoMeTpa Maxa-LleHaepa. 3o0HAUpYylOlllee U3Ty4YEHHE
HaINpaBJIsJIOCh B KOJUJIMMATOp, II03BOJISIBILMHM IOJy4YaTh
napaJenbHbll CBETOBOH My4OK IMaMeTpoM OT 2 MM A0 3
CM U IIpeBBILIAKLLIKMM TOJLIMHY obiydaeMoro obpasua, uTo
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MO3BOJIMIIO HabNK1aThb 3a POCTOM KpaTepa, HM3MEHEHUEM
IUIOTHOCTH MW TeMMepaTypbl BeLIeCTBa B oOIydaeMol 30He,
a TaKke 3a GOPMHUPOBAHHEM H PACNTPOCTPAaHEHHEM B BELLIECTBE
MUILIEHH YINpYrux BoJIH. MHTeppepoMeTp ObLT COCTBIKOBAH
CO CKOPOCTHOH (poTopeructpupyrowed xamepoi COP-1M,
MJIOCKOCTh  (POTOTNIEHKH B KOTOpPOHW Oblna compsikeHa ¢
[IOMOLIBIO CMEUHalbHOro O0BLEKTHMBA € MEpPHUIUAHATBbHBIM
ceyeHUeM BO3/IENCTBYOLIEro Ha obpasel na3zepHoro nyua.
CxopocTHas  xamepa  paboTana B peXUMe  NyIibl
BPEMEHHU. [TonyueHHsble KaJphl rojaorpamMmm
C()OKYCUPOBAHHOr0 H300paXkKeHUst UMETH MPOCTPaHCTBEHHOE
pazpedleHde TNO 01K  00beKTa MNpPUMEPHO 25 MKM.
BpeMeHHOe paspelleHue cocTaBlaN0 NpUMepHO | MKC. bblu
MPOBEACHBl  CrieuanbHble  HCCIIeJOBAHUSA npobunei
KpaTepoB, TOJieH pPaBHOH IUIOTHOCTH M TeMmIllepaTryp MJis
pasjM4yHbIX  00pailoB W B pa3HbIC MOMEHTbI BPEMEHH.
YCTaHOBIIEHO, 4YTO POCT KpaTepa HpOdOJKAJICs TOJBKO B
TeueHue nepBeix |00 Mkc ¢ Hauana Bo3gedcTBHs Ha obOpasen
JTA3€PHOTO M3MYYeHHs, NPHYEM [PH AEHCTBHU  JIa3€pHOIo
U3NYYEeHUs Ha  MHUILIEHb TOJWHHOM | MM KpaTepsl
00pa3oBbIBAIUCL KAK Ha o0nydaeMoH, Tak U Ha ThUIBHOH
cTopoHe oOpasua. Mpel 0OBSCHSEM 3TO TeM, 4TO pa3Mepbl
dokanskHOW obnacTH (0daacTH kKaycTUkH) GOKyCHpYOLIEH
CHUCTeMBl mNpeBbitlany | MM. B nocrenyoliye MOMEHTEHI
BpeMenu ( t>100 mke ) ansg oOpasuoB TonmuHOH L>3 MM
U3MEHEHHS JIMHMK paBHON NAOTHOCTH ( U TEMIlEpaTyphl )
BEUIECTBA HOCH/IM TpexXMepHbli ( MO4YTH cdepudeckuii )
XxapakTep H TpOoTeKany 3HAYMTENbHO MeJJIeHHee, 4YeM B
nepsele 100 Mkc. B obpasue Tomuunod L=1 MM nosoxeHus
JUHUK paBHOW MIOTHOCTH ( W TeMIepaTyphl) UMeu
palWalbHBIA  XapakTep W B OCEBOM HarpaBJIeHHUH
U3MEHSIJIMCh HE3HAYMTRILHO.
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Jlns onpeneneHus CTPYKTypHbIX u3MmeHenu#n B IIMMA

noa NEHACTBHEM [1a3epHOro OOSydeHHs HCMOIb30BasICs
peHTreHoBckUi nuppaxkromerp [JAPOH-2.0. M3nyyenune Cu
Ka — d¢unsrposannoe (A =1,540 A). Ha pentrenorpammax,

0 0

CHATBIX B MHTepBanax yrios axdpakuuu @=26 ot 5" no 907,

OTYET/IUBO TMPOABASETCH NOCTATOYHO BBIPAXKEHHBIE Tallo B
( 0

obnacti yrnos ¢= 14" - 18° u Gonee pasmplToe rajo Ha

)
yrnax ¢= 27° - 33", PeHTreHOrpaMMBbl, CHSITBIE OT 00pP3LOB

[MMMA Tonmuuuo# L= 3 MM u Oosee 1x0 ®  mocne
BO3JIEMCTBUS HAa KHHUX Ja3epPHbIX UMIIYJIbCOB, IPAKTHYECKU
onuHakoBble.  [lng  oOpasuoB ¢ TommuHOH L= 1 MM
HabmronaeTcs s 00OUX rajlo U3MeHeHHe HX MoJoxeHus (0),
MHTEHCUBHOCTH ( | ), nonywrpunst (A) u acummeTpuu (A ).
HcenenoBaHbl 3aBHCHMOCTH  yKa3aHHBIX MapaMETpoOB  OT
SHEPTUM MOTJIOLLUEHHOrO J1a3epPHOro  H3MydeHUs. OTMETHM,
4YTO Ha pEHTreHorpamMmax oOJy4YeHHbIX 00pasuoB HHOIna
MOSIBJISIOTCS  JAOCTATOYHO  BbIpaXKEHHBIE  CEJIeKTHBHbIE
(nonymupuHa A =~ 0.1”) pednexcbl, UYTO  TOBOPHT O
BO3HHKHOBEHHA 00nacTed ¢ MOJEKYJIPHBIM YHOPSAOYEHHEM
B [IMMA noa ne#icTBMeM na3epHOro H3JIy4YEHUs, MpUUEM
NosBJIECHHE  3TOH yrnopsiaodeHHOW da3pl 3adukcupoBaHo
TOJIKO JJIs1 mornowenHod 3nepruu ( E; ) pasuoi 10 u 30
Jox. Jng  ApyruX WHTEHCHBHOCTEH JIa3epHOrO W3Jy4YeHHUS
MOSABIACHHE pEe3KHWX MaKCUMYMOB Ha AUdpakTorpammax He
3aUKCUPOBaHO. /[lns Bcex HMCcnefoBaHHBIX OOpaslioB IO
dbopmye Llepuuke-Tlpunca C Y4Y4eToM TIIONpaBOK Ha
NOTJOIEHHE W NoNspusauuro  ObLIH pacCUYUTaHBI
KOppeNsiUMOHHbIE  (DYHKUMWH W(r). AHaJIM3UpPOBAJIUCH
MOJIOKEHUS W Niowaau MakcMMymMoB W(r),4TO I103BOJIHJIO
YCTAaHOBHTH MapaMeTpbl M3MEHECHMH aTOMHBIX KOOpIHHALWH
B IIMMA nox neictBHem fasepHoro usnyuyenus. [lpu
NOTJIOUEHHH JlazepHoro unydeHuss [IMMA ¢ TonuuHoH 1 MM
B HEM IPOMCXOAAT H3MEHEHHs MOJIEKYISIPHOH CTPYKTYPBI,
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KOTOpble QUKCHPVIOTCS  PEHTTeHIH(PPaKTOMETPHUECKH.
OcHoBHble H3MeHeHHs HabnonaTes B Mpeaenax nepBoi H
BTOPOH aTOMHbIX KOOPAHHALMOHHLIX chep. CrnenoBaTeNbHO,
nazepHOe  BO3AEHCTBHE He TOJIBKO HU3MEHSIET
B3aUMOpPACIONIOKEHHE  MOJEKYJ, HO W 3aTpardBaeT HX
BHYTPEHHIOIO CTPYKTYPY. YBENHUCHHE HHTEHCHBHOCTEH rasno
M YMEHBUIEHHE WX [MONYLWMPHHBL TOBOPHUT O TOM, YTO
CTeMeHb MOJIEKYJIIPHOTO  YNOPAAOYEHHA  YBEJIMYUBAeTCH,
npuueM MOJEeKYNApHas  CTPYKTypa aMop(HOIo BellecTBa
nepectaeT ObITb OAHOPOLHOH, 10 €CThb B HEH HauMHAETCH
npouecc  obpaszoBanus MOJEKYIISIPHBIX KJIaCTEPOB.
Pe3ynbrarsl PCHTreHOorpapUIecKux UCCiIeI0BaHHH
COTNIAcYIOTCSi € KPUCTALIOXHMMWYECKMMH  [lapaMeTpaMH
[IMMA. VYcTaHORIEHO., 4YTO H3MEHEHHMS MOJIEKYIspHOH
crpyktypsl [IMM.A noa  aedcrBHeM  MOUIHBIX  CBETOBBIX
UMITYNIBCOB  00YC10BAEHO BO3OVIKAEHHBIMH aKyCTUYECKHUMU
KONeOaHUAMM U HMEIOT HETEIJIOBOH XapaKTep.

[TpoBeneHHble HCCIEAOBAHMS roKazanm, 4TO  MpH
NEeHCTBUKM MOILHOIO a3epHOr0 HMIyNbCca Ha T[OBEPXHOCTH
[IMMA MPOHCXOLAT M3MEHEHUs MOJIEKYISPHON
CTPYKTYpbl 00.1yuaemMoro MaTepuana. [Ipn  sToMm

3aBUCUMOCTE CTENEeHH M3MEHEHHs MUKPOCTPYKTYpBI OT E, He
ABIIIETCS MOHOTOHHOM: Haubosee pe3kHe H3IMEHEeHHUs 30H
YIOPSANOYEHHs!, CTCMNEHH MOJIEKYJISPHOTO YIOPSAOYEHHS H
cpellHel TMIOTHOCTH BeLIeCTBa HaOMIOJAIOTCST TPH  BIIOJHE
ONpedeNIeHHBbIX 3HA4YeHHAX  [OrJOIIEeHHOW  dHepruu (B
HameM  ciayuae o 10 Jpx n 30 x). [lokazaHo, d4Tto
yKa3aHHbIE SBJACHHS MOTYT OBITh CBS3aHbl € BO30YXKIEHHEM
B 0011yqaeMoM 00pas3iie CTOAYHN dKYCTHYECKHX BOJIH.
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OCOBEHHOCTH PA3BUTHU S JTASEPHOH IJIA3ZMBI
BO BHEIIHEM SJIEKTPHYECKOM I10JIE.

C.B.Bacuases, A.FO.Msanos, B.M.Henonyros,
H.H.Cepebpskos.

[ poOHeHCKUll cOCYOapcmeeHHbIU YHUBEPCUMEM UM.
A Kynano. 230023, BEJIAPYCH, 2.1 poono, Odxcewxo 22

lenbto fmanHOW paboTbl  SABJISETCS  HCCIENOBaHUE
BIMSIHUS NIEKTPUHECKUX MM0Jeil pa3sNMYHON HaNpsHKEHHOCTH
(or 0 mo 10° B/m) wa NPOCTPAHCTBEHHYIO H BPEMEHHYIO
IBOJIIOLHUIO TOJSL MIOTHOCTH 3JIEKTPOHOB B Jla3epHOHU Iia3Me,
BO3HHUKAIOIEH MNpH JeHCTBUM MUJUTMCEKYHIHBIX JIa3€pHBIX
UMITyJIbCOB Ha MNOBEPXHOCTH pAa3IMYHBIX METAIOB (Melnb,
AJTIOMHUHMH, OJIOBO, CBHHEU, HHAWH).

Hznyuenne  pybunoBOro  nasepa ['OP-100M
(AMTENBHOCTb UMIYNbca B peKMMe CBODOIHOH TreHepaLUlH
~1,2Mc,  mAMHA  BOAHbL  A=6934HM) NpW  MOMOUIH
bOoKyCHpYIOILEH CUCTeMbl HanpasJs/IOCh Yepe3 OTBEpCTHE B
3nekTpoAe  Ha o0nydaembld oOpasel, KOTOPBIA SIBIsJICA
BTOPBIM 3JIEKTPOAOM. DHEPrust JIa3epPHOTO WMIlyJIsca [

BapbHhpoBaniach 0T 5 Ao 60/Dx. Jng noaydenHus Ha oOpasue
OTHOCHUTEJILHO OJAHOPOAHOrO NsiTHa (POKYCHPOBKU HU3IIYUEHHUS
C PEe3KHMH TIpaHHLAMH [JHaMETPOM d=2MM KCIOJB30BaJaCh
nuagparma avameTpoM  10MM, wu300pakeHHe KOTOpOH
CTPOMJIOCH (OKYCHPYIOLIEH CHCTEMOH  HA IIOBEPXHOCTH
mMuiiedd. Yacte oHepruu (~4%) nasepHOro MMIYJbCa,
OTpak€HHas OT fepefHed rpaHd CTeKJISHHOIO KJIMHa,
nocrynana Ha usMeputens sxveprun  HMMO-ZH. Csetosoit
TIIOTOK, OTPAXEHHBIN OT 3aJHeH rpaHy KIMHA, HANpaBIsIICS Ha

37



BACHIILER C.B., MBAHOB A.IO., HEAONYTOR B.W.. CEPERPSIKOB H H.

KOAKCHANBHBIH  ()OTOPNEMEHT GDOK-15, 410 TNO3BOIISLIO
PerucTpUpOBaTh BPEMEHHYIO (HOPMY J1a3epHOTO UMITyJIbCa MPH
noMotu ocuunnorpaga C8-13.

Hanpsbkenue Ha 3/€KTpoabl MOAABAJIOCh OT UCTOYHUKA,
NO3BOJISBILIETO W3MCHATh HanpskeHwe B npefenax or 0 no
25xB. BuHyTpennee conpoTHBneHHEe HCTOYHHKA paBHSIOCH
10MOwm. TlapanneibHo EKTpoaaM 4epe3 COMpPOTHBIEHHE C
R=400MOm Obl:t moakiwoueH  ocuusiorpad C8-13.
PaccTosiHUEe MEKAY HICKTPOAAMH BAPbHPOBAJIOCH OT 2 0 8CM.
Jns  BU3yanusalMu MW HCCNEAOBaHHA MNPOCTPAHCTBEHHO-
BPEMEHHOH  3BOJIIOUMM 1101 T[JIOTHOCTH 3JIEKTPOHOB B
nmazepHoM  dakerne, BO3HHKABUIEM Yy  TOBEPXHOCTH
obnyyaeMoro  0o0pazud,  HamMu  HUCIIONB30BajCi  METOJ
CKOPOCTHOH ronorpaduyeckon KHHOCHEMKH.
MexaneKTpOAHbIH NMPOMENKYTOK MOMEIIANCd B ONHOM W3 IJIeY
rojorpa@uueckoro HHTep(depomeTpa Maxa-Ienaepa,
KOTOPBIA  OCBellancs M3jiydeHHeM pyOHHOBOrO  Jasepa,
paboTaBLIEroO B peKumMe cBODOIHON reHepalMi.
3oHaMpyrollee  W31yHeHHe HanpasBIsiioch B KOJIUMATOp,
MO3BOJIABIIMH  nO/y4YaTh napaiiefbHblH  CBETOBOW MYyudoK
nHaMeTpoM SMM. [1ons 3peHus Oblo BMOJHE JOCTATOYHO AJs
HaONIONEHM 32 pa3BHTHEM nasepHoro daxena.

WHuteppepomeTp Obl1  COCTBIKOBAH CO  CKOPOCTHOM
PErHCTPUPYIOLLEH Kamepou COP-1M,  nnockocts
dboTonmeHk B KOTOPOH npH noMowH oObexTHBa Oblla
ONITHYECKH  COMPSKEHA ¢ MepUAMAHATbHBIM  CeYEeHUEM
BO3JEUCTBYIOLIErD Ha MUIIEHb CBETOBOro mnydka. Kamepa
paboTana B pexumMe IVTIbl BPEMEHHU, YroJl rojorpadupoBaHus
OTpaHUYMBAJICA KOHCTPYKLHeHd kamepbl W ObUT paBeH 107
pafuaH, 4TO obecneyusano (POTOPETUCTPUPYIOLLYHO
paspewiaroulyio ¢1ocobnocts 16 JIUHMH Ha MWJIIAMETP.
JlaHHas METOAMKA M03BONsANA PEIHCTPUPOBATH IOJIOTPAMMEI C
BpEMEHHBIM paspeuleHdeM He xyxe 0,8MKC W IO HHUM
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OCOREHHOCTH PA3BUTHSA NTA3EPHOMH MITAZMbI BO BHENTHEM DAEKTPUUECKOM TTOJIE

BOCCTAQHABMMUBATb  NOJS  JNEKTPOHHOHW  MIOTHOCTH ¢
MIPOCTPAHCTBEHHbIM paspeluenremM 25MKM

3aperucTpHpoBaHHble 10 OMNMCAHHOM BBILLIE METOAHKE
HHTEp(peporpaMmbl Obll HCIIONb30BaHbl [UIsl pacyeTa MoJjen
nokasareJist MPenoMICHHs ga3epHoil niaasmel. Onpenenus none
MoKazaTesisl NpefoMICHHs MAasMbl 1(Z0), Mbl MOXEM JIETKO
pacCUHTATh W MOAC KOHIICHTPALKHH JIEKTPOHOB:

2 222 iz, p) -1

N,(z, p)==2mn,c"(n(z, p) - 1)/ e" A =-023310" ———cm
Ilpu nonaue ma obayuaeMyro MHLIEHb OTPHIIATENIHLHOIO
noteHumana ¥,. n V. cywecrseddo npesocxomst Vo n V.

¢
[lpy yBEAUUEHIHH PA3HOCTH 1OTEHUHanoB U 3TO oTiH4Me
CTAHOBUTCA  Bce  Oolice  3UMeTHbIM:  (aken  Kak — Obl
«BBITSITHBaeTCs» BROJb ocu =z Ilpw a3tom 1o Mepe
NpuONMKEHUsT  (PpOHTAa  NNa3Mbl K TOJIOXHTENIBHO
3apSHKEHHOMY 3]IERTPOAY V. vBeAHUMBAACh, YTO. OUEBHIHO,

ObLI10 CBSI3AHO ¢ yBeNI14eHHUEM HaNpsHKeHHOCTH
3MEKTPUYECKOro 11075 £ B Pa3psiOHOM NPOMEXYTKE IpU
HEW3MEHHOH pazHocTi noteHianos U (E=U//, roe [ -
PACCTOSIHME MEKLY I'paHulEed nia3MeHHOro obpa3oBaHUS H
MONOYXHUTENIBHO 3aPSKCHHbLIM 3eKTpoaoM). [Ipn noctrrxeHuu
HanpsokeHHocTH  npobost  Bosznyxa (E~1IMB/M) nasepHbIH
daken 3a BpeMsi MEXAY ABYMS 3KCIMO3MLUAMU (HOTOMIEHKH
(~0,8MKC)  pocTHran  MONOXKHTENBHOrO  3NEKTpoda -
NPOUCXOAHNA MNpPodOH HeHUTpanbHOro (HEHOHH3HPOBAHHOIO)
Bo3dyxa. HampspkeHue 1ipd 210M pe3Ko yMeHbUIAnoCch W B
JaJIbHEHIIEM Maaato 10 HyJs.

[Tpu nonauve na obnyuaemslil oOpazen MONOKUTENBLHOTO
NOTeHUMaNa CKOpPOCTh  BO30YI/KAAEMOH B OKPYXarOUIMH
obpasell rasa ynapHoil BOMHbl MO HOPMalH K MHINEHH U
CKOpOCTb MEpEMELIEHH 'PaHHLbI M1a3MEHHOTO (POHTA BAOJb
OCH Z OBIJIM MEHbBIIIE CKOPOCTH MCPEMELLEHHS YAAPHOH BOJIHBI
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" MJIa3MEHKOT0 (bpoHTa B paguanbHOM
HalpaBIeHUHUCOOTBETCTBEHHO:  (DaKeN  «IIPHKUMAJICS» K
MHUIEHH, TNpHYeM TeM CHAbHee, dYeM Oonplue  OblIO
HampsbkeHue (. B 3ToM ciaydae nnasma focTurana BTOPOIrO
snexTpoaa 3a Gonbiliee BpeMs. 4eM B OTCYTCTBHE BHEILUHEIO
3NEKTPUHECKOro 11014, Ha puc.6 npeacraBiaeHbl 3aBUCUMOCTH
BpeMEHH T MEXAV fla4alom obdavueHus obpasua U npoboem
BO3JYyXa B MEXIIEKTPOAHOM [POMEXYTKE OT IHEPrUH
UMIyJbCa £y, TPH Pa3IUUHBIX 3HAYEHUAX HanpshkeHus U.
Bunno, yro npu Oonbliux 3HaveHUsX E, npoboli HacTymaet
paHblle. JTO sBJSETCS ClieAcTBHeM (opMHUpoBaHUs Oosee
MOIIHBIX YAapHbIX BONH (C OONbIUMM NEPUOIOM IIOTHOCTH H
HaBieHuss rnepen W 3a  (QpPOHTOM yHApHOH BOJHBI, a,
CJIEIOBATEeIFHO, €¢ CKOPOCTH W CKOPOCTH AaBJEHUS YAApHO
cokatod  cpensl). [lonobueit  3ddext Habmopaercs B
OTCYTCTBHE BHellHero nons. OfHAaKo Mo Mepe yBelTHYeHHS
pPa3HOCTH [OTEHUMAaNa MeXIy 31eKTPoJaMu 3aBUCUMOCTh 7 OT
E craHoBUTCS MeHee BbIPaXEHHOH: Npu Bo3pacTaHuu U
OYEBUIHO, IO CPABHEHHIO CO CBODOAHBIM paszfeTOM IUIa3MEl,
pPOJIb  HAUMHAET HICPATh VYCKOPEHHE 3apsHKeHHBIX YacTHL
(npexae BCero e KIPOHOB) 3ACKTPHYECKHUM MOJIEM.
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THE STARK WIDTH OF THE He II PASCHEN - o LINE
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1. INTRODUCTION

Stark parameters of the some neutral and ionized helium lines arc often uscd for clectron
density measurements in plasmas (Griem. 1964; 1997). The accuracy of N, determination
achieved in this way often reaches the one obtained by using Hy line. The one most frequently
used for diagnostic purposes between He 1] lines is P, 468.6 nm linc. Its FWHM width ranges
from a few angstroms for density around 10%m™ 1o about 80 A for Ng ~4-10% 3
Excellent overall agreement which was tound between measured (Pittman and Fleurier, 1986:
Biuscher et al.. 1996) and calculated (Griem. 1961) FWHM widths 1s the basis for the

application of this line for plasma diagnhostics. The Pittinan and Fleurier (1986) relation:
, 121
I\/e = 2'04(A>"I"WIIM)

obtained from the best fit of experimental data is widely used in diagnostic purposcs.
The experimental data for FWHM from about two dozen of papers Biischer ct al..

(1996) cover the broad range of electron density from 2-10% 73 up to about 4:10%m~3.

However. in the middle of this range there exists only a few measurements published. we have

turned our attention to this densitly region in order to [ill in the data gap.

2. EXPERIMENT

The experimental setup for plasma production and techniques of measurements of plasma
parameters are described in details in (Cirkovic et al.. 1982: Vujicic. 1984). The apparatus
(I"ig. 1) consisted of a TEA COy laser which produced a 10.6 um light pulse consisting of a
intense peak taking one-third of the energy with 80 ns FWHM. followed by a 2 ps tail. The

total energy of the pulse was 12 J.
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The bras axicon mirror coated by nickel, which formed one end of the steel chamber
filled by He gas at 70 kPa. concentrates the laser power along axicon focal line. The
breakdown arises at the maximum of the laser pulse along the focal line, so that cylindrical
plasma, about 35 mm in length and 6 to 10 mm in diameter is formed. The photon drag
detectors (FDD) were used for monitoring the incident and transmitted laser pulse shapes. In

that way it was possible to monitor continuously shot-to-shot reproducibility of the laser and a
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vegularity of the breakdown inside the chamber. The sharp maximum of photon drag signal is
also used as a trigger signal for the oscilloscope and high speed camera (not shown in Fig. 1),
The plasma was observed radiaily through the side windows. Transverse scanning (scanning
perpendicular to the major axis) of the plasma is achieved by placing a thick plane-parallel
plate (PP) between the condensing lens and spectrometer slit. Rotation of the plate focuses

different radial regions of the plasma on the entrance slit of the monochromator. Thus we are

42



THE STARK WIDTH OF THE He IT PASCHEN - a LINE

able to observe plasma radially along the diameter and determine precisely the position of
plasma cylinder axis.

The time dependence of plasma cylinder radius which is necessary for interferometric
determination of plasma density was oblained by high speed photography and by measuring

the radial distribution of continuum radiation [rom plasma.

3. RESULTS AND CONCLUSIONS

The electron density ol plasma was determined by spectroscopic measurements both
from the Stark broadening parameters ol singly ionized and neutral helium lines and
interterometrically. For this purpose the time evolution of the tollowing lines was recorded:
He 11 320.3 nm and He [ 388.9 nm and 501.6 nm. The He 11 320.3 nm line was used at early
stage of plasma cvolution starting from 0.25 ps after the breakdown while for period t > 2 ps
after breakdown the He ! lines and interferometry was used. For interferometric measurements
the Mach-Zender interferometer with He-Ne laser was used.

He I lincs were strongly self- absorbed for t <2 s, so the measured halfwidths are not
100 reliable. Due to bad signal to noise ratio for the measured He [l line the electron densities
at early phase of plasma evolution (Ng 2 6-102m™2) are not too reliable. Estimated error in
density determination for this period is about 20%. The agreement between the results
obtained by interferometry and using He 1 lines was very good and lies within 7% limits. The
final values of N, were obtained by averaging all experimental data.

The electron temperature in the range ot 52 to 65 kK was determined from the ratio of
intensities of the He 11 468.6 nm and He [ 587.6 nm lines. The main source of experimental
error in this case was the strong self-absorption of the le [ line. Since the intensities of this
line were corrected for self-absorption. and the method itself is insensitive to the error of ling
intensity ratio measurement, we took 10% as a reasonable estimate of the lemperature
determination crror.

We determine FWIHM of the line for different densities and mentioned electron
temperatures from the recorded He Il P, profiles at difterent moments after breakdown. The
results are given in Fig. 2 together with recent results of Sreckovic and Djenize (2000) and

calculations of Griem (1961). Kepple (1968) and Greene (1976).
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Measured widths agree within a few percent with the calculations of the Griem (1961) and
best fit curve obtained by Pittman and Fleurier (1986) at the whole investigated electron
density region. This not only confirm the applicability of the given line for the determination

of electron density in the broad interval. but also provides us with data in the density range

that were scarce in the literature.
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1. Introduction

The surface modification studies of protecting coatings with various types of
energetic beams, including laser beams, are of great fundamental and technological
interest. The surface changes during the interaction processes depend on the beam
characteristics, target properties and types of surrounding atmosphere. In an
advanced technology application exists a great interest for ceramic coatings, among
them especially for titanium ceramics: titanium nitride (TiN), titanium-aluminum
nitride (T1AIN) and titanium diboride (TiB,) (Nenadovié, 1997) still exists.

In this work the morphological changes of titanium-ceramics coatings
deposited on steel, induced by laser beam, were studied. For this purpose
Transversely Excited Atmospheric (TEA) CO, laser operating in two different
temporal pulse modes was used. Laser induced surface modifications of coatings
were observed after 20-500 cumulative pulses action. Threshold damage and the
damage yield have been monitored in the course of this work.

- 2. Experimental

The pulsed laser beam (10.6 um) is produced by an UV preionized, TEA CO,
laser. The laser operated with nontypical gas mixtures CO»/X where X= Ny/H, or
X= H, (Trtica, 2000). The laser operates in two regime: a tail (A pulse type) and
tail-free (B pulse type) regime (Fig.1). The laser gave multimode output. The beam
cross-section had a typical quadratic form so that the spatial-uniform distribution of
intensity can be assumed. Pulse energy output was up to 200 mJ for A pulse and up
to 40 mJ for B pulse type. The focused laser beam interacted with coatings at a
normal angle in related to the surface in air.

a) I b}
COSNH= 1161 4 A Jeoan-1as

T

Intensity (a.u.)

Intensity (a.u.}

! 2 00 300 600

Time (us
ime (us) Time (ns)

Fig.1. Temporal shapes of the CO, laser pulses used in the experiment:
(a) pulse type A (FWHM= 120 ns, tail= 2 us, (b) pulse type B (FWHM= 80 ns).
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The coatings were deposited onto polished steel substrate (high resistant
stainless steel AISI 316 and high-speed tool steel AISI M2) by reactive ion
sputtering (TiN and TiAIN) and by direct electron beam evaporation (TiB;). The
coatings thickness ranged from 1 to 3 microns. The crystal structure and the
composition of the coatings have been performed by X-ray diffraction analysis
(XRD) and energy dispersive analysis (EDAX). Optical microscopy, scanning
electron microscopy (SEM) and atomic force microscopy (AFM) analyzed the
targets morphology before and after laser beam interaction.

3. Results and Discussion

XRD as well as EDAX analysis made before laser irradiation of TiN (Ti,A)N
and TiB; coatings have confirmed their polycrystalline structure and the adequate
composition of deposited layer. When the laser irradiates the surface, a part of
beam energy is absorbed, converted into the heat and consequently, the surface
temperature increases. The surface temperature variation AT(1) is directly
depending on target absorptivity A (Ursu, 1991). For the investigated coatings,
there are no literature data for the absorptivity in spectral range of CO, laser
radiation. The obtained values of reflectivity R (and absorptivity, A=1-R) of
coatings are different, depending on their composition and the substrate on which
they were deposited, Table 1.

Table 1. Reflectivity of substrates and coatings.

. AISI TiN/ TiB,/ TiIN/ | (TiADN/
Target: 316 | AIsI316 | asizle | AITM2 1 arsive | Arst M2
R [%] .

86. 96.0 90.0 835 93. 745
(10.6 pm) 0 0

Investigation of morphological changes in coatings induced by the laser
irradiation has shown their dependence on number of laser pulses: total deposited
energy and laser pulse shape. In order to perform quantitatively analysis of pulsed
laser beam-target interaction the damage threshold and damage yield has been
determined. A damage threshold was defined as the minimum fluence that creates a
detectable damage to the surface (Gakovi¢, 1999). The results are presented in
Table 2.

Table 2. Damage threshold dependence of laser pulse shape.

Coating A pulse (M [J fem®]) B pulse (M [] /em’])
TiN/AISI 316 30.4 9.9
TiN/AISI M2 7.6 6.5

(Ti,A)N/AISI M2 1.4 5.4
TiB/AIST 316 6.9 2.2

The results have shown that the damage yield of titanium ceramics coatings
depends on laser pulse shape (Fig. 2.). A; and Aq represents the modified area on
target surface after multiple and one laser pulse, respectively.
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Fig. 2. Damage yield (Ay/Ao) as a function of laser pulse shape and the number of
pulses: (a) TiN deposited on steel AISI 316, (b) TiN on AISI M2, (c) (TiADN on
M2 and (d) TiB; on AISI 316 (Laser peak power density= 170 MW/cm?).

The effects of cumulative laser pulse action on titanium-ceramic
coatings were at first analyzed by optical microscopy and details have been
obtained by scanning electron microscopy (SEM). Atomic force microscope
(AFM) used in these investigations has a mode for three dimensions
analysis of the target surface and the topographical changes were observed
by this mode. The morphology changes of the TiN/AISI 316, deposited by
direct current reactive 1on sputtering, thickness of 0.85 micron, induced with
340 cumulative pulses B type without tail, are presented in Fig.3. The laser
peak power density was 170 MW/cm? and was kept constant.
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Fig. 3. The morphology changes on TiN/AISI 316 induced by 340 cumulative
laser pulses type B (FWHM = 80 ns): (a) by SEM analyzes ( bar = 10 um) and
(b) by AFM (scan 35 um x 35 um).

4. Conclusions

Protective coatings of TiN, (Ti,A)N and TiB, with adequate quality
after deposition process were obtained. The coatings have a fine columnar
and fibrous structure and satisfactory mechanical properties.

The results obtained by SEM and AFM have shown that TiN coatings
deposited on different substrates have similar behaviour under cumulative
laser irradiation. (TiAl)N coating posses lowest reflectivity and most
expressed chemical affinity of surface at high temperature. Consequently,
significant morphological changes were obtained. Among the coatings, the
difference between thermophysical characteristics of substrate and deposited
TiB, are the highest and under cumulative laser pulse irradiation, the
exfoliation is the dominant effect. For all coatings, damage yield was more
prominent for laser operating in pulse with tail- A pulse type.
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ABSTRACT. We report in this paper prelimary investigations of the hydrogen spectra of
the Grimm type glow discharge in VUV region. The influence of the cathode material to
the intensity of L, line is determined.

1. INTRODUCTION

The glow discharge source between a flat cathode and a hollow anode was described by
Grimm (Grimm, 1968) and studied for the last few years in our laboratory (Kuraica et al.
1991, Kuraica et al. 1997). This is well-established excitation source for analysis of the
composition of conducting solid samples by atomic emission and absorption spectroscopy.
The cathode material is atomized and excited through the processes of intense sputtering
which influences considerably elementary processes in glow discharge plasma. Here we
report measurements of the influence of the cathode material to the intensity of the L, line.

2. EXPERIMENTAL SETUP

The discharge source was modified Grimm GDS constructed in our laboratory following
the design of Ferreira (Ferreira et al. 1980). It was described in detail elsewhere (Kuraica et
al. 1991), so minimum details were be given here for completeness. In order 1o perform
VUV spectroscopy the length of the discharge chamber was decreased in comparison with
our previous design (Kuraica et al. 1991). The cylindrical brass chamber 110 mm long and
40mm in diameter has a flange on the bottom so that discharge can be directly mounted on
monochromator slit and observed end-on. The hollow anode was 30 mm long with inner
and outside diameter of 8 and 13 mm. Onto the water-cooled hollow holder of the cathode,
the exchangeable copper or iron electrode 5 mm long and 7.6 mm in diameter can be tightly
screwed to ensure good cooling. The cathode is mounted inside hollow anode. The
discharge chamber is evacuated in the typical way for the Grimm discharge and in addition
trough the slit of the vacuum spectrometer. With two stages mechanical pump the whole
system was evacuated to one Pascal. In order to prevent back streaming of oil vapours, the
zeolite trap 1s mounted on vacuum pump. The gas flow is controlled by needle valve and
gas pressure was measured by mechanical and Pirani gauge. To run the discharge, a 0 - 2
kV and 0 — 100 mA current stabilized power supply was used. A ballast resistor of 10 kQ is
placed in series with the discharge and power supply.
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Fig.1. Experimental setup. DC — power supply, P — pressure measurement, VUV M —
vacuum uv monochtomator, SM — step motor, VP — vacuum pump, C — chopper, PM —
photomultiplier, HV — high voltageipower supply for PM.

The radiation from the discharge source is spectrally analysed by Seya-Namioka
monochromator (JOBIN-YVON LHT 30) with toroidal reflection grating (horizontal and
vertical radius of curvature 1000 mm and 103 mm, respectively, 275 grooves mm’', inverse
dispersion 2 nm/mm); 0.1 mm entrance and exit slits were used. Monochromator is
equipped with a stepping motor, which enables a minimum wavelength change in steps of
0.01 nm. The radiation detection system consists of the glass window covered with the
layer of sodium salicylate, which converts ultraviolet radiation into visible light. The
radiation is then chopped at a frequency of 372 Hz (SR 540 Stanford Research System
variable frequency chopper unit) and focused on photomultiplier HAMAMATSU R212.
The signals from photomultiplier were amplified and digitalized by an SR 510 lock-in
amplifier (Stanford Research System) and transferred to a PC that also controls step motor.

3. RESULTS AND DISCUSION

The spectra in the range of 80 to [70 nm are observed in the discharge in pure hydrogen.
The Lyman - alpha line dominates the spectrum, but the largest portion of the spectra is
covered by band structure of molecular hydrogen, see Fig.2. (At 167 nm H, continuum
starts). Spectrum intensity dependence upon pressure is observed for Cu and Fe cathode. In
both cases it is noted that band spectra increase as the pressure increases while the atomic
line is not so much pressure dependent, see Fig.2 and Fig.3.

The comparison of spectra obtained with Cu and Fe cathode under the same
discharge conditions (same power and pressure) shows that Ly is more intense with Cu
cathode while the H, molecular band remained with the same intensity, see Fig.4.

By measuring the whole spectrum with Cu cathode for different power input it was
determined that L, intensity increases with power while the molecular band spectra do not
change notliceably. In case of Fe cathode both Ly and the band spectrum intensities are
increased as power increases.
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SPECTRA OF THE GRIMM TYPE GLOW DISCHARGE IN THE VICINITY OF ...
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Fig.2. Pressure dependence for Fe cathode; power input 17.5 W, pre's‘sures: 2700, 3400,
3900 Pa.
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Fig.3. Pressure dependence for Cu cathode; power input 17.5 W, pressures 2700, 3400,
3900 Pa -
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Fig.4. Spectra with Cu and Fe cathode under the same conditions p=3400 Pa, P=17.5W
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[MMPUITOBEPXHOCTHBIE SIBJIEHUS B 3PO3HOHH]>D“( JIA3EPHBIX
OAKEJIAX.

["onuapos B.K.

HayuHo-Hecne10BaTeNbCKUi HHCTHTYT MPHKIIAAHBIX PH3HYECKHX Mpobiiem
uM.A H.Cesuenko, yn. Kypuartosa, 7, Musck, 220064, benapycs, Ten. 017-
2775644, e-mail: sikolenko@pfp.bsu.unibel.by

Aunoranus. [lpencraBneHbl  pe3ynbTaTbl  KCTIEPHUMEHTATIbHBIX
UCCenoBaHUH NPOAYKTOB /1a3€PHOM 3pO3HH METAUTHUYECKUX MHUIIEHEH BOIH3H
NOBEPXHOCTH. M3yuena AMHAMHKa >KHAKOKanenbHOH (asel marepuana
MHLUEHH, MEXaHH3MbI ee 00pa3oBaHUs M YCNOBHSA CMEHbI 3THX MEXAHH3MOB,

HMcenenosaHus  NpPUMOBEPXHOCTHOH 30HBI  3PO3HOHHBIX  N1a3€pHbIX
dbakesioB 3aTpyOHEHO H3-32 HOPMHPOBAHHS C TEHEHHEM BPEMEHH 3PO3HOHHOM
JIYHKH, KOTOpPas CBOMMM KPassMH 3KpaHUpPYET pa3pylUatoLlyiocs fOBEPXHOCTb.
C uenbro peuwleHus 3To# npobrnemsl Gbina BoiOpaHa nadepHas MHIIEHL B BHAE
LUMNKHAPA, Ha TOPELL KOTOPOro HAMpaBiaioch azepHoe winyderde. Juamerp
UMIMHIpAa coBNajan ¢ AdaMerpoM nstHa obnywenusn. [lpu 3rom Topeu
UHAHHApA NOA AeHCTBHEM Na3epHOro H3Ny4YeHHS paBHOMEPHO paspyliasics, He
o0pa3ys 3pO3HOHHOH JIYHKH.

C FIOMOLUBIO TIONEPEYHOrO 30HOUPOBAHHS H3Ny4YCHHEM
BCMOMOraTesbHOro pyOoMHOBOrO Jjlazepa ymaaoch MCCe4oBaTh IpOUECCHl B
3pO3HOHHOM Na3zepHOM akene BOAM3M NMOBEPXHOCTH MHIIEHW BMAOTH A0
pacctosuuit 0,1 Mm. BosneficTBHe Ha MHLLEHb NPOH3BOJAMIOCH H3JyYEHHEM
NPAMOYTrOILHOTO HMIMY/AbCa HEOAMMOBOrO Jjasepa AIHTENbHOCTBIO 400-—
500 mkc. Takue nccnenoBaHUA TO3IBOMMAM ONPEACNHTh Hauano o0bEeMHOro
napoo6pa3oBaH1s B pPa3IMYHBIX MULIEHSAX B 3aBHCHMOCTH OT MNOTHOCTH
MOLLHOCTH BO3AEHCTBYIOWIEr0 JIA3€PHOrO H3TYYEHHA. DKCNEPHMEHTANLHO
MoKa3’aHo, WYTO TIpM [BWXKEHHH HABCTpeHYy Ja3e€PHOMY JIyuyy HaCTHLUbI
XUIOKOKANeNbHOH a3bl, MOCTYyNarolMe B 3pPO3HOHHBIA daken 3a cuer
o6beMHOro napoo6pa3oBaHHs, H3-3a HarpeBa ApOOSTCS W A0OMCNApPAHOTCA.
MccnenoBanus AHHAMKKH YacTHU XKHAKOKANENbHOM (ha3bl MaTEpHANIA MHILEHH
B 3PO3MOHHBIX (aKenax MpH pa3IHUHBIX MATHAX OOJAYYEHHS [NOCKHX
MHLLIEHEeH, Koraa WX AuaMeTp Gonbwe natHa oBnyuyeHus, MO3BOJWIH
OOHapy>KHTb pa3MepHbIi IPGEKT 3aaepxku cMeHbl MEXaHW3MOB 06pa3oBaHHa
YaCTHU KOHJEHCHPOBAHHOMK (a3bl B 3p03HOHHbBIX J1a3epHbIX (hakenax.
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[MOJIYUEHUE, XAPAKTEPUCTHUKH U TPUMEHEHHE
AJIMA3OTOAOBHBIX MNTEHOK, OCAXJAEMBIX HA TIOJUTIOXKH
MOCPEACTBOM BO3JAENCTBUA UMITYJILCHOTO JIA3EPHOIO
U3JTYYEHUA HA TPAOUTOBYIO MHULLIEHD.

I'onuapos B.K., Jlemenuenox A.H., [1y3svipes M.B.

Hayu4Ho-HcenenoBaTensCkHi HHCTUTYT NPUKIAAHBIX (PU3HYECKHX MPobieM
uM.A.H.Ceuenko, yn. Kypuatosa, 7, Munck, 220064, benapyce, ten. 017-
2775644, e-mail: sikolenko@pfp.bsu.unibel.by

Aunorauus. HKccnenoBanbl ¢BONCTBA  anmasonogoOHBIX — IIEHOK,
MOJYYEHHbIX  BO3AEHCTBHEM  HMITyNbCHOMO Na3€pPHOrO  H3JIYHYEHHS  Ha
rpadUTOBYIO MHLUEHb. [1IEHKH OCAXKJAATHCh Ha METANNKYECKHE MOMTOXKKH.
HcnapeHue rpadura npou3BOAHNOCE HEOAHMOBBIM J1a3€pOM B BaKyyMe.
[TokazaHa BO3MOXHOCThE HCMONbL30BAHHA TaKHUX MIEHOK 419 YIIPOYHEHHSA
nOBerHOCTCﬁ CBEPXTOHKHX OHMCKOB, TMNpe€AHAa3HAYE€HHBbIX IS4 O6pa6OTKH
[IPHPOAHBIX aJIMa30B.

Beenenne. [lpobnema nonyueHus anmMa3onoaoOHbIX TJIEHOK B
HacToAlllee BpeMs SB/SETCS AOCTaTOYHO akTyanbHOH. [lo cBomMm cBoicTBam
OHW ONH3KM K anMa3dy, YTO OTKpPbIBaeT LWIHPOKHE TEPCNEeKTHBLI Ul WX
NPUMEHEHHS B MHKPO3JEKTPOHHKE,  MAIIHHOCTPOEHHH,  MEAHUMHE.
Haubonblunit HuTepec npeacmsnﬂeT. METOA OCAKAEHHS TAKHX IUIEHOK Ha
pa3fM4YHbIE MOMIOXKKH NyTeM HCMapeHHs rpadUTa C [OMOLUBIO JA3EPHOro
ulnyueHus. 310 Meton obnagaer psanoMm npeudmyulecTs. JlazepHoe u3fiyyeHue
"CTEPH/ILIO", KPOME TOTO, B 3TOM METOJC JOCTATOYHO JIErKO KOHTPOTWPOBATS
TEXHOJIOTHYECKHE napaMeTppl. HanblieHHe B BakyyMe Taioke NO3BOJISET (104TH
[IOIHOCTBIO HMCKJIFOYHMTL MOTMAfaHHE B MIEHKY TeX XHMHUYECKHX 3MIEMEHTOB,
KOTOpbl€ BXOAAT B COCTAaB aTMocthephl.

JKCNEPHMEHTANIBHAS YCTAHOBKA M METONMKA 3JKCHEPHMEHTA.
OKCMEpPUMEHTaNbHAs  YCTAHOBKA COCTOHT M3  BAKYYMHOH Kamcpbl H
HEONMMOBOrO  jazepa  (WUIKHA  BONMHBI  BO3AEHCTBYIOWIErO  H3Jy4YeHHs
A=1,06 MkM, anutenbHocTh UMNynbea ~ 50 He). Bakyym B kamepe cocTaBnsn
10 Topp. lpadutoBas MHWeEHb pacnonaranach noa yraoM 45° k ocw
BO3NEHCTBYIOWErO0 Ny4a HEOAMMOBOro sasepa. [lomnoxkka pacnojaranachb
napannensHo  rpaguToBOR  MHuWeHH. HanbiieHue  npou3BOAMAOCH  Ha
MPEeAMETHOE CTEKIIO, a Takoke GPOH30BBIE MOANOXNKKH NPH Pa3NHUUHBIX SHEPIUAX
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nasepHoro uanydenus. Cnexrpbl koMOHHaLHOHHOrO paccesuus (KP-cnekTpsi)
CHUMAJTUCL Ha MPOMBILLIIEHHOM cniekTpoMerpe SPEX 1403.

Pesynsrarer u HX obcyxaeHue. OcoObli MHTEpec HOpPEACTaBASET
H3yyeHHe OMNTH' )CKHX MapaMeTpOB &/Ma3onoJoOHbIX [MIEHOK, B YaCTHOCTH
K03(pdHUHEHTa MPOIYCKAaHUs, TAK KaK B AalbHEHLIEM HX MOXHO Oblno Osbl
MCNOMB30BATh A 3aLUMTHI Pa3fNHYHBIX ONTHUECKHX IJ/IEMEHTOB 0e3 KaKHX-
AubO  3HAYWTENBHBIX HCKAWKEHHWH, BHOCHMBIX CO CTOpOHBI [U1eHOK. [lng
MPOCTOTHI HCCAEA0BAHUA MNIEHKH HAHOCHJIHCH Ha MPEAMETHOE CTEKJIO. Y, BCEX
NAGHOK MpPH HaNbIIEHHM OCTABANCA OOMH HEU3MEHHBIH [apaMeTp — 3TO

100

1

90 -

1, %

A, MKM

Puc.1. 3aBucumocTs KO3QPULIMEHTA NPOMYCKAHHS aIMa30NOA0OHbIX [IEHOK
OT [UTHHbI BOJIHBI NPM Da3M4HbIX 3HEPTHSX BO3NEHCTBYOLIErO Na3epHOro
M3TY4EHHS HEOJWMOBOTO a3epa.

KOMHECTBO MOHOHMIY/LCOB, KOTOPBIMH BO3AEHCTBOBANH HA TPaHTOBYIO
MHUEHb. B Hawux skcnepuMentax ux 6bu1o 100. CriekTphl Npomyckanus
cHumanuch Ha mpubope SPECORD M40, PesynbrtaThl skcrnepumeHTa
H300paXKEeHb! Ha pUCYHKeE |,

Kak BMAHO M3 pUCYHKA C yMEHbLUEHHEM 3HEPIHH BO3AENCTBYIOLLEro
7123EPHOTO M3JIYUEHHUs ONTHYECKHE XapaKTEPHCTHKH MNEHOK yyuluaioTes. A
IeHKa, OCAKAEHHAS [IPH SHEPTHM UCTapsoLLero asepa 2,2 JIx, npakTHYeCKH
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MOJNIYYEHUE, XAPAKTEPUCTHUKH W ITIPUMEHEHWE ATIMO30TIOROBHIX IMJIEHOK, ..

MOMHOCTHIO MIpo3payHa B AManazoHe AJuK BoaH 0,3-0,9 mxM. B cuny TOro. UTO
nony4yeHHe I3THX T[UIEHOK [OCTATOYHO TPYAOEMKHA npouecc, oOpa3iibl
M3rOTaB/AHBANKHCE TakMM 00pa3oMm, 49TOOB MOXKHO ObLIO NPOBOAMTb WX
KOMIUIEKCHOE HCCIIefioBatue. B CBS3U C TeM, UTO [UICHKA ¢ YHEpPrHel MeHec
2 Jbx BM3yaslbHO cOBCEM He 3amerTHa, paboTa ¢ Hel cuibHO 3aTpynaHeHa. Ho
MOXHO TIPEANONOKHTb, YTO OHa OyneT mnpo3pauHa B Oonee LUMPOKOM
ManazoHe, UeM npeablayLume.

[Mpu u3ydeHuu asmMaszonogodbHbIX MAEHOK OJHUM W3 UH(GOPMAaTHBHBIX
METOA0B MPH ONpejlesieHMH 0COOEHHOCTH MX CTPYKTYpb! sBnseTcs meton KP.
M3MepeHHs NpOBOAHIIMCH NPH CAEAYIOLLUMX napaMmerpax: Temneparypa AaTurKa
(DPBY-R928) 243K, mowmHocTh M3nyueHHs Ha obpasue coctasnsna 0,36 Br,
pasMep na3epHoro nmydxa Ha obpasue 611 ~ 10-15 MxM. CriekTpanbHas wHpHHa
BXOOHbLIX W BBLIXOAHLIX weied — 3,75 em’ Lenbro faHHbIX HCCneaoBaHHUH
ABASMIOCL OMPENENMTh, KaK M3MeHAeTCs (a3oBblH  COCTaB  M/EHOK B
JABUCHMOCTH OT 3HEPrHM HCnapsioulero nazepa. [INeHKH HAHOCHAWCHL HA
OpoH308BbIE MOMIOKKH, KOMHYECTBO MOHOHMITYJbCOB AN OAHOro obpasua
cocrasnsno 100.

Pe3ynbTaTbl 3KCMEPHMERTOB H30OPKEHBI Ha PHC.2.
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Puc. 2. CrnexTpel KOMOMHAUMOHHOIO paccesHHUs aMa3onoaobHbIX
ryieHok. 1-aHeprus ucnapsiouwero nazepa 2,3 [k, 2-3,1 Ix, 3-
4.2 Jbk, 4-5,9 Hx. Konuvectso MoHoumMnynscos — 100.
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Puc. 3.

IMonyuennsie cnekrpel obpabareiBanuck kpuBbiMH JlopeHua, kak
nokasako Ha puc.3. [Tpn 06paboTke pacCUMTBLIBATHCH MOAOKEHUS MAKCHMYMOB,
a Takxke, NoAYLUUPHHA THHUH.

DKCMEpUMEHTDI TT0KA3aH, YTO C H3IMEHEHHEM JHEPIUH CYLUECTBEHHOIO
CMEUIEHHS B TIOJIOKEHHH H B HM3MEHEHHH TNOonylHpuHbl (G-THHUK  He
NPOHCXONHUT. B TO ke Bpemsa ¢ yBENHUEHHEM JHEPIMH MPOKWCXOAKT YLIHPEHHE
D-nunuy.  [To  HawieMy  MHEHHMIO 3TO  CBS3aHO C  YBE/IHYEHHEM
Pa3ynopsAOYEHHOCTH B ATOMAX, OBANAIOWMX SP° rHOPHAM3ALHE.

C UenbO MPAaKTHYECKOTO MPHMEHEHUS MIEeHKH HAHOCHNIUChL HA AMCKH,
NpeaHa3HayueHHble JUIS PACcMWIOBKH KPHCTAJUIOB NPUPOAHOro anmasa. Jncku
uMeNH GPOH30BYIO OCHOBY, TOJLIMHA MX Gbuta 0,5-0,7 mMm. [IpensaputensHo B
OUCKH  C  [OMOLUBIO  YJIBTPa3BYKOBOTO  LUAPXKHPOBAHWA  BHEAPAIHCH
KPHCTAIHKH  MCKYCCTBEHHOrO  alMasa.  3aTeM  CBEepXy  HaHOCHJIach
anmazonofobHas rexHka. [LieHka cBa3plBasa KpHCTalnbl Mexay coboi, a
TAKXKE C OCHOBOH AMcka. HcnbiTanus noxasann, uyto Onaromaps njleHke
yAanoch MOBbICUTL CTORKOCTb AHCKOB B 1,5 pa3za M YMEHbLUMTb TEMNEpaTypy B
30He pacnuaa Ha 30-40%.

TakuM 00pa3oM, pe3ynbTaTbl AAHHBIX 3KCIIEPUMEHTOB [103BO/HIIM
HaHTH ONTHMAaNbHbIE PEXHMbI BO3AEHCTBYIOLIErO J1A3€PHOrO H3Mydelids, Npu
KOTOPOM MOXKHO TMOAYYHTb aJMa30NOA0OHbIE MNEHKH ¢  HAWIYHLIHMH
ONTOMPHIHYECKHMH XaPAKTEePHCTHKAMH.,
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CMEHA MEXAHW3MOB OBPA3OBAHNMA KM IAKOKATIEJIbHbBIX
HYACTHLL B DPO3HOHHBIX JIA3BEPHBIX OAKEJIAX [TPH UBMEHEHHWH
PA3SMEPOB ITATEH OBJIYYEHHUA. -

["onuapos B.K., 3aropckuii A.B., [Ty3sipes M.B., HUepnssckuit A.O.

Hayuqno-uccnenoraTenbekHi HHCTHTYT NMPHKIaHBIX DH3HUECKHX npobiiem
uM.A.H.Cesuenko, ya. KypuatoBsa, 7, Munck, 220064, benapycs, ten. 017-
2775644, e-mail: sikolenko@pfp.bsu.unibel.by

Annorauns. OnpegeneHsl YCIOBHS CYLIECTBOBAHMS pPa3MEpHOro
3¢QeKra CMEHbI MEXAHH3MOB KamieoOpa3OBaHHA B 3PO3HOHHBIX J1A3€PHBIX
daxenax.

Kak u3BecTHO, NpH BO3AEHCTBMMU J1A3EPHOTO HINYYEHHA YMEPEHHOH
unrencusroctr (10°~10° Br/em’) Ha metannsi NPOAYKThl Pa3pyLIEHHA COCTORT
M3 NapoB, Ma3Mbl W YacTHU KOHAEHcHpoBaRHOH (a3bl. [lepsoHavanbHO B
IPO3HOHNHBIH TazepHblit Qakesl NOCTYNaeT MEJKOAHCIIEpCHAs KHAKOKanensHas
daza, hopmupyrollascs 3a cueT 06beMHOro napoobpaszoBaHua. 3aTeM nNo Mepe
pocTa riay6uHbl TYHKH W GOPMHPOBAHHUS AOCTATOYHO TOJICTOrC Cj10§ KHAKOH
dasbl B 30HE na3epHOro BO3AEHCTBHMS B 3PO3MOHHBIA (aken HauHHAIOT
noctynaTth OGosee KpynHbIE >KMAKME Karjvd 3a CYET THAPOAHMHAMUYECKOTO
MexaHu3ma. Macca KuakokamnesbHOH dasbl, NOCTynarleh B 3PO3HOHHLIA
dakes 3a CUET F’HAPOAHHAMHUECKOrO MEXaHH3MA, 3Ha4YHTeNbHO Oonblie, Yem 3a
cueT ofOveMHoro napoobpasoaHus. I[Jo3TOMy B MOMEHT BIKJIIOYEHHSA
FMAPONMHAMHYECKOTO MEXAHH3Ma MOXXHO TOBOPUTb O CMEHE MEXAHHU3MA
$hOpPMHMpPOBaHHA B 3PO3HOHHOM JnazepHoM (akene >KHAKOKANENbHOH (asbl.
OOpazoBaHHe  kuakokanenbHOH ¢aszel 3a  cyYeT THAPOJHHAMHYECKOro
MeXaHHU3Ma MPOUCXOAUT cheayomuM obpasom. Kak Tonbko dopmupyetcs
3IPO3MOHHAA NYHKa, rTyOMHA KOTOpPOH cou3zMepuma ¢ RHaMETpOM, TO >KHIKas
daza, obpasylowlascs Ha CTEHKaxX 3a CYET Harpesa NpPOAYKTOB 3PO3HH
1eOKYCHPOBAHHBIM N1a3€PHBbIM H3JYHEHHEM, M3JTYUEHHEM NApOB W NNa3Mel, a
TAKXKE 3a CUET KOHBEKLMH, HAUHHAET YHOCHTbLCH HCTEKAIOLWIMMH TPOAYKTaMHK
3pO3WM U3 JIYHKM B BHAE JOBOJBHO KpYMHBIX Xanenb. TakuMm obpazom
peanusyercs pexuM abisuMH. DTH KariM, Kak MpaBMAO, HAXOAATCS BOIH3M
rpaHuuUbi  3po3HOHHOro ¢akena. HMX TpaekTopuM COCTABASIOT — KOHYC,
06pa3oBaHHLIf CTEHKAMH NYHKH. B TOM cnyvae, KOra AMameTp 3pO3HOHHOM
JIYHKH 3HauyuTeNbHO Oonblile ee rnyOHHLI (cnyuait 6AM3KUHA K OAHOMEpPHOMY),
bOpPMHpPOBAHHUE KPYIHBIX XHAKHX Kareiab 3a cueT ablAlMH 3aTPyAHEHO U B
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dakenl NOCTYNAOT MEJKHE HaCTHULI 3a cyeT 0OBEMHOro napoobpasoBaHus.
OnHaKo B 3TOM Cly4ac K KOHLY J1a3epHOI0 MMMYNbCa MMITY/IbCOM AABNIEHHS
uakas  dasza, HapaboTaHHat B TeyeHWe  J1a3€PHOTO  RO3NENCTBUA,
BbIAABAMBACTCH M3 JIYHKH W 3a C4YeT THAPOAMHAMHYECKOTO MEXaHHW3Ma
TIPOHCXOAHT HHTEHCHBHBIH BBIOPOC KPYMHBIX Kare/b.

IMpu ManpIX MIOTHOCTAX MOIUHOCTH BO3JEHCTBYIOLIErO J1a3epHOro
M3/y4eHUs  CYLIeCTBYET BpEMeHHas  3aflepXkKa CMEHbl  MEXaHH3MOB
00pa3oBaHHs KUAKOKAIENbHOK Qasbl. [Ipy yBEIHYEHHH NAOTHOCTH MOLLHOCTH
NpoucxoanT Gonee OpicTpoe GOPMUPOBAHHE NYHKH M CMEHAa MEXAHH3IMOB
06pa30oBaHHA YacTHLU KORAEHCHPOBaHHOH daswl npoucxoaut ObicTpee. Ecnu
06JlyuaTh METATHYECKYIO MULUEHE MPH OAHOH H TOM K€ MIOTHOCTH MOLLIHOCTH
7a3€PHOT0 W3y4eHus, HO H3MEHATh QHAMETPDI MATEH 06NYUYEHHA, TO MEPEXOA
OT OAHOMEPHOro Cyuyas K ABYMEPHOMY HOJKEH IIPOHCXOAHTh OblcTpee npu
MeHbLIHX NaTHaX obnydeHusa. [Ipy sToM cMeHa MexaHu3moB 0Opa3oBaHus
YACTUL KOHAECHCHPOBAHHOW (Da3bl B MEHBLUHX MATHAX MPOMCXOAHT C MEHbLUEH
3aQePKKOR. DTO XOPOLIO MIUTHOCTPHPYETCA PE3y/bTATaMH IKCIEPUMEHTOB f10
BO3AEMCTBHIO MPAMOYTONIbHBIX HMIYJLCOB M3YHeHHs HEOJHMMOBOro nasepa
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CMEHA MEXAHU3MOB OBPA3OBAHK S W AKOKATIEJIbHBIX YACTHL B DPO3HOHHBIX

anutenbHocTeio 400450 Mkc  Ha  CBHHUOBYIO MHIIEHb C  [UIOTHOCTBIO
MowHoeTH 6,6-10° Br/em’.

Ha puc.]  n300paxeHsl  u3MeHeHWs  audameTpoB d  4acTHU
XKHAKOKANENbHOH (hasbl BO BpPEMEHM '[Ulf pa3zid4HbIX msted obsydenns. Ha
pHC.2 NpeacTaBlIEHbl BPEMEHA 3aJEPKKH At CMeHbI MeXaHu3MoB 0Opa3oBaHMA
YacTHLL >KHAKOKanefAbHOH asbl B 3aBHCHMOCTH OT JuaMerpa d nsTeH
o0nyuYeHus.
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Kak cneayer M3 JKCNEpUMEHTOB CO CBHHUOBOH MHLUCHBIO 3aACpiKKa
CMeHbl MEXaHW3MOB 00pa3’oBaHMS B 3PO3HOHHOM Na3epHOM dakenie 4acTHL
KOHAEHCHPOBAHHOW (pa3bl AOCTATOYHO 3aMETHO H3MEHSETCA NpH yBeNHYEeHUH
nated obnydeHus BMIOTL 10 8-9 Mm. [Ipu panbHeidlneM yBENHYEHHHW MSTEH
ofny4eHus 3afepkka CMeHbl KaruieoOpa3oBaHHs B 3PO3HOHHOM Ja3€PHOM
dakene 0OCTHraeT MaKCHMaTbHOTO 3HAUYEHHS W B Ja/lbHEHILIEM MPaKTHUECKH He
M3IMEHSIETCS. DTU  pe3ybTaThl HEOOXONWMO YYMTHIBATL TNPH  CpaBHEHHU
OJHOMEPHBIX  TEOPETHHECKWX  pacueToB C  pe3yabTaTaMu  pasfi4HbIX
IKCMEPHMEHTOB.

61



Publ. Astron. Obs. Belgrade No. 68 (2000), 63 ~ 65 Invited lecture

MODIFIED SEMIEMPIRICAL METHOD 1980 - 2000

MILAN S, DIMITRUEVIC
Astronomical Observatory, Volgina 7, 11160 Belgrade, Yugoslavia
E-mail: mdimilrgevie@aob.bg.ac.yu

It 1s more than twenty years {rom the formulation of the modified semiempiri-
cal (MSE) approach (Dunitrijevié and Konjevic, 1980) for the calculation of Srark
broadening parameters [or non-hydrogenic 1on spectral lines. Within this period the
considered method has been applied succesfully many times for diflerent problems
i astrophysics and physics. Besides the Stark broadening mvestigation ol particu-
lar spectral lines i laboratory and astrophysical plasmas, the considered method
has been succesfully applied e.g. [or the rescarch of elemental abundances in normal
late-B and [MgVn stars (Sinith, 1993) and hot white dwarls (Chayer et al, 1995b),
investigalions of abundance anomalics i stars (Michaud and Riclier, 1992), radiative
acceleration calculation in stellar envelopes (Gonzales et al., 1995), consideration of
radiative levitation i hot white dwarls (Chayer et al 1995ab). opacities for classi-
cal cepheid models (Iglesias et al., 1990), design of new lasers (Decker and London,
LOUR), spectroscopic diagnostics of ratlgnn plasma armatures (Bakshi et al., 1983)...
The MSE method entered in computer codes, as ¢. g. OPAL opacity code [Rogers
and Telesias, 1995), handbooks (Vogt. 1996) and monographies (Gray. 1992; Gricun,
1947)

My comparison with the Ml semiclasical perturbation approach and the Grietu’s
(1968) semiempirical approach who need practically the samne set ol atomic data,
the modified semiempirical approach needs a considerably smaller number of such
data. In fact, if there are not perturbing levels strongly violating the assumed ap-
proximation, for e.g. the line width calcufations, we need only the energy levels with
An =0 and &y = £;; £ 1, since all perturbing levels with An # 0, needed for a [ull
semiclasical investigation or an investigation within the Griem’s (1968) semiempirical
approach, are lumped together and approximately estimated. Here, n is the principal
and ¢ the orbital angular momentum quantum numbers ol the optical electron and
with ¢ and f are denoted the initial and final state of the considered transition.

Due to the considerably smaller set of needed atomic data in comparison with the
complete semiclassical or Griem’s [1968) semiempirical method, the MST method is
particularly useful {or stellar spectroscopy depending on very extensive list of elements
and line transitions with their atomic and line broadening parameters where it 1s not
possible to use sophysticated theoretical approaches in all cases of interest.

The MSE method is also very useful whenever line broadening data for a large
number of lines are required, and the high precision of every particular result is
not so important like e.g. for opacity calculations or plasma modeling. Moreover, in
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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 the MSE method might be very
interesting as well.

In order to complete as much as possible the available Stark broadening data for
astrophysical, laboratory, laser produced and technological plasmas investigation and
modeling Belgrade group (Milan Dimitrijevié, Luka Popovié, Vladimir Kr§ljanin, Ne-
nad Milovanovié, Dragana Tankosi¢) has applied the MSE method (Dimitrijevié¢ and
Konjevié, 1980, 1981; 1987; Dimitrijevi¢ and Krsljanin, 1986; Dimitrijevié, 1988ab;
Popovi¢ and Dimitrijevié, 1997) for spectral lines Stark broadening parameters, when
there is not a sufficiently complete set of reliable perturbing energy levels, for a more
sophysticated semiclassical approach.

The Stark broadening data for the most intensive lines for the following atom and
ion species are availlable:

Ac I, Fe 11, Pt II, Br [T, Zn I1, Cd 11, As I1, Br II, Sb II, I II, Xe 1I, La II, Au L1,
Eu II, Th I, Kr 11, Na IT, Y II, Zr II, Sc 11, Ra 11, Be IIT, B III, C ITI, N III, O III, F
IT1, Ne I, Na III, AL IIL, SiIT1, P III, S 100, ClIII, Ar IIL, Mn U1, Ga III, Ge 111, As
II1, Se IIl, Zn I, Mg III, La III, V 111, [ 111, Bi 1T, Sr III, Cu III, Co III, Zr 111, B
IV, CulV,Ge IV, CIV, NIV, O IV, Ne IV, Mg IV, SiIV,PIV,SIV ClIV, Ar IV,
VIV, GelV,CV, 0V, FV NeV Al V, 51V, NVI F VI Ne VI, S1 VI, P VI, and
Cl VL.

In order to make the use of these data easier we are organizing them now in a
database BELDATA.

For the astrophysical purposes, of particular interest might be as well the symplified
version of the Modified semiempirical formula (Dimitrijevi¢ and Konjevié, 1987) for
Stark widths of isolaled, singly, and multiply charged ion lines applicable in the cases
when the nearest atomic energy level (j* = i ’or f') where a dipolly allowerl transition
can occur from or to initial (i) or final () energy level of the considered line, is so far,
that the condition zj;, = E/|Ej, — Ej| < 2 is satisfied. Here, E is the energy of the
perturbing electron and £; ;+ energies of the imtial (j = 4) or final (j = f) levels and
the corresponding the nearest perturbing level (j').

The modified semiempirical approach has been tested several times on numerous
examples (Dimitrijevié, 1990). The assumed accuracy of the MSE approximation is
about +50%, but it has been shown in Popovi¢ and Dimitrijevic (1996, 1998) that
the MSE approach, even in the case of the emitters with very complex spectra (e.g.
Xe IT and Kr TI), gives very good agreement with experimental measurements (in the
interval 4:30%). For example for Xe II, 65— 6p transitions, the averaged ratio between
experimental and theoretical widths is 1.15 + 0.5 (Popovi¢ and Dimitrijevi¢ 1996).

In order to test the modified semiempirical approach, selected experimental data
for 36 multiplets (7 different ion species) of triply—charged ions were compared with
theoretical linewidths. The averaged values of the ratios of measured to calculated
widths are as follows (Dimitrijevié¢ and Konjevi¢, 1980): for.doubly charged ions 1.06 %
0.32 and for triply—charged ions 0.91 & 0.42.

64



MODIFIED SEMIEMPIRICAL METHOD 1980 - 2000

References

Bakshi, V., Barett, B.D., Boone, T.D.Jr., Nunnally, W.C.: 1993, [FEFE Transactions on
Magnetics, 29, 1097,

Chayer, P., Fontaine, G., Wesemael, F.: 1995a, Astrophys. J. Suppl. Series, 99, 189.

Chayer, P., Vennes, S., Pradhan, A.K., Thejll, P., Beauchamp, A., Fontaine, G., Wesemael,
F.. 1995b, Astrophys. J., 454, 429.

Decker, C. D., London, R. A.: 1998, Phys. Rev. A, 57, 1395,

Dimitrijevié, M. S.: 1988a, Bull.Obs.Astron. Belgrade, 139, 31.

Dimitrijevié, M. S.: 1988b, Astron. Astrophys. Suppl. Series, 76, 53.

Dimitrijevié, M. S.: 1990 in Accuracy of Element Abundances from Stellar Atmospheres
ed. R.Wehrse, Lecture Notes in Physics 356, Springer, Berlin-Heidelberg p. 31.

Dimitrijevi¢, M.S., Konjevi¢, N.: 1980, JQSRT, 24, 451.

Dimitrijevié¢, M. S., Konjevi¢, N..1981 inSpectral Line Shapes Ed. B.Wende, W. de Gruyter,
Berlin, New York p. 211.

Dimitrijevi¢, M.S., Konjevi¢, N.: 1987, Astron. Astrophys., 172, 345,

Dimitrijevi¢, M.S., Krsljanin, V.: 1986, Astron.Astrophys., 165, 269.

Gonzales, J.F., LeBlanc, F., Artru, M.-C., Michaud, G.: 1995, Astron. Astrophys., 297, 223.

Gray, D.F.: 1992, The Observation and Analysis of Stellar Photospheres, Cambridge Univer-
sity Press, Cambridge.

Griem, H. R.: 1968, Phys.Rev., 165, 258.

Griem, H. R.: 1997, Principles of Plasma Spectroscopy, Cambridge Monographs of Plasma
Physics 2, Cambridge University Press.

[glesias,C.A., Rogers, F.J.: 1992, Revista Mexzicana de Astronomia y Astrofisica, 23, 161.

Iglesias C.A., Rogers FF.J., Wilson B.G.: 1990, Astrophys. J., 360, 221.

Michaud, G., Richer, J.: 1997, in Spectral Line Shapes, 9, eds. M. Zoppi, L. Ulivi, A[P Conf.
Proc., 386, 397.

Popovi¢, L.C., and Dimitrijevi¢, M. S.: 1996, Astron. Astrophys. Suppl. Series, 116, 359.

Popovié¢, L.C., and Dimitrijevi¢, M. S.: 1997, in The Physics of lonized Gas, eds. B. Vujici¢,
S. Djurovié¢ and J. Puri¢, Institute of Physics, Novi Sad, p. 477.

Popovi¢, L.C., and Dimitrijevi¢, M. S.: 1998, Astron. Astrophys. Suppl. Series, 127, 295.

Rogers, F.J., Iglesias, C.A.: 1995, in Astrophysical Applications of Powerful Databases, eds.
S.J. Adelman, W.L. Wiese, ASP Conf. Series 78, 31.

Smith,K.C.: 1993, Astron. Astrophys., 276. 393.

Vogt, H. H. editor: 1996, Stellar atmospheres: Atomic and molecular data, Astronomy and
Astrophysics, Extension and Supplement to Vol. 2, Subvolume B, Stars and Star Clusters,
Landolt-Boernstein, Group VI: Astron. Astrophys. Volume 3, Springer, 57.

65



Publ. Astron. Obs. Belgrade No. 68 (2000), 67 - 68 Invited lecture

UCCJIEJOBAHUE HA IIPOEKTE bIO-1,2

W.IL. JOMYNHOBUY', M.P. Vl“EMI/ILLII/qu, B.M. OBPAJIOBNY',
B.M. ACTAILIMHCKHUIA®, J1.9. MUHBKO®, M. UYK?,
M.M. KYPAULIA', 4. TTYPUY!

' Dusuueckuii paxynomem Yuusepcumema ¢ benepade,
n.n.368, 11001 Beazpao, FOzocnasus
E-mail: ivbi@rudjer.ff.bg.ac.yu
2 [lenmp HAyKu u MexHOA02UYECKO20 PA3CUMUS,
Obunuhes senay 26, 11001 Benepao, FOzocnasus
 Hnemumym monexynspuoii u amommoti pusuxu
Hayuonanvnoti akademuu nayx benapycu
1Ip. @.Cxapensi, 70, 220072 Munck, benapyce
E-mail: lrpd@imaph.bas-net.by

B IlporpamMme ABYXCTOPOHHOIO Hay4HO TEXHHYECKOro COTPYRHHUECTBA MEXKAY
Pecnybnukoii benapyes u CPHO ueHTpanbHy0 4acTh NpeacTaBaseT H3rOTOBAEHHE
KBA3HCTALIMOHAPHOrO CHABHOTOYHOTO Mmia3mMenHoro yckoputens (KCITY) tuna T1-
50 noBoro nokoneHus (AHaHuH 1 ap. 1990, AcrawmHekud u ap. 1992). Jlo cux
NOp W3rOTOBJIEHLI BaKyyMHas kamepa pazmepa 0.8 M- 0.8 M- 3.5 m atecTuposaHas
10 nasnenns 107 Ia u BxoaHbIH HOHH3aUHOHHBIH 610K (BUB) ¢ nosHoit sHeprueii
60 k/[x. BWb cactoutcs u3 ueTbipe MarHMTOMIa3MEHHOTO KOMIMpeccopa
koMrakTHo#t reomerpud (MIIK-KI') ¢ knanaHo# HamycTko# paboyero rasa, B
MOJIHOM COOTBETCTBMM C pe3yiabraTambl paboT (Acramwnackuit o ap. 1980,
ActawunHckuit w ap. 1989). bnok nutaHus kianaHoB W cHCTeEMa CHHXPOHH3aUHH
HaxOAMTCs B OKOHUATENbHOMH (ha3e U3rOTOBICHUS.

H3roToeaeHa ¥ BcrioMoraTenbHas BakyyMmHas kamepa pazmepa 0.3 M- 03 m-
].2 M Ha KOTOpOH mNPOBOAATCS M3MEPHHWS HAJEXHOCTH M3rOTOBIEHUS U
xoHcTpykuuu MITK-KI', ocHOBHME anekpHueckue H3MEPEHHs (BOMbT-aMrepHasn
xapaktepucTHka paspaga B MIIK-KI, u3meHeHue BO BpeMEHM MIHOBEHHOH
MOLIHOCTH W BKJa[blBAEMOI B pa3psi 3HEPruu, HanpsykeHue npodos u T.n.),
CKOPOCTb MJa3Mbl MO BPEMA-MPONETHON METOOHKE W NO AOMJEPOBCKOMY CABHIY,
CTIEKTPOCKONMYECKNE H3MEPEHHS MapaMeTOpPOB MN1a3Mbl BO BPEMS €€ pa3BUTHS
(OLleHKa MIOTHOCTH MJ1a3Mbl 10 LITAPKOBCKOMY YLIHPEHUIO NHHUM BOsopoaa Hy u
Hgwn ).

3aKOHUYEHO CO3AaHUE OPUrHHANBHON 3KCNEePUMEHTaNbHOH ycTaHoBKkru MITK-
YO ¢ nonyaktuBHuMU TpaHCchHOpMEPAMH C COOTBETCTBYIOLLEH BAKYYMHOH Kamepoii
Ha KOTOPOH Hayanu NepBHUHUE IKCIEPUMEHTBI.
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[TonHocTbIO peanu3oBaHO M TOpUEBOE 3po3HOHHOE ycTpokcTteo (TOVY),

njae3MaAMHaAMHUUECKas CHUCTEMA Ha KOTOPOH MPOBOAATCA CHEKTPOCKOMUYECKHE
MCcce0BaHug Ha aTMOC(EPHOM AaBJIEHHH.

O 00~ N L I
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PE3IOME. TlpencrasneHbl pe3y/nbTaThl MCCNENOBAHWH WHTETPaNbHbLIX XAPAKTEPUCTHK paspsaa H
[NMHAMUYECKUX NApaMETPOB M1a3Mbl B MArHUTOMIA3MEHHOM KOMIPECCOPE KOMMAKTHOH reOMETPUH,

1. BBEAEHHUE

MaruuTtoriasmeHnsiii - komnpeccop  (MIIK)  npencraBnser  coboH  HCTOUHHMK
KBa3UCTALHOHAPHBIX KOMIIPECCHOHHBIX MJ1a3MeHHbIX MoTokoB (Moposos, 1967). B
MEXIJIEKTPOJHOM NPOMEXYTKE TAKOTO YCTPOHCTBA OCYLUECTBIAETCA YCKOPEHHE TMIa3Mbl
NPONONLHON cocTaBNifioLIed aMIEPOBOH CHIIBI, KOTOpas BO3HMKAET NpU B3aHMOAEHCTBUU
panBanbHOM KOMITOHEHTBI Pa3pAHHOTO TOKa ¢ COGCTBEHHbIM a3WMYTaNbHBIM MArHHTHBIM
nonem (Kopos W ap., 1974). Hapaxy ¢ 3TuM, Ha BbIxoae paspsaHoro ycrtpoicraa MITK
(hOpMHUpPYETCH KOMTPECCUOHHBIH MNa3MEHHbIA MOTOK, C)KATHE KOTOPOTO MPOMCXOAUT 3a
CYeT B3aUMOACHCTBUA MPOJONBLHONR COCTABAANOILEH pa3psaHOro Toka (Tak Ha3biBAEMOro
BLIHOCHOTO TOKa@) C €ro COOCTBEHHBIM a3WMYTaIbHBIM MarHUTHbIM nonem (BuHorpasosa u
ap., 1974).

VHTepec Kk HCCNENOBAHMAM  YCKOPUTENBHO-KOMIIPECCHOHHBIX CHCTEM  Bbi3BaH
BO3MOXKHOCTbIO ~ M3ydeHHs  (DyHAAMEHTaNbHbIX  BOMPOCOB  TEYEHUS  INa3mbl B
ANEKTPOMArHHTHBIX noJsxX pasiH4HOM KOHUrypauuu W tdhopmupoBaHus
BLICOKO3HEPTeTHYECKHUX I1a3MEHHbIX TMOTOKOB B TaKMX YCTPOHCTBAxX, a Takxke
NPUMEHEHHUEM YKa3aHHbIX CHCTEM JUIf pELUEHHS psAna TPaKTHUYECKMX 3akay, TakuX Kak
paspaboTka HCTOYHWKOB HM3My4YCHHS IS HYXA aTOMHOW CMEKTPOCKONHH, Njia3MEHHas
0bpaboTka nMoBepxXHOCTEH U Op.

2. OJKCIIEPUMEHTAJIBHASl YCTAHOBKA

OKCMEPHUMEHTBI NMPOBOAMJIMCHL HAa YCTAHOBKE, CXeMa KOTOpo#t n3zobpaxeHa Ha Puc. 1.
BuyTtpennuii anektpon paspsaaHoro yctpoiictea MITK koMnakTHOW reoMeTpHH BLIMOJHEH
M3 MeAM B BMOE YCEYEHHOro KOHyca ¢ auaMeTpamu 3 u 0,6 ¢M AaHHON 5 cM ¢
UMTMHAPHYECKOH XBOCTOBOH 4acCTblO ANMHON 6 CM, a BHELIHWH 3NEKTPOX TPENCTaBnAeT
cOOOMH UMAMHAP, 00pa3oBaHHbId 8§ MEOHBIMH CTepXKHAMHK anameTpom 0,8 ¢cM ¥ anuHoi 11,5
CM, CHUMMETPHYHO paclloNOXKEHHbIMH M0 OKPY)XHOCTH auaMeTpoM 5 cM. PaspsigHoe
ycTpoiicteo MITK nomeueHo B BakyymHyto kamepy pasmMepa 0.3 M- 03 m- 1.2 M.
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MH

Puc. |. Dxcnepumenmanonan yemanoska. Ol-ocyuinozpagh ons pecucmpayuu cueHand ¢
@omoymuosicumens, O2—ocyunnozpagd Ona pezucmpayuu CuzHanos ¢ pomoouodos, R—nosc
Pozosckoco, C—xondencamoprnas bamapes, I-uznumponnwiti pazpaonux, HC-paspaduoe
yempoicmao ¢ noneim kamooom, BS—ceemodenumensnan nnacmuna, MH-monoxpomamop,
PM—gpomoymnooicumens, L—npedycunumens.

HccnenoBaHus NPOBOAUAM B PEXMME OCTATOYHOrO ra3a MPH HAYaJbHOM [1aBJIEHHH
cmecu Ar + 3% H, B xamepe Py, = 100 [la. Haxonurenem sneprun MIIK cnyxuna
koHneHcaropruas Oatapes (C) obuwel emkoctoio 800 mxd, koropas coeadHsIach ¢
paspsaHbIM YCTPOWCTBOM 4€pe3 WTHMTPOHHBIA paspsaHuk (1), MakcumanbHOEe 3HaueHHe
pazpsiaHOro Toka cocTasisuio ~70 KA NpU HaYaNbHOM HaMpsXKEHHH HA koHAeHcaTopax Uy
= 3 kB. Tok pa3psma ¥ mageHHe HaNpsHKeHWs Ha MEXINEKTPOLHOM TIPOMEXYTKE
paszpsaaHoro ycrpolictea MIIK u3mepanu COOTBETCTBEHHO C MOMOLLBIO Mosica Porosckoro
(R} n xomnencuposannoro RC-aenurtens Hanpsokenus. CurHaisl ¢ nosica Porosckoro u
JCINTENS HaMpHKEHHs PErHCTPUPOBAINCL OJHOBPEMEHHO ocumiorpadom  Tektronix
TDS3032,

CkopocTb nepeaHero GpoHTA I1a3Mbl ONPEAE/saM M0 BpeMa-NMPOJETHOH METOauUKe
¢ MOMOWBIO ABYX (DOTOAHOIOB, PACTONONKEHHBIX Ha paccTOAHUM 60 cM Apyr oT ;apyra.
3anyck ocuuanorpada oCyLIeCTRAAICA CHTHANIOM ¢ nosica Porosckoro.

CrexTpoCKOMMYECKHE HCCNEAOBAHHS MNPOBOAMIM C TMOMOLLBI MOHOXpoMaTopa
(MH) McPherson 218, pabotatouiero copmectdo ¢ dotoymHoxurerem (PM) EMI 9816
QB, npu perucTpauny HATYHEHUs JUIA3Mbl, CYMMApHOTO 32 HECKOJILKO PaspsioB, ¢ TOpla
paspanHoro yctpojictea MITK. Ha xaxno#t 1arHe BONHBI pErucTpUpOBAIM HHTEHCHBHOCTE
uznyuenua miasmel U3 MITK 1 paspsanoro ycrpoiictsa ¢ nonsim karona (HC). Uanyuenue
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nnasmbl - MIIK  uanpasnsiy  Ha BXOAHYIO UleJlb  MOHOXpOMATOpa ¢  MOMOLLBIO
ceeronenntensHoil mnactutsl  (BS). Curnan ¢ §OTOYMHOXMTENS pErucTpupoBasics
ocuumnorpapom (O1) Tektronix TDS3032. HMznyueHHe W3 paspsAQHOro yCTpoWcTBa €
NMOAbIM KaTOLOM, NpOias CBETONSNUTENBHYIO MJACTHHY, Mafal0 Ha BXOAHYHO LIeNb
MOHOXPOMATOpa, a 3aTeM DPErUCTPUPOBAIOCL (OTOYMHOMXHUTENEM C TNPELYCHIHTENEM
Linseis (L), curHan ¢ kotoporo nogasaics Ha ocuusiorpad (O1).

3. PE3YJbTATHI SKCNTEPUMEHTAJILHBIX UCCJAEJOBAHUN
THRUYHbIE OCLINOrPaMMbl TOKa M Hampsbkenus pazpsana B MIIK npencraBneHs Ha Puc.
2a. Ha ocHOBaHHM TONYUEHHBIX OCUMANOrpamMM ObliH MOCTPOCHBI BOJbT-aMnepHas

xapakreprcruka paspaaa (Puc. 26) 1 u3MeHeHHe BO BpEMEHH MIHOBEHHOH MoIUHOCTH P(t)
=1(t) - U(t) n BknaasiBaemoii B paspsan sHeprun W(t) = I(t) - U(t) dt (Puc. 28). BuaHo,

zs0 " ot

WxA)

)
w
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200 4
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| 4

uv)
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Puc. 2. Ocyunnozpamamel moka u HANPSICeHUs (a), 80NbM-AMNEPHAS. XAPAKMEPUCMUKA
paspada (6), usmeneHue 80 8peMeHU MEHOBEHHOT MOWHOCHU U SHepeUU (8).

4TO BBOR 3Heprun B paspsn (Puc. 2B) 3aKkaHUUBAETCSA K KOHILLy NTEPBOTO MOJYNEPHOaa TOKA
(~ 60 mxc). Bonbr-amnepnass xapaktepuctvka (Puc. 26), mokasbIBaroilas 3aBUCHUMOCTB
MEX Iy HaNpsyKEHUEM M TOKOM B TeUEHHE KBa3HUCTaLMOHAapHOHN cTanuu paspsaa MITK (¢ 20
no 50 Mxc), koraa nja3sMeHHbll MOTOK HAaXOAWTCA B YCTOWYMBOM COCTOSIHMH, SIBASETCS
HenuHeitHoW. Hanuuwe casura (a3 mexay Toxom W Hanpsbkendem (Puc. 2a), ykasbiBaioT
Ha OTCYTCTBHE LIYHTHPOBAKWS pa3paia 1O TMOBEPXHOCTH H30ISTOpa, YTO, HapsAmy C
HEMHEHHOCTHIO  BOABT-aMIEPHOH  XapakTepu-
CTHKH, CBHAETENbCTBYET 00  3(hdEKTHBHOCTH
paboTtsl MITK. Cnegyer oTMETUTh, YTO MOJsyye-
HHbIE PE3yNbTaThl XOPOLIO COTNACyrOTCs ¢
AaHHBIMH paboTbl (AcTawnHCKMH 1 ap., 1989).

CkopocTb  MEpeMeileHHs  NepeHero
¢poHTa MnasMbl, OMNPEACNECHHAA [0 BPEMA-
MPOJIETHONH METOAMKE, COCTABMIA B YCIOBHSX
skcnepuMenta  (90£30)  km/c.  3HaueHus
CKOpPOCTH, M3MEpEHHBIE M0 CMELICHHIO Hauaja
MMIYJIbCa W MEPEMELIEHHIO €ero  BepPHIMHbI tws)

(Puc.3), ornuuatorca apyr OT Apyra, uTO Puc.3 Cuznanvi ¢ nepsoii (PD1) u

YKa3blBACT Ha JOCTATOYHO 6om>my}o emopoﬁ (PD2) (1)0”100110008
NOrpe€uIHOCTb METOMA. Kak MoxHO BuaeTh Ha

1(a.})
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Puc. 3, xpusas (PD2) umeer Gonee nonoroe Hauano v 0osee NONOTYHO BEpLIMHY MO
cpaBHeHHIO ¢ uMIyiscoM (PD1). Kpome Toro, Bpems OT Hauana CBETOBOIrO UMIyJbCa A0
ero Makcumyma Ha kpusoi (PD2) 6onbiue, yem Ha kpusoii (PD1). IlpuBeseHnslie dakTsl
CBUIETENLCTBYIOT O "pacniblBakuy" Nepe-AHEro (POHT B MPOUECCE €0 ABMKEHUS.
OnpezneneHue CKOPOCTH Nepemetie- -
HHR BO3OYXKAEHHBIX HEWTPATbHBIX aTOMOB o_s_r /\ ATl 696.5nm |
Ha nepenHeM (pOHTE MIa3Mbl MPOBOLUIH MO k J
JONJEPOBCKOMY CABWTY aTOMapHON JHHUH 041 |

Arl 696.5 M (3) npu HabnwoaeHUM ¢ Topua ool iy
BaKYyMHOH  KaMmepbl, BCIEACTBME  Hero ]al|
MOHOXPOMATOP PErUCTPUPOBAN H3NYyHEHHE, 02 JI 1
YCPEAHEHHOE MO JIyuy 3peHus (T.e. Mo AnvHe . }/*7\ Ao,

xamepsl). KOHTypbl AUHKIA, nosyyeHHblE MpH = _d:._J. -L T
perucTpaunn usnydenus paspsaga vz MITK = e |
(1) # nonoro xaroga (2) MpeacTaBieHsl Ha ou8s sewo oems 6o oors
Puc. 4. OnpegneneHHas Takum 00pa3om hinm
CKOpPOCTb HEHWTpaJoB aproHa cocrasusia
(1004+20) &m/c. CyluecTBoBaHHE ObICTPbIX
HeUTpasoB  MOXET  ObITh  0ObACHEHO
BO30YXNIEHHEM aTOMOB aproHa Ha NepeaHeM
¢hpoHTE NIa3MEHHOIO NMOTOKA, CTONKHOBEHWEM ObicTpbIx MOHOB Arll u Arlll ¢ atomamu
OCTAaTOYHOTO ra3a, a TakKe BO30YXKACHHEM MOCIENHNUX BCIIEACTBHE MPOTEKAHUS BhIHOCHbBIX
TOKOB B 00beMe BakyyMHOH kamepsl. HamoMHMM 31ech, UTO MCCIEA0BAHUSA MPOBOAMIH B
peXHMe OCTaTOUHOrO ra3a, KOrjga MpeaBapUTENbHO OTKauyaHHAs BaKyyMHas kaMmepa
3anonHseTcs paboyuM Tra3oM 0 3afaHHOrO JaBfeHus. M3 aHanu3a MHTEHCHBHOCTEH
CABUraemMoit W HecABHUraeMOH JMHMI CAEAYET, YTO KOJHMYECTBO BO3OYKIAEHHBIX aTOMOB
aproHa, OBMXKYLUMXCS K IETEKTOPY, 3HAYHTEJIbHO MEHbLUE YHCNA aTOMOB B OCTaflbHOM
00beMe KaMepsbl.

Hal)

Puc. 4 Koumypu aunuu Arl 696.5um
nonyuenux uz pazpsaoa (1,3) u nonoeo
xkamooa (2)

4. 3BAKJIIOYEHHE

[IpoBeneHHbIE MccnenoBaHus (punvyecknx npoueccoB 8 MITK koMnakTHOH reomeTpuu
MPOAEMOHCTPHPOBANH NOCTATOUHO BbICOKYH 3(D(HEKTHBHOCTL M HANEXKHOCTL €ro padoThl,
MO3BOJIMIIM YCTAHOBHTL (DAKT "pacruibiBaHWa" nepeaHero (GppoHTa MIa3MeHHOro MoToKa B
npouecce ero nBixeHus. [1okazaHo, YTO 3HAYEHKS CKOPOCTH nepeaHero (GpoHTa riazmbl,
OMpeaeNeHHbIE 0 JOMNEPOBCKOMY CABUIY aToMapHO# nunuu Arl 696.5 HM v no Bpems-
MPONIETHOH METOAMKE, C YYETOM NOTPEILHOCTEH 3KCMEPHMEHTOB, HAXOAATCA MEXLYy COOOM
B XOpOUIEM COOTBETCTBHHU.

AsTopsl Gnaroaaphsl H. KoHesuuy 32 none3Hoe 00CyxneHHE pe3yabTaToB padoTsl.
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E-mail: ivbi@rudjer.ff.bg.ac.yu

PE3IOME. YcranosaeH a¢QekT nocnecBeyeH!s TUHAM BOAOPOAA M HEATpAna aproHa u CBA3b 3TOro
sthdekra ¢ BLIHOCHLIMH TOKAMH, T.€. ¢ H3MEHEHHEM KOHUEHTPALMH 30EKTPOHA B TEUEHHE BPEMEHH.
Habnioaanock U CBEUEHWE HOHA aproHa ¥ CnJjoLHOro U3Ty4yeHH!s.

1. BBEAEHUE

- CriekTpockonu4YeCcKHe HccnefoBaHus napamerapoB maasMber B MITK B Bonopone u cmecu
Ar + 3% H, nposogunuch ¢ Topua pa3psaHoro ycrpoicrsa. Mpl HaOMoOAAIH XapakTep
M3MEHEHHS! MHTCHCUBHOCTH JIMHUYM BOAOPOJA W aproHa B TEYEHHE HEKOTOPOI0 BPEMEHH.
Bein ycranoBneH >Q@exT nocnecseueHns Ha UEHTPaibHOM JUMHE BOMHbl duHui Hy, Hg 1
H, Bogopona u nuHMM HeifTpana aprona Arl 696.5 nm. Caenana OUCHKA KOHLIEHTpalMH
3JIEKTPOHOB 110 LUTAPKOBCKOMY YLUMPEHHIO JIMHWH H, u Hp. MHTEHCHBHOCTL M3/TyueHMsA
CYMMHpOBaIach 110 JIy4y 3PEHHS M PE3yJbTaTbl, [I0JyYEHHblE 3TOH METOAMKE, HE MMENH
MPOCTPAaHCTBEHOTO PA3PELIEHHUS,

2. SKCITEPUMEHTAJIBHASA YCTAHOBKA

DKCMepUMEeHTbl MPOBOAMINCL HA YCTaHOBKE, CXxeMma KOTOpod u3obpaxeHa Ha Puc. 1.
HccnenoBaHus npoBOAMINCH B PEXMME OCTaTOYHOrO raza NpH OAMHAKOBOM HayaibHOM
naBjieHUH Bojopoda u cmecH Ar + 3% H, B kamepe P,=100 Tla. Hakonurenem sneprun
MIIK cmyxuna koHpencatopHas Gatapes (C) obuweit emkoctero 800 mx®d, xoropas
COeNMHsNAch € pa3psAAHWUM  YCTPOMCTBOM  uepe3 MIHUTPOHHBIA  paspagHuk (1),
MakcumanbHOe 3HauyeHHE pa3psaHOro TOKa cocTaBnsino ~70 KA, npu HavalbHOM
HanpsxeHuy Ha koHzgencaropax U, = 3kB. Cnexrtpockonuueckue Hccaeni0BaHUS
NMPOBOAMINCE € TOPUA Pa3psAHOTO YCTPOHCTBA C TOMOILBLIO MOHoXpomaropa (MH)
McPherson 218, pa6otatouiero coemecTHo ¢ QortoymHoxkurenem (PM) EMI 9816 QB.
CurHan ¢ dotoymHOMHUTENs peructpuposancs ocuusorpadom (O) Tektronix TDS3032.
3anyck ocuunsorpada ocymecTBIsics CHIHATIOM ¢ nosica Porockoro.
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‘gl—
;

Puc. 1. DkcrnepuMeHTansHas ycrtaHoBka. O-ocumiorpad uid perucTpalMd CUrHana c
tdoroymuoxurens, R-nosic Porosckoro, C-xonaeHcaropHast Oarapes, I-MrHUTPOHHBIH
pazpsannk, MH-mMoHoxpomartop, PM-doToymMHoxuTe D,

3. PE3YJBTATHI 3KCNEPUMEHTAJILHBIX HCCIAEJOBAHUNA

DddexToM nocneceeveHus ABNSETCH HAONIONEHHE CBEYEHMUS MO 3aKaHYAHWIO Pa3paaHOro
Toka. Ha Puc. 2 npencrapneHsl THIIHYHBIE OCLUMATIOTPaMMBbl Toka (CHrHan ¢ Poroeckoro) u
MHTEHCHBHOCTb Ha LIEHTPaNbHOM JUTHHE BONMHBI MUHKU Hy, Hp u Hy Bomopona B cmecu Ar +
3% H, (Puc.2a) v B unctoMm Bomopoae (Puc.20).

025

0z f3 AI'+3°/QH2

I(aj)

aj)

015

LRLE R

0054 §

o 0 20 00 400 S0 600 700 800 900
L {us) tus)
(@) (6)
Puc.2 OcuuniorpaMmbl MHTEHCHBHOCTH NUHKY Ho, Hp u Hy Bonopona s cmecu Ar + 3% H,
(a) v B uuctom Bonopoae (6). Curnan ¢ Porosckoro (R).

Kaxasl#l 13 OCLMIOrPaMMOB MOJYY€H B TEUEHMW OAHOro paspsaaa. MoxHO BHAETH, 4TO
MCCNENOBAHME JIMHMHM  OOHapyXHBAlOT OJHHAKOBOE U3MEHEHHE BO BPEMEHH, T.€.
MaKCHMyMbl W MHHHUMYMbI MHTEHCHBHOCTW Bnajatotcs. B cmecn Ar + 3% H,
MHTEHCHBHOCTb Ha LEHTPANbHON JUIMHE BOJHbI IMHUU BOAOPOJA MMEET ABa MAKCHUMYMa!
nepsslit Ha ~40 Mkc u BTOpO#H Ha ~300 MKC M OOMH MUHMUMYM Ha ~230 Mkc. B ductom
BOJIOPOJE TAKXKE ABAAIOTCA ABA MakcUMyMa (Ha ~30 Mxc 1 Ha ~130 MKC) 1 ORMH MHHUMYM
(Ha ~70 MKC), HO OHHW CIBMHYTbl B OTHOLIEHHH OCUMIIONPaMMOB MONYYEHHbIX B Ar + 3%
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H,. Kpome Toro, MoXHO BUAETL YTO B UMCTOM BOAOPOJE CBEUEHHE 3AKAHYUBAETCA M0CHE
{350(H,)-550(Hy)} mxc, a B cMecu Ar + 3% H, mocne {800(H,)-1000(Hy)} mxc. Taxxe,
MHTEHCUBHOCTb JIMHWII B MNOCNEecBeYeHHH BO30YXKIEHHBIX aTOMOB BOIOPOAd B YHUCTOM
BONOPOLE CHlbHee, uem B cMecH Ar + 3% H,. Tak 1 00mkHO BblTh, MOTOMY YTO B NEPBOM
cllyyae aTOMOB BOAOpPOfA 3HAuWTENAbHO Oonbule, @ HHTEHCHUBHOCTb  H3JIYYEHHS
CYMMUpYeTCs 10 Jiydy 3penus. MccnenosaHuss Takxke [POBOAWIIHCL HA CIUIOLIHOM
M3TYyHEHHH M Ha UEHTPanbHOH ANUHE BOJHbLI JIMHMW HENTpana aproHa W HOHAa aproHa.
CBedeHHE CIUIOLIHOTO M3JTy4eHHs U AUHMM HoHa aproHa Arll 480.6 nm  (Puc. 3a)
3aKaHYMBAETCS BMECTE C pa3psAlHUM TOKOM. DTO MOXHO OOBACHWTb TEM, UTO HOHBbI
BBICBEYMBAIOT W3 CaMOW ropsyei 004acTH, T.e. U3 KOMNPECCHOHOTO MJIa3MEHHOTO MOTOKA.
Korpa 3akaHuuBaeTcs TOK, pa3BaiuBaeTCs M KOMMPECCHOHHBIA MOTOK, a MOHbI aproHa
ucue3aroT. MHTepecHo, YTO MOHBI aproHa BbICBEYMBAOT HEMHOIO OOJbLUIE BPEMEHH, UeM
KOHTHHYYM. MaKCHMyM CIUIOLIHOTO KH3Ay4yeHHWs nomyvaercs ~25 Mmkc, a ucuesaer B ~80
MKC. JTO COBMAfAaeT ¢ MEPBbLIM MOJIYNEPHOLOM TOKA pa3psia, KOTAa HAET BBOA SHEPTHM B
paspsan (AcrawuHckuii u ap. 1992). Maxkcumym aurun Arll 480.61m cocrtaBnger ~25 Mkc,
YTO COBMANAECT € MAKCHMYMOM KOHTHHYYMa; OH HCHYE3a€T BMECTE C pPa3pAAHBIM TOKOM
(~130 mkc). 3ddexT nocnecpeveHHs HabMOAANCS U HA TMHUM HelTpana aproHa Arl 696.5
HM (Puc.36). MHTEeHCUBHOCTL 3TOH JMHWM HMEET [Ba MAaKCUMyMa: nepBbli Ha ~30 MKC H
BTOpOH Ha ~300 MKC W OAMH MHMHMMYM Ha ~230 MKC. BHAHO, YTO MHTEHCHBHOCTb 3TOH
JMHHU COOTBETCTBYET MHTEHCHBHOCTH NHHWM BOAOpOAA, HauuHas ¢ ~90 MKC, HO aTOMbl
aproHa 3akaH4MBalOT HM3inydyenue paHblue (~600 MKC), HueM aTOMb! BOBOPORA. DTO MOXHO
OOBACHUTD TEM, YTO NOTEHLHAN BO3OYXIEHUS aTOMOB aproHa BbILLE, YEM Y BOAOPOA.

03 Arl 696.5nm Ar+3%H,

b o w0 1% 0
0s] A Arfl 480.6n

3 % -
g_
g_
§_
g_
g_
g_

I(aj)

Puc. 3 OcuuninorpaMmbl  HHTEHCHBHOCTH
nvuun aprona Arll 480.6 HM n cnnowHoro uanyveHus (a) ¥ nuHuu Arl 696.5 um (6).
WuTtencusHoOCTs niHUM Hy 1 curnan ¢ Porosckoro (R) HaXOOUTCS HA KAXIAOM PHUCYHKE,

OUEHKH KOHLEHTPALKH 3NEKTPOHOB Mbl CleNaly fl0 LITAaPKOBCKOMY YUIHPEHUIO
aunnn Hg, w Hp (Gigosos, Cardenoso 1996). HccnenoBanw H3aydeHHs MIIa3Mbl,
CYMMAapHOIo 3a HECKONbKO pa3psamoB, ¢ Topua paspsaHoro ycrtpoicrea MITK.Mpaduk
M3MEHEHWS KOHLEHTPAUMY 3/1EKTPOHOB B TEUEHHE BpEeMeHHM MNpeAcTaBieH Ha Puc. 4. [o
OLEHKOM, KOHLUEHTPALUUK KOTOpbIE MONY4HJIM MO YUIMPEHHIO JIMHHK H, cucTemaruuecku
Gonbiue, 4YeM 3HAYEHWA KOTOPbIE NONYYMIM 1O JHHHM Hp, BeposTHO u3-3a
CaMOMOTNOUIEHHHH JKHHMUKM H, MaxkcuManbHss KOHUEHTpAUMA OMpejeseHHas  no
WTApKOBCKOMY  YLIMPEHHIO JHHMM Hp cocrasnser 4 10'%m?>, uto cosnagaer ¢
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(Actawunckuit 1 ap. 1992). Ha Puc. 4 onHOBpPEMEHHO MpEACTaBAECHb! KOHLEHTpaLMWK
3NEKTPOHOB ¥ HMHTEHCUBHOCTH AMHMM Hy B TeueHWe BPEMEHH, M MOXHO BHUAETH, UTO
MUHUMYM WHTEHCHBHOCTH COBMAJAET ¢ KOHCTAHTHOH KOHUEHTpALMEH B 3TOT MPOMEXYTOK
BpeMeHW. Kak BHAMM, Kaxabll W3 HabalOAaeMblX MakCMMYMOB JIMHHMM, Habntogaercs B
teuenue Bpemenn (20-60) Mxc, KOraa CyulecTBYeT 00JacTb KOMMPECCHH (ACTalMHCKUHA,
KocTtiokeBuy 1981), a nnazMeHHbI NOTOK HAXOAMTCA B YCTOHYHMBOM KBa3MCTaUMOHAPHOM
cocrosnuu (Muubko u ap. 1987). [MpumepHo ¢ 70Mkc oa Hauama TOKa paspsia,
KOMMPECCHORHbBIH MOTOK HauuHaeT pa3BajuBaTbcd. OOHAKO, BBIHOCHBIE TOKM BCIEACTBHE
BMOPOXXEHHOCTH MArHWTHOTO MOJsS B MNIa3My MOTYT JOCTaTOUHO AoAro ‘“‘OnyxaaTts” B
KaMepe, OKpY)kas pa3psaHOe YCTPOWCTBO YCKOPHTENS, MOKAa NOCTEMEHHO HE 3aMKHYTCA Ha
aHOAHHE CTEPXHM WIM 3aMbIKAIOTCS HA CTEHKH. Y 3THX TOKOB AOCTATOYHO 3HEPIHH, YTOOB!
BO30YIHTH aTOMbl BOAOPO/A 1 aproHa M MO3TOMY H3AyHEHHE TaK A0JT0 perncrpupyercs. C
YMEHBILIEHHEM BLIHOCHBIX TOKOB YMEHBLUAETCS W MHTEHCHMBHOCTH M3NydeHus. BuaHo, uto
CYLLECTBYET B3aHMOCBSA3b MOBENEHNS KOHUEHTPALMH 3AEKTPOHOB W YHCIa BO30YXIEHHBIX
HeiTpanoB. [lpy KOHCTAHTHON KOHLEHTPALHM 3NEKTPOHOB, B HEKOTOPBLI NMPOMEXYTOK
BPEMEHH, 4HCIIO BO3DYKIACHHBIX HENTPaOB YMEHBOIAETCH, @ TEM CIIOCOOOM YMEHBIIAETCS
YU WHTEHCHBHOCTh JIHHUW HeHTpana (MWHHMYM 4S8 NUHHHA Bomopoda M Arl 696.5 um
copnaznaet ~230 mkc). Korna koHLUEHTpaLMs 31€KTPOHOB YMeHbILAaeTcs ObICTPEE, TO UYHUCIIO
HelTpaNia pacTeT, a TeM CMOCOOOM pacTeT M MHTEHCUBHOCTh JIMHUM Helrpana (BTOpOMH
MaKcUMYM Ans THHUIE Bogopoaa u Arl 696.5 nm cosnanaet ~300 mxc).

100 — — —

T T T T
0 50 100 150 200 250 300

()

Puc. 4 KoHUEHTpaUKs 3MEKTPOHOB B TEUEHHUE
BpeMEHM OrNpeleNieHa M0 LWTApKOBCKOMY ywupeHmo auuun Hy, n Hp u cesaz ¢
MHTEHCHBHOCTH JIHHHUU Hy

4. 3SAKJIOYEHUE

Db dexT nocnecseyeHUs TUHUM BOAOPOAA W HelTpana aproHa CBS3aH B MEPBYIO Ouepedb C
NPOLECCOM 3aMblKaHHS BbIHOCHBIX TOKOB B T€YEHMM BpeMeHH. CBEUYEHHE WOHA aproHa u
CTUTOWIHOTO W3JTYUYEHHA CBA3ZAHO C KOMIIPECCHUOHHBIM Ma3MEHHbIM MOTOKOM H HMCYE3aET ¢
pa3BasioM pa3psaaHOro TOKa.

Astopbl 6naropaphsl H. KoHeBUuy 3a nonesHoe obcyxaeHue pe3yasTaToB paboThl.
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Abstract. Comparison between existing measured, calculated and estimated Stark width
values was performed lor the most researched Ar [ spectral lines belonging to the 4s-4p and
4s" — 4p’ transitions. On the basis ol the found agreement between these values nine strong
spectral lines have been recommended as lines with convenient Stark width data needed in
plasma spectroscopy.

1. INTRODUCTION

Knowledge of the doubly ionized argon (Ar III) spectral lines characteristics is 1m-
portant for the determination of chemical abundances of elements and, also, for the
estimation ol the radiative transfer through stellar plasmas, as well as for opacity
calculations (Inglesias et al. 1990). Thus, the necessity of knowledge of Stark widths
of these lines was imposed. On the basis of Stark width values it is possible to obtain
the other basic plasma parameters e.g. electron temperature (T) and electron den-
sity (N), important in the modeling of various plasmas. The aim of this work is the
comparison between existing measured, calculated and estimated Stark width values
of most researched Ar I1I spectral lines in the 4s-4p and 4s’ — 4p’ transitions (Mul-
tiplets: No.1, No. 2 and No 3). Namely, from the eventual agreement between them,
their reccommendation for the plasma diagnostics purpose can be followed as a spectral
lines with convenient Stark width data. These comparisons give, also, possibility of
the critical analyzing of the existing experimental and theoretical Stark width values
{Djenize 2000a,b).

2. MEASUREMENTS

Five experiments deal with Stark FWHM (full-width at half intensity maximum, W)
investigation ol mentioned spectral lines (Platisa et al. 1975; Konjevi¢ & Pittman
1987; Kobilarov & Konjevi¢ 1990 and Djenize et al. 1996, 2000). Measurements were
realized in the electron temperature range between 21 000 K and 80 000 K (see Lesage
& Fuhr 1998 and references therein).
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3. CALCULATIONS

Theoretical W values (G,GM,SEM, SE) are calculated on the basis of various ap-
proximations initiated by Dimitrijevi¢ & Konjevi¢ (1981). Thus, SE and SEM denote
the results of semiemperical and modified semiempirical predictions using equations
(4), (5) and equations (7) - (10), respectively, from Dimitrijevi¢ & Konjevié (1981).
G and GM denote W values obtained on the basis of the semiclassical approximation
(Griem 1974 and references therein) with 1.4 instead of 5-(4.5/2) one the right-hand
side of equation (12) in Dimitrijevié¢ & Konjevié (1980) for the GM values. Mentioned
calculations are performed only for five multiplets. Beside, theoretical Stark width
values, calculated on the basis of the classical-path approximation by Hey (1977), are
also presented, but only for the plasma parameters observed in experiment by Platisa
et al. (1975).

Transition Multiplet X (nm) WTY? (nm K'/?%) Eq. |
4s - 4p 550 5 p 329.66 1.88 2
(1)
4s' ~4p’ 3pdb_3p 349.21 2.20 3
(2)
3pt 3 F 334.48 2.06 3
(3)

Table 1. Estimated (INS) Stark FWHM values dependence on the electron temper-
ature (T in K) at N = 10%® m~3 electron density, calculated using Eq. (2) and (3).X
denote the mean wavelength in multiplet. The width of each multiplet component can
be easily evalualed if one takes into account that the line width is proportional to A%.

4. ESTIMATIONS

The simplest way to estimate the value of a Stark FWHM 1is to use established regu-
larities of W along the isonuclear or isoelectronic sequences for given type of quantum
transition. [t was found (Djenize et al.1988; Puri¢ et al. 1988a,b) that a simple ana-
lytical relationship may, for same transition, exist between W and the corresponding
upper-level ionization potential {I) of a particular spectral line. The found relation-
ship, normalized to a N = 1023 m~3 electron density, is of the form:

W(rad/s) = az*T~ 127", (0

The upper level ionization potential I (in eV) and net core charge z(z = 1,2, 3,4,...for
neutral, singly, doubly, triply,... 1onized atoms, respectively) specifies the emitting ion,
while the electron temperature T (in K) characterizes the assembly. The coefficients a
and b are independent of 1 and T. In the case of the argon isonuclear (INS) sequence
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{Ar [ - Ar VIIT) for the 4s - 4p transition this dependence is expressed (Puric et al.
1988a,b; Djenize & Sreckovié 1998) as:

W(rad/s) = 1.18 101422 /2 =127, (2)

In the case of the 4s'—4p’ transition the [ollowing form was [ound (Djenize & Sreé¢kovié

1998; Puric et al. 1988a):
W(rad/s) = 1.12 10112 =1/2 =132 (3)

The Eqs.(2-3) allow to predict the Stark width values [or: 2 = 1,2,3,4,5,6,7 at various
electron temperatures. The estimated (INS) Stark FWHM values of the mentioned
Ar Il spectral lines (for z = 3,) are presented in Table 1. The necessary atomic data
were taken from Wiese al al. (1969).

B
'_g, Mult.No.3 X=334,48nm

o0 iﬁ;%k"*l:..,; GM

—— T SEM
SE

Mult.No.2 X=34921nm
0.30

0.20

0.10

ool Mult.No.1 A=329.66 nm
INS,
0.20}- M
T SR S
' ",\"""“"“’""- SEM
SE
1 1 1 1 I A 1 i
20 30 40 50 60 70 80
T{10°K)

Fig. 1. Stark FWHM (W) dependence on the electron temperature for the most
investigated Ar IT] multiplets belonging to the 4s-4p and 4s/—4p’ transitions at 10%?
m~3 electron density. e, Djenize et al. 1996; O Djenize et al. 2000; o, Platisa et
al. (1975); A, Konjevi¢ & Pittman (1987) and V, Kobilarov & Konjevié¢ (1990). G
and GM denote values obtained on the basis of the semiclassical (Griem 1974) ap-
proximation, both SEM and SE denote values obtained on the basis of the modified
semiempirical and semiemperical approximations, respectively. All these calculations
were performed by Dimitrijevié & Konjevié¢ (1981). x, theoretical predictions by Hey
(1977) calculated at plasma parameters obtained by Platisa et al. (1975). INS (....)
represent our estimated values taken {from Tab. 1.
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5. DISCUSSION

In order to allow easy comparison among measured, calculated and estimated Stark
width values, in Fig.1 the dependence of Stark FWHM values on the electron temper-
atures is given at N = 10%* m~3 electron density. It should be pointed out that the
experimental Stark width values around 23 000 K electron temperature (Konjevié &
Pittman 1987, Djenize et al. 2000) show mutual agreement and agree, also, with val-
ues from Platisa et al. (1975) given at 21 000 K. Hey’s calculation give Stark FWHM
values that agree with SE predictions and both lie below the all others calculated and
measured values.It must be turns out that the INS and SEM values show excellent
mutual agreement in a wide electron temperature range, between 10 000 K and 80
000 K in the case of the all three researched multiplets.

6. CONCLUSION

In general, we noticed a good agreement among a measured, calculated and estimated
Stark width values of the Ar III spectral lines that belong to the multiplet 1 (328.585
nm, 330.188 nm, 331.125 nm) in the 4s - 4p and multiplets 2 (348.055 nm, 350.358
nm, 349.967 nm) and 3 (333.613 nm, 334.472 nm, 335.844 nm) in the 45’ — 4p’ tran-
sition, especially between INS, GM, SEM and all experimental values except those
from Platida et al. (1975) at about 23 000 K electron temperature. This allows us to
recommend their use for plasma spectroscopy. Existing Stark width values of these
spectral lines: INS values in the Tab.1, in this work, and theoretical values GM and
SEM in Dimitrijevi¢ & Konjevi¢ (1981), within 10% uncertainties present convenient
atomic data in the plasma diagnostic up to 80 000 K electron temperature.
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Abstract. Using the relative line intensity ratios method between four strongest Ar IV
spectral lines in 4s — 4p (1P -4 Do) transition their existing transition probability values
(A) have been controlled. These A values, within £10% accuracy, have been confirmed in
the case of the 280.944 nm and 278.896 nm spectral lines. Contrary, for transitions with
283.025 nm and 277.626 nm necessity for correction of the A value was found. Beside, the A
values, not known before, are determined for the 251.328 nm, 252.569 nm and 259.947 nm
Ar IV lines relative to the 280.944 and 278.896 nm transitions.

1. INTRODUCTION

Transition probability of spontaneous emission (A) plays an important role in plasma
and laser investigation and, also, in astrophysics. Namely, various kinetic processes
appearing in plasma modeling need reliable knowledge of A values (Griem 1964, 1974,
1997). However, the existing A values (Wiese et al. 1966, 1969; Lide 1994), for number
of emitters, are given with high uncertainties. These values are calculated on the
basis of the Coulomb approximation (Allen 1973) or by using the Self-Consistent
Field (SCF) method (Hartree 1956). In the case of ionized emitters (doubly or triply
ionized, as example) the expected uncertainties are 50% or higher (Wiese et al. 1969).
On the other hand, known experimental techniques show various difficulties (Wiese
et al. 1966, Rompe & Steenbeck 1967) which imit accuracy of the measured A values.

In this work the transition probabilities of spontaneous emission ol seven transitions
in Ar IV spectrum have been obtained using the relative line intensity ratios method.
Two among them (280.944 nm and 278.896 nm) are strongest in the Ar 1V spectrum
and they are frequently applied in different sort of investigations. As a source of
radiation plasma of optically thin linear pulsed arc has been used. The total line
intensities (I) were calculated from line profiles measured with high accuracy (3%
- 5%) using the step-by-step technique. Four researched transitions belong to the
4P —* DY multiplet with upper energy levels (E) within narrow energy interval, so,
correction to the electron temperature (T) of the measured line intensity ratios can
be neglected. This fact allows us to establish a simple relation between measured line
intensity ratios and ratios of the products of the spontaneous emission probabilities
and the corresponding statistical weights (g) of the upper levels of the lines. This
relation is expressed as:

(I/12)ezp >~ 9141/ 9242 (1)
and give us possibility to check the existing A values.
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2. EXPERIMENT AND RESULTS

The modified version of the linear low pressure pulsed arc (Djenize et al. 1991, 1998,
2000ab) has been used as a plasma source. A pulsed discharge was driven in a quartz
discharge tube of 5 mm inner diameter and effective plasma length of 7.2 cm (Fig. 1 in
Djenize et al. (1991,1998)). The tube has end-on quartz windows. The working gas was
argon-helium mixture (72% Ar +28%He) at 130 Pa filling pressure in constant flux
flowing regime. Spectroscopic observation of isolated spectral lines were made end-on
along the axis of the discharge tube. The line profiles were recorded using a step-by-
step technique with a photomultiplier and a grating spectrograph system. The system
was calibrated by using the standard lamp (EOQA-101). The spectrograph exit slit
{10 pm) with the calibrated photomultiplier was micrometrically traversed along the
spectral plane in small wavelength steps (0.0073 nm). The averaged photomultiplier
signal (five shots at each position) was digitized using an oscilloscope, interfaced
to a computer. All spectral line profiles have been recorded at the same detection
conditions. A sample spectrum is shown in Fig.1.
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Fig.1. Recorded Ar IV spectrum with researched 280.944 nm and 283.025 nm spectral
lines. _

Plasma reproducibility was monitored by the Ar IIl and Ar IV lines radiation
and, also, by the discharge current (it was found to be within + 3%). Recorded line
profiles can be fitted to the Voigt function as a convolution of the Gauss (instrumental
and Doppler broadening) and Lorentz (Stark broadening) functions. The standard
deconvolution procedure ( Davies & Vaughan 1963) was computerized using the least
square algorithm. Total line intensity (I) represent the area under the line profile.
On the basis of the recorded Ar IV spectrum (as can be see in Fig.1) follow that
these lines are well isolated from the other Ar I, Ar II, Ar III and Ar IV lines and,
practically lie on the continuum which is equal to zero. These facts are important for
determination of the total line intensity and these conveniences lead to the increase
of reliability of the results.

The plasma parameters were determined using standard diagnostic methods
{Rompe & Steenbeck 1967). Thus, the electron temperature was determined from
the Boltzmann-slope on seven Ar 11 lines with a corresponding upper-level energy
interval of 8.32 eV with an estimated error of £ 7%, assuming the existence of LTE,
according to criterion from Griem (1974). All necessary atomic data were taken from
Wiese et al. (1969) and Striganov & Sventickii (1966). The electron density decay was
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measured using a well known single laser interferometry technique for the 632.8 nm
He-Ne laser wavelength with an estimated error of £7%. The electron density and
temperature decay’s are presented in Fig. 4 in Djenize et al. (2000b).

1+283.025 nm 2:277.626nm

LL,

3~

2+ 3 v 0 ¥ v .
54 t°
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2.5
2+ °
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Fig.2. Relative line intensity ratios (/1//2) during the plasma decay. e, our experimental
values within 10% accuracy. - - -, theoretical ratios by using the existing transition probability
values from Wiese (1969) and Lide (1994) within estimated uncertainties of 50%. Solid lines
represent theoretical intensity ratios after the correction of the transition probabilities. All
four lines belong to the same multiplet (4UV).
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In order to make direct estimation of the influence of the self-absorption on the
line intensity, method of the relative line intensity ratios have been applied. Ratios
(I1/I2)exp were monitored in a wide range of the decaying plasma up to 60th us after
beginning of the discharge when the line intensity maximum dropped down to 10% of
1ts maximal value. Experimental points are presented in the Fig.2. These experimental
ratios are constant within 6%, during the plasma decay.

From this fact follows that for employed experimental conditions (spatial distribu-
tion, discharge characteristics, gas pressure etc.) our plasmacan be treated as optically
thin. On the other hand, Stark width values of these lines measured by Djenize et al.
(2000 a, b) in the same plasma conditions agree well with existing experimental and
theoretical Stark width values testifying, also, the absence of the self-absorption. This
suggest that the comparison between measured and calculated relative line intensity
ratios can be employed as a method for estimation of the transition probabilities
relatively to the selected referent A values.

Therefore, we suppose that there is at least one pair of lines, belonging to the
same multiplet, for which measured and calculated relative line intensity ratios are
in agreement during the whole plasma decay period. If such agreement really exist
one can accept these lines with corresponding transition probabilities as the referent
A values. Among the lines that we have investigated, see Fig.2., described behavior
15 found for the 278.896 nm and 280.944 nm transitions, while existing A values of
the 283.025 nm and 277.626 nm transitions have to be corrected in according to the
experimental [, /[, values. These corrected values are presented in Tab.1.

On the basis of the known transition probabilities it is possible to determine un-
known A values by using the relative line intensity ratio dependence on the electron
temperature (Griem 1964, 1974, 1997):

L/l = (g1 Arhe/ g2 Az A )exp(AES [kT) (2)

This relation allow the mutual comparison between relative intensities of the spec-
tral lines that origin from the highly different parent energy levels. Using the Eq. (2)
A values for the 251.328 nm, 252.569 and 259.947 nm transitions have been obtained
relative to the 280.044 nm and 278.896 transitions.

Transit. Multipl. A(nm) E(eV) g |A,(108s71) AEIP(IOSS‘I)
45 —4p | P -2D° 283.025 3549 | 4 1.4 1.65+10%
4(UV) 277.626 35.49 4 1.1 1.60£10%
278.896 35.55 6 1.9 1.90+10%
280.944 35.65 8 2.6 2.60+10%
ip 480 251.328 36.17 4 — 2.25+15%
2p_2po 252.569 36.66 2 — 2.00+15%
259.947 36.67 4 - 2.50+15%

Table 1. Atomic data for the seven researched Ar [V spectral lines. E and g denote.
the upper level energy and the corresponded statistical weights. A, is the existing
transition probability (Wiese et al. 1969) and A, is the new value obtained by us.
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Abstract. Stark widths of three Ne Il spectral lines (372.708, 341.482 and 341.777 nm)
belonging to the 352 P — 3p?D° and 3p?D° — 3d?F transitions have been measured in the
linear, low pressure, pulsed neon arc plasma at 31 000 K and 34 500 K electron temperatures
and corresponded electron densities of 0.95 1022 m~3 and 1.83 10%® m™3, respectively.
Our experimental Stark widths data have been compared to the existing experimental and
theoretical Stark width values.

1. INTRODUCTION

In the papers published by Blagojevié et al. (1999) and Djenize (2000) the existing
experimental, theoretical and estimated Stark FWHM (full-width at half intensity
maximum, W) values have been mutual compared. This comparison show satisfactory
agreement between experimental (Platisa et al. 1978; Puri¢ et al. 1987; Konjevid
& Pittman 1986; Blagojevié et al. 1999) and theoretical (Griem 1974) W values,
especially in the case of the 3s 3P — 3p 2D transition. However, the experimental
W values lie only little over the SC theoretical predictions based on the semiclassical
approaches (Griem 1974). The estimated INS values evaluated from the Stark width
regularities along neon isonuclear sequence (Djenize et al. 1990; Dejnize & Labat 1996)
agree with SC and other experimental W values. Contrary, in the case of the 3p? D% —
3d*F transition the INS estimations provide higher W values in comparison to the
SC values. In both case of the transitions, modified semiempirical (SIEM) approaches
(Dimitrijevié & Konjevié 1980; Blagojevié et al. 1999) provide smaller W values.

We have measured Stark FWHM values of three Ne 11 spectral lines at two discharge
conditions in neon plasma using the linear low pressure pulsed arc as a plasma source.

2. EXPERIMENT AND RESULTS

The modified version of the linear low pressure pulsed arc (Djenize et al. 1991,1998)
has been used as a plasmasource. A pulsed discharge was driven in a quartz discharge
tube of 5 mm inner diameter and effective plasma length of 7.2 cm (Fig. 1 in Djenize
et al. (1991,1998)). The tube has end-on quartz windows. The working gas was neon
at 130 Pa filling pressure in constant flux flowing regime. A capacitor of 14 uF was
charged up to 1.5 kV and 2.5 kV, respectively. Spectroscopic observation of isolated
spectral lines were made end-on along the axis of the discharge tube. The line profiles

87



S. DJENIZE and V. MILOSAVLJEVIC

were recorded using a step-by-step technique, described in our earlier publications.
The spectrograph exit slit (10 pm) with the calibrated photomultiplier was micro-
metrically traversed along the spectral plane in small wavelength steps (0.0073 nm).
The averaged photomultiplier signal (five shots at each position) was digitized using
a oscilloscope, interfaced to a computer.

Plasma reproducibility was monitored by the Ne II and Ne IIT lines radiation and,
also, by the discharge current (it was found to be within 3%). Recorded line profiles
can be fitted to the Voigt function as a superposition of the Gauss (instrumental
and Doppler broadening) and Lorentz (Stark broadening) functions. The standard
deconvolution procedure { Davies & Vaughan 1963) was computerized using the least
square algorithm. Stark widths have been obtained with +£10% accuracy at given T
and N. Great care was taken to minimize the influence of self-absorption on Stark
width determinations. The opacity was checked by measuring line-intensity ratios
within multiplet (D% —2 F'). The values obtained were compared with calculated
ratios of the products of the spontaneous emission probabilities and the corresponding
statistical weight of the upper levels of the lines. These ratios differed by less than
+9%, testilying absence of the self-absorption. The necessary atomic data were taken
from Wiese et al. (1966).
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Fig.1. Electron temperature (T) and density (N) decay at 1.5 kV bank energy

The plasma parameters were determined using standard diagnostic methods
(Rompe & Steenbeck 1967). Thus, the electron temperature (T) was determined from
the Boltzmann-plot of 14 Ne 1 lines ( 331.98, 336.06, 337.18, 341.48, 341.69, 341.77,
350.36, 356.83, 366.41, 369.42, 429.04, 439.19, 440.93 and 441.32 nm) with a corre-
sponding upper-level energy interval of 7.52 eV with an estimated error of + 7%,
assuming the existence of LTE, according to criterion from Griem (1974). All neces-
sary atomic data were taken from Wiese et al. (1966).The electron density (N) decay
was measured using a well known single laser interferometry technique for the 632.8
nm He-Ne laser wavelength with an estimated error of +7%. The electron density
and temperature decay’s are presented in Fig. 1 {for the 1.5 kV bank energy). Our
experimental W data are given in the Tab.1.
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Table 1. Measured W values at various plasma parameters.

Transition A (nm) W (nm)
31000K 09510 m=2 | 34500 K 1.8310% m~3
3s2P — 3p*D° | 372.708 0.0128 0.0225
3p2D° — 3d?F | 341.482 0.0145 0.0262
341.777 0.0140 0.0251

3. DISCUSSION AND CONCLUSION

In order to allow easy comparison among measured and calculated Stark width
values, we report in Fig.2. variations of W (FWHM) with the electron temperatures for
a given electron density equal to 102® m~3. Theoretical predictions are calculated on
the basis of the modified semiempirical formulae (SEM) and semiclassical theory (SC).
INS denote estimated W values calculated on the basis of the obtained regularities
along a neon isonuclear sequence (Djenize et al. 1990; Djenize & Labat 1996; Djenize

2000).
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Fig.2. Stark FWHM values vs. electron temperature at an 1023 m~3 electron density. o,
this work; e, Blagojevi¢ et al. (1999); O, Platisa et al. (1978); A, Konjevié & Pittman (1986);
+, Puri¢ et al. (1987); SC,Griem (1974); SEM., Blagojevi¢ et al. (1999); INS, Djenize et al.
(1990) and Djenize & Labat (1996) for the 3s-3p, and Djenize et al. (1990) for the 3p -3d
transition. Error bars include uncertainty estimates in width (£10%) and electron density
(£7 %) measurements. ) is the mean wavelength in multiplet.
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One can conclude that our new experimental W data confirm the earlier observed
experimental W values around 30 000 K electron temperature and lie between SC
and SEM (within experimental accuracy’s) theoretical values. Tt should be pointed
out that the estimated INS values agree satisfactory with experimental data in the
case of the 3s-3p transition, but in the case of the 3p-3d transition the INS estimations
definitively overvalue the existing Ne Il Stark width values. I'rom this statement follow
that new determination of the INS regularities is nccessary taking into account newly
experimental Stark FWHM values of the Ne I1, Ne 11, Ne IV, ... spectral hines in the
case of the 3p-3d transition.
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Plasma diagnostics by Optical Emission Spectroscopy (OES) is based
upon relations between plasma parameters and plasma emissivity. The latter
commonly depends on plasma parameters in a non-linear way. As far as real
plasmas are neither homogeneous nor steady ones, at the plasma diagnostics one
has to find local (in time and space) emissivity values from measured plasma
emission spectra. Generally, it is a rather complex inversion problem, which is
often simplified supposing plasma volumes have axial symmetry and do not
change during the record time. Precise measurements of the parameters and of
their real distribution in time and space are problematic, because they demand
plasma emission spectra recording at high time and space resolution, as well as
tomography technique application is necessary.

Recently the technique was developed for OES measurements of plasma
parameters avoiding an axial symmetry approximation (Kurskov, 1990, Bousrih,
1995, Megy, 1995). The technique uses so called Plane Symmetry
Approximation (PSA) for the temperature distribution presentation (Bousrih,
1995). The plasma is supposed close to LTE and optically thin Also it has
temperature T<T,, (T, is the «norm temperature» for the spectral component
under consideration). The temperature distribution in the observation direction
can be approximated as having one maximum and a monotone fall around it.
The distribution in other directions can be arbitrary one. In its general form the
technique allows to measurc paramcter maximum values in the observation
direction. Displacing observation lines at a chosen (constant) common direction,
one can obtain a two-dimensional distribution of the maximum values and
present it in a plane perpendicular to the observation line. For every line, the
plasma volume limited by the optical aperture of the recording system is
supposed to be homogeneous. Temperature distribution in the observation
direction is chosen to have a parabolic form: T(y)=To[1+(y/ys)*]". Supposing
kTo<<Ey (Ex is upper energy level of the optical transition), very simple relations
between directly measured intensity and local plasma parameters at maximum
temperature Ty can be obtained (Bousrih, 1995) and practically used (Megy,
1995, Frugier, 2000).

Further development of the technique (Ershov-Paviov, 1999, Ershov-
Pavlov and Kurskov, 1999) has shown the approach applicability also for OES
measurements in fluctuating plasmas. The fluctuations have been considered as
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time changes of the plasma temperature profile along the observation line.
Maximum temperature T, is chosen depending on time with other profile
parameters being constant, because plasma emissivity depends exponentially on
temperature. Two cases of plasma fluctuations have been examined: stochastic
and (quasi)periodic ones. The first case is characteristic, e.g., for electric arcs
(due to processes on the electrodes) and for turbulent jets, when there are
stochastic emission changes and spatial displacements of plasmas across the
observation line. The second case can be due to pulsations of the electric power
supplied. The development results allow to measure local parameters of
inhomogeneous fluctuating plasmas using spectral line intensity and profiles in
the plasma total emission. The resulting technique does not require time-
resolved recording of the emission. The plasma time behaviour is accounted for
using prior observations made at the necessary time resolution.

The numerical and analytical codes have been developed to analyse total
emission spectra formation and their dependence on time and space
characteristics of the plasma under consideration (Ershov-Pavlov, Stepanov,
2000). Extensive numerical simulations have been performed for emission
spectra of the plasma volumes having different spatial distributions and time
behaviour of the parameters. Simple relations are found between intensity and
profile characteristics (half-widths, shifts) of spectral lines for the plasma local
(in time and space) emissivity and the same values in the spectra of the plasma
volume total emission recorded during the observation time. For chosen
diagnostic lines, the relations factors can be readily calculated and the relations
can be applied for local diagnostics of the plasma. The results have been
compared with the analytical approximations. Resulting data have confirmed the
technique applicability at plasma diagnostics. Also they allow to find limits of
the technique use and a range of possible errors at the application.
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PACMPEAEJIEHWUE B NJIOCKOCTU MUWEHHA U3JTYYEHUWUS JIASEPHOH
MNJIA3MbI H PACCESAHHOTI'O JIABEPHOI'O U3JIYUYEHMUS

B.B.Edpemos, JI.5I.Munbko, A.H.YUymakos
Hruemumym sonexyiapnon w amoasmol Qusuku Hayuwonanenoti academuu nayx benapycu
npocnexm @ Cropunet 70, 220072 Munck, berapyce

AnHorauns. [loka3aHo, UTO TNNOTHOCTh MOLUHOCTH BHAHMOTO H3NYUEHMS
Na3epHOii MNa3mMbl HA MULICHK AOCTHIAET 2X 10° % (paccesHHOro naslepHOro Ao 2x107 %)
OT TUTOTHOCTH MOLUHOCTH BO3AEHCTBYIOLUETO JA3EPHOrO H3AYYEHWUS W MOHOTOHHO
YMEHBLIAETCA ¢ yAaneHHeM [ 0T MATHA 06yHeHus nponopuHoHambHo (™,

[. BBEAEHHE

[Tpy nasepHoM RO3ACHCTBMH HAa MATCpWANbl 3HAYWUTENbHAA 4YaCTb IHEPrHu
nazepHoro  winyuvenus  (JIM)  nepewusnyuaetcs niasMod. [Toatomy  3HaHue
NPOCTPatICTBEHHO-BPEMEHHOIO pacnpenenenus HHTEHCHBHOCTH HITYHCHUA
NPHUNOBEPXHOCTHLIN AA3€PHLIX MNa3MeHHbx o0pa3oBanui HeoOXoouMO 1Ad  MHOTMX
NPAKTHHECKIIN 3304y nasepHoil  0oOpalOTKHM  MaTepuanoB M KOHTPOAS  na3epiibix
TEXHOJIOTUYECKHX TIPOLECCOB. MCCNeNoBAHUA H3NIYHATENbHBIX XapaKTEPHCTHK J1a3epHOM
nnaMsl B BHAHMOH ¥ MK obnacTax cnekTpa BbISBHIHM KBA3WIHHEHHYK 3aBHCHMOCTL
IHEPTETHUECKON  CHlbi  MIIYYEHMA  JIa3epHBIX  NPHNOBEPXHOCTHBIX  NIA3MEHHBIX
obpa3oBanuii OT NAOTHOCTH MOWHOCTH JIH W BLITAHYTOCTD MHAMKATPHC H3NYyUEHHSR
naasMul B8 Hanpannedunw o1 muwenyn (Yymaxos w ap., 1994). B nacroxwedt paGure
H3MEPEHBLl MOTOKH M3NY4eHUst Na3epHOil Mnaamsl U pacceanHoro JIM Ha MHWeHDb, a Takxe
BbLIACHEHO HX PACNPEneNieHHE B NNOCKOCTH MULIEHH.

2. PE3YJIbTATBI U OBCYXIAEHHE

[punoBepXHOCTHAR nasepHas M1aiMa Mojydasack NpH BO3AEHCTBHH HA MHULIEHb
W3 amoMuHKg nyuenus YAG:Nd -nazepa (Fdpemor u ap., 1992) B Tpex pokumax
paboTbi: a) HA OCHOBHOM rapMoHHke A=1,064 MKM B MOHOMMIYNbCHOM peskkme (T =20 He):
6) Ha ocHOBHOM rapmonike A=[,0064 mxm B pexnme cpoboaHoll rerepaunn (1=80 MKc); B)
Ha RTOpOI rapMoHHke A=0.532 MKM B MOHOUMMNYNbCHOM pexume (1=14 uc). JlazepHoe
Wiyderue (POKYCHPOBANOCH MIOCKO-BbINYKJION NHH30H (f=115 MM) B MATHa OHAMETPOM
d=0.7 MM {pexumbl a) 1 6)} u d =035 mmM {pexum B)}. Tlpu neobxoammoct JTH
ocnabnsnocy, KanibpoBaHLIMH CBETOPHILTPAMH H3 LBETHbIX CTEKO/.

PacnpeneneHHe 1HTEHCHBHOCTH BHaHMoro u MK nanyyeHHs npunoBepxHOCTHORH
Na3epHOft NNa3Mbl B MIOCKOCTH MHULWEHH 113MEPANOCH C MOMOLLBLIO CBETOBOAHOH FONOBKH C
MOHOBOJIOKHOM (cBeToBOR aHamerp 0,8 MM). O1MH TOpEU KOTOPOro yCTaHaBAMBAIICH B
o6nacTH H3MepeHHi, a BTOpoil coCTbIkoBbIBaNCA ¢ (HOTONPHEMHHKOM Ha ocrose OPDVY-112.
Pervcrpauus CBETOBbIX MOTOKOB OCYUIECTBARNACL Kak B y3kux (3-5 HM), Tak H B
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OTHOCHTEABHO  WIHPOKIX  (~100 HM) cnexTpanbHRIX  WHTEPBAJAX, BbIAEASEMbIX
HHTEp(PEPEHUHOHHBIMY  QIALTPAMU. buind mpeanpHisTel Mepsl MO NPEeNOTBPALICHHIO
HOUAAARHA HA TIPHEMHYIO NIOIIAAKY CBETOBOAHON IOJOBKH pacCesaHIOT0 H OTPaXKEHHOrO
OT KOHCTPYKTHBHBIX JNEMEHTOB H3NYUYEHHUH 111a3Mbl M JIA3€PA: YCTAHOBAEHbB! MOrNOLIAI0WLHE
axpanbl ¥ onosywkr ans JIM. 3ansadparmuposana (poxycHpylolwlan AMH3a 40 Pa3Mepon

Nla3epHoro nyuka (~ 8§ MM) 1 1.4
IKCMEPHMEHTATBHBIC pacnpeieieHus HHTEHCHBHOCTH HINYHEHHA
NPUNOBEPXHOCTHON na3epnofl naasMmel Ha mndue BOAHL 0,695 MKM B CIEKTPAILHOM
itHTepBane AA=3.6 HM, MOJyuel{HbIE NPH BO3AEIICTBHU B peXHMe a) AN ABYX MIOTHOCTEM
mowrocTd JIK: 1.1 1 0,12 [Br/ea’, npeacTasnelsl Ha puc. 1. [lpuemuas nnolwanka
CBCTOBOMNHOIT TOMOBKIt pacnofaragachk it repeMellanach B TJIOCKOCTH  MHILEHM.
JKCNEPHUMEHTBI NMOKAIANM, HTO HECMOTPS Ha

Wem? 10.695 NPHHATBIC MEPBI MO ocnabneHo cBeTa,

1 3 . OTpPaKEHHOrO oT KOHCTPYKTHBHbIX
1.6 i INIEMCHTOB, MOMAHOCTBIO YCTPAHHTL BAWAHIE
( 1-q=11 GWicem? (hoKyCHPYIOLUCH JNHH3BI HEe YyAanoch. Tax,

2 q=0.02 GW/em? HanpHMeD, NepeMeLlieHHe N0 HanpaBAeHHIO

K MHLIEHd AHa(parMupytomiesi  JTuusy
WTOPKH NPUBOAKAO K HIMEHEHHIO CHTHAmNa
¢ ¢oTonpHeMHHKa IS  OMpeaeaelHLIX
MECTOMONOXKEHHN  NPHEMHOW  (IoWankH
OTHOCHTENbHO NATHa o0ny'uerUa. AHanu3
MOKA3bIBAET, 41O ITO CBABAHO € CHJIbHBLIM
OTNHUHEM YIIOB NAACHHA HA NPHEMHYHO
0.1 \ NIOWanKy ABYX 4acTeli CBETOBOMO MoTOKa,
- OflHa W3 KOTOPbIX (OopmMUpyeTCcs 3a cyer

2 6 10 14 £, mm
H3JTYYEHHS, pacnpoCTpaHsouwero

HENOCPENCTBEHHO OT dakena, a apyras -

npyv  OoTpaxkernu HiayueHus Qdaxkena Ha
dokycupyloweii anuze.. JeHCTBUTENLHO, OTpaKeHHbIH NOTOK ¢ Heboabwoll IHeprueit,
nagatouliil NouTH NEPNEeHAUKYAIPHO Ha GUKCHPOBAHHYIO NAOWAAKY NOBEPXHOCTH, MOXKET
B HCKOTOPLIX CRYHAAX BHCCTH OOALWHHA BKAAML B NIOTHOCTL MOLIHOCTH H3NYUEHHS HA ITOH
NAOILAAKE, HCM CKONB3AIMI CRETOBOH noTok ¢ Bonbuioit 2Heprucii. Takum obpazom,
noayqaeMhble OPH TAKHX HIMEPEHHAX PEIYNhTaThl B ONPENENEHHOI CTENCHH 3aBHCAT OT
pacnonokeHHs (GOKYCHPYIOWHX H APYFHX KOHCTPYKTHBHBIX 3JIEMEHTOB, OCOGEHHO mnpH
HeBonbLUMX padmepax Qakena.

B pewime 6) u3sepeHus nposoauaucs npir q=0,63 MBT/eM®. Tpieanas
MNOWAAKA YCTAHAB/IMBANACL B MIOCKOCTH MiweHH. Tak kax pasmep (akesa BAOAb OCH
JNA3CPHOIO 1IyYKa OTHOCHTENbHO BENHK (~ 5 MM). TO Yron MaaeHHs CBETOBOMO 10TOKA Ha
MPHEMHYIO  Naowaaky He npesbiwan 60° 11 BkAan OTPAKEHHOIO H3AVHEHHS Obin
HezuauuTensHoxM. XapaxkTep MOAYHEHHOTO pPacnpelencHHs HHTEHCHBHOCTH CBEYEHMA B
MAOCKOCTH MuIEH Ha amike BofHb 0,095 MikM nonoben npuseneHHoMy Ha puc. | u
OTNHYACTCH NHWb IHAMEHHAMH H3MEPEHHBIX BENTHYUH.
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AHanoruHpie M3MepeHus ObiiM NPOBEAEHLI W B PEXHME B) NPH NIOTHOCTH
MowHocTH BosuedcTsytowero JIM 1,1 TBr/cm’. MaMepeHna npoBOAMAHCE 11a ANHHE BOJHbI
0.634 um B cnekTpanblom WHTepsasie AA=54 uM. C uenbio NONYyYeHHS OGBEKTHBHbLIX
NaHHBIX O pacnpefeNieHHH W MAKCUMANbHBIX 3HAYEHMAX CBETOBBIX MOTOKOB HA Pa3/IHUHbLIX
paccTosHuAX OT daxena Obinu NPOBEAEHBI UIMEPEHUA TAKXKE W MPH YCTAHOBKE MPHEMHOH
NNOWAAKH CBETOBOMHON FOANOBKH MEPTIEHAHKYJIAPHO NOBEPXHOCTH MHLUIEHH. MameperHbre
pacrpeneneHus npH ABYX TMONOXKCHUAX CBETOBOAHOH TOJIOBKM C YYETOM OHArpaMMbl
HANPABAEHHOCTH €C YYBCTBHTCABHOCTH AAIOT MONHYI MHPOPMALMIO ke PACMPOCTPAHEHHH
H3nyueHns Gakena BIOMb NOBEPXHOCTH MHIIEHH. Ha puc. 2 MpeicTaBneHb! pe3y/bTarsl
TAKHX H3Mepelliil. nonydeHHble npu napannensdoM (ly) w mepneHmukynsprom (1)
MAOCKOCTH MILIEHI PACcNOI0KEHHH NPHEMHO NAOWAAKH CBETOBOAHOMN ONIOBKH.

lpoBenetiiuie 113MEPENHA NOKAILIBAIOT, HTO 3HAYEHHA CBETOBLIX MOTOKOB HA

NOBEPXHOCTH MMWEHH B  HCC/IEAYeMbIX

wieml! Jo,634 yudcTKax crnekTpa AocTHraoT (£=2 MmM) 0.5
0.001 u 0,1 Br/cM® cooTE®reTBeHHO B
o h pexxumax a), 6) M B), HIMEHHCH C
paccTosHHeM  OT  nATHa  O0JyYeHHs

NpONOpPUHOHANLHO . [losroMy 30Ha

oz | 3b¢pekTHBHOrO  CBETOBOro  obnyudeHus
HaxoauTcs B mpegenax (=5-6 MM OT MATHa

0.28

ea2p g obnyverua (rae nNNOTHOCTD  MOLLUHOCTH

i CBCTOBOTO obnyueHHs fOBEPXHOCTH

n.04} YMEHbIIAETCA B 10 pas). TTpu

N —— — MEPNEHAHKYNAPHOM pPacroNnoX)CHUM

NpHEMHOIl  NUIOWAAKH  perucTpHUpyemble

Pue. 2 MAKCHMAalbHbIE 3HAYEHWS HMHTEHCHBIIOCTH
H3AYHEHHA II3MEHAIOTCS € PACCTOAHHEM MPONOPUHOHAILHO €% nocturas L. Briem® 1 0.4

Briem? npH (=2 MM B pexxmax a) # B8) COOTBETCTBEHHO.

Takum 06pazoM 1OTOK H3NYHEHHS NA3EPHOM NNa3Mbl (MONYYEHHOR B pexume
MoayasuMit nodpotHocTi JIM ¢ q ~ | I'Br/cv’) HA MHWEHb MOHOTOHHO YMEHBLWAETCA C
yaaneHHem OT nATHa obavueHus u npn (=2 MM B CrekTPalbHOM HHTEPBAE ~ 5 HM
coctasaset ~! Briem® OueHka NOTOKa B CNEKTPATbHON Monoce WwHphHoi 1000 Hm naeT
BeAHUHHY ~ 200 Br/em®, uyto cocrapnseT 2x10° % OT NAOTHOCTH MOWMHOCTH
so3neficTaytowero JIM. O6pa3yloinascs npH BO3AEACTBHI B pexyMe CBOOOAHOI reHepautn
(q~1 MB7/cm’) natepHas n1aiMa B TOM e CNEKTPANbHOM MHTEPBANE HITy4aeT MOTOK B |
MBT/cM™ 0pu {=2 MM, YTO B NCPCCUCTC HA CNICKTPATBHYIO NONOCY WHPHKOI 1000 HM naeT ~
0.2 Br/em™ uai Takoke 2x107° % oT MNOTHOCTH MOUIHOCTH Magatowero JIH.

Mamepenus untencupioctu paccesinnoro J1l nposoaunncs B pexkumax W no
CXeMe, ONMCaHHLIX BbIlle. PacripeneneHue HHTEHCHBHOCTH paccesiHHoro JIM na anuue
BOAHbB 0.532 MKM, MONY'IEHHBIE B PEXHME B) Npy NapannensHoM (1) K nepreHaHKynspHOM
(1) NAOCKOCTH MHMLUEHIt PACMONONKEHHH NPUEMHON NAOLAAKH CBETOBOAHOH TOAOBKI,
1peiCTaBNeHbl Ha PHC.3. AHAIOTHYHbBIE PACMPEUENIEHHA HHTEHCUBHOCTH paccesiHHoro JIK
Ha AnuHe Boaubl 1,064 vkm nonyuedsl NpH BO3AENCTBHMH B PEXHME a) 418 ABYX
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nnoTHoCTel MOWHOCTH BosaeficTayiowero JIM: 1,1 w 0,12 [Br/cM’ u 1Byx opueHTaumil
CBETOBOAHOM rONIOBKH, @ Takxe B pexume 0).

[TpopeneHHbIE HCCAENOBAKUA MOKA3ANH, 4TO MHTEHCHBHOCTL paccesHHoro JIM na

MOBEPXHOCTH MHULIEHH pocTHraeT ((=2 mMm)

300; 15 u 60 Brt/ecm?, cooTeTcTBEHHO B

Wiem? T .‘:0-“2 pexxumax a), 6) u B). Kak n B cayuae c

106) H3NYYEHHEM NAa3Mbl, 3HAMEHMA WHTEHCHB-

F i HOCTH paccesHoro JIn yObIBAKOT

| nponopuHoHansHo [ rae {—paccrosine no

naTHa obnydenun. OTanuus OT ITOroO 3aKOHa,

HabnonaeMble B pexuMe B), NO-BHAUMOMY,

L

CBA3AHbl C BIMAHHEM OTPAXKEHHOTO OT

dokycupytoweit nuu3e  JIK  u ocoben-

2 ! HOCTAMIL  AMarpamMmmubl HAMpPaBIeHHOCTH

10 YYBCTBUTENBLHOCTH CBETOBOAHOM  [OMOBKH.
=T flpy  nepnerankynfpHOM  pacronomKeHu

! ‘ " M NMPUEMHOR  MAOWAAKH  PErHCTPHpYEMble

Pue. 3
MAKCHMAaNIbHbLIE JHAYCHNA HUHTCHCHBHOCTH

paccesnHoro JIM namensiores nponopustoHansto (| nocTHras 950 n 110 Br/em? npu (=2
MM B PEXUMaX a) ¥ B) COOTBETCTBEHHO (puc. 3, 1).
Takum obpazom. noTok paccesiHioro JIM Ha muweHs npu nnasmoobpa3zoBaHuM B

pexume monynaunn nobporuoctd ¢ E~100 Ik {q ~ | [B1/cM? - pexcim a)) npH (=2 MM
cocrasnset ~1000 Br/cm’, a npu E~10 Mk {q~0,1 TBt/cM’ -pexcnm a) u q~1 TBT/em’ -
pexum B)} - 100 Bt/cm’. B [aHHBIX YCNOBHAX HMHTEHCMBHOCTH paccesHnoro JIM ans

%=1.064 Mxm coctaina 1x10™ %, a 1na A=0.532 MM - 1x107 % OT nAOTHOCTH MOWHOCTH
sozseiicTeviowero JIM.  OpHako B OTAMHME  OT  MHTEHCHBHOCTH  H3NYueHMSA
MPUNOBEPXHOCTHOM  NAa3Mbl, KOTOpas  MPONOPUMOHANbHA  TUIOTHOCTH  MOUIHOCTH
po3neicTeyviowero JIM, MHTEHCHBHOCTE paccesiHHOro JIM u3MeHAeTCs NponopuMoHanbHo
sHeprun nanatowero JIM. Tpu nnazmMoo6pa3oBaHun B pexuMe CBOBOAHOR rexnepalu
(E~200 mfDx. g~ | MBr/cm?) nnTercuarocTs paccesnnoro JIM coctasnser ~10 Br/cm? nipu
(=2 Mmm Han 1x 107 % 0T nAoTHOCTH MOWHOCTH naatowero JIW, uTo Ha nopanok Gonsuie,
UCM NpH BOBMCHCTRUM B PEXHME MORYAAIMH NOOPOTHOCTH, H CRA3AHO, NO-RHAUMOMY, C
NONOAHHUTENbHBIM  paccesHiieM Ha OOpasylOWHXCA B OTHX  YCMOBMAX  4aCTHUAX
KOHAEHCHPOBAHHOMN (a3l

Jlutepatypa
Edpemon B.B., Toiaen H.A., Uymakos A H., lunenok F0.®.: 1992, [TpuGopul H TexHHKa
akcnepumetnTa, N 4, 179-183.
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M3mepedue TemnepaTypbl raza B TJIer0LIEM pa3psie
aTMocepHOro J1aBJAEHU MO CMIEKTPY H3JIyYeHUd MepBoOi
OTPHLATEJIbHOH CUCTEMbI a30Ta.

C.M. 3ruposckuii, A A. Kupunnos*, /1. B. Cyxononos

Hucnmimym sonexyasipron u amosnott thusuxu HA-benapycu,
*Uncmumym ¢pusuxu HAH benapycu,
220072, Munck, npocn. @. Cropunet, 70
L-mail: simonwimaph. bas-net.by

Llens  wacroswe#t paborbl  3akyro4qanacb B M3MEPEHHH
pacripeaesieHnst ra3oBOW TEMIEpaTypbl B TJEHOLUEM pa3psine Mpu
armocheprom aasnennu (TPAJL).

JIKCMEePpHUMEHTAJNBLHAA  YCTAHOBKA.  Tnewowuit  paspsn
SAKUMANCH B FEPMETUHHON KaMEpe C KBAPLIEBbIMKY OKHAMH MEXIY ABYMS
3MEKTPOAAMH. KOHHYECKHM 3aKpYrfi€HHbIM BONb)PAMOBBIM aHOIOM
(nMameTp 6 MM, pagMyC 3aKpyrfeHuss BepLIHHbl KOHyca 2 MM) H
MJIOCKHM KATOZOM, BbIMOJIHEHHBIM W3 cTaiu (AMameTp 30 MM, TONILUHA
10 MM). MeKanekTpoaHbii npoMeskyTok Obin paged 4 mm Pabounit ras -
resiid npu armoceprom nasnenun. Konuentpauus npumecei(Hy, No,
0., Ar, CO, CO, Ne, H;0) ne npesbiuana 002%. Paspsn
MoAAeP>KUBAICK C MOMOLIbID MCTOYHHKA MOCTOSIHHOro Toka. B pabore
MCMOMb30BANCA CKAHUPYIOLUKH MOHOXPOMATOpP BBICOKOIO paspeleHus
MIJI 500x2 (monywuprHa annapatHo#d dyHkunu 0.02 HM) ¢ oOpaTHOH
avdeRtro# aucnepcreid 0.5 HM/MM, o OnTHYeckas CXema MO3BOMSIOLLASA
PETHCTPHPOBATL  MNPOCTPAHCTBEHHOE  pacripefefleHne  CNeKTPalbHbIX
AWHWI KaK BAOJb, TAK W MONepex OCH paspsaa. MeTOAHKa CeKTPabHbIX
M3MepeHHi npiBeneHa 8 [ ]

MeToanka u3McpeHHH H pe3yabTaTbl 3kcnepumenta. s
n3MepeHis rasosoi temnepatypst T, B TPAJl ucnonp3oBancs meTon
OTHOCHTENILHBIX MHTEHCHBHOCTEH BpAaUIATENbHBIX JHHUN 31€KTPOHHO-
KonedaTenbHOro  mepexona MOJIEKYJRPHOrO  a30Ta, KOTOPbIA  Kak
npHMech CoaepHTCs B padouem rase.

AHann3l CnekTpoB H3ayueHust B obnacty 300-600 HM BO BCex
oonactax TPAJL BbissBMA HaAMuMEe NBYX OTUETIMBBLIX M MPUIOAHBIX B
padote cexpeHuMi V'-V"=0-0 A= 391 .44 #m 1 0-1 A= 427.8] uHm nepsoi

OTPpHUATENLHON CHCTEMBI a30Ta B‘E;—>XZZ; (1-) ¥ 3HAYUTENbHO

Oonee cnadblX Ha ypoOHE WyMa MOJIOC BTOPOH MOMOKHTENBLHONH CHCTEMBbI
azora. B kauectBe paboueli Obina BbiOpana cexBeHuus O-1 nepsoii
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OTPHULIATENIbHON CHCTEMbI, Kak CBODOAHAA OT MEPEHANOXKEHHH ¢
aTOMAapPHBIMHK CIIEKTPaMHU.

MeTtoamnka onpeneneHus T, N0 OTHOCUTENBHONR KHTEHCHBHOCTH
auHuil noaoc  1- cucreMbl N; OCHOBAHAa Ha IPEATIONOXEHHH O
0ONbUMAHOBCKOM XapaKTepe 3aCeeHHs MOJeKya Ny Mo BpallaTelbHbIM
VPOBHAM B BO3DYXAEHHOM 3JEKTPOHHOM COCTOSHHH H COOTBETCTBHM
H3MEpPAEMbIX BpalhaTeNbHbIX TemrepaTyp T.n razoBoil temneparype T,
(2]. XapakTep 3aceneHMs BpallaTeNbHbIX YPOBHEW B BO30YXIEHHOM
DJMIEKTPOHHOM  COCTOSHHM ONPENENsACAs HENOCPEACTBEHHO B  XoHde
06padOTKH MONYYEHHbIX CMEKTPOB H BO BCEX 3KCIEPHMEHTaX HOCHI
DONBUMAHOBCKHIA  XapakTep. Bpema  xu3Hu BO30YKIOEHHOIO

3eKkTporHOro coctoanua ( B'Z™) 1= 63.1 ne [3]. Bpema BpaiuatenbHoi

peNaKkcalMi MOJEKYNbl a30Ta B MeAuu NpH aTMOCHEPHOM NaBIEHHH W
Temnepatype 300 K 1, = 0067 wHc [4] u pacreT ¢ yBenuueHHEM
Temnepatypsl no 1000 K B Heckonbko pa3. TakuM 0Opaszom. B yCAOBHUSAX
JKCMNEPHMEHTA CMPABEANHBO BbLIMOJHEHHE YCAOBUSR T, > Ty, UTO
CBULETENBCTBYET O BO3ZMOXHOCTH OMPEAENEHNUS ra3oBOH TeMIlepaTyphbl
MO CMNEeKTpaM WCIYCKaHUs |- CUCTeMbi MOJIEKYISIDHOrO MOHA a30Ta.

24 20 15 10

[, OTH. ed.

T T T

424 4245 425 4255 426 4265
%, HM

Puc.t CriextporpaMma yuactka crniekTpa nojiocnl (0,1)
]- cHcTeMDI a30T13.
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M3MEPEHHE TEMITEPATYPbI FA3A B TJIEIOLLIEM PA3PALE ATMOC®EPHOI'O JABJEHHUSA MO ..

CnexTporpaMma 4actu nosocbl - cucrembl (cexseruus 0-1),
HCIONb3YEMOH HaMH ans onpenenedus T, npueBeneHa Ha puc.l. Kak
BMUOHO W3 puC.| nonoca COCTOMT M3 HepaspelleHHbiX 1Mo AyONeTHOH
cTpykTtype P- u R- Berseil, a OvicTpo cnaparoumue ¢ N’ caTelIHTHbIe
BETBM B PacCMaTpHBaeMOH HacTH 1nonockl otcyTcTByOT. Heobxonnmblie
A7 MAEHTH(UKALUMKM  BpaulaTeNbHbIX JIMHMA MONOCH  [ANWHBl BOJH
ONpenensiuCh C MCMONb30BaHHeM RaHHbIX [S]. [lnst @ucTeMaTUuYecKHX
M3MepeHMH HCMoab3oBanuCh nuHMM R- BetBM ¢ N6, koTopble
pa3peleHrbl OT AeXKaLMX BOMH3U TUHWUH P- BeTBH.

HMHTeHCHBHOCTL  BpawlaTeNbHbIX  AHHHH  NPH  HATHYHH
OO/BLIMAHOBCKOTO pacrpeneienus UMeeT BHI:

, hcF(N'
Loy = Constv iy S (N’ + Dexpy PN L
kT
FA€ VaN“- 4aCTOT@ MEPEeXoaa; gn- CTaTHCTHYECKHH Bec, 00yCNOBIEHHbIN
saepHbIM cnuroM (gn' = | ons deTHbiX N' W gy = 2 st HedeTHbIx NY);

F(N)- BenM4HHA  BpalaTeNbHOrO TepMa As  BO3BYXIEHHOro
3MEKTPOHHOrO COCTOAHHA, Snyw+- Qaktop Xenns-JloHaona R-seTBH
CBEPHYTbIA MO AyOAETHOH CTPYKTYpE JIMHUH 6]

S = NN + 1)

Ha puc.2 npuseneHbt 3aBUCUMOCTH In (I nn+/G nn+) OT 3HEPrUH
BpallaTeabHOrO TepMa, rue Iyn--
M3MEpPEHHbIE MHTEHCHBROCTH
JIUHUH, a GN'N" = SN'i\'" g\ (2 N""l).
JIMHelHbIH  XapakTep  3aBUCH-
mocTtel In(l nn/Grne) cBUIETEND-
creyer o OONbUMAHOBCKOM BHOE
pacnpeneneHus no yposHaM N’
3navyeHns T pacCHHTBIBAIHCH M3

COOTHOLUCHUS
T=(hcB.)Ik-ctga,

0 2;0 4;0 scl)o roe By - Bpawarenbnas nocro-
N'{N'+1) AHHAA 1Jis OAaHHOTO 3JIEKTPOHHO-

Piic.2 3asriciimoctn In(1/Gynne konebaTeIbHOrO COCTOSAHMS, O -
ot N'(N'+1). Trot=620 K (1); yron HAKJIOHA MPAMBIX

2): 5 '

800 K (2):1130 K (3) In(Inn/Grene)=a F(N)/By + const.

Ha puc.3 npencrasieHo
M3MEPEHHOEe MO NAaHHOHW MeTonMKe
B /IBYX CEPHAX IKCMEPUMEHTOB PACNPEAELNIEHHE TEMNEPATYPbl BAOJIb OCH
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paspsina. OcHOBHblE 0OACTH pa3paa pacnosioskeHbl Ha CIEAYIOUIHX

T K
B X

1400:— <
L X X
= X X

1200_— « 0
X
| X
e

1000%0ﬁ o O
D,
_CI>LJIlllllllllll]JLLllIJJ_LLlllllllll
0.0

0.5 1.0 1.5 2.0 2.5 3.0 3.5

Z, MM
Puc.3 AkcnaibHOE pacnpenesieHle ra3oBoi TeMnepaTypsl.

paccTosiHMAX Z OT Katopma: kaToaHbld ciod 0-0.1 mMM; oTpuuarenbHoe
ceeyeHune 0.1-03 MM, ¢dapaneeo npoctpaHcTBo  0.3-1  MM;
nonoxHTenbHbid  ctond 1-3.5 mm. B nepeeix Tpex obmacTsax
HaONrOMAeTCs  MOHOTOHHBIH  pPOCT  TEMNEpaTrypbl C  YBENHYEHHEM
PACCTOSHUS OT KaTOAa, NpU4YeM HauOOJbLIMH FPamMeHT TeMriepaTypbl
MMeeT MeCTO B KaTOOHOH cyioe. B nonoxurensHoM cronbe poct
TEMNEPATYPbl 3aMENNAETCA, OHA NOCTHMaeT MAKCMMAanbHOrO 3Ha4€HWs
npu Z ~ 2 MM 1 HECKONbKO cnajaeT npy npubnuxkenun k aHoay. Pabora
sbinonyeda npu nonaepxxe BPPOH npoexkr PIIM-038
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ROTATIONAL TEMPERATURES AT ATMOSPHERIC PRESSURE OF
MICROWAVE INDUCED PLASMA

S. Joviéevié, M. Ivkovié, Z. Pavlovi¢ and N.Konjevi¢

Institute of Physics, 11081 Belgrade, P.O.Box 68,Yugoslavia
e-mail: jovicevic @ atom.phy.bg.ac.yu

1. INTRODUCTION

In this paper we report the results of radial distribution of rotational temperature (T)
measurement in an atmospheric MIP with tangential flow stabilization. The rotational
temperatures are determined from the relative intensities of OH (R, and Q; branch)
electronic band A% Z - X* 11 (0,0). The measurements of rotational temperatures from an to
N," first negative system B*Z," - X* Z," (P and R branch) are in progress.

2. EXPERIMENTAL

In the present paper we report measurements performed in the tangential flow
stabilized MIP. The instrumental components are summarized in Table 1.

Table 1. Instrumental apparatus and components

Component Specification

Microwave generator 2.45 GHz model: GMW 24 - 302 DR

Microwave cavity TEMq10 Beenakker type - Van Dalan modification : HMW 25-471
Discharge tube Mini-MIP-Torch tangential flow Al oxide (6 /4 mm) (model M52-203)
Nebulizer right-angle pneumatic nebulizer Meinhard TR30-C3, (SPETEC,Germany)
Monochromator 0.5 m Ebert type (Jarrell Ash 82-025)

Photomultiplier EMI 9659QB

Picoammeter Keithley 414 §

Boxcar averager Stanford Research Systems SR 250

Mirrors My and M, Plain with aluminized surface

Mirror M, Focal length 50 cm with aluminized surface

Lens Quartz lens, 8 cm focal length, diameter 2.5cm

X-Y Table ISEL-automation, Germany

In order to obtain discharge which is temporally and spatially stable we exchange
single capillary discharge tube with so called “tangential flow torch” reported by A.Bollo-
Kamara [1]. Instead of quartz concentric tubes and thread insert which are fused all
together, we used alumna tubes separated by cooper wire. Windings of the wire are the
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same as a coils of theirs threaded insert. Analyte sample gas goes through the inner tube,
while the plasma support gas is introduced through the outer sleeve and exit from the
cooper wire windings with a spatial trajectory. In such a manner, temporally and spatially
discharge which is separated from the walls was obtained. Also a discharge wall etching
and consequence memory effect are decreased and tube lifetime was prolonged.

For all experiments, argon with continuous flow of 200scm’/min is used as a
support gas. The forward microwave power of 100 W is also used throughout, while the
reflected power never exceeded 3 W. The argon nebulizer gas flow of 20 sem’/min s
always sustained, but under different conditions, see Table?.

The laterally measured intensitics are converted into radial intensities by
performing the Abel inversion [2].

Table 2. Experimental conditions

Nebulizer gas Support gas Gas condition
——————————————————————————————————————
Ar+H,0O Ar Wet
2 Ar+H,0O Ar+2.7%H, Wet
Ar+(KCI+H,0)* Ar Wet

*  water solution of KCI - 1, 2 and 4 mg/ml

3. RESULTS

The rotational temperatures were determined from relative radiance’s of A’ X - X?
[T (0,0) electronic band of OH (R, and Q, branch) see Fig 1. In order to draw the
Boltzmann plots transition probabilities data for OH , are taken from Ref. [3], see Table 3.

Table 3. Wavelengths, excitation energies and rotational transition probabilities of the R,
and Q, branches of OH ( 0-0 ) rotational band A,Z" — X,IT;

. A Ay B A A E,
Lines [nm] [ 1035.1.] [em™ ] Lines | [ nm] [10°s] [em™” ]
[——————————————————————————————————————————————
R, 1 308.4 2.7 32542 R,16 307.5 61.3 37440
R,2 308.02 5.7 32643 R,17 | 307.81 65.3 38004
R,»3 307.70 8.9 32778.49 | R,18 | 308.13 69.3 38594
R,7 307.43 12.8 32047.05 | R,19 | 308.49 734 39209
R,8 306.91 24.8 33650.38 | R,20 308.9 77.4 39847
R48 306.82 28.8 33949.67 Q! 307.84 0 32475
R,13 306.96 49.1 35911.58 Q2 307.95 17 32543

- Ry14 307.11 | 532 | 36393.24 Q4 308.33 337 32779
R,15 307.3 57.2 36902.9 Q)5 308.52 422 33150 |
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Figure 1. Spectrum of the OH ( 0,0 ) band emitted by the wet Ar nebulizer gas and Ar
support gas at H=2000um and from the central portion of MIP.

The typical example of the Boltzmann plot is in Fig.2, while the radial distribution
of rotation temperature is given in Figure 3.

In ( IA/gA )

1) I L I | I Ll I Ll I T I L} I v
32000 33000 34000 35000 36000 37000 38000 39000 40000
E[ cm-1]

Figure2. Boltzmann plot of R, and Q, branches of OH ( 0-0 ) rotational band emitted by

the wet Ar nebulizer gas and Ar support gas at H=2000um and from the central portion of
MIP.
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Figure 3. Radial distribution of rotational temperature and integral intensity of some OH
band lines with nebulizer gas: (¢ )wet argon with argon as a support gas; (®) wet argon
with argon — hydrogen mixture as a support gas; (V)wet argon with 2mg/ml KCI and argon
as a support gas.

The comparison of results in Fig.3 show that with the studied changes of nebulizer
and support gas the radial distribution of rotational temperature remains constant, while the
maximum temperature of 3 500 K do not change more than 200 K, what is within the limits
of the estimated error of temperature determination.
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TEHEBASI JUATHOCTHUKA ITJIASBMEHHBIX HOTOKOB
B 3JIEKTPOPA3PAHBIX KOMIIPECCHUOHHO-
YCKOPHUTEJIBHBIX CUCTEMAX

F.A.KOCTKOKEBHUY

VHCTHTYT MOICKYASPHOH U aTOMHOH QH3NKH
HannoHanbHo# akaneMun Hayk benapycu
[p. ©.Ckapeinbl. 70. 220072 Munck, Benapyce
E-mail: Irpd@imaph.bas-net.by

Pe3ionte. Paccmorperm BO3MOXHOCTH TCHEBBLIX METOAOB OHArHO-
CTHKH 1714 HCCIIEAOBaHHA Tasopa3psiAHLIX H 3PO3HOHHBIX NNAa3MEHHBIX
IOTOKOB B PA3JIMYHBIX YCIIOBHNX OKPy)KZUOUlCFI CpEbl.

1. BBEAEHHE

B uccreaonanisx naasMeHIbiX MOTOKOB, TeHEPHPYEMBIX JJeK-
TPOPA3PAIHBIMH MIA3MOAMHAMMYECKHMH CHCTEMAMU, HaXOIST 3aMETHOE
PACIIPOCTPAHEHHE METONbl BH3YAIMIAUMH  OLITHYECKHX HEOLHOPOAHO-
CTCil. B TOM 4KCHIe W PA3H000pa3Hble BAPHAHTH TeHeBOro merona. OTnu-
yasch CPaBHHTENLHONH MPOCTOTOM B peanu3alud, 3TOT METOA BMECTE C
TEM MPeoCcTaBisieT 3NaUHTe/ILHYIO CI0XKHOCTh B OTHOWEHUH KOJTHUECT-
BEHHOH 00padoTKkH pesynbTaros, 0OYCTOBICHHYIO, B YACTHOCTH, HEODXO-
JUMOCTBIO NPUMEHATL B pacyeTax NpoLeAypy ABOHHOIO HHTErpHpoBa-
HHS, 4TO OTPHUATENBHO CKA3hIBAETCS Ha TOUHOCTH H3MEPEHHS pe(pax-
UMM fnassMel, Tem He MeHee aHaIH3 TEHEBBIX CIEKTPOB MMOpoH Mo3BoseT
HaXOJAMTDL € MEHLILMMH 3aTpaTaMHt P APYTHX MapaMeTpoB MIa3MEeHHOT0
noToka. HaxoHel. BU3yanu3auns y1apHO-BOIHOBBIX CTPYKTYp, COMPOBO-
JKAQAFOLIMX TEUEHHE 111a3Mbl, JdeT BO3MOXHOCTb NOJYYHTh BOJICE NOJIHOE
npeacranneHuc o0 wccnegyemMom rnporecce. Hinke mpencrarieH o63op

pa60T. BBITTONNHCHHDBIX ¢ MPHMEHEHIIEM TEHEBLIX METOOB.
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2. MATHUTONINABMEHHBIA KOMOPECCOP (MIIK)

Jlnanuky BiansociceTsua redepupyemoro MITK  komnpeccu-
OTINOI0 MOTORA C HENOABHIKHON Nperpanofil H3yHaiH ¢ MOMOIILK) TEHEBO-
ro npudopa (D=120 mm). conpsxeHHoro ¢ Qoroperucrparopom COP
(AcTawexuii. 1984}, Flerounukom creta caywun pyOuHOBBIH nazep,
padoTasLusii B pesKHMC cBOOOAHOIT reHepalivu, ['azopaspsanHeii yckopu-
rein ¢oonepred Havowsreas 30 k/lx paborar B pedxxuMe 0craroyHoro
ra3a L a0Ty) B oaganazone gasnennit 133665 [Ta. Cropocrs naberanus
NOTOKA 11a TCKCTOIHTORYVIO HPCIPAAY, YCTaHOBICHHYIO B 12 ¢ax o1 1opua
BUVTPCHHCTO 2ICKTPO:IA. coctasasia ~ 5-10% em/c.

Bosieficrnine KOMIPECCHOHHOIO IITA3MEHHOTO TI0TOKA HA fIpel pa-
AN UPHBOAMT K TOSIEICUHIO Y €8 MOBEPXUOCTH yAAPHOCKATOID CiOY
I1asMbL TIpistepio ¢ 45 MKC 0T Hauata TOKA paspsia B HEMOCpeICTRLeH-
HOf O7H30CTH OT VAAPHOGKATOTO [IPHITOBEPXHOCTHOTO C/108 MJIa3MEl Ha
PACCTOSLIN =~ 2 ¢ OT HOBCPNHOCTH TIPCIPILT (QOPMHPYCTCS CKAYOK VII-
JOTHCHMA, K()l'UPl,-l“ HCHCACT TOMBRO C DAAHAIIOM KOMIUIDPCCCHOHHOTO HO-
Tora. OH OTURTIHRED
BT Had RHHOKLIPax
TenChull KapUHHbLL e
CAclIvesMola  npouecca

{phe. 1),

Puc. |

[lpi onriasatan padotst MUK 8 pexiMe ¢ KIananibIM Hayc-
KOM BOIOPOIO HCCIC, lopaHne (1)()[].\[1)1 [A30BOTO UMIYALCA H OUPC/ICTICHHC
PACNOIA Tazd HPOBOIMIIL C TOMOLILIO HHTEPGEPEeHIIHOHHO-TEHEBOTO
veTpolicTra 1a ocnope He-Ne 1azepa (Actamupcxuii, 1991), Manyyerne
nazepa. OTP@XKAACE OT TOHKOH KJIHHOBHMANOH MUIACTHHKH, [ME€pecexaeT
TOTOK I3l B 3aj1aHHO TOUKC M MafgacT Ha TouedHylo auadparmy. odpa-

3y HQ HEH CHCTeMY HHTEP(

)CPEHUMOHHbBIX T10JI0C, YaCTOTa KOTOPBIX OTi-
pellelsteres YIMOM KAWHA, YCTauoBieH b 3a anadparmoil GoTtoyMHO-
KHTE L PETHCTPHPYET MOAYISLHH H3IIYYCHHA, 0OYCIOBIICHHBIC H3MEHE-

HUEM DEPPAKUAH B NOTOKE. (OCODEHHOCTh YCTPOHCTBA B TOM, YTO OHO
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TEHEBAS IMATHOCTHKA TUTABMEHHAIX MOTOKOB B 3NIEKTPOPA3PSIIHLIX

MO3BONAELT  H3MEPATb  YIOJ
OTKJIOHEHMS JIy4ya B HEOOHO-
POAIOCTH  HEMOCPEACTBEHHO
M3 OCLUMJUTOrPAMMBI, HE TPH-
Geras K TPyAOEMKHM TMpoue-
aypam KanHOpOBKH. '|HIHY-
Has ocuutorpaMma (Gopmbl
razoBOIro MMIyJjibCa NpuBese-

Ha Ha puc. 2. Puc. 2

3. KBASUCTALUOHAPHbIN CUJIbHOTOUYHBIN
MJIASMEHHBIN YCKOPUTEJIb
B sxcnepuneHTax HCNoNb30Bany TeHeROH npudop ¢ nonem 3pe-

wist 200 MM, Temmepatypy nsazMbl ONpPEAeNsiH U3 pe3yabLTaToB JKCIe-

PHMEHTOB 110 Haleranunio CBEPX3BYKOBOTO KOMIIPECCHOHHOI'O IMOTOKA Ha

TOHKWEH KIWH ¢ OCTpoH nepeaHel KPOMKOH, YCTAHOBMIEHHBIH MO HYylle-

BbIM YIJIOM aTakd Ha paccTOSHHU 35 CM OT cpe3a KaTOAHOro TpaHc(hop-

mepa (Actatnuciiii, 1998). [To yrny HaxkioHa TUHHHA BO3MYLIEHHH (yrny

Maxa). OTXOIAHN OT BEPLUHIBI KJHHA, MOXKHO ONPEACTIHTDL YHCNO Maxa

gaderarowero nNoToka. 3xas CKOPOCTh NMOTOKA, MOWHO OINpPEeACIMTL TEM-

neparypy niasMbl:
(Vusina)'-M,
ﬂ\'( |+ Z)

rne V), — CKOpOCTh Mjia3Mbl KOMIIPECCHOH-

7_;L7 =

HOIO MOTOKAa, ¢ — yron Maxa, M, — macca
HOHA, Z — 3apsid HOHA, k -— [OCTOsHHAA
bombumana, y -- nokazarens aauadars [ly-
accoHa,

Ha puc. 3 npencrabneH THIHYHBIA
TEHEBON CMEKTP O0TeKaHHs KAHHA KOMIIpec-
CHOHHBIM TUIA3MEHHBIM NOTOKOM. M3MepeH-
HbIC 3HAUCHMS TEeMMEepaTyphl NaasmMbl cocTa-
g 10-15 508,
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4. KOAKCHAJIbHBIH TITASMEHHBIA YCKOPUTEJIb

[Tonyuentble fpH HCCACAOBAHHAX KOAKCHATBHOIO MIA3MCHHOTO
YCKOPHUTENS € YTOMACHHBIM HEHTPATLHBIM 3MEKTPOAOM H MPOTAKEHHbBIM
IMAHHAPHUECKHA H30I4TOPOM TEHEBLIE CHUMKM MCTEUCHHS NJIa3MBbl U3
MCKITEKTPOAHOIO KaHAda [LO3BOSIMAKW TNPOSCHUTE KapTUHY HOopMHpoBa-
tus nnasyednoro noroxa. [pu napneHusx no 4 Top npodoi Meway UEH-
TPanbHbIM H KOJLUEBLIM JMAEKTPOLAMH Da3BUBAETCA CHMMETPHYHO 10
MHO)KECTBEHHBIM TOKOBbIM KaHanaM. OONee WM MEHee PaBHOMEPHO pdc-
MpeaesebIM 10 BHYTPEHHEH CTEHKE JHINIEKTPHUYECKOH BCTaBKM. Kax-
JLIT 13 HUX  HHHIIPYCT
CBOIO VI[APHYIO BOJIHY. DTH
BONHBL € V2afN€HHEM OT
TOpUa KOALUEBOLO 3JeK-
TPOAA 0OPA3YIOT 1ITOCKI
BONHOBOI (GpoHT (pHe. 4a).
[Tpu Oolee BLICOKHX AaaB-
aerusx  npodoit MewLy
PIEKTPOOAMH  [IPOHCNOAMT
no -2 KkaHaias, 4To npu-
BOHT K Hap‘ymemno CiM-

METPHUHOCTH  KakK  BOJIHO-

BOIO DPOHTA. TAK 1 (PPOHTA

CBCYUCHM MJIA3MEHHOTO

noToKa (pic. 40).
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INFRARED COMPLEX
O.P.Kuznechik, V.N.Gorenkov and O.0.Kuznechik

Observatory of the BSU, 4 Fr. Skariny av., Minsk 220050, Belarus

SUMMARY:: Infrared complex consists of IR system with the relative aperture 1.278 : 1,
angular field of view 2.65 angular minute and [R system with the relative aperture 10 : 1,
angular tield of view 2 angular second, assembled on the alike equatorial assemblings.

1. INFRARED SYSTEMS

For the study of background radiation sky and astronomical objects of natural and
artificial origin is designed. considering given ", and made infrared (IR) complex,
optimized on speciral region 2-6 um. Complex consists of two IR systems, assembled on
the alike equatorial assemblings: azimuthal corners 0...360°% corners of rise -7... 190%
accuracy of reading on the azimuth and on the corner of rise 0.1% velocity of laying
(under two turns fly - wheel at a second) on the azimuth 48" sec ' and on the corner of
elevation 31.5° - sec !

Providing connection of electromechanic drive with velocities of scan on the azimuth
and corner of elevation 0.5. |, 2, 3, 6° - sec ™.

As detectors in IR complex is used: lead sulfur photoresistor PbS (working temperature
(T) 195 ... 300 K, area of the detector ( Ay ) 0.4 x 0.7, 0.7 x 0.7, 1 x | mm); lead
tellurium photoresistor ( T 77 K, Ay 0.7 x 0.7, 1 x 1 mm); indium antimony photodiode
and photoresistor (T 77 K, 195 ... 300 K, Ay 0.1 x0.1,0.7x0.7, | x | mm).
[nvestigation spectrum regions stand out by means of the set of band and interference
light filters.

1.1. INFRARED SYSTEM 1

Base IR system (refer to Fig. 1) forms a mirror objective with the focal length 639 mm,
relative aperture 1.278 1 1. angular tield of view 2.65 ungular minule. It presents itself
demountable frame a body with reinforced in him main parabolic, having hole in the
centre, mirror 1 diameter 500 mm and focal length 639 mm and flat mirror 2 diameter
260 mm. Circle of diffusing objective < 0.8 mm. Focusing of objective is realized for
distances from o« before 6 M by moving a detector along main optical axis of objective
with the help of planting rings or with the help of the screw mechanism. In construction
of optical instrument system are provided for temperature compensators for of
temperature clearances compensation both in the diametrical section , and along optical
axis.

As guide was used mirror - lens telescopic objective of type MTO - 1000 with the focal
length (1084 + 16) mm, relative aperture 10.5 : 1, corner field of vision 2 °30 ', permit in
the centre 28 line / mm, on the field 16 line / mm.

Optical system with guide, lifting mechanism, pointers of corner of rise and azimuth
mounted on the rotary platform that allows to direct at objective on any of a firmament
area.

Principle of action IR system in the analog mode of measurement is illustrated Fig. |
Optical system I, 2 takes a flux of radiation from the sky and directs its on the detector
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3. On way of flow of radiation is situated mirror modulator 4, insulated from the air
space of objective by means of mount with the removable defensive window 5 from LiF
or BaF, and provided in the rotation by the motor 6. Hereupon detector alternately takes
a flow of radiation from the sky or from the biack body 7, herewith is simultaneously
realized comparison of flows and their inflection with the frequency 160 ... 960 Hz.
Temperature of black body is controled by the arrowshaped instrument 8.

Detector works out an electrical signal, amplitude which proportional differences of
flows of radiation from the sky and black body. This signal enters in the input circuit of
preamplifier 6.

Structure scheme of the IR system

r» o

G

[, 2 - an optical systemy; 3 - a delector; 4 - 4 mirror modulator; S - a defensive window
trom LiF (BaF,): 6 - a motor ot mirror modulator and obturator ; 7 - a black body; 8 - a
temperature indicator of black body: 9 - a preamplifier; 10 - a photodiode; 11 - a light -
emitting diode: 12 - obturator; 13, 14 - amplifiers; 15 - synchrodetector; 16 - a grapher or
personal computer; 17 - an oscilloscope, electromagnetic oscillograph, measuring tape-
recorder or personal computer.

Fig. |

Generator of synchronous voltage works on the principle of optical contact. It consists of
the photodiode 10, light emitting diode 11 and, placed berween them, revolving
obturator 12. Obturator 12 on its form absolutely similar mirror modulator 4, but has
smaller sizes. Surface obturator is showed black from both sides. Due to the fact that
obturator is fastened on one axis with the modulator, they revolve synchronous and
photodiode 10 works out pulses of voltage, frequency of repetition which strictly
corresponds a carrying signal frequency. Diamecter of holes in the disk obturator
cosiderably exceeds a section of light flow of light - emitting diode 11. So form of
generating pulses close to rectangular.

Necessary corrclation of phascs between synchronous and carrying signals is installed by
the way of mechanical moving an optical sensor comparatively obturator 12.

Supporting voltage enters in the amplifier 13 and from it in synchrodetector 15 and in
the input preamplifier circuil, where is subtracted from the voltage of signal, worked out
by the detector. This operation it is required for removing from the signal, worked out by
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the detector, greater its part, stipulated by the significant difference of temperatures of
black body and average temperature of the sky, investigation surface or background.
Amplitude and phase of compensation voltage, entering in the preamplifier, is adjusted
in the amplifier 13 such thus that compensation was possible more packed. Naturally that
operation of compensation possible and not to use, if in this there is no need to.
Difference signal is intensified in the preamplifier and enters in selective amplifier 14.
On the grapher 16 signals enters after synchronous detectoring in the block 15.
Oscilloscope 17 serves for observing a signal at the compensation, checking a voltage of
compensation and checking of a value of reinforcement of signal.

For writing a signal, instead of the oscilloscope 17, to leaving an selective amplifier 14
possible connect electromagnetic oscillograph or measuring tape-recorder.

For processing a signal is provided also connection through corresponding plug-in cards
personal computer to exit a selective amplifier 14 and synchrodetector 15.

Power supply the electronic blocks 14-17 is produced from network of alternating
current 50 Hz, 220 V. Power supply the rest blocks is realized from the unit of type
ALA-1.5-M, giving alternating current 427 Hz, 115 V, and power sources of direct
current of type B5-47.

By work IR system in the mode of measurement a card or photons a motor of mirror
modulator and obturator is switched off and mirror modulator stops and is fastened by
means of the special fixative in such position, when on the detector is directed a flux
from the sky or investigation object.

1.2 INFRARED SYSTEM 2

Base IR systems (refer to Fig. 2) form two alike mirror objective with the focal length
2025.2 mm, relative aperture 10 : |, angular field of view 2 angular second.

Each from objective consists of: spherical concave mirror | diameter & = 220 mm with
the hole in the centre (hole is intended for the conclusion of optical radiation on detector)
and radius ol curvature R=2089.0 mm, spherical convex mirror 2 & = 80 mm and
R=1629.3 mm; demountable frame for fastening a concave mirror; arm for fastening a
convex mirror: housing and cover; mount for fastening detector. Mount of detector can
move in mutually perpendicular directions within 5 angular minute by adjuster screws.
In construction of optical instrument system are provided for temperature compensators
for of temperature clearances compensation, both in the diametrical section, and along
optical axis.

As guide was used mirror - lens telescopic objective of type MTO - 1000 with the tocal
length (1084 = 16) mm. relative aperture 10.5 : 1, corner field of vision 2 °30 *, permit in
the centre 28 line / mm, on the field 16 line / mm.

Optical system with guide. lifting mechanism, pointers of corner of rise and azimuth
mounted on the rotary platform that allows to direct at objective on any of a firmament
area.

Principle of action IR system is illustrated Fig. 2. Optical system I, 2 takes a flux of
radiation from the sky and directs its on detector 7. On way of radiation flux is situated
optical elements 3 - 6.

Detector (D) works out an electrical signal, amplitude which proportional flux of
radiation from the sky.
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Principle of action IR system is illustrated Fig. 2. Optical system 1, 2 takes a flux of
radiation from the sky and directs its on detector 7. On way of radiation flux is situated
optical elements 3 - 6.
Detector (D) works out an electrical signal, amplitude which proportional flux of
radiation from the sky.

Structure scheme of the IR system

I
. 8 12
2 // 6
o™ l 4
— = -
/7:?@__ 7 9 10
g~
~ #
\\ p
———— . 13 14 11

I. 2 - an optical system; 3 - a block of removable diaphragms (with the modulator and
generator of supporting voltage), stated in focal plane of objective; 4 - a lens Fabri,
intended for the focusing and fixing of exit pupil on detector; 5 - a block removable
interference light filters; 6 - iris diaphragm; 7 - detector; 8 - thermoelectric refrigerator,
cooler; 9 - a preamplifier; 10 - selective amplifier; 11 - a grapher; 12 - an oscilloscope,
personal computer; |3 - a photon counter; 14 - an interface.

Fig.2

The variable electrical signal worked out D, is served on the preliminary amplifier,
executed in the manner of the separate block and placed nearby D for reducing of an
internal noise and avoiding of additional noise pickups. In the preamplifier output pulse
of current D is transformed in the pulse of voltage. This pulse of voltage is modified and
intensified to its possible was use for working the following system cascades.

By working of IR system in the analog mode of measurement a signal with D in the
beginning enters in the input circuit of preamplifier 9. but then - in selective amplifier 10
and synchrodetector. On the grapher 11 signals enters after synchronous detector.
Oscilloscope 12 serves for observing a signal.

In the mode of measurement a card or photons electrical signal with detector enters right
in the counter of photons 13, after processing in which, is brought on the interface 14.
For processing a signal is provided also connection through corresponding plug-in cards
personal computer to exit an selective amplifier 10.
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MO/JIEJb APKOCTU HOYHOI'O BE3OBJAYHOI'O HEBA
O.I1.Ky3neunx, B.H.I'openxos, 0.0.Ky3neunx

O6cepsaropus BI'Y., 4 np. ®. Ckopunbl, 220050 Munck. besapych

SUMMARY: The night sky model is proposed. It includes different components
of light pollution, such as moon scattered light, Zodiacal light, Milky Way, air glow and
artificial light pollution. The model is designed for calculating of the efficiency of astro-
nomical installations.

BBEJEHHE

JHepreTHyeckas APKOCTb HOMHOro 6e3obnauHoro Heba B BUAMMON obnacTu cnekrpa
obycnopnena pacceaiibiM cpeToM JlyHbI, CBeueHHeM HOMHOTO HeBa M CBETOBbLIM 3a-
FPA3BHEHUEM OT DNW3NENALUNX HACENEHHBIX NTYHKTOB.

CpeyeHue HouHOro Heba BO3IHMKAET B aTMocoepe 3eMin (COOCTBEHHOE HOYHOE
CBEYEHHE aTMOC(EPDI, MOAAPHBIE CHAHHA), B MEXIUIAHETHOM NPOCTPAHCTBE (30aMa-
KalbHbIH CBET, MPOTHBOCHAHHE), TIOPOKAAETCS POHOM HEPA3PELIAEMBIX H PA3PELLHMbIX
3BE3/l, PACCeAHUEM Ha MEX3IBE3AHOM Nblny B Haluel [anakTHke, NPUXOANT M3 rayOuH
BeencHuof. HecncnoBaHne OTOCbHBIX COCTAaBAAIOWMX CBEYEHHs HOuHOro HebGa naet
MHOFO CBEleHHH 0 BepxHel aTMocepe 3emMnH, 0 cTpoeHuH [anakThku, 06 IBOMOUHH
BceneHHo#.

Kaxnas, U3 NCPEYHCACHHBIX BbILIE COCTABAAIOUIMX, BHOCHT CBOA BKNAL B MHTE-
rpanbHYyI0 SpKOCTs HOUHOTO Ge3o0natHoro Heba. [1na pacueToB HHTETPANLHOI APKOCTH
HaMH npennaraeTcs cieayroluas moaens /1, 2/.

I. MOJEJIb

I.1. Monens paccesnnoro csera JlyHel

B Buanmoii o6nacTi cnekTpa HinyueHHe JIyHbl 9BASETCA OTpaXEHHbIM cBeToM ConHua.
CnexTpasibHas SpkoCTb L . yuacTka HouHoro GezobnauHoro Heda, 00yCnoOBAEHHOrO
paccealiiibiM NYHHBLIM CBETOM, 3aBHCHT OT da3bl JIyHbl o, 3eHUTHOTO yrna Jlyrel Z , ,
3EHHTHOro yrna yvactka neba 7 , yrna mexay Jlynoli u ydactkom HeGa ¢ , cnek-
TpanbHOM ONTHHECKOH TonwH aTMochepbl T ) , CAEKTPANbHOro anbsdeno noacTHaa-
WEH NOBEPXHOCTH (5 . PacnpeneneHue 3ol apkocTH, no asanoruu ¢ ConHuem /3, 4/,
OMHCLIBAETCA CNEAYIOLLHUMH COOTHOWEHHUSIMU: pH Z 5 # Z

L= Ey o flep o (012 [expl-ty 2 sec Z)-exp(-1,. 5 sec Zy)l(sec Z, -sec 2y secz, (1)
npuZ .= 2Z Ly =Esq.. @) pu,(y) exp(-1,; secZ  )secZ,, 2)

RM=fiM+Lm+ O, (3)
rae E 5, 5 - CNEKTPaibHag OCBEUEHHOCTL OT JIYHB! Ha BEpXHEH FpaHule 3EMHOMH ar-
mocdepbt, (@) - 1aKoH (a3, y - yron pacceands, u, (y) - HHAMKaTprca spkocty, f ()

- MHankaTpca pacceanus. £y (y) n f; (y) - unexn 0BycnoBfieHHbIE COOTBETCTBEHHO MHO-
FOKPaTHBIM PACCEAIHEM H OTPAXEHHEM CBETA OT NOACTHNAIOLIEH MOBEPXHOCTH.
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Kak nokazanu nawns H3MepeHHs u pacuerst /1/, npH cnekTpanbHOH npo3payHo-
cTH atmocepnt p o > 0.7, npueenennoi k atMocdepHoit Macce m = 2 (Z = 60%, pac-
npenenete OTHOCHTENLHOH CnexkTpansHoi sprocTi be3obnadnoro Heba, o0ycnoBaCH-
HOIT pacCes HEbIN CBETOM JIyHbI, ONHCLIBAETCA ROCTATOUHO TOUHO COOTHOLIEHHEM:

LU =1 - expl- 032 sec 2)] ] 0.91 + 10 exp(-3p) + 0.45 cos’ @] { 0.274 [ 0.91 +
10 exp(37 ) +045 cos?Z, 3 7. (4)
rae L s - CHERTDANBHAA H[)KOC'I'h HCG'A B 3C¢HUTC.

1.2. Monens 38e3au0i1 cocTasnytourcii
SIPROCTS 3BE3:. IPOCTPAHCTREHHO KOHUEHTPHpYIoWwHXes y Maeunoro ITyTH, ynobHee
RCETO REIMUCIATH B ranakTiteckux xoopauHatax (| - ranaktuueckas nonrota, b - ranax-
THHECKAS WHPOTA).

B Mueunom FlyTn paciipeie/ieHHe SPKOCTH HPPETYASPHO: B HEM MIPUCYTCTBYIOT,
Kak kpynHomacinTtadiibie 00pa3oBaHHA C XapaKTePHbIMH pa3MepaMi NO rajakTHYECKOH
a0aroTe ~ 100Y 1 NO raakTHYECKON wrpoTe ~ 10°, TaK W MENKOMACWITABHBIC - ¢ Xapak-
TEPHbIMI pa3Mepami ~ 5° B KOTOPHIX SPKOCTL MOXET OTAHUATLCA AAS OTAENbHBIX
dparmMenToB B 2 pa3a N0 CPABHEHHIO C OKPYXalOWHMHU. 3 OCHOBHOM, 3TH BapHauHH
00yCIOBNEHbI, TEMHBIMH TYMaHROCTAMI B OKpecTHOCTH CofHua W "AbipaMu’ Mex-
IBC3HOIT norfiowaloltei Matepiit, Jing nofHoro yueTa BcexX Menko MaclTabiibix sa-
pHauKrit 1HeoOXOAMMO  HCMOJIbIVBUATL A TaILHLIC KAPThI PAcNpeleReHHs APKOCTH B
MneitHoM [ 1yTu ¢ HECKONThKUMHU COTHAMH (HparMeHTOB. [TOCKONbKY MENKO MacluTabHble
BAPUAILMH 3aHUMAIOT = 5-7 Y%, TO 1M MOXHO rpeHedpeub U B MOAEIM HCMONbL30BATH
TONLKO KpynioMmacwradlioe pacnpeneickie apkocti B Mneunom [yTH. npencrasnse-
moe 9 - 10 PparMeHTaMH. B npeaenax kaxaoro w3 GpparMeHToB 8pKOCTL NpeanofaraeT-
CA NOCTOSHHOMN. MaKCHMAThHBLIE OTKIQHEHHA OT ANMPOKCHMAUMKH HabMIOAZI0TCA B DKBa-
TopHasbHOil niockocTH Mneunoro yTi 1 00ycnopnenbl €ro KacTEPHOH CTPYKTYPOH.
Ha vuacTkax, He NpeBbLIWAKILNX pa3Mepsl 5x5° oTHocHTenLIan ownOKa npeinaraemMon
annpokcimaunu cocrasnser 12 1 18 % B cucremax B u V cOOTBETCTBEHHO.

Bue Muteuroro My (b < -25Y b > 17°7) APKOCTh 3BE3AHOH KOMMOHEHTbI XO-
POUIO OMHCHIBACTCS MPOCTLIMI AHANNTUYECKHMH COOTHOLLEHHAMH:

Locws =147cosecib| -2.3

(5)
Foocwv=30.6cosec|bl -6.1.
HOLlaTMOC(bepHaﬂ HpKOC'I'b OIIPCRCHQCTCH COOTHOLUCHHEM:
L cow L 0.¢ sm psch - (6)

rne p - ko3hUUMEHT NpO3pPaYHOCTH aTMocepbi.
1.3. 3oaHakanbHbIiii coeT

3onuaxanbHelii cBeT OOYC/MOBMEH PACCESHHEM COJHEYHOIO CBETA HA MEXIMIAHETHOH
nbUIH. Ero ApKOCThL 3aBHCHT OT JKNHNTHUECKUX KOOPAHHAT W YTNOBOTO PAacCTOAHUA OT
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Conuua. SIpkocTh 30AMaKanbHON cocTaBasIoLER pacnpefeneHa no Heby B Buie KOHyca,
WHPHHA U APKOCTH KOTOPOIro YBEITHYHBAIOTCA OT 3€HUTA K 3aNafHOMY FOPH3OHTY NiEpen
BEUYCPHHMM CYMEPKAMH W K BOCTOYHOMY FOPH3OHTY - Niepel YTPEHHHMH.

Ha ocHoBe pacnpeaeneHHH SpKOCTH 301HAKAILHOTO CBETA MOJYYEHO aHATHTHYE-
ckoe cooTHoweHue (7), annpokCHMHpYOILee pachpeaeNeHHe APKOCTH 30AHAKATbHOTO
cBeTa. MakcHManbHOe OT/IHYHE annpokCHMaUMH OT HabnoaeHHi He npespiiaT 2 % ,
a cpeflHee kBaapaTHueckoe oTknoHeHHe ~ 0.8 % .

Lo oon = 9443 € 22" (g, e P!+ gy )4gy (- 95 [ E- 1801-0.663 ' [B]), (D)

rie L g . swn - APKOCTb 30/IMAKANBLHOTO CBETA HA BEPXHEH IpaHULE 3eMHOR aTMochepsl;

£=180 1 "' arccos [cos B cos (A-Ag ) Ag , A - FKIMATHYECKAS JONTOTA COOTBETCTBEHHO

Connua u HabmogaemMoli ToukH; B - 3KIMNTHYECKAA WHPOTA; &; - KOIPHHUHEHTHI.
IMonaTMocdepHan ApkOCTb OMPEAENAETCA COOTHOWEHHEM:

L e oa L 0. ¢, 300 psch (8)

1.4. Co6cTBeHHOE cBeueHHe aTMochepbl
CobcreerHoe cBeueHue aTMoctepbl 00ycn0BNEHO (HOTOXHMHUECKHMHU TPOLCCCAMH,
NPOTEKAIOLLUHMH, B OCHOBHOM, Ha BbicoTax 80 - 100 km 1 250 - 300 km.

IMonApHble CHAHKSA, KOTOPblE HOCAT HeperyJisipHblii XapakTep, B MOIENH HE pac-
CMaTpPHUBAIOTCH.

CrnekTpanbHas apkocTs cobBCTBEHHOTO cBeueHur atMocdepnt L . 5 , BO3pacTaer
OT 3¢HHTA K FOPHIOHTY, MOCKONbKY H3Nly4eHHE, B OCHOBHOM, POXAAETCA B CJOE, Orpa-
HHUYEHHOM KOHLEHTPHYECKUMH CEepaMii ¢ UEHTPOM B UCHTPE 3eMiH, ¥ M3Nydaiollui
06bEM Ha Nyue 3PEHUS PACTET C YBENHYEHHEM 3EHHTHOrO yrna

Lc,)\.azl—'c.k.a.l SCCZ, (9)

rae L.y .z - cNeKTpanbHag SpKOCTb HOYHOrO Heba B 3eHUTE.

[Tpu oTcyTCTBHH MONKPHBIX CUARUI pacnpeeneHe SPKOCTH BCEraa NpONOPLHOHANbHO
sec Z. Bennuuna L. . 5 , 7 MEHAETCA NPH WIMEHEHHH COJHECUYHOH AKTHBHOCTH, reoQHIu-
4eCKHUX HakTOPOB U C LWWHPOTOH.

1.5. CBeToBoe 3arpsisienne
OGobuias pe3ynuTaTel paga paboT, A% OUEHKH CBETOBOTO 3arps3HeHns L ., HOYHOrO
Heba rOpOIOM C IHEPTETUHECKOH CBETUMOCTBIO M ., Ha PaccTOsHWM T OT Habnronatens
10 rOpOZa, HaMK NONYUEHO CAEdyHoLee COOTHOLIEHHE:

L, =M. 2" 77 [[hdndp [(r* + AYF(r, )k, + ky)dl
K 0

(10)
: Sl Sl
kl :/1(91)(ﬂl4 s )NI(Z)NI (0)’1—]72’
YUHMTHIRAIONIEE OAHOKPATHO PAacCesHHbIM CBET, MAYWHA OT ropoda k HabmonaTeno.
dynkuns [ = (r,]) yuuTbiBaeT ocnabieHne CBeTa B PE3YNBTATE €10 PACCEAHHA MOJE-
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Kynamu BO3IyXa H adpo3onsami. B Kk, sakmiouena unpopmauns of MHIMKATPHCAX pac-

CesHHA, KOIPPHLUHEHTAX PACCETHUA W KORLUEHTPaUMHK YaCTHIL A BO3AYXA W a3p0o30nei
B TOUKE NEPBUUYHOrO paccesHus. MHTerpUpoBanue npOBOAUTCA MO MIIOILAAM FOpOaa M
no nywy 3peHns Habnonarens /. s oueHkd Obuin B3ATbl NPUONHIHTENBHbIC 3HAYEHUA
MAOMAAH ropoaa, YTO Mo BIHAET HA BENHUYKHHY JHEPreTHHECKOH APKOCTH, pacCUMTaH-
HY0 N0 COOTHOWEHUIO (10).

DHepre rH4eckyio CBETHMOCTb FOPOJa MOXHO BbIYMCIIHTb, €CJIH W3BECTHb!I H3Me-
peHHbIe 3HaYeHHS IHepreTHyeckux spkocted L., 1 L., » HouHoro 6e300naunoro Heba
npu otcyrcTeuu JIyHbl Ha OIHOMR K TOIt e BbICOTE NMPH ABYX Pa3HbiX asuMyTax. M3 co-
oTHowerus (10) HmeeM:

-1
L

M, =(L

.8

) (Lo M) (n

el (39

- LL‘,M,Z )l(L(,L’ M
-1
(B4

rne (L, M
Lr.x M(‘.X.’

Ha ocHoBanuu cooTHowweHus (10) u HawHX w3MepeHnit /2/ Mbl nonyyunu che-

-1 -
OVIOWY!O IMNUPUUECKYIO 3ABHCHMOCTL NOACBeTKH Heba B 3eHuTe (B BT - cp” - M 2) B
yuactke cnekTpa 0.53 MkM OT uncna wutenelt P n paccrosHis r (B KM) OT ropoua:

: -1
)i (L. M), - Buumcrentsie no cooTHowenso (10) 3HaveHHs

LI TEX Ke HanpaBieHH .

L,,=210""P.r exp(-0,015r) (12)

1.6. O600ieHHe H OLIEHKA PE3yJILTATOB HCCNeAOBAHMUI
OnuvcaHHas Bbille MOLENb APKOCTH HOYHOTO Heba ro3BOAAET NPOBOAHTL BbIYHCIEHHE
toHa neba B TOUKEe HAOMOAEHHA, HCXOAS H3 CPEAHHX IMIHUPHYECKHX 3HAEHHH psana
napamMeTpoB, 3aBHCALUMX OT MECTHbIX YCNOBHH. [Ind TOYHOrO y4eTa BAHAHHA MECTHbIX
HaKTOPOB, C UEABbIO NOBLILUEHHA TOHYHOCTH NMPOrHO3a APKOCTH HOYHOFO HeGa H NOBbI-
WweHH IPHEKTHBHOCTH HAONIOAERUH, XENATENbHO HIMEPEHHE acTPOKIHMATHYECKHX
napaMeTpOB HEMOCPeACTBEHHO B MCCTE HaBMOACHHA.
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The interest for a very extensive list of line broadening data is additionally
stimulated by the development of space astronomy where an extensive amount of
spectroscopic information over large spectral regions of all kind of celestial objects
has been and will be collected, stimulating the spectral-line-shape research.
Consequently, the interest not only for abundant, but also for trace elements data
increases. Not only in astrophysics, but also in physics and plasma technology, a
number of problems depend on very extensive list of elements and line transitions
with their atomic and line broadening parameters. One may mention as examples
laboratory plasma diagnostic, research and modeling, radiative transfer calculations
and investigation of laser produced plasmas (not only in laboratory but as well in
industry during the laser welding, melting and evaporation of different targets), and
plasma created in fusion research (particularly inertial confinement and pellet
compression fusion), development and modeling of lasers, as well as of light sources.

Because of the extensive observations of spectral line shapes of celestial objects,
especially in observational astrophysics by satellites, a large number of various
spectral line parameters is needed. In last several decades, scientific community had
established various databases of spectral line parameter data. These databases
contain huge sets of atomic parameters, and Stark broadening parameter data are
also very interesting for such purposes. Because of that, we are creating database at
the Astronomical Observatory in Belgrade (BELDATA) which main core of data will
be Stark broadening parameters for spectral line widths and shift (Popovi¢ et al.,
1999, 2000). Stark broadening parameters, are needed in astrophysical research, for
calculation of stellar opacities, abundance determination, stellar atmospheres
modeling and interpretation and modeling of stellar spectra.

At the Astronomical Observatory Stark broadening parameters for various
atoms and ions have been calculated by semiclassical perturbation formalism (Sahal-
Bréchot, 1969ab) and by modified semiempirical approach (Dimitrijevi¢ and
Konjevi¢, 1980, Dimitrijevié, 2000). These calculations will be included in our
database. User can access to Stark widths and shifts for particular element,
transition, electron density and temperature. After accessing database user will
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firstly fill query for needed data. Database Manager System will process his query
and after searching data he will receive needed information. For convenience
BELDATA is connected on Internet. Communication between Internet and server
that holds database, automatic manipulation of database data and other integration
of database and Internet are made by standard tools and applications. BELDATA
maintainers will try to follow philosophy of user-friendly approach so database user
will have full convenience. New data in database will be added as soon as possible
and whole database software will be updated following new trends in developing of
database tools. Collaboration with other Internet database sites is established, e.g.
Vienna Atomic Line Database (Kupka et al., 1999), and covers technical support and
Internet mirroring.

Besides Stark broadening parameters, BELDATA will hold all of papers, articles
and abstracts concerning Stark broadening calculations and applications made at the
Astronomical Observatory and most important theoretical and observational works
made by other researchers in Portable Document format (PDF) and/or PostScript
(PS) format.

We have plans to expand database to other research fields that are in progress
at the Astronomical Observatory. This includes spectra of active galactic nuclei
(AGN) investigations. As a part of Astronomical Observatory bibliographic system,
BELDATA will include contents and abstracts of Serbian Astronomical Journal and
Publications of the Astronomical Observatory of Belgrade.
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Abstract. Stark widths of fourteen singly charged (Kr 1) krypton ion spectral lines have
been measured in the linear, low pressure, pulsed arc at 17 000 K electron temperature and
1.65x10%3 m~3 electron density. The measured width values have been compared to the
theoretical data calculated by using the modified semiempirical method.

1. Introduction

Stark widths of Kr II spectral lines have been investigated in a number of refer-
ences, starting up with the first measurements, presented in Mandel’shtam (1962)
and Mazing and Vrublevskaya (1962). For example seven experiments from Brandt et
al. (1981), Richou et al. (1983), Pittman and Konjevié¢ (1986), Vitel and Skowronek
(1987), Uzelac and Konjevi¢ (1989) and Lesage et al. (1989) have been performed
within the 10 000 K and 17 400 K electron temperature range. These values show
mutual scatter up to the factor 3. Moreover, in Popovi¢ and Dimitrijevié (1998) Stark
widths of 37 Kr II lines, that belong to the 5s-5p and 5s’-5p’ transitions, have been
calculated within the modified semiempirical approach (Dimitrijevié and Konjevié
1980).

In this work we present measured and calculated Stark FWHM (full-width at half
intensity maxtmum, W) values of fourteen Kr Il spectral lines. Stark FWHM values
of two Kr Il were not known before. Our calculated Stark widths of the 5p-5d Kr 11
lines are, also, the first theoretical data.

2. Experiment

The modified version of the linear low pressure pulsed arc (Djenize et al. 1991, Djenize
et al. 1998, Milosavljevi¢ and Djenize 1998) has been used as a plasmasource. A pulsed
discharge was driven in a quartz discharge tube of 5 mm inner diameter and effective
plasma length of 7.2 cm (Fig. 1 in Djenize et al. 1991, Djenize et al. 1998). The
tube has end-on quartz window. On the opposite side of the electrodes the glass tube
was expanded in order to reduce erosion of the glass wall and also sputtering of the
electrode material onto the quartz windows. The working gas was pure krypton at
130 Pa filling pressure in flowing regime. Spectroscopic observation of isolated spectral
lines were made end-on along the axis of the discharge tube. A capacitor of 14 uF was
charged up to 1.5 kV. The line profiles were recorded using a shot-by-shot technique
with a photomultiplier (EMI 9789 QB and EMI 9659B) and a grating spectrograph
(Zeiss PGS-2, reciprocal linear dispersion 0 .73 nm/mm in first order) system. The
complet expertmental procedure have been described in our earlier publications.
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The plasma parameters were determined using standard diagnostic methods
(Rompe and Steenbeck 1967). Thus, the electron temperature was determined from
the ratios of the relative intensities of nine Kr IT spectral lines (435.547 nm, 457.720
nm, 461.529 nm, 461.915 nm, 463.388 nm, 465.887 nm, 473.900 nm, 476.577 nm,
483.207 nm) to the five Kr | spectral lines (435.136 nm, 436.264 nm, 446.369 nm,
557.028 nm, 587.091 nm) with an estimated error of +9%, assuming the existence
of LTE, according to the criterion from Griem (1974). All the necessary atomic data
were taken from Lide (1994) and Striganov and Sventickij (1966). The electron density
decay was measured using a well know single laser interferometry technique (Ashby
et al. 1965) for the 632.8 nm He-Ne laser wavelength with an estimated error of £7%.

3. Method of calculation

The Stark widths for 14 Kr IT lines have been calculated by using the modified semiem-
pirical approach - SEM (Dimitrijevié¢ and Konjevi¢ 1980, 1981, 1987, Dimitrijevié and
Kr§ljanin 1986, Dimitrijevi¢ 1988ab and Popovié and Dimitrijevié 1996ab)

The needed atomic energy levels have been taken from Sugar and Musgrove (1991).
Moreover, we present here the results for Stark widths obtained within the modilicd
semiempirical approach for two lines that belong to the Kr I 5p*D-5d*F° multiplet.
For these lines 5{ levels are not in the LS coupling but we took them logether within
the one electron approxnmation (see ¢. g. Griem 1974).

4. Results

The results of the measured Stark FWHM (W,,,) values at T=17 000 K electron tem-
perature and 1.65x10%® m~2 electron density are shown in Table 1. Ratios W,/ W,
are also given in the same Table, where Wy, 1s the Stark FWHM calculated within
the modified sermiempirical approach by us and from Popovié¢ and Dimitrijevié (1998).
The astrerisk denotes the W, values taken {rom Popovi¢ and Dimitrijevié (1998).

Table 1.

Transition Multiplet A (nm) W, (nm) W /Wi

55-5p TPs/2- P53,  465.89 0.0399 0.90"
Py0-iP0 . 483.21 0.0429 0.84~
Ps;-*D%/,  435.55 0.0378 0.95
“Pg/p-*D%/s  473.90 0.0338 0.73"
P3,0-'D%,y  476.57 0.0454 0.92
2Pyy-tPYy  484.66 0.0426 0.89*
2P3/p-P%,, 46153 0.0454 1.05"
?P3;5-"D%p  461.91 0.0305 0.74*

5s'-5p’ 2Dy/o-?F%,,  463.39 0.0391 0.64"
“Dgyp-2F%n  457.72 0.0449 1.00"
D5, 2P%n  447.50 0.0512 1.03~
’Ds;»-?D%)y  408.83 0.0274 0.79

5p-5d D% 5 Fgn  378.31 0.0879 0.83
‘DY%)y-*Fyy 37781 0.0848 0.79
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Fig. 1 Stark FWHM (W) dependence on the electron temperature for the most investi-
gated Kr [] spectral lines belonging to the 5s-5p transition at 121073 m™3 electron density. —,
calculations by using the modifed semiempirical approach (Popovi¢ and Dimitrijevic 1998).
e our experimental resulls and those of other authors: z, Brandt et al. 1981; *, Richou et
al. 1983; A\, Vitel and Skowronek 1987; Uzelac and Konjevié 1989; o, Lesage et al. 1989
and +, Bertuccelli and Di Rocco 1991. TLe error bars include the uncertainties of the width,

electron density and lemperature measurements.
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5. Discussion

In order to make easier the comparison between measured and calculated Stark width
values, the theoretical Stark FWHM dependence on the electron temperature together
with the values of the other authors and our experimental results at an electron density
of 1x10%% m~3 are presented graphically in Fig.1.

On the basis of the Table 1, and Fig. 1 one can conclude that the comparison
between our measured Strak FWHM values of the Kr II lines with the theoretical
predictions from Popovi¢ and Dimitrijevic (1998) show a satisfactory agreement taking
into account that the assumed error bars of the modified semiempirical method are
+50 % (Dimitrijevi¢ and Konjevi¢ 1980). Generally, our W,, values lie below the
theoretical up to 13% in average (see W,, /Wy, values in Tab. 1). It should be pointed
out that our new W,, values at 17 000 K electron temperature agree well with those
from Vitel and Skowronek (1987).

6. Conclusion

We have presented in this work experimental Stark widths and shifts for 14 Kr Il
spectral lines at an electron temperature of 17 000 K and an electron density of
1.65x10%% m~3. Moreover we have calculated 2 Kr II Stark line widths within the
frame of the modified semiempirical method. Our results have been compared with
other experimental and theoretical results. A detailed analysies of our results for Stark
widths and shifts for Kr II and Kr 111 lines will be given elsewhere (Milosavljevié et
al. 2000).

We hope that the obtained results will be of help for laboratory plasma diagnostics
and krypton plasma research and modeling, as well as for astrophysical purposes.
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OTPAXEHMHE JTASEPHOI' O U3JTYHYEHKWS B YCJIOBUAX OBPA3OBAHKSI
MJIABMEHHOI'O ®AKESIA C KOHJIEHCUPOBAHHOM ®A30H

JLAMHHBLKO, B H.ITACOHOB
Hucmumym sonexyisprou u amopmnoii (husuxu HALL benapyceu,
. Crapunst 70, 220072 Munck, benapycs

AuHoranys. HcciacnoBaHA AHHAMMKA OTPAKCHHA NOPH KBAZHHEIPCPLIBHOM Jd3EPHOM
BOIACHCTBHH (g =0,1-10MBT/CM®) HA2 MATCPHATBL B YCMIOBHMSX CAIILHOH 3IKPAHHPOBKH
NOBCPXHOCTH YACTHUAMH KOHZCHCHPOBAHHOH (hasui B (pakcne. Iloayuctbl KOMMUCCT-
BCHHBIC JAHHBIC O BIAMMOCBASH PA3PYLUCHUS TIOBCPXHOCTH, NOCTYIUICHHS B (DAKEN KOH~

JCHCHPOBAHKOH (ha3bl ¥ PA3BHTHA IKPAHHPOBKH NOBEPXHOCTH B XOAC BO3ICHCTBHSA.

OcoBCHHOCTBIO BO3ICHCTBHA MWUITHCEKY HIHBIX HMITYJIbCOB
KBAZHHCOPEPLIBHOrO  Ja3CcpHoro  wanyuenust  (JIM) ¢ wiotuocTeio  nOTOKA.
MPCBLILAIOMICH NOPOr PA3PYLICHHA MATCPHANA, ABNAETCH OOPA3OBAHHE CJIOXHOIO 110
(p430BOMY COCTABY NPHIIOBCPXHOCTHOIO AA3EPHONO IPO3HOHHOTO TIIAZMEHHOIO (Pakchia
(JIDHD), cocrosuero H3 Harperbix napos (mwiaiMmel) H OOABLIOLO  KONUMCCTBA
MCAKOJHCTICPCHBIX “4CTHIL M OTACIBHBIX YACTHL MATCPHANA MHIOCHW B TBCPAOH H
WHUAKOH  (asax. YacTHUubl KOHACHCHPOBAHHOH (DA3bI  OKA3BIBAKT CYLUCCTBCHHOC
BAWAHHE HA NPOLCCC JIA3CPHOrO BO3ACHCTBHUA, PACCCHBANX W MOrnomas magatonice JIK
(Muubko H ap.. 1985, Munbko. HacoHos, 1996). B3anMoneHCTBYs C HacTHUAMH B
(paxenc. JTH u3MCHACT Cro ONTHYCCKHC CBOWCTBA, M KAPTHHA NA3CPHOTO BOJ3ACHCTBHA
CHJILHO yCNOXKIACTCH, HecMOoTpst Ha o0uAMe NyOMBKANHY, MOCBALICHHBIX OTPAXKEHHIO
NPH JA3CPHOM BO3JACHCTBWHM, JHHAMHMKA OTDAKCHHA B YCIOBHUSX CYLICCTBCHHOH H

HIMCIIOMICHC B XOJE BOBUCHCTBHA JKPAHHPOBKH MMOBEPXHOCTH  (DAKCIIOM
KOHJCHCHPOBAHHOH (D301 WIYHEHA HCIOCTATOYHO.

B nanHOH  pabote, HCOOMB3YS KOMIUICKCHBIH NOAXOA B H3YUCHHH
B3AWMOJCHCTBHN BBICOKOIHEPICTHUYCCKOr0 KBazHHcnpepbmHoro JIM ¢ nperpagol ¢
OAHOBPDCMCHHOH DETHCTPAUHCH B XOAE BOJUCHCTBHH DASIHYHBIX X3PAKTEPHCTHK
COCTO#HHS H CBORCTB NOBEPXHOCTH H (PAKC/A. NOJYHCHBI H IMPOZRATH3HPOBAHL! AAHIILIC

00 JpO3MM MHUICHH H BbLIOPOCC HAPOAYKTOB DJPOSHM M3 30HLI  BO3ACHCTBHMSL,

(POPMHPOBAHHH MPHMIOBCPXHOCTHOIO 3POIHOHHOTO TUIABMCHHOrO ()AKCNa, ONTHYCCKHX
CBOHCTBAX TMOBEPNHOCTH MHIUCHH M (JAKCIA (OTPAXKEHHC, TMOIJIOLEHHE, PACCESHHE),
pOJTH JABNICHHA, DA3ZBHBACMOrO0 B (DAKCAC HA CTAJMH BO3ACHCTBHA, W JHHAMHKC
B3dHMOCBSA3H CBOHCTB MOBEPXHOCTH W (pakena. OCHOBHOC BHHMAHHC YACICHO HIYHCHHIO
OTPAXKCHHA B YCMOBHSX  BO3aACHCTBMA.  JIAHMILIC  3KCACPHMEHTOB O  APYIHX
XdPAKTCPHCTHKAX  BOJJCHCTBHA  CHY)KWIH JIONOJHHTETbHOR HADOPMALKHCH MApH

OOCYACHHH PaCCMATPHBACMbIX BOITPOCOB.

Hcrmoms30Bacs HCOAMMOBBLIH N1a3CP, I'CHCPUPYIOLMH H3TYYERHC ILTOTHOCTBIO
MouocTh q = 0.1-10 MBr/cum® 8 30HC BO3ACHCTBHSA JHAMETPOM 3.5 MM H C [NAUKOM
(hPOPMOH NABCPHOrO UMMYTBCA WTHTCTRHOCTHIO |5 Mc. MumeHamu ciyxunun oOpasust
wi JI6T, A99. Bi. Cu, naryuu JIC-59 W  HEKOTOPBIX KOMIO3ZHTOB KJI4CCA
CTCKIOIUIACTHKOB C PA3IMYHAIM HCXO/(HBIM COCTOAHHCM TOBCPXHOCTH (NOAHPOBAHHAIC,

MCPOXOBATBIC, XHMUUCCKH TPABJICHHBIE H IP. )
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MHHGLKO J1 1. HACOHOB B.H

B X04€ IKCICPHMCHTOB NMOTy4eHb! BPCMEHHbLIC 32BHCHMOCTH KOM(D(HIMCHTOB
3epkanbHOro ( R, ), aupdysuoro ( R, ) v nomycgepmcckoro (R = R, + R, ) orpaxenus
MATCPHANOB MPH PATHMHBIX TUIOTHOCTSX MOIHOCTH JIM. OIHOBPEMEHHOE M3MEDCRHMC
YKA3AHHBIX KO3(PPHLIMCHTOB NOZBOSHIIO KOHTPOJHPOBATE COCTOSBHE MOBEPXHOCTH H
OTCNEXKUBATL  (DU3WYECKYIO CTOPOHY NPOLECCOB, MNPOTCKAOUIMX HA HEH B XOIC
BozacHcTBHA. OOHAKO COMOCTABJICHHE [JAHHBIX 00 OTPAKEHMH H  PACCCHHHH
CBH/ICTENILCTBYCT, YITO B YCAOBHSAX paspywarowero acHcreus JIM va nperpaxy, xoraa B
JIST® nocTynacT 3HAYHTC/IbHAA 0N MATCPHAIA MHIIEHH B KOHJECHCHPOBAaHHOH (ase,
ISt OMCAHMS 3HEPICTHYCCKOH CTOPOHbI BO3JACHCTBHA CIEAYET OT CHCTEMBI NAJAIOLLEE
JTM - [oBCPXHOCTH MHIICHH TNICPCXOMHTH K paccMmorpenmto cucremsr JIM - JIOTID -
noBecpxHoCcTh. llpn 3roM  ykasauubit xoddduument R crneayeTr noHuMarhs KAk
KOI(PHLIMCHT CYMMAPHBIX JHCPTCTHYECKHX MOTEPL 3 CHET COOCTBEHHO OTPAXAKEHHA OT
NOBCPXHOCTH B 30HE mBﬂCﬁﬂBHﬂ H NOrnOMICHHA H PpACCCAHMA JI HYaCTHUAMH B
(paxcne. YTBEPXKACHHC CNPABCANIHBO B NPEANONOKCHHH. MTO NOTEPH, CBA3AHHBIC C
npasMor B (Qakene, Manel. YJHTBBAS JHHAMAKY MNOCTYILICHHMA YacTdll B (DAKCH,
CBA3AHHYIO C (JOPMOH JIA3EPHOTO HMMMOYIbCA U 3ABHCANIYXO OT MATCPHANd MMINEHM
(Munbko u ap., 1985, Towwapos wu ap..1986. VYnsaxos, 1967), npH oucHke
JHCPICTHYCCKHX MOTCPb. CBM3QHHBIX C YACTHHAMH, CJACAYCT HMCTb B BHAY, YTO B
TCYCHHE JIA3EPHOIO HMIY/16CA 3TH NMOTCPA HC NMOCTOAHHBI H 3aBHCAT OT MOMEHTA HX
PCTHCTPALLMM.

[1a puc. | npuBeACHBI BPEMEHHBIC 3ABUCHMOCTH KO3(QHUHMCHTOB OTPAKCHHA K
HHTCHCUBHOCTH CBCUCHHSA TUIA3MbI Ay (B OTHOCHTC/IbHBLIX CIMHHLAX) komMnosura BDT-
C npy aByx sHaqcHHAX q (a1 BOT-C 3nauchue R, mMano 1 Ha rpa)AKAX HC NOKA3aHO).
[MoCcKONBKY NMPH MAKCHMAJIbHBIX 3HAHCHMAX Ay (B MAKCMMYMC Na3CPHOTO HMIY/1bCA)
KO3(D(PHULIHCHT OTPAKCHHA KOMIO3HTA HC OOHAPYWUBAET 3AMETHBIX HIMEHEHHH CBOCTO

R.R, 2 /\,'> | 1R, R 6) /\m
| |
03 1 0.3
12 |12
‘I { \\\
X A
02 1 02 || \\ L2
0.8 < | 08
| N,
\ il 3
i ‘ / S
01+ -t | 04 0.1 )'\ / A 04
i N
4 ' v
00 ¢ - f ‘oo 00 ‘ = =4 , ' 00
0.0 0.5 1.0 t, Mke 0.0 05 1.0 t, MK

Prc. 1. Mumens BOT-C. a) - q = 6.2 MB1/cM?, 6) - g = 9 MB1/em’.

X044, H 40CONIOTHRIC 3HAYCHHA R H3MEHAIOTCA MAJIO MPH NCPEXOAE OT BO3ACHCTBHA C
= 6,2 MBr/cm® k BoazeicTsmio ¢ q = 9 MBr/cm’, B TO Bpems Kak Ay npu 3TOM
YBCJMYHBACTCA B TPH Pa3a. MOMKHO CACNATH JAK/DO4EHHE, UTO BIHMAHME [U1A3Mb! (Daxena
Ha orpaxenmc JIM B ycnosmsix 3xcrnepumerros cnadoe.
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OTPAXEHUE TABEPHOT O U3NTYUEHUS B YCIIOBUSIX OBPA3OBAHUS

Mo BHay 3JBHCHMOCTEH MOXHO MNPEANOJIOKHTb, YTO NPH BO3ACHCTBHH
KBA3HHCNPCPHBHOO JIM Ha MarcpHan Ha CpCAHEH CTaAMH NA3CPHOrO HMIYJLCA B
HCNOJIL3YEMOM JIMATIA30HE  YACTHUBI MATCPHAJIA MHIICHA ACTIAPAIOTCA H NEPETOPAIOT,
H BKnan paccesuust JIM B aneprerwieckuc norvepu Hepemuk. TloaseM R B xoHuC
JIA3CPHOr0 UMMYILCA NOKAZBIBACT, YTO HA 3AK/IIOUHTELHON CTAIHH BO3ACHCTBHA, KOTAa
MCHOBCHHAsI TUIOTHOCTb MONTHOCTH (1) CTAHOBHTCA HWM3KOW, W UYACTHUbI HE
paspywatorcs, paccesHue JTHM Ha X 3HAYHTETBHO.

AHAIOTHMHBIH BH HMCIOT H BPCMECHHDBIC 3ABHCHMOCTH KOI(D{HLHCHTOB
OTPKCHHSN, NONYYCHHBIC C MULICHAMH M3 MCTA/UTOB. [1pH pa3pymmaroincM BO3ACHCTBHH
HA MCTAJ/Ibl HA HAYANLHOH CTA[HM BCIAHYHHBI R, H R, pC3KO M3MCHMIOT CBOH 3HAUEHHA,
CMyCTs HCKOTOPOC BpPCMA (CBOC Anf KKAOro marepuana) R, um R BeIXOAAT HA
CTALHOHAPHBIC 3HAYCHHA, @ 3aTCM B KOHLC JIA3CPHOrO HMIYJIbCa O OONbLIHHCTBA
MeTaJUIoB HabroaacTes noabeM R, v R, cBA3aHHbii ¢ pacceswHeM JIM vactunamu B
thakepe. Ho B OTAMMMC OT Ciyuas BO3ACHCTBHS HA KOMINO3WT NMPHM BO3ACHCTBUH HA
METAJUTHI, 00 KpaWHCH MCPC HA HAYMabHOH CTANMM, 3CPKAILHAA COCTABJSIOLIAS
KOI(PHLMEHTA OTPAXKCHHA HMCET JOCTATOMHO BBICOKOC 3HAYCHHE W CBA3AHO ITO C
OTHOCHTC/IbHO BHICOKHMH HCXOOHbIMH KO3(PMHUHEHTAMH OTPAKEHHA METALIOB KOO C
OIUIAB/ICHHCM  LUEPOXOBATOCICH MOBEPXHOCTH W MPHOOPETEHHEM CH)  3aMCTHBIX
JCPKAIBHBIX CBOHCTB B XOAC BO3ACHCTBHA.

R Ha puc.2

| a TPHBEACHBI 3JABHCHMOCTH

[y a CTAUMOHAPHBIX 3HA4YCHUH R

OT WIOTHOCTH MomHocTH JIU

npﬁ BO3ACHCTBHH HA

TOIHPOBAHHDIC 00pasLmL!

MHIICHCH H3 UOPAHOMHHHSA

a J16F u Bi. Obpamacrt Ha
04 | | . a ccha BHHMAHHC pe3KO
‘ MCITHHEHHAS 34BUCHMOCTL R
= flq) ¢ BHCMYTOBOH
MHIUCHBIO.  DKCNCPUMCHTbI

0.6 Py

02 X MOXABANH, 4TO0 - IpH

PA3PYILAOLICM BO3ACHCTBHH

§ Jrh Ha BHCMYT

i _— O BoiOpacsiBaeMeic B (paxes

HACTHLbL HMCIOT

00 14 ' ’ oo i : MCIIKOTHCIICPCHbIH BHL.
0 2 4 6 q, MBrfem?

MCIKOAHCNEPCHOCTL HMACTHLL
H OTHOCHTCITBHO HH3KHUC
TEPMOAHIIAMHUECKHE

NapaMCTPbl BHCMYTA ONPCACTNIOT CNEUH(WKY CIIOMHOTO B3aMmoacicrsus JIM ¢
YACTHLAMH. NMIA3MOK (BaxKena H NOBCPXHOCTLIO MumeHH (Mumbko, Hacowos, 1998).
[Ipr NOCTHKCHMK NOPOrOBBIX 3HAYCHWII (] HA NYTH JIA3EPHOr0 fyYa BCIEIACTBHC
Fa30AHHAMHYECKOrO PA3JIETd TNPOXYKTOB (Pakena mnox ACHCTBHEM PA3BHBACMOro
JABJCHHA (DAKCH TPOCBCTHCTCH, & HSPKOCTh CBCUCHHS B 30HE KBABZHCTAUHOHAPHOIO

Puc. 2. Muucun: a - J16T. 0 - Bi
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CKAYKd VIAOTHCHHA DC3KO BO3PACTACT. IlpH JTOM MuasMa B (PAKCAC, BHAMMO, MOMKCT
BITHHTHL HA XAPAKTCPHCTHKM ONTHHCCKOrO peioHatopa nasepa. Habmwomacmomy ¢ Bi
neperufy B oxome rpadmka R < f(q) nmpu q ~ 2 MBr/cM® B IKCnCpHMCHTC
COOTBCTCTBOBAJIO HAMANO PATBUTHS MUIA3MbI B (HAKCIIC.

B okcnepumenTax ¢ MerannaMu nogpoOHO HCCACAOBANOCH noeeachue R, B
3agucumocTu ot ( JIH. Pesynbrarel uccnea0BaHWH CBHACTENbCTBYROT O BLICOKOH
4yBCTBHTC/IBLHOCTH R, K pA3pYLICHHIO MOBCPXHOCTH H NMOSBICHHIO MAPOB B (laKeNC.

McTonoM HIMCPCHUA OTDAXKECHHA B MPOLCCCE BO3ACHCTBHA HA MHIUEHH M1
A16T u Bl npu pasnuuHbIX ( NONYYEHb! KOJIMMECTBEHHBIC AQHHBLIE, NMO3BOMSIOIHC
CACHATb OUCHKH OMTHYCCKAX CBOHCTB JIDTID u CRASAHHBIX C HMMH IHCPrETHUCCKHX
noreps JIM. Ha OCHOBC AHANM3A  JGIHHBIX O  KOP(OHLHEHTAX OTpAXKEHHs M
HHTCHCHBHOCTH CBCHCHHS NJA3MbI B TCHCHMC JIA3CPHOTO MMNYJThCA MPU PABIHUHLIX (
YCTAHOBACHO. “TO B YCNOBHsx dkcricpumcHToB ¢ 16T u Bi. xak v B cayuae ¢
komnosurom BOT-C. Bxnan nnaszmwl akena B normowewne JIM wetnauwreneH, a
notepk B (rakese 0OVCNORICHBI MMABHLIM 00OPAIOM IKPAHHDYHOLUMM BIHAHHEM UY4CTHU
3posun MALICHH. [1pu yBENHUCHHH q B AHanasoHe 4-9 MBr/cm” notepu 8 dakeac 16T
MOHOTOHHO BO3PACTAROT H MOTVT COCTABAATE 15-30%. C mMumcHbo 13 Bi moTepH Takxke
BO3PACTAIOT C YBCHHMCHHCM ( H TIpH ( 0.94 MBr/cM™ mmcior MAKCHMAJIbHY O
BeJtMuHHY (~30%). OAHAKO 1PH CTPOroM yuere BKI3AA JH(PGY3HOH COCTABJISIFOLICH
OTPAMKCHHA R, B JHCPrCTHUCCKHC NOTCPH B YCJIOBHAX DOJBLILOrO KOJMHECTBA HACTHIL B
(pakcne, pacceuBaroiHx JIW, JAHHBIC O MOTCPAN MOIYT ObiTb YTOUHCHBI B CTOPOHY
DOMBLIKMX SHAYCHHH,

JUis OUCHKH BKNQZA NYHKH B JHCPICTHHCCKHH OAnaHC mpu BO3ACHCTBHMH Ha
AL6T onpeacnitanch KOMUPHUHCHTBI OTPAKCHHA XOJOAHOH NYHKH IMPH NOBTOPHOM
001VHCHMK CC HJIYMCHHCM MAIOH HHTCHCHBHOCTH. Bricoxkiic 3HaueHHs KO3(DHULHCHTOB
OTPWKCHHA XOAOAHBIX JIYHOK YKA3BIBAKOT Ha OTHOCHTCNBLHO CRAOYHO CBH3b HCXOIHOIO
COCTOMHAS [TOBCPXHOCTH MCTAJLIOB C JIHCPICTHYCCKHMH MOTCPAMH B JYHKC. OaHako
HCXOANOC COCTOHHHEC MOBEPXHOCTH CYUICCTBCHHO BITHACT Ha MOBCACHHC R, R,, n R B
XO4C BO3ACHCTBHA. OCODCHHO HA HAYWANBLHOH CTAQHK H TPH HU3KKX q JIA.

ITonyuCHHBIC pC3VABTITH O COrNACOBAHHBIX Hi3MeHeHssax R, n R, 8
COBOKYIHOCTH C JAHHBIMM 1[I0 paccesHmo JIM  10CTaToOMHO TNONHO OTOOpaXAoT
JHHAMHKY DA3PYLICHHS MHUICHH, NOCTYIUICHHC KOMACHCHPOBAHHOH (aibl B (aKCh,
PAIRUTHC DKPAHHPOBKH TNOBCPXHOCTH W B3AMMOCBA3L YKABAHHBIX TPOUCCCOB B XOIC
J3CPHONO BOBACHCTBHS.
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DETERMINATION OF 1ON - BROADENING PARAMETER FOR
C1505.2n0m AND Arl1419.8 nm LINES

D. NIKOLIC, $. DJUROVIC, 7. MUATOVIC, R. KOBILAROV and N. KONJIEVIC
Institute of Physics. trg Dositeja Obradovica 4, 21000 Novi Sad, Yugoslavia
‘Institute of Physics, P.O. Box 68, 11080 Belgrade, Yugoslavia

I. INTRODUCTION

Neutral atom spectral lines broadened by plasmas are asymmetric and often described
by j, . (x) function (Griem, 1974): )

/,\_R(X)
T

! T W’f(_ﬂ) --df3 (N
o bix- AL p2y?

where A is ion-broadening paramceler which is measure ol the asymmeltry of the profile (1).
Duc to great difficulties in measurements of A, usually measured Stark broadening parameters
are Stark widths and shifis. For complete investigation of Stark broadencd ncutral alom lines
by plasmas. experimental values ol all three parameters are needed.

Very olten argon is used as working gas in various plasma discharpges lor various
applications, so argon lines can be used for diagnostics of such plasmas. Knowing all three
Stark broadening parameters is. in these cases, of great importance. In this paper we present
measured vatue of ion-broadening paramclters for Ar 14198 nm and C 1 505.2 nm cmitted
from wall-stabilized arc. tixperimental procedures are described in (Djurovi€ et al., 1977,
Nikoli¢, 1998).

2. DETERMINATION OF T10ON-BROADENING PARAMETER A

Deconvolution procedure described in (Nikolic, 1998; Nikoli€ et al., 1999) was applicd
on experimental profiles. One of the values returned by this procedure are values ol ion-
broadening paramcicr A . Carclul check (Nikoli€ ¢t al., 1999) of this procedure was
performed by applying it on numcrically synthesized plasma broadened profile (1) with
known Stark parameters. Returned values agreed with entered values of A within 1%, From
this act we can conclude that the main source of error in experimental determination ol A s
scatiering of the points in recorded spectral line profiles. This crror was estimated 1o be
hetween 4% and 13%, from higher to lower clectron densities.  Tixperimental profiles, in the
casc ol argon line, were recorded for the clectron density interval ranged  from

16 K]

0.74-10"" cm
10800 K . Duc to weak temperature dependence of A in such narrow interval (Griem. 1974),

o 29-10" em ® and for plasma temperature range Irom 9200K  to

il is reasonable lo suppose that A is not changing with temperature inside ol crror linnts.
Theory (Griem, 1974) gives values A, that are changing with the plasma electron density N

(33
like:

a4 gl

Ay = Ay -Ng' 10 (Ng in em™) (2)

where Ay is theorctical value ol A Tor N 10" e¢m * and for specificd temperature (in this

case 10000 K ). One can notice rom equation (2) that A is changing lincarly with NCI/'1 .
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This is shown, as an example, in Figure 1. which represents measured values o' A as [unclion

~ / . N . - ~ . . .
ol N(,1' * for argon Ar 1419.83 nm. Such kind ol dependence was also Tound lor investigated
carbon C 1 305.2 nm spectral line. Deconvolution procedure is based on {itting the paramcters
ol theoretical proltle o the experimental one. In this case, the theoretical profile is the
convolution ol j, () (B (1) Tunction and Gaussian profile due to Doppler and

instrumenta) broadening. Details of this procedure could be found in (Nikolid. 1998: Nikolid
ctal., 1999). Solid lines in Figs. 2 and 3 present fitted profiles. 1t could be seen that obtained
lunction deseribes experimental profile satisfactorily. Certain disagreements exists at the parts
ot the line wings of the experimental profile.

3. RESULTS

One of the fited paramclers in above mentioned procedure s the on-broadening
parameter A, Bstimated vatues ol A for CLH305.2 nim at two cleetron densitics and for Ar |
419.83 nm at tvelve electron densities are given in Table |, together with the theorctical
vidues A (Griem, 1974) and other experimental results Ay, (Jones and Wicse, 1981).
Ciraphically these results are. in the case of C1505.2 nm line, presented in Fig. 4. As it can be
seen results obtained in this work arce higher than other experimental and theorctical results.
The error of parameter A determination is estimated to be about 15 % (Nikolic ¢t al., 1999),
I'he error s mainly caused by the scattering of the measured points of experimental profiles.

T T T T T T hd T T
01+ Ar | 419.83 nm a
017 4

-
0.10 |- N
A =0.0971(6)10 ¢~y

0.08 |-
0.06 N [ N L 1 N L " 1 a

0.8 0.9 1.0 1.1 1.2 13 14 15
v = N¥ 7 [10% cm- %]

. . L 1A ; .
Figure 1. Measured values of /4 as a function N U or Ar1A1983 nm linc,

Table 1. Mcasured and theoretical values for paramcter A.

T N NM A Ag A
/K] A10Y A m M This work

97000200 202 3.85(9) 0.091(14) 0.07724 0.094(14)

QTN 22 3.85(W)) 0.116(18) - -
. 10000(300) 2.8(3) A01(9) 0.142(02) 0.08185 0.100(15)

W‘ 7’”m ©10000300) T8 4.11(9) 0.158(2:1) .

A D000(300) 2 803) A119) 0.160(24) -

L000 256 4 ; 0.07617 0.097(15)"
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Table 1. continued

T Nc N\”" A A(; AJW
/K] S0 m ] 1 m M This work
10760(2153) 2.9(7) 4.13}};) 0.124(7) 0.09784
10750(215) 2.82(23) 4. 10(8) 0.1237) 0.09721 -
10700(21:4) 27002 1.05(8) 0.122(9) 0.09621
1OSS(21 1) 2.46(°0) 3.96(8) Q.121(8) 0.0914241 -
HOAD0(208) 205010 3.83(8) 0.118(9) 0.09136
Acl : HY250(205) 1.90(17) 3.71(7) 0.114¢9) 0.982
4198 am - 10030(200) 1.60(14) 3.56(7) 0.112(9) 0.08540
© O 9900¢200) 1.40(13) 3.A47) 0.11(1) 0.08282 -
Q720(194) 12000 35U 0.104(9) 0.07996
95 20(280) 0.98(9) 3159 0.10(1) 0.07630
DA00(280) 0.83(8) 3.02(9) 0.0(1H) 0.07337
9Q280(280) 0200 2.93(9) 0.092(11) 0.07116

*Values were obtaimed at 7711600 K|

Ar1420.067 um
012

010

0.08

Speciral .nlensity /iarb J)

(006 CAr 419,832 nm
004
0.02

000 173

' : . .

4195 4136 419/ 4198 419.9 420.0 420.1 420.2 420.3 4204 4205
Wavelength / [nm)

Figure 2. An example ol experimental and litted profiles tor various positions along arc radius.,

CISA5217 Plasma conditions:

0.8 N, 2.83) 107 [n?]
- 7, 1003100 (K]
?, 0.6 Vitted value:
= A 0.482022)

.i.
404
g
g
c 02
o
‘d
I _/./ -
i gzeEes N -

RV s = ——
S05.0 5052 5054 505.6
Wavelength A /{nn]

Figure 3. An example of experimental and fitted profiles for C 15052 nm line.

131



NIKOLIC D.. DJUROVIC S., MIJATOVIC Z., KOBILAROV R., KONJEVIC N,

020[— T T T )
C 1505217 om
0.18% ]
L O This work A = - 0.7(2)+0.20(5)"y
0161 o Jones and Wiese, 1984 i 4
[ o Grem, 1974
0.14 :
A - i
0.12
050k : } )
0.08%- Loherennmnmnmn et Ho e [ PO
over Ay = 0.013)+0.017(7)"y -
1
0.04—— L L | N . . N ‘

38 39 4.0 4.1 42
y= N 108 me]

Figure 4. Obtained values of a parameter A vs. N for carbon line

Disagreement between results obtained in this work and results obtained by (Griem,
1974) and (Joncs and Wicse. 1984) is significant (outside crror limits). ‘The reason for this
could be found in different methods used for the determination of A, In the future work, both
mcthods should be applied to the same experimental profiles and in this way o make
comparison between them.
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ON MODELING OFF THL SPECTRAL LINE SHAPE OF HEAVY
NEUTRAL NON - HYDROGEN EMITTERS

D, NEKOLIC, S, DJIUROVIC, 7. MBATOVIC, R KOBILAROV and N. KONJI:VIC

Iustitute of Physics, trg Dositeja Obradovicu 4, 21000 Novi Sad, Yugoslavia
nstitute of Phyvsics, P.O. Box 68, 11080 Belgrade. Yugostavia

In accordance with plasma line broadening theory, the shapes of isolated spectral hines off
the heavy newtral ciitters. in plasnis of medium and high densitics are predomimuately the result
of collisions with the plasmi clectrons, These clectron impacts cause a symmetrie profile ol
Lorentzian shape. Griem et al. (1962) developed a semi-ck

alb theory for the shapes of non-
hydrogen lines emitted from plasmas and broadened by the local clectric fickds of both clectrons
as well as tons, This thery gives well known assymetrical j . (x) prolile.

The effects on spectral fine shupe due o collistons ol clectrons with the radiating atoms
were treated by an impact approximation, while inlluences of local clectric lelds generied by
the plasima ons were assigned 1o asymmelries near the center of isolated spectral lines. Such
asymmetrics can be caused by the microficld-induced quadratic Stark shifts of the energy levels
of the radiating atoms. Under usually encountered experimental conditions, where ion motion can
be neglected tor heavy clement lnes, local electrie field due to plasma ions is treated by a quasi-
static approximation. Appearance ol asymineltry in spectral line profite provides the possibility
for experimental separation of the quast stane ion broademng contribution from the electron
impact broadening,

This paper deals with the convenience of using the nonlinear regression with the purpose

10 evaluate the Stark paramicters direetly from the experimental profiles ol isoluted or overlapped
spectrat lines ol neatral wioms emitted from wall stabilized clectric arc.
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SPHERICAL STRATA IN GLOW DISCHARGE

B.M. OBRADOVIC', M.R. GEMI§IC2, LP. DOJCINOVIC',
M.M. KURAICA', J. PURIC"? and N. KONJEVIC'

IFacquy of Physics, University of Belgrade, P. O. Box 368, 11001 Belgrade

2Cenrerfor science and development of technology, 11001 Belgrade
E-mail:obrat@rudjer.ffbg.ac.yu

ABSTRACT. We present the results of the study of spherical stratifications in three-dimensional
glow discharge. Strata radii dependence upon discharge pressure and current are determined. The
magnitude of the radius of stratum upon its number is measured. The radial distribution of voltage
between an electrical probe and the grounded cathode is also studied.

INTRODUCTION

The striations are appearance of alternating bright and dark regions in the positive column
of a glow discharge. This phenomenon may be observed in atomic and molecular gases at
pressures from | to 10" Pa. The striation may be static or moving with velocities up to 10°
cm/s. The main processes that define the characteristics of striations are ionization by
electron impact and ambipolar diffusion (Hexocnacoe 1968, Ilekapex 1968). In this paper
we present characteristics of spherical stratifications in a three-dimensional glow discharge.
After Nerushev et al. 1998. these stratifications we named strata.

2. EXPERIMENTAL

Experimental setup is shown in Fig. 1. A spherical vacuum chamber (100 cm diameter) is
made of nonmagnetic steel. The chamber was evacuated to 10 Pa and then filled with
different gases. All measurements are performed in the range of pressures 1 — 20 Pa. The
chamber is grounded and in this glow discharge served as cathode. An anode made of
copper (2.5 mm in diameter) is placed radialy, and is isolated by a glass tube, so that its
nonisoleted part (1cm in length) was in the center of the discharge chamber. To run the
discharge a 0 — 2 kV and 0 - 100 mA current stabilized power supply was used. A ballast
resistor of 20 kQ was placed in series with the discharge and power supply. A window
made of Plexiglas and located in the middle of the discharge vessel is used for
photographing with a CCD camera.
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@)

J

Fig. |. Experimental setup.

3. RESULTS AND DISCUSSION

Spherical concentric strata were observed in various gases: air, pure Ny, mixture
N, and H, when the central electrode is the anode. The strata were not observed in pure H,
and Ar. The photograph of typical strata was shown in Fig. 2. If the central electrode is
cathode the strata were not observed. The addition of some poliatomic gases as acetone and
ethanol increase the number of strata.

nd
e 2 stratum
o T
]
[
. st
T 1" stratum
e
i 1 1 1 = ] I
6 8 10 12 14 16
PPa)
Fig. 2. Photograph of the strata in the air- Fig. 3. Strata radti as a function of
acetone mixture. P=5Pa. I =12 mA. pressure. I =20 mA.
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Fig. 4. a) Strata radii vs. current, b) V-A characteristic of glow discharge.
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Fig. 5. Radial distribution of voltage between an electrical probe and the grounded cathode.
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The radii of the strata depend upon the pressure, gas species and current trough the
discharge. The radius of stratum as a function of the pressure is presented in Fig. 3. Where
is shown that radii of the strata decrease as the pressure increase.

Figures 4a and b show the dependence of the strata radii as a function of the
current and voltage-current characteristic, respectively. The stratum radius increases with
the current to curtain value and then decreases, see Fig. 4a. If the current is smaller or
greater then those at the graph, number of strata changes.

25

10

R (cm)

Fig.6. Strata radii vs. its number

With an electrical probe, voltage between the discharge plasma and the grounded
cathode is measured, see Fig. 5.
In order to test theoretical model functional dependence of the stratum radius versus
stratum number is required (Nerushev et al. 1998). The result of these measurements is
shown at Fig. 6.

The best fit of the dependence R(n), see Fig. 6. is a linear function R, = an + b.
In (Nerushev et al. 1998) R, is exponential function of n, R,=R,exp(Pn), where R, is the
radius of the first stratum. The difference in these two dependencies is probably caused by
different shape of the discharge chamber, which was in the case of Nerushev cylindrical.
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AnHoTauHs. TeopeTHueckH U 3KCIEPHMEHTANIBHO HCCAENOBAHR KPHTEPHH YCTOHIUBO-
CTH H ONHOPONHOCTH ILTa3MBl [a30BOTO pa3pAna, BO30YxaaeMol OJHOBPEMEHHO NOCTO-
AHHBLIM H BY TokaMHu; Noka3aHa BO3MOXHOCTE HOJYYEHHS CTAUMOHBPHBIX ONHOPOMHBIX
paspsanos B 6onbmnx o6beMax rasza npu pone BY suneprosxnana ao 30%.

BBeaeHHe. [I14 peleHns LEAOro pAfa MPaKTHIECKH BAXKHRIX 3af1ad, B TOM YHCJIE — LA
co30aHUs ra3oBmiX nasepoB Gonsmo# MowHocTH (Paitsep u mp., 1995; Hall, Hill, 1987),
Tpebyerca obecriednTs OAHOPOJHOE BO3GYXKIEHHE NOCTATOMHO GoMLmIMX 0OBEMOB rasa.
H3BecTHO, onHako, 4T0 B pa3page nocrosnHoro toka (PITT) BenwdnHa BiIaguiBaeMoi B
pa3psal MOLIHOCTH M AOCTWXHMMbIA 06beM B030yxaaemMoro ras’a OrpaHMYeHb CyLIECTBOBa-
HHEM TUIA3MEHHRIX HEYCTOWYHBOCTEH, OCHOBHBIMH M3 KOTOPHIX ABJIAIOTCA HOHH3ALMOHHO-
rneperpeBHas HeyCTONYHBOCTD, MPWIHTIaHHe/ OTMITIAHHE IEKTPOHOB, CTYNEHYaTas HOHH3a-
uMs M MaxcBesu3auma anektpoHos (Paitzep, 1987; Benuxos, Kosanes, Paxmmos, 1987).
[Ipy 3TOM CKOPOCTb MOHH3ALHH HEJHHEHHO 3aBHCHT OT KOHUEHTPAUHH 3JIEKTPOHOB A,, HE-
PaBHOMEPHO DACNpeneNeHHOR no 06beMy, 4TO MPHBOAMT K NABHHOOGDA3HBIM JIOKGILHRIM
M3MEHEHHAM 7, M IWIHYpPOBAHMIO pa3pAza. B 3ToM OTHOMEHHM BHICOKOYACTOTHMIH paspsan
(BYP) obnamaer paaoM CYLIECTBEHHLIX MPEUMYLIECTB — 3X€Ch CHIDKAETCA pONb GONBIIMH-
CTBA IUIa3MEHHWIX HEYCTONYHBOCTE!, YTO No3BONAET BO36y»aaTh GonsuiHe obbeMsl rasa 6e3
ctpatudukaund paspana. OOHAKO MIA NMPAKTHYECKOrO HCIOJL3OBAHHMA TAKOH paspsan He-
CKOJIBKO CJIOXHee M3-3a npobsieM ¢ noporosu3Ho#t BU reHepaTopoB H HX COIJIACOBAHMEM C
Harpy3koH. [IpeacTaBiseT HHTEPEC TEOPETHUECKH H IKCIEPHMEHTAILHO HCCIIENOBATh BO3-
MOXHOCTH KOMOHHHPOBAHHOTO BO3GYXAEHHA pa3pAna H ONpeAeHTs MHHUMAIBHYIO 100
BY MOIIHOCTH, ROCTaTOYHYIO [UIf cTabHiIH3aLMK paspsaja B 601bpmux obbeMax rasa.

IkcnepuMeHT. HaMH BLMONHeHa cepHA
H3MEPEHHHA YCTORUHUBOCTH H ONHOPOOHOCTH
CTallMOHAPHOIO pa3pana [MPH OJHOBPEMEH- 5 i
HOM HaNIOXEHHH nocTosHHoro u BY noneit 2. == -~ /12
Ha pa3paAHbI IPOMEKYTOK, CXEMATHYECKH 3 ~ )
nokasaHHu# Ha Puc.l. PaipaaHas kioBera, [ |//1
NOMEILEHHAA B HE MOKa3aHHBIA Ha pHCYHKe L
3anonHAeMelf ra3oM repMeTHYHBIR 06beM,
6buta 06pa3oBaHa ABYMS DPACHOJIOKEHHBIMH
Ha paccTOAHHH 77 MM ApYr OT ApYyra IU1acTH- Pruc. 1. Cxema pa3paaHoi KioBeThl
HaMK 1 ¥ 2 pasmepoM 80 x 100 mm, paszneneH-

HBIMH NIATYHHBIMH TPYOKaMH 3 H MpoknankaMu u3 Tedurona.

B MonexynapHeix razax craluHoHapHu# Tieiomu# PIIT B Takol KioBeTe 3aXKHTaNCA
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TOJILKO NPH MakIX AaBneHHsX (00w4HO ~ MeHee 7 Topp) H MMeJ BHI Y3KOTO CBETAIIErocs
cronba, nokasaHHoro Ha Puc. 2a. [lo Mepe NoBeImeHMA HABICHMA HIA YBEJIHYCHHA TOKA
pa3paia ero ceteHue BHATAIE TUIABHO, & 3ATEM PE3KO, NMPAKTHIECKH JaBHHOOGPa3KHO cy)xa-
JIOCh — MOPOMUCXOIM/IO KOHTPArHpOBaHHME
cronfa ¢ nepexoioM K TyroBOMY pa3-
pamy. Ilpu OGonpmux naBneHUAX rasa
(cBuime 35 Topp) craumonaphmift PITT
BOOOLIE HE 3AKHIWICH, MPH AOCTATOYHO
BhICOKOM HAITPDKEHMH [HTAHHA MPOHC-
XONWIH NHIIb TNEPHOIHYECKHE MpoboH
PaspAIHOTO IIPOMEXYTKA.

IIpu HaNOXEHHH NOTIOIHHTENBHOTO
BY nonsa craumoHapHefl paspsan yaasa-
JI0Ch 3@Ke4b [PH IHOORIX JaBIEHHAX rasa
BILUIOTE RO 75 Topp, NMpudeM OH JAocTa-
TOYHO PaBHOMEPHO 3aIOMHAT Bech 06beM
pazpanHoro npomexyrtka (Puc. 26). Hec-
CNeA0BAHHA [OKA3a/IH, YTO MPaKTHYECKH
TIPH BCEX M3Y4aBUIHXCA TOKaX, JaBJIEHHAX
H cocraBaXx CMecH TakoH KoMOHWHHpO-
BaHHbIH paspaz 6bi1 BeCbMa OHOPOLEH H
‘crabunen. IIpoBeleHHbIE CNIEKTPOCKOMNH-
YeCKHE MCCIIEAOBAHMA MOKA3ANH, 4TO Ma-
paMETPhl IUTA3MbI TAKOTO Pa3paa BIIOJIHE
MPHIOAHBI UIA CO3AaHHA HHBEPCHOH Ha-
CEJICHHOCTH H [OJTy4EHHA Na3epPHOH reHe-
palMH B padIMYHMX [a3ax ¥ ra3oBhIX
cMmecsax (Opnos, 1997). [Ipu ToM xapak-
TEPHO, YTO HCNONB30BaHHE KOMGHHHPO-
BAHHOr0 BO30YXIEHHA MO3IBOJHIO MOYTH
B 1,5 pa3’a noBbICHTb NpelenbHbIH JHEP-
rOBKJIad B MNasMy 6e3 yXynWeHUs 0aHOpo- ®
IOHOCTH pa3psa. Puc. 2. GoTorpadui HHTEHCHEHOCTH pajpaus,

OmHHM H3 CYIIECTBEHHBIX BOMPOCOB NMPH CHATHIC Yepe3 Mpo3payuHniil anexrpoa npu PIIT

TAaKHX M3MEpEeHHAX ObUIO onpeneneHe MHHH- () K IpH XOMGHHHPOBAHHOM BO36YXMACHHH (6)
MansHolt nony BY snepruu, 1ocTaTo4HON WA
NOUIEPKAHHA CTAUHOHAPHOrO paspana B Takolt cHcTeme. [Toka3aHO, YTO 3Ta KOJA CYLUECT-
BEHHO 3aBHCHT OT JaBNEHHA H COCTABa raia, OHAKO JAXe A1 JOCTATOYHO 6ONMLITHX XaBsie-
Hu# (nopsaka 50 Topp) oHa He npeBwwana 35 % OT B&IHYHHE NOJIHOH IHEPIHH, BKIAMIEI-
BaeMoit B pa3ps. Koraa e 3Ta 0011 ¢TAHOBHIACh MEHbIIC, BHAYANE MPOHCXOMHIO ILTABHOE
CyxeHHe 06IacTH OQHOPOLHOIO pa3pa/a, a 33TeM — ero kaTacTpodHyeckas CTpaTHGHKAIHA.

Bruto o6HapyxeHO elle OIHO MPAKTHISCKH BAXKHOE OOCTONTENLCTBO — OKA3AJIOCh, HTO
€CJIM MOCJIe 3KMTAHHA CTAllHOHAPDHOro KOMOHHHPOBAHHOIO pa3pila NpPEKPaTHTb Mojady
BY 3Hepru, B TeueHue MOBOJBHO 3HAYHTEILHBIX MPOMEXYTKOB BPEMCHH (OT MC O He-
CKOJIbKHX CeKYHH) paspaf NpOJODKaN ropeTs 6e3 CymecTBEHHWX M3IMEHEHHH mapaMerpos
I1a3Mbl U KOHTPArHpOBAHHA. DTO OTKPWBAET HHTEPECHHE BOSMOXHOCTH BEChbMa 3KOHOMHY-
HOTO MOJNIEPXAaHHA CTAUHOHAPHOIO OAHOPOAHOIO paspsaia B GoNbmux obbeMax rasa myrTem
MCIIONB30BAHHA HapAy ¢ HCTOYHHKOM NOCTOSHHOIO TOKa reHepaTopa xoporxnx HMITy/ILCOB
BY HanpskeHHA ¢ 4acTOTOMH cienoBaHuA nopsaaxa 100 I'u.
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YCTOHYHBHOCTL U ORHOPOJHOCTh PA3PSIA TP KOMBWHUPOBAHHOM BO3BYXIEHWH

) OG6cyxaenne pesynbTaToB. CorlacHO CyMECTBYIOMEH TEOPHH ILIA3MH Ta30BOIG pas-
pana (Patizep, 1987) HabmonaBlneecs HAMH MOBHIMICHHE YCTOHIHBOCTH H ONHOPOAHOCTH
PIIT B pesysnbTaTe HanoXeHHA HONOJNHHTEABHOro BYU nons cBa3aHo ¢ OCUMLIALMAMH aM-
mwnTy I BY noss ¢ 4acToTol @ B GNESACTBHE YEro ero aMIUIMTYAA AOCTATOTHA MIA HOHA-
3a1IMK ra3a TOJIBKO B TeYEHHE Maoi J0JH NEpHO.R, 38 KOTOPYIO NPAKTHICCKH BCE IpOLEc-
Chl, BeAyIME K IUIa3MEHHBIM HEYCTOHIHBOCTAM, HE YCIIEBAIOT YCTAHOBHTLCA — B PE3YJLTATE
fpH KOMGHHHPOBAHHOM BO30YXICHHH PacCUIAPHETCS MHANA3OH N1apaMETPOB, IPH KOTOPHIX
TU1a3Ma ycToHYHBa H yBEJIHIHBAETCA JOIYCTHMAIH 3HEProBIal.

CornacHo pabote (Eneuxnit, 1977) crabwisHocts mo6oro Tana paspaia MoXer OuITh
OMHUCaHa ¢ MOMOLUBIO WHKpeMenma Kecmaburbsocmu 11a3MBl §2 - BEJIHYHHB, 06paTHO npo-
TIOPUMOHAIEHOA BPEMEHH YCTaHOBJIeHHA HecTaGmibHOCTeR. Kak noxalaHo B pabore (Paii-
3ep, 1987), wia PIIT 31a Benu4nHAa 3aNHCHIBAETCA B BUAE:

y —10? din ol , M
Q=
y P dinN|
roe y = C/C, - noxasaresb annabatel, = @ N§ M, - JNEKTPOHHEA MPOBOIHMOCTD [L1a3MbI,

M- TOABHXHOCTD JJIEKTPOHOB, E- HANIPAXKEHHOCTL NONA, p — IABICHHE rasa,
a quia nepeMenHoro nona E,=£, Cosax npon3BoibHON J9acTOTH

_y-1lEeAIno) , )
== 20 AInN)
roe ( / )
. BHEgvi(Eof/ N ) 3)
lo="p BN[ENyT O E*

BemruuHn RHKpeMenTOB (1) H (2) pasiuqaloTcs JIHIIb 3HAYEHHAMH TPOBOHMOCTH IUIA3ME,
YHCNOBHM KodhduunerToM 1/2 H 3nHadeHHeM 3ddexTHBHON aMmumaTynn BY mond, cnabo
3aBHCKIHM OT 9aCTOTH:
Eo V: . 4

E. 2V @
npH aasneHuAx nopsaaxa 30 Topp a4 60nbWHHCTBA ra30B MPH 9acTOTaX BOIOYMACHHA OT
10° 10 10" My w<< V., T.K. Y4CTOTa CTOIKHOBEHHH V. HMEET MOPAAOK BEJHIHHBI 10" ¢,
HecJioXHO MOKa3aTh, YTO NPH 3TOM paBHas crabunbHocTs PIIT u BUP noctAraercs, koraa
OTHOLIEHHE aMIUTHTYN 000HX noneit paBHO

E Eo : .

= =1+ o282 ®)
OLCHKH OKA3LIBAIOT, YTO aMIuidTyAa BU nons, He MpHBOAAILEIrO K KOHTPAarHpPOBAaHHIO pas-
pana, MoxeT OwThb B 1,15 ~ 1,22 pasa Gonbme, yeM B PIIT, a cnenoBaresmsHo B BUP Moxer

6urTh ROCTHTHYT B 1,4 — 1,5 pas GonbLinit npefenbHuA 3HEproBKIal — 3T0 HEILUIOXO KOppe-
JIAPYET € pe3yNbTaTaMHK HALUHX H3IMEPEHUA.

Jina cydad komMOGHHHPOBaHHOTO BO3OYWUIEHHA, clexys pabore (PaxuMoBa, 1975), oue-
HHM MHHHMaNIbHYI0 go/mo BY sHepruu W, kotopyio Heo0XOAHMO NOGABHTL K MOCTOSHHOMY
TOKY, YTOOM pa3psjl 0CTaBaICA CTALMOHAPHLIM, & HX CyMMapHas 3Heprua O He NPHBOIHIIA K
crpaTHHKaUMH paspsga. ns ciydas, korza BY none ¢ n0CTaTOYHO BHICOKOH WACTOTOH
NEPNCHAXKY/ISPHO HANPABIEHHIO NOCTOAHHOIO MOJIA, B MPEANOJIOKEHHH, 9TO CCYCHUA YII-
PYTHX H HEYNPYTHX COYNapeHHHR JIEKTPOHOB C 98CTHLIAMM a3a NMPAKTHYECKH He 3aBHCAT OT
MX JHEPTHH, MOXKHO 3aMTHCATh CJELYIOWEe BhlpaxkeHHe:
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~ 12 xfw

i _(1+6l) (T7I/) lnx/zw é Pt 7. /2 ©)

Q ¢ 11+ s2Cosathix BT ) =14 ] _
HecnoxHo nokasars, 94T0 NpH (UKCHPOBAHHOM () 3TO BHIPOKCHHE HMEET MHHHMYM, KOria
KBaJpaT OTHOIWIEHHA aMILTHTYH NOCToAHHOro u BY noneit (&%) 6msok k Y, T.e. pa3pan oc-
TaeTcs cTabHNIbHBLIM Jaxe Korna aMruinTyaa BY nons ve npeswuiaer 1/3 or E. 310 Takke
HaXOMHTCA B HEILTOXOM COOTBETCTBHH C PE3Y/bTATAMH HAamHX H3MepeHuH. [IpH xoynHeap-
HOM HarpaB/ieHHH none#t nons BY nona noswkHa 66T nodTH B 1,5 pasa Gonkiue.

Tlpocrefinne OUEHKH NOATBEPXNAIOT NMPEATIONOKEHHE O TOM, YTO KOMOHHHPOBAH-
HBIf pa3psal, B KOTOPOM JUIA NOAAEPXKaHHA YCTONYMBOCTH H OAHOPOMHOCTH HCIONB3YIOTCA
KOPOTKHE MMNYAbLChl ¢ 60ABLWOH CKBAXHOCTBIO, MOXKET OnITh Goiee cTabiuleH, 9eM IIpH Ha-
JI0XKEHHH gonoaHuTensHoro BY nons. JleACTBHTENLHO, B Cliydae, KOTAa NEpHoA KoneGauuf
B 100 pa3s MpeBHILACT LIHTEAbHOCTb HMITYJILCA, HHKPEMEHT HECTAOHIIBHOCTA (2) MOXET B 5
pa3 npeBnllaTh HHKpeMeHT HecTabuwipHoCTH PIIT (1), mpHueM MHHMMaNbLHAS N0 HMITYTb-
CHOM MODIHOCTH B 3TOM CJTydae He npeBnimacT 20 % OT noaHo# MOIIHOCTH 6€3 yXyaineHHs
YCTORUHBOCTH pa3psiaa.

3axovenne. TakiM 06pa3oM, MpOBEAeHHbIE H3MEPEHHA H OLIEHKH MOKA3AIH, YTO HC-
Nonb30BaHKe KOMOHHHPOBAHHOIO BO3OYXIEHHA (KOTa K pa3pAIHOMY NMPOMEXYTKY Hapsmy
¢ MOCTOSHHBIM, MOABOAKTCA AOMOJHMTENBHO BY WM HMITyNbCHOE HANPSHKEHHE) NO3BOJLAET
ofecnevnTh MONAEPXaHHE H rOpeHHe OJHOPOAHOIO CTALMOHAPHOMO paspAna B Gonbliux
o6bemax raza. OnHOR U3 HaufoNee 3HAYHTENLHRIX 06J1aCTeH MPAKTHIECKOTO HCIOAB3OBAHHA
TaKOro pa3pAna ABJAETCA CO3JaHHE MOINHBIX [a30pa3spAOHBIX a3epOB; OKA3aHHAR BO3MOX-
HOCTh HE TOJBKO yBenHYeHHs paboyero ofbeMa rasa, HO M CYIIECTBEHHOIO BO3pacTaHHA
YAeNbHOTO 3HEProBKIaa MDY COXPaHEHHH TPeGyeMRIX MapaMerTpoB IUIa3Mhl M BO3IMOXHO-
CTH paboTaTh py 60/1ee BLICOKMX NABJIEHHAX ra3a OTKPHIBAET HOBHE MEPCIIEKTHBR I CO3-
AaHHUA JIa3epoB BHICOKOH MOLIHOCTH, HampuMep Buicoko3ddexTusHpx CO, naszepoB ¢ Molu-
HOCTBIO reHepaliu cebimie 100 kBT B HEMpepRIBHOM peXHMe.
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DETERMINATION OF THE BALMER H; LINE
ASYMMETRY PARAMETER

I.SAVIC, S. DJUROVIC, B. VUJICIC and R. KOBILAROV

Iustitute of Phvsics. Try Dositeja Obradovica 4, 21000 Novi Sud. Yugoslavia

1. INTRODUCTION

In this paper arc presented measurements of the Hy line asymmetry parameter. it is well
known that Hy spectral line profite emitted from plasmas is asymmetric and red shifted
(Wiese ¢t al.. 1972). Theoretical calculations of hydrogen line protiles (Kepple and Griem.
1968: Vidal et al. 1973) give symmetrical and unshifted profiles. However. many experiments
have shown that lly line has asymmetrical profile, especially in the intensity difference
between blu“g and red peaks (Helbig and Nick. 1981: Mijatovic et al. 1987: Ilalenka 1988).
The asymmetry results from inhomogeneities of the ion produced electric field and from non-
negligible second order alterations arising {rom the homogeneous term of the ionic field
(Halenka et al.. 1989).

Ilere we present experimental results of the Hy asymmetry parameter defined as:

o el =)
[1g]+ 1]

The results are compared with theoretical ones (Demura and Sholin, 1973). Theoretical
caleulations developed by Demura and Sholin, (1973). give asymmetrical hydrogen line

profiles.

2. EXPERIMENT

The plasma source was a small magnetically driven shock tube of T-shape with a reflector.
The T-tube was energized by using a 4 pF capacitor bank. The capacitor bank was charged up
to 20 kV. The discharge circuit was critically damped. The filling gas was hydrogen at a

pressure ol° 300 Pa. Spectroscopic  observation of the plasma were made by Im
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monochromator. The point of observation was 4 mm in front of the reflector. The
photomultiplicr signals were recorded by an oscilloscope equipped with a 35 mm camera. The
Hp profiles was scanned at close intervals by using successive discharges over the wavelength
range £ 30 nm from the line center.

- 2 -3 .
31073 %102 m™ were determined

The electron densities in range from 2.3 x 10% m
from Hy halfwidth (Griem. 1974). Electron temperature in range from 19400 K to 34000 K

were determined [rom line-to-continuum intensity ratios of the Hpg line (Griem. 1964).

3. RESULTS AND DISCUSSION

In this paper we measured asymmetry parameters of the Balmer Hy spectral line profiles and
compared them with theoretical ones calculated by Demura and Sholin. (1974). Theoretical
calculations developed by Demura and Sholin [8], give asymmetrical hydrogen line profiles.
The illustration ol the asymmelry parameter measurements is shown in Fig. 1. The asymmetry

parameter A s measured at different AA positions which also shown in Fig. 1.

[

may

A
[P - Wavelength —»

Figure | lllustration of the asymmetry parameter measurements
The results of measured and calculated (Demura and Sholin, 1974) parameter A are shown in

Fig. 2a - £ The line center is positioned at central point on the intensity half maximum.

Obtained experimental results are in agreement with our previous results (Djurovic, 1996).
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Figure 2 Measured and calculated | 8] asymmetry parameter

Both. experimental and  theoretical  values of parameter A, change the sign.

Fxperimental results show good agreement with theoretical ones (Demura and Sholin. 1974)

for lower clectron densitics and temperatures. For higher electron densities and temperatures.

experimental values are considerably higher. General conclusion is that more theoretical and

experimental work are needed to obtain better agreement. The better agreement of the

experimental and theoretical protile of the Hy line 1s necessary for using this theory (Demura

and Sholin. 1974) for diagnostics purposes.
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ARC INSTALLATION FOR SPECTROSCOPIC STUDY AND
PRODUCTION OF LOW-DIMENSIONAL CARBON STRUCTURES
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Institute of Molecular and Atomic Physics,
National Acadeny of Sciences of Belarus
F.Scaryna Av. 70, 220072 Minsk, Belarus, E-mail: [phpp@imaph.bas-net.by

Abstract. The experimental installation CAF-2000, intended for spectroscopic
study of carbon arc at lowered pressure as well as for production of fow-
dimensional carbon structures (fullerenes, nanotubes etc.) is described.

1. INTRODUCTION

At the present time the interest to low-dimensional carbon structures in
many respects is determined by a possibility of existence of the closed structure
ot carbon atoms obtained by Kroto et al. (1985) at study of supersonic carbon
cluster flows.

The great amount of scientific groups over the world is engaged now in
study of applications and properties of fullerenes. However, the fullerene
materials may find wide practical applications only in the long term.
Substantially this is conicerned with poor knowledge of fullerene properties and
mechanisms of their formation due to limited opportunities of the experimenters
to apply modern research techniques to the carbon arc at lowered pressure.

The most productive way of fullerene production is grounded on a
thermal destruction of graphite in an electric arc at lowered pressure of buffer
gas proposed by Kratschmer et al. (1990). The products of anode destruction are
condensed on water-cooled walls of plasma reactor as fullerene-conta ning soot
as well as dense deposit on a cathode surface. Further fullerene extraction is
performed by dilution of the soot in a non-polar solvent, for example in toluene,
and docs not represent difficulties for usual chemical laboratory.

The most complicate step in fullerene production is the fullerene-
containing soot synthesis. Only a few corporations in the world have available
high-performance electrodischarge installations. These corporations dea! with
only commercial problems, and in conditions of relatively poor modern
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fullerene consumer market are not interested in study of physical processes in
the arc reactor.

The further advance in study of mechanisins of low-dimensional carbon
structure formation in electric arcs may be reached when handy compact
installation providing noncontact optical and spectroscopic methods to study the
processes n plasma as well as yielding carbon materials in quantity sufficient
for study of their physicochemical properties will be available for the
experimenters. An arc discharge module is basis of existing installations for
fullerene production. The module comprises a vacuum chamber, fixed cathode,
translated anode and water-cooled soot condenser. The installation on the basis
of such module providing a possibility of observing of processes in the reactor
with minimum service time is most suitable for carrying out of the investigation.

2. ARC INSTALLATION CAF-2000

Summarizing the experience ol operation of arc devices for fullerene
synthesis described early in the literature, the experimental installation CAF-
2000 was designed and made in IMAPh of NASB. The installation is arranged
with a vacuum gate permitting to depressurize the work chamber during two
seconds that more than twice reduces time of preparatory operations and soot
collection in comparison with the installations used by Afanasiev et al. (1994)
and Shimanovich et al. (1998). A cathode is mounted in a fixed water-cooled
holder placed on the vacuum gate door. An isolated anode unit is placed on a
water-cooled movable manipulator with a vacuum seal and has a possibility of
back-and-forth motion with adjustable speed. The anode holder, discharge
chamber and cathode holder are isolated from each other. The working chamber
15 evacuated by a forevacuum pump with liquid nitrogen trap and provides a
steady discharge at buffer gas pressures of 1-500 torr. There is a possibility of
the chamber operation both in vertical and horizontal positions.

The current supply of installation can be yielded from different power
supplies. including standard welding supplies of direct/aiternating current
(current range i1s 20-300 A, idle voltage is 40-500 V). The electrical insulation
of cathode and anode from the working chamber permits to utilize power
supplies with a voltage up to 2 kV. The installation construction allows
application of discharge initiation both by a contact of graphite electrodes and
by a high-voltage impulse.

The working chamber is fitted with a pair of opposite located quartz
windows 38 mm in diameter for optical and spectroscopic observation of
physicochemical processes in the arc plasma.

The installation CAF-2000 may be applied for carrying out of
investigations on plasma physics, solid state physics, material technologies etc.
both in research laboratories and in universities.
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c

The arc installation CAF-2000 (general view a, discharge chamber under
operation b and discharge chamber with opened vacuum gate door ¢).

When using the installation CAF-2000 only for fullerene soot synthesis
one can reach productivity up to 20 grams of fullerenes per an eight-hour shift.

The features of CAF-2000.

dimensions, cm 60x70x135
weight without a power supply, kg 75
volume of work chamber, / 15
working pressure, forr 1-500
working voltage, V 20-2000
discharge current, 4 20-300
length of anode consumption, nim 150
feed rate of the anode, mm/min 3-50
soot mass for a duty cycle, g

6 mm clectrode 3

12 mm electrode 12
duty cycle in standard a mode, min 25
time of preparation of installation to operation, min 30
soot production for an eight-hour shift, g > 20
content of fullerene in the soot, % > 10
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STRUCTURE OF THE CARBON ARC AT LOWERED PRESSURE

V.D. SHIMANOVICH, I.P. SMYAGLIKOV, A.l. ZOLOTOVSKY,
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National Academy of Sciences of Belarus
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Abstract. The arc discharge between graphite electrodes (/ = 60120 A, U =
20-40 V., L= 1+6 mm. P = |+500 torr) was found to exist in two modes,
distinguished by time-spatial structure: in stationary mode with axisymmetric
current-conducting channel and in non-stationary mode with two spiral channels
originating from an anode spot and revolving on lateral surface of cylindrical
electrodes with frequency of 10-20 kHz.

1. INTRODUCTION

When studying the processes ol fullerene synthesis in carbon arcs
Shimanovich et al. (1998) disclosed that the arc at lowered pressures of buffer
pas operates in two modes. In the first mode the arc is stationary and
axisymmetric. In the second mode the arc is non-stationary plasmoid with quasi-
periodic pulsation of brightness. The arc transition into the non-stationary mode
is accompanied by arc voltage drop of 4+6 V as well as by considerable rising
of plasmoid brightness. The brightness pulsation correspond to voltage pulsation
with amplitude of 0.5+2 V. The mode transition occurs spontaneously every
0.5+5 ms and does not depend on external discharge parameters. Ratio between
duration of these modes as well as structure and pulsation frequency of non-
stationary stage of the discharge depends on pressure, kind of gas and arc
current. At helium pressure near 100 torr the arc operates in stationary and non-
stationary modes approximately equal time. When pressure is lower than a few
torr only non-stationary mode of the arc exists. Shimanovich ct al. (1998)
advanced the hypothesis that formation of the non-stationary arc mode takes
place due to development of overheating instability in the arc plasma.

The present work ts aimed to study the structure of arc in non-stationary
mode under wide range of the discharge parameters by means of methods of
high-speed imaging.
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2. EXPERIMENT

An arc is struck in helium, argon, krypton or nitrogen at lowered
pressures (1+500 torr) between graphite electrodes 6 mm in diameter. The
electrodes are enclosed in a stainless steel vacuum chamber fitted with quartz
windows and the cathode, anode and walls of the chamber are water-cooled.
The arc is powered by a constant current supply with ripple factor less
than ().05.

Study of the arc was carried out with the help of high-speed camera
operating in modes of frame-by-frame photography and continuous scanning of
different arc sections with time resolution down to 107 s.

3. RESULTS AND DISCUSSION

The sequence of frames of the arc obtained at filming frequency of
50 f/s is given in Fig. 1. The filming exposure time of 10°s eliminates a
possibility of contortion of the arc images due to the instability disclosed by
Shimanovich et al. (1998). [t is clear from the figure that arc channel is curved
and the channel position permanently displaces. Besides, there are no any
longitudinal displacements of luminous volumes in the discharge gap.

Fig. 1. A fragment of filming the arc (/=80 A, P =10 torr).

The analysis of the arc snaps (Fig. 1) as well as longitudinal and
transversal continuous scans (see Fig.2) has shown, that the arc under
considered requirements has two spiral channels revolving on lateral surface of
cylindrical electrodes. Unequal brightness of the channels on longitudinal scan
apparently results from brightness extinction of the channel, remote from an
observer, due to absorption and scattering of its radiation by a central zone of
arc.

Mode! of such revolving arc is shown in Fig. 2. The continuous scans
(Fig. 2, ¢ and d) corresponding to the model and obtained by a computer
simulation are in good agreement with thc experimental continuous scans
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(Fig. 2, ¢ and b) obtained for the arc at / = 80 A, L. = 5 mm and Py = 2 torr.
Therefore the suggestcd model may be used for description of behavior of
revolving carbon arcs under considered requirements.

Experimental scans Simulated scans

Model of carbon arc

1

Fig. 2. Model of arc between graphite electrodes at lowered
pressure and continuous scans of longitudinal (a and ¢) and
transversal (b and ) scctions of the arc.

Instability of the arc in question is caused by a competition of physical
processes under entering of carbon vapour and particles from the anode into the
arc and removing them from the discharge zone. At small content of carbon
atoms and crystallites in plasma of arc with distributed anode attachment, the
overheating instability develops duc to inefficient heat transfer from the arc
plasma. At certain parameters the stationary arc discharge transforms into non-
stationary one with formation of electrode spots and contracted current-
conducting channels. Under the influence of magnetic field the contracted
channels are blown on lateral surface of cylindrical electrodes and revolve
around the axis of electrodes.

To improve stability the spinning spiral channel splits in two symmetric
ones originating from an anode spot. The formation of two current-conducting
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channels for a plasmoid stability improvement was observed earlier by
Azharonok et al. (1986).

[ncrease of anode erosion as a result of the spot formation leads to rising
of carbon partial pressure and carbon particle density in the discharge gap thus
promoting the rise of heat transfer from the arc plasma due to radiant and
convective thermoconductivity. As a result the overheating instability is dumped
and non-stationary arc transforms into the stationary mode. The increase of
electron emission due to heated carbon particles reduces the current density near
anode and also promotes the suppression of overheating instability. The arc
mode transition repeats periodically during all time of the arc discharge
existence.

The observed dependence of carbon arc structure on buffer gas pressure
is a circumstantial conlirmation of this explanation. At pressure lower a [ew torr
the only revolving double channel spiral arc exists that specifies the heat
transfer from plasma to be inefficient for inhibition of overheating instability.
Decrease of radiant and convective thermoconductivity with lowering of gas
pressure conforms to general conceptions about transport processes in gases and
plasmas.

The conditions of alternate existence of arc in stationary symmetric or
revolving spiral modes are most favorable for fullerene synthesis. Study of this
accordance may be a rather successful direction of investigation of fullerene
formation mechanisms in carbon arcs.

This work was carried out under support of the Fund of fundamental
investigations of Belarus. The authors wish to thank G.A.Duzhev for many
helpful discussions.
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STARK WIDTHS IN THE C II 3s S - 3p ?P° TRANSITION
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P.0.B.368, 11000 Belgrade, Serbia, Yugoslavia
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1. INTRODUCTION

Carbon is one of the most present element in the various cosmic emitters. Beside,as
impurities is, also, present in laboratorical light sources. So, spectral lines of singly
ionized carbon (C II) can be taken for plasma diagnostics purpose. Thus, the necessity
of knowledge of Stark widths of C II lines was imposed. Namely, on the basis of
Stark width values it is possible to obtain the other basic plasma parameters e.g.
electron temperature (T) and electron density (N) important in the modeling of the
stellar atmospheres and, also, in the calculations the cinetics of the thermo-ionization,
chemo-recombination , etc.... processes in various plasmas.

FFive experiments (Hughes & El-Farra 1983; Djenize et al. 1988; Perez et al. 1991,
Sarandaev & Salakhov 1995; Blagojevi¢ et al. 1999) deal with the Stark FWHM (full-
width at half intensity maximum, W) investigations of the 3s2S — 3p2P° transition
in the electron temperature range between 17 000 K and 32 000 K. Existing theo-
retical W values, calculated on the basis of the semiclassical (SC) (Griem 1974) and
modified semiempirical (SEM) (Dimitrijevi¢ & Konjevi¢ 1980; Blagojevié et al. 1999)
approaches mutual differ up to 70% in the mentioned electron temperature interval.

The aim of this work is contribution to the knowledge of the Stark FWHM values
at about 19 000 k electron temperature who the experimental W values obtained by
Blagojevi¢ et al. (1999) and Sarandaev & Salakhov lie between theoretical SC and
SEM values.

We have measured Stark FWHM values of the 637.803 nm and 658.285 nm C II
spectral lines that belong to the 3s - 3p transition at 19 000 K electron temperature
and 1.66 10%° electron density. Qur W data have been compared to the SC, SEM
theoretical and INS estimated Stark width values.

2. EXPERIMENT

The modified version of the linear low pressure pulsed arc ( Djenize et al 1998) has
been used as a plasma source. A pulsed discharge was driven in a quartz discharge
tube of 5 mm i.d. and has an effective plasma length of 6.3 cm. The tube has end-
on quartz windows. On the opposite sides of the carbon electrodes the glass tube
was expanded in order to reduce sputtering of the electrode material onto the quartz
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windows. The working gas was CO; at 130 Pa filling pressure in flowing regime.
Spectroscopic observation of isolated spectral lines were made end-on along the axis
of the discharge tube. A capacitor of 14uF was charged up to 2.8 kV. The line profiles
were recorded by a step-by-step technique using a photomultipler (EM] 9789 QB |
EMI 9659 B) and a grating spectrograph (Zeiss PGS-2, reciprocal linear dispersion
0.73 nm/mm in the first order) system. The spectrograph exit slit (10pm) with the
calibrated photomultiplier was micrometrically traversed along the spectral plane in
small wavelength steps (0.0073 nm). The photomultiplier signal was digitized using
oscilloscope, interfaced to a computer. A sample output, as example, is shown in Fig.1
and Fig.2. These figures show the researched C II lines in the early ionization and
recombination phases of the discharge, respectively.
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Fig.1.Recorded spectrum at 3**us after the beginning of the discharge
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Fig.2. Recorded spectrum at 15" us after the beginning of the discharge

The measured profiles were of the Voigt type due to the convolution of the
Lorentzian Stark and Gaussian profiles caused by Doppler and instrumental broaden-
ing. Van der Waals and resonance broadening were estimated to be smaller by more
than an order of magnitude in comparison to the Stark, Doppler and instrumental

broadening.
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A standard deconvolution procedure (Davies & Vaughan 1963) was used. The Stark
widihs were measured with +12% error at given T and N.

The plasma parameters were determined using standard diagnostics methods. The
electron temperature was determined {rom the Boltzmann-plot of six O II lines
(394.50, 395.44, 407.22, 408.72, 413.28 and 418.55 nm) with a corresponding upper-
level energy interval of 5.2 eV. The necessary atomic data were taken from Wiese et
al. (1966).

For electron density measurement the well-known laser interferometry method has
been used and, alsc, the convenient Stark widths of the mentioned O IT spectral lines.
The obtained value was N = 1.66-10%2* m™3 +7% (in the 15. us after the beginning
of the discharge). The observed electron density decay is presented in Iig.3.
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[ig.3. Electron density decay

3. RESULTS

Our experimental results of the measured Stark FWHM values at 19 000 K electron
temperature and an N = 1.66 - 10?2 m~3 electron density are 0.146 nm on 0.141 nm
for the 657.803 nm and 658.285 nm C II lines, respectively.

4. DISCUSSION

In order to allow easy comparison among measured and calculated Stark width val-
ues, we report in Fig.4 variations of W (FWHM) with the electron temperatures for
a given electron density equal to 10?3 m~3. Theoretical predictions, (dashed lines)
present electron contribution to the Stark width, only. The Stark width values of
the mentioned C II spectral lines was calculated on the basis of the semiclassical ap-
proximation by Griem (1974) (SC) and on the basis of the modified semiempirical
formulae (SEM) (Dimitrijevi¢ & Konjevié). INS denote estimated W values (Djenize
et al. 1988) using the obtained Stark width regularities along the carbon isonuclear
sequence.
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Fig4 Stark FWHM dependence on the electron temperature at an 10?3 m~2 elec-
tron density. Measured values: M, this work; 0, Perez et al. (1991); o, Blagojevié et
al. (1999); + Djenize et al. (1988); O, Hughes & El Farra (1983); x, Sarandaev &
Salakhov (1995). Calculated values: SC, Griem (1974); SEM Blagojevié et al. {1999);
Estimated values: on the basis of the regularities along the carbon isonuclear (INS)
sequence (Djenize 1988). Error bar represents 19% uncertainties. X is the mean wave-

length in the multiplet.

5. CONCLUSION

Our measured W values at 19 000 K electron temperature agree, within experimental
accuracy, with those from Blagojevi¢ et al. (1999) and lie between SC and SEM
theoretical predictions confirmed earlier experimental W data (Hughes & El Farra
1983; Djenize et al. 1988; Sarandaev & Salakhov 1995 and Blagojevic et al. 1999).
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UCCJAENOBAHUE UIJIYUEHHUS JIAZEPHO-3JIEKTPOPA3PAAHOI'O
UCTOUYHUKA TTJIA3ZMBI

A H Yymaxos, A.B.Banawenko, H A bocak,
B.U.Apxunetko, C.M.3rupoBckuit
Huemumym monexyasprott u amomuon gusuxu HayuonaneHol akademuu nayx
berapycu. npocnekm @ .Cxopuner 70, 220072 Munck, Benapyce

AHHOTAUHA. IKCNEPHMEHTANBLHO 0BOCHOBAHO NMPUMEHEHHE I CMIEKTPANLHOTO aHANH-
32 Na3epHO-INEKTPOPA3PAIHOTO HCTOUHHKA NAa3Mbl C KOMOHHMPOBAHHBIM BO30YXKIAEHH-
€M CNEKTPOB MpH Na3ePHOM BO3ACHCTBHH HA MATEPHAILI U HHIKEKLIMH Na3ePHOH NAa3mbl
8 00N1ACTH TNCHOLWENO PA3PANA B reSiiH ATMOCHEPHOr0 NaBIEHHS.

1. BBEIAEHHE

JlazepHas MuazMa HaXOAWT WHPOKOE NPUMEHEHHE B KaYe€CTBE MCTOUHMKA CBETA
ana cnextpanbHoro aHanuza. OCHOBAHHBLII HAa 3TOM METOA MMEET PAA AOCTOMHCTB:
BbICOKYIO NIOKaNbHOCTH 01O0pa Npolbl, YCTPAaHEHHE BNUAHWA TPETbHX KOMIOHEHTOB Ha
pe3y/ibTaThl AHANU3A, MPOCTOTY W MPHMEHHMOCTH METOAA K WIHPOKOMY KNaccCy BELIecTs.
OxnHako mpeaen ofHapy)eHHA AN TAKOTO NPSMOro Na3epHOro CNeKTPalbHOro aHanusa
HaxomuTca Ha ypoBHe 107 %. On MoxeT GbiTb yayuiien g0 107 107 % 3a cuer nepexo-
ga K MOHWAKEHHOMY AABREHHIO, MPOCTPAHCTBEHHO-BPEMEHHOM CEEKLHI H3My'UeHHs
naszeproro dakena W cneuranbHoro Beibopa pexuma naseproro sosneficteus (Cyxos.
1990; Munbko, YUymakos u ap.. 1990; Poszanues u ap., 1993; Kagawa et al.. 1998).
Donee paamkanbHeif NOAXOA COCTOMT B CO3AaHMM KOMOHMHHMPOBAHHLIX Na3e€pHO-
3NEKTPOPA3PAAHLIX HCTOUHHKOB CBETA LR CNEKTPANbLHOrO aHank3a. B nocneanee spems
AN aHaNu3a PAaaa METanNoB B BOAHLIX PAcTBOPax KX conell HAXOOAT ApHMeHeHHe
CAMOCTOATENbHBIE TNEIOWLME PA3PsLLI ATMOC(HEPHOro NaBNEHUA B NOTOKE refus (Apxu-
neHko n ap., 1994, Apxunenxo 1 ap., 1997). B Hactoswe# pabote uccneaytorTcs Hiny-
HATESILHLIE XAPAKTEPHCTHKH KOMOMHIPOBAHHOCO WCTOUHHKA 171a3Mbl HA OCHOBE THEKO-
LEero paspsia aTMOC()epHOro AaBNEHUA B FeIHK € HHXEKUME! nazepHOM naasmebl.

2. KCNNEPUMEHTAJIbHAS YCTAHOBKA

KoMOHHHpOBaHHBIT j1a3epHO-DNEKTPOPa3pAAHbIT HCTOUHHK NAasMbl Obin €O3-
[aH Ha OCHOBE YCTAHOBKH C CAaMOCTOSTENbHBIM TAEIOWMM pa3paaoM aTMocdepHoro
faBneHua B NOTOKe renua (ApxuneHko w ap., 1994). Tnewown# paspai, 8o3byxnanca B
FEPMETHIHOM KaMepe ¢ KBAPLEBbIMH OKHAMM MEXAY ABYMSA 3/EKTPOAAMU: 3aKpPYTNeH-
HbiM BONb(PPAMOBLIM AHOAOM (AHAMETP — 6 MM, PanHyC 3aKpyrieHHs — 3 MM) W nno-
CKHM KaToAOM, BbIMOMHERHOM K3 Mean (anameTp — 30 MM, Tonwrna 8§ MM). Mexoanek-
TPOAHbIfl NnpomexyTok Obll paBeH 4 MM. Pabouwii ra3 - reauit — npoxoaun yepes pas-

PAOHYIO Kamepy K ¢BOOOAHO BbIMyCKancs B aTMochepy. Pacxon rasa cocTasnsn ~ 2
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J/MWH, KOHUEHTPaUHs npumeceid 8 notoke renus He npessiutana 0.01%. Paszpsa nod-
AEPKHBANCA MOCTOAHHLIM TOKOM ~ A (puc. 1). Bo Bpems ropeHvs paipsfa KaTon
obnyuanca Nd:YAG nasepos B MHOTOMMMYAbCHOM pexiime. Manyuenne nasepa doky-
CHpOBaNOCh Ha NMOBEPX-
HOCTb KaToda C MOMO-
WbO AWH3LL ¢ (DOKyC-
HbIM paccTosiHWem f =
120 mMM. Yrosm mexay
ONTHYECKUMH  OCAMH
Jasepa M MOHOXpOMa-
TOpa COCTaBAsN NpH-
mepHo 40°. Mianyuyenie

N 3 pazpsna perncTpuposa-

Sy NOChL YIPABIAEMLIM OT

3BM  moHOXpoMaTo-

Pic. 1. CXCMQ VCTAKOBRK UlA MONyUYeHHS KOMOHHMPO- pom ¢ T13C-niHeARKoMH u
BAHHOTO pa3psad: | -moHoxpomatop, 2-I13C-nuHedika, 3- M®3Y-170. llpu pabore
DY, 4.9-11H3bl. 5. 7-0KHA palpaaHOH Kamepsl, 6- nasepa B PEKHME CEpHHM

pazpaaHas kamepa, 8-1He-Ne nazep, 10- YAG:Nd-nazep. UMAYALCOD  C  yripaB-

naeMoi 4acToTOH
(OBTOPCHWA (11 4HCAOM) HMIYABCOB H3MYYCHHs AOCTHrancs pexim 3dQderTHBHOrO
IPO3MOHHOTO NAa3Mo00pazoBanus (MuHbko, YyMmakos ¢ ap., 1990), obecneyusaswnii
HHTEHCHBHOE NOCTYNAEHME MATEPHANA KaTONa B MNa3My TNerWero papaia.

3. PE3YJIBTATbHI U OBCYXIEHHUE

Hanyuarenohsie XapaKkTepHCTHKH KOMOHHHPOBAHHOTO Na3epHo-
INEKTPOPAIPAAHOrO HCTOUHHKA NJa3Mbl HCCNENOBAMHCH B PAMTHUHBLIX 06nacTax Theo-
ero paspsna: B 00NacTH KaTOAHOTO cBeveHHs, PapaneeBoM NPOCTPaHCTBE M MONOKII-
TeALHOM cTONdE. B vacTHOCTH, OblNa 3aperucTpHpOBaHa HHTEHCHUBHOCTL CBEYEHHS
cnekTpasbHOl AnHitn e Cu | 324.8 vm (MeuHbI KaToa) B pasnnuHblX YCJIOBUAX. [TpH
YTOM Mnaima Bo30yiKaanach Tpems crnocodamMu TOALKO JTa3epoOM, TOMBKO TS UMM
PAIPSILOM H PA3PALOM COBMECTHO C fla3epon. BhIACHEHO. 4TO yKa3aHHas NUHUS HMeeT
HanGOMbLWYIO HHTEHCIHBHOCTDL B MONOKHTENLHOM CTONDE NPH COBMECTHOM BO3IOVKIASHHK
Na3epoM M TASHOWHM pazpaiomM. Le ITHTeHCHBHOCTL Obuta npumepHo B ~10 pas donbuie.
ieM B caydae BO30YKIEHHS TOJIBKO TheloWwnsM paspagoM. ONHaKO B KaTOAHOH obnacTu
HHTEHCHBHOCTb TO{l JIMHIKM TNpH COBMECTHOM BO3DYKACHHKM Obila TOALKO B 2 pa3a
donswe (puc. 2), a B obnacti Papaneesa NpoCTpaHCTBa Obifla HUKE Npedena perueTpa-
aui. Paspan octapancs yCTofiuiBbiM Npu pabolre nasepa ¢ Y4CTOTOH NMOBTOPEHHR 10 6
.

HMcenenosanacs takke 3aBHCHMOCTL MHTEHCHBHOCTH CBEUEHHS KOMOUHIPOBaH-
Horo uctounuka (8 muHuu Cu [ 3247 HM) OT MIOTHOCTH MOWHOCTH Aa3epHOro
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winvaerus (JTM). MurtencusrocTs minud Cu [ 324,7 HM PErHCTPUPOBANACL C MOMOULLIO
OOY-170 u  undposoro
ocunnorpada C9-27,

" » NOAKMOUEHHOTO K IBM.
8 a [TnoTHoCTL MOWHOCTH JIH
° s WIMEHARACh Kanubposan-
:

:I.,: HbIMH  CBETOPHALTPAMMU.

Yo . Pe3ynbTaTh nokKa3anm,

T . Basp 4TO ONTHMAJLHA NNOT-

’: - _.- HOCTb MOIUHOCTH ﬂa3e|)_

PRI IC IR LSO SO HOTO HM3NYYEHHS  HAXO-
ONvAa BN i

anTes B amanaszoue 5x107
<q< 8x107 Br/em®.
Hunamnka Bpe-

Pre. 2. HurencnsnocTs cscuentis asnnn Cu 1 324.8 nv s
KaToaHOt 06:1aCTH LIPH PasHbIN CnocoBax BO3OYKALHHS

MEHHOTO  BbICBEYHMBAHHA
CHEKTPOB NMpH KOMOHHMPOBAHHOM BO3OYXAGHHH HCCAEA0BANACL MYTEM CHHXPOHHOH
PETHCTPALIMH UHTEHCUBHOCTH CEPUH NA3EPHBIX UMIYJALCOB H CNEKTPanbHOM auHuu Cu |
324 .8 um ¢ nomowbio poroanona GII-10T 11 ®DY-170 cooTBETCTBEHHO, KOTOPbIE ObliAi
MOAKMOUEHBl K ABYXAy4eBoMy uudposomy ocwinaorpady C9-27. HHTEHCHBHOCTL
cederid i Cu b 3247 1M B pekisMe KOMOHHHPOBAHHOTO BO3OYKALHHS fA3ePOM W
TACIOWHM pa3pasom Oblia 3aperucTpuposaHa B 00nacTi kaToaHoro csevenus, Papa-
A€eBa MPOCTPAHCTBA H MOJOKHTENBHOrO cTonba. Haubonbluas HHTEHCHBHOCTL CBEUE-
HHA WccrenyeMol nrHuM Gbina 3aperucTpupoBaHa 8 00N1acTH MOAOKHTENLHOIO CTONOA.
30€Ch MAKCHMYM WHTEHCHBHOCTH CHIEKTPAaNbLHON NMHHH 3ana3aALBaeT no spemer ta 0.5

. MKC OTHOCHTEANbHO
Puc. 3. HHHL\MHKQ BLICBEHHBAHHA AA3CPHOTO MMIYNbLCA M

5 MAKCHMYMA NAa3zepHOro
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