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CITEKTPOCKOIMMYECKHE U3MEPEHUA ITPOCTPAHCTBEHHOI' O
PACTIPEAENEHUA HAMPSDKEHHOCTH BJAEKTPUYECKOIO [10J151 B KATOAHOHW
OBJACTH TUVIAZMEHHOI'O MCTOYHHMKA KMCEJIEBCKOTO.

B.H. APXMITEHKO, C.M. 3TUPOBCKHH, J1.B. CUMOHYMK

HMCTHT YT MOACKY TAPHOI W aToMuok (uosusr HAH Besapyen
tp, @ Croprust 70, Musnck 22072, Belarus, E-mail: simon/dimaph.bas-net.by

1. BBEJIEHUME

CumocTonTe bHbIE TACIOWHE PASPALLI [IPH HOPMANLHOH INIOTHOGTH TOKA CYLUECTBYIOT
NPH HIZKHX H CPEOHMX NABISHHSAX 8 AMANA30HE TOKOR OT COTEH MMKPOAMIIEp A0 OIHOI(
aMTIepa M HOCTATOMHO X0powo wsydens [1, 2] Tlpu armochepHoM AaRAeHIM CTAOMALHOCTY
TAKOrQ Paspsia c4nTa1ach NpodaeMaTHHHOH, TAK KK Majkle POCTPAHCTBEHHbBIE pasMepbl
APHIJIEKTPOAHLIX CHOEB M BBHICOKHE PAAMEHTHI TEMIEpaTyp, KOMLEHTpPALME  “aCTHL,
IBEKTPHUSCKUX  [IOAEH APHBOMAAT K  CYIUECTBEHHOMY OTKJIOHEHHIO COCTOSHMA [1d3Mmbl
PAIPAAOB OT PABHOBECHOIO, PA3BHTHIO DPA3THUHGLX HEYCTOHUMBOCTEH K, Kak pe3yibrar,
NPOHCXOAHT CPuIiB B Ayry. ITOSTOMY CTALHOHAPHBIE TIACIOUINE Pa3paasl MpH aTMochepHOM
JABIEHWM ABNAKOTCH HECAMOCTOSTENbHBIMU RN st X crabunbroro ropenus tpebyercs
BHELHHA WOHIATOP, NPOKATIKA rasa H Ap.

ITnazmednsit neroaruk Kucenescrkoro (ITHK), mccnenopannio KOTOporo nocesuicHa
HACTOSIAS  pudoTy, SIBINCTCS  CAMOCTOATENpHBIM  TNEIOUIMM  Pa3pifioM € HOPMAILHOM
NAQTHOCTHIO TOKa npu  armocthepHom  gasiaenud  [3, 4] TIHK  wmeer crabunsueie
XAPAKTEPHCTHKKH M MOKEYT CIYWKHTL YROOUBIM OOLEKTOM sl uzydeHHs (u3nceckux
IIPOLECCOB  DJSKTPHHMECKHX  DI3pAid0oB B rasax INIpH  aTMOC(epHOM  AaBNCRME, /LIS
CMEKTPOCKOMMUECKHX HCCHEHOBARUH U TeXBOMOrHUecKUX TipuMeHeHud. OH ucrnonesyercs s
Ka4ecTse CHEeKTPATLHOMO HOTOYHMKA JUHEHYATBIM M CRJIOWHLIM cnexkTpoM [S], a Taksie
HCTOMHHKE  BO3OYUICHHA CNEKIPOs B ATOMHON IMHCCHOHHOR CMEKTPOCKONHM IS perucHHs
avapurudeckinx  2agad [6]. Caoxuocre o MHOroofbpasue QH3MMECKMX  NPOLECCOB,
npoHeXosumx B karoxHod obsacta TTMK BcnepcrBHe BHICOKONO HaBAEHWd, W Mankie
Pa3Aepsl OPH3AEKTPOAHBIX CROEB ( ThICAYHbIC ZONH CAHTHMETPA ) 3ATPYLHSIOT NpoBeseHHe
namepenuit. [Io 9ToH NpHYHHE 10 HACTOALIErD BPEMEHH TAK W HE NOAYYEHO NaHHLIX, HA
OCHOBAHHUH KOTOPBIX MOKHO ObL10 Obl CO3HATH LENOCTHYIO KAPTHHY QHIMUECKHX TPOLCCCOB B
UK.

Haubosree BaxHOH o Onpedessioued cywmecrsoBaHue o0oro 3AEKTPHHECKOTO
paspsaa B rase, 8 ToM uydene u [TMK, ssasercs xavoamas obmacts, OCHOBHOW QyHKuHeH
KOTOPOW ABASETCH TEHEPAUMS 3apAKCHHLIX YacTHLl R odecreuexHne TOKOTIEPEHOCA Npw
Ilepexone niasMa-Teepaoc Teao. M3-za MeHbwiell roABUXKHOCTH HOHOB NO CPABHEHHHO ¢
AOABIGKHOCTBIO 1IEKTPOHOR KOHLCHTPALMA NOMOKMTEIbHBIX HOHOB BONU3M KATOLA AOIBKHA
34METHO  NPEBLINATL  KOHUCHTPALUMK) 3nekTpoHos. [loswasrowHics BCAGATTBUE  ITOIO
NOAOIKHTENbHBI OOBEMHDLIA 3aPAA NPHBOAMT K PEIKOMY BO3PACTAHHIO HAMPSKEHHOCTH
IMEKTPUHECKOTO MOAA ¥ NOBEPXHOCTH KkatoAa. Mudopmains o sBenyunne HaupsukeHHOCTH
DASKTPHHECKOTO TMOJIA fIOIBOMAST ONPEAesnTs QYHKUHID pachpefeNeHus 3JeKTPOHOR Mo
aneprissam.  KO3(hMLHERT HOHM3ALAK, NIOTHOCTH wocHTenel 3apsma u ap. Karounoe
naaerue Hanpsoxennst B [IMK panee Sb1:10 3aHKCHPOBAHO C MOMOLLLIO 30HAOBBIX HIMEPEHHIT
7], Ounago 1poCcTpaHCTBEHHOIO PacapeAeneHHs NMOTEHUHANa STH H3MEPEHHs He Hany, TdK
KaK PasMmepb! 20HA8 ObiH CPABHMMEL ¢ pa3MepaMd 00JaCTH KaTOIHOTO NAAEHUS NOTEHUHAA.
CnexrpocKONUYecKHe W3MEPEHMS HANpPAKEHHOCTH JnekTpHueckoro nons s [8-10] no
vinppenuto aruan Hg s xaroxzgolh obnacte [THMK tawoke yxasbisanu Ha HamH4ue CHILHOIO
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noas. OAHAKO, HCXOAR W3 BHAY KOHTYPA nuHHK Hp, Kpbiiibg KOTOPOMR Dby IKCIIOHEH IMATBHO
CMIARAIOUWIHMMK N0 MEPE VIAANEHHS OT LeHTpa, aBTopbl pabor [8-10] npennofnoxanyd, uro
KOHTYD nuHuy GOPMHPYETCA B pe3yabraTe BO3AEHCTBHA HHIKQUACTOTHOrO TYpDYyAeHTHOTO
INEKTPUHECKOTO  MMOAS  TUIA3MBl €O cpemHed  RanpsokeHHocTero  ~ 20 kB/em. B
HeMCTBUTENLHOCTH, HDONAYMEHHBIE B 3TMX padoTax KOHTYPbl ObUIM HHTErPATBHBIMHU N0
TOMUHHE KAaTOJHOrO CBEYCHHS, TaK KaK aneprypa ONTHHECKOH cHeremst Obuta §oasluioid
(>0.2). '

B nacroswmedi craThbe NPEACTaBIEHLl PE3YAHTATh CNEKTPOCKOTIMUECKHX H3MEPEHH
NIPOCTPAHCTBEHHOIO  paclipeaeieHus HANPAKEHHOCTH JNIEKTPHYECKOro 1ond B 00M4cTH
karondoro naaenus noresunana [TMK. Iokasaso kakoe BimsHie Ha 3TO pacnpefencHHe
OKa3bIBAET Temnepatypa Kareaa. JokanpMas BEAMYMHA HATIPAKEHHOCTH MONS B KATORHOR
obmacty [THK usmepanach MeTonamn, OCHOBaHHBIMH HA (UTAPKOBCKOH CMEKTPOCKOMHH
aunnit sogoposa Hy (A = 486.1 um) u ueliTpansnoro renus A = 492.2 um (2p 'Py — 4d 'D) ¢ ee
3ampeuleH ol KoMronenToi (2p Py — 4F ’F). Ha ocHOBanuy ywHpenua WITaproOBCKHX
KOMTIOHEHT AHEHMI BOAOPOJA K IejlMs YCTAHOBAEHO HANHHYHE nepeMeHHOH cocTaBnsrouiei
ICKTPHURCKOIO NS, PaspadoTaHi METOAHKE U3MEPEHHS H M3MEPEHA €€ BENUYHHE

2. IAASMEHHBIA ACTOYHHK KHCEJEBCKOI'O

2.1 BICL‘ITC’[JII.H(.’II.)"II(IJIl:llult roemanvex.

Taeromwui paspsia
BOOYHAANCH B rEPMETHYHON Kamepe 250
C  KBApUEBBIMIL  OKHAMH  MEXAY C _.:*‘""‘
AByMA JAEKTPOAAMM: 3aKpyrneHHbn 2= 200 F +
BONLGPAMOBLIM 8HOAOM (AHAMETD — ; - +
6 MM, PanHyC 3aKpYriesHs — 3MM) H s 150 +
MTOCKHM KATOIOM, BHITIOTHEHHOM H3 % u
mead (amamerp — 30 MM, ToamuHa 8 x r
NM). Mexonextpontsti & 100
npomexyTor  Obia pasen 4 mm (% _
PaGounit raz - reasit - npoxoanna L S50 |
Hepes pPa3PRAHYIO Kamepy H F
¢BOTOAHO BRINYCKAACA B aTMOChEpY. [ J TEE IV R W) RS ST R
Pacxoa rasa cocTaBasn ~ 2 n/muH, 0.1 10 100

KOHUEHTPALIMA IIpHM(‘:CCﬁ B [OTOKE

reanst He rpesbiwana 0.01%. Pazpan Tok paspsaa (A)

Puc. 1. Borwm-amnepnoie xapaxmepucmuxic paspaoa.

MOALEepKHBANCA c MoMOLLLIO N

HCTOUHMKA TOCTORHBOTO TOKA MpH CriaowHas Fxpmmx - oXAwAmesMse ekTpoast, () -
FIKIPOIALL O3 ONJIKACHIA.

Toke | A, BomsT-amnepHan

XapaKTepUCTHKA paspaaa opescrasierdad Ha puc. 1. Oua spnsercs menienHo pacryuied s

ananasode TOKOB OT 50 MA a0 15 A npu oxnaxneHHA nekTponoB. bes oxjaxaenus
SACKTPONIOB CPbIB B JIYI'Y IPOWCXOAKT NPH TOKE B HeCKOabko amuep. Hanpsixenne wa
3AEKTPOAAX NIPH MOPEHHH THEKLIErO paspana HaxoanTes s npeaenax 200 = 280 B.

Brok-cxema MAMEPHTEIbRON 3KCTIEPHMERTANLHOH YCTAHOBKH NPEACTABAEHA Ha pHC. 2.
C MOMONBLIO OCBETUTCABHON CHCTEMbI, COCTOSINEH H3 ABYX aXpOMATHUECKHX OOLEKTHBLOB,
YBENHUEHHOE B 2 pa3a wiobpakeHne paipaga POKYCHPOBANIOCH B NAOCKOCTH BXOAHOM WMEAH
CKAaHHPYIOLLEr® MOHOXPOMAaTOpa Bhicokoro paspewenus MM S00x2 ¢ obparhoil auHeRHOR
aucnepcued 0.5 wm/mv. Tpr muprie pxonHo# M BeXOAHONR Wwened  ~30 MKM 0OIYYa0CH
FAYCCOBCKHA HHCTPYMEHTANLELIE KORTYD ¢ noaymupuHoi 0.02 k.
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MOHOXPOMATOD [IEPECTPAHBALCK 10 CAEKTPY IATOBbIM RBHIATENEM ¢ MUHHMATbLILNM
u3MeHeHneM Jthebl BOMHbLL B ware 0.001 wm. Och paspsafga Haxomnmace B8 OKajlLHOM
IUIOCKOCTH  NepBOTO  OOBEKTHEA
OCBETUTENLHOM CHCTEMBbI, a
BXOAHES  [IeTh  MOHOXPOMaTOpa
Oula mapannennHi  TORepPXHOCTH
karoga.  Mexay — obvextusamu
: , YCTaHABIHBANCH MIEHOYHbIH
nonspusatop.  CeevosoH  moTox
g nepes BXOANOI UEHIN
2 b __J——“r;_ MOHOXPOMATOPA  MOZYNHPOBANCS
==Y MEXAHHUYECKHM  [IPEpPBIBATENEM C
i }_(, 3 yacrotoit  nopanka 1000 To

it Tepemennsrit INEKTPHUECKH

| ! [ caran ¢ (OTO3NEKTPOHHOIQ
S = ‘ yMuokuTens PIAY-79 younusancs
CENEKTHBHBIM  YCHIMTENCM,  a
fIOCTOAHHOE HANPAKEHHE C BHIXOAR
Pue. 2. baor-cxemsa sKcnepuMesmaipnoi yemanuaKi yeumiTens PErHCTPHPOBANOCH
]~ panpHIHAN RAMEDPA 2 ~ 1Nk, 3 - OCBETHTCHLHAA CHCTEMA. ABTOMATU3HPOBAHHO

4 - NOMAPHATOP. 3 — MOXVIATOP. 6 - MOMaxpoMaTop. 7 - ) .
(JOTOYMHOKITCHB, 8 - BLICOKOBOALTHBIH HCTOMHHK NHIaHus, 9 H3MEDHTEIBHO-BLIYUCITUTCLHOH

UCTOKOBSIH TOBTORHTCTL, |0 — COICKTHBHBIR VCHANTCAS. L — CHCTEMOH, BKAIOHAIOUIEH KOMIIIEKC
KAMAK, 12 - 030k SHPABICHHA nepeMewcHuasy, 13 - annaparyper KAMAK H
roMmueorep, (4 - mpuntep. 15 — uctoudHk nuTamas, 16 - FEPCOHATBHBIR KOMIIBKOTED.

MLIOR © reaten. 17~ g AONOTD (A3 ;
QLIGH € reanes. 17 — peryasTop paexeIs rasa Kak yke OTMeHaIoCh BO

BEEOEHHM, pa3Mepbl XapaKTePHbIX
CNVEB B TREHOLWEM pa3psle NP arMoc(epHOM LaBAEHWH 3HAYMTENbLHO MEHbLIE, Yem 8
paspage npu foHkeHHom gaenexud. C Apyrofi cTopoHel, 0O0MACTs OTPHUATENBHOTO
cBeUenHs npencTasisier coboit 7oBoNbHO GONLIWOH CBETAMMNIACA NHCK AHAMETPOM L0 20 MM u
gonee. YTtobbl noOAy4nTh paspelwieHHe 00 [OTIEPEYHBIM CEYEHHMAM KaTOLHOrO CBEYEHMS
NOPsAKA AECATKOB MHUKPOH OCBETHTENLAAA CHCTEMA AO/KHA HMETh OYeHb MAIyIO afnepTypy.
Ho npuw Manoi  anepType MPOMCXOAMT 3IHAYHTENbHOE OcmabileHue perncrpupyeMoro
ceeToBOro noroka. B oxcrepuMmentax Obila MCMONB3OBAHA MPSMOYronbHas anadparMa c
BpCOTON 10 MM 1t wwHpHHOK | MM, KOTOpas YCTaHaBAMBANach mnepel NepBOH NHH3OH
OCBETHTEIBHOMR cHCTeMbl MOHOXpomatopa. [Ipy 3TOM aneprypa OCBETHTEABHON CHCTEMBI
BRONL OCH paspana, coctamya 0.01, a fIpoCTpaHCTBEHHOE pa3pelIeHHe Ha OCH paspsiaa,
M3MEPEHHOE [0 H300paKEHuIO CTAHAAPTHOH Mupel, Obmmo okonc 10 MM, AnepTypa
OCBCTHTEIABHOH CHCTEMB B pajHa’dbLHOM HanpasBleduHd — 0.1 wu Np¥  BBICOTE LN
MOHOXPOMATOPa 2 MM NONepeHoe paspewenue Ou10 nopaaka 1 MM
Jas nonydedus NpoCTPaHCTBEHHBIX PACTPEACACHUHE HHTEHCHBHOCTH HHTErPaibHOTO
CBCTOBOTD M3AYMEHMSN M MATEHCMBHOCTH AWHMIA paspanHas Kamepa YCTaHaBAMRANach Ha
CMEUHANbHO  MITOTOBJEHHYHD NAOLMAAKY, KOTOpas Morja NepeMewiaTscs B - IABYX
fepneHIUKYAAPHEIX ONTHHECKOH OCH HAMPaBAEHHAX C MOMOLILIO MHKPOMETPUYECKHX BHHTOB
H MOBOPAYMBATLCA BOKPYT ABYX ocei. Taxkan CAOKHAT KOHCTPYKUHMA HEOOXOLHME ISl TOMHOH
opHCHTAUMK padouell MOBEPXHOCT KATOAa OTHOCHTENLHO BXOAHOI LUETH MOHOXPOMATODA.
Buosb 0cH paspana nepemerlelHe oCYEeCTBAANOChH ¢ NOMOLUBIO WArOBOrQ ABATATENS (104
ynpﬂB.ﬂCH HneM KOM]’]bK)Tt‘,p‘d C MUHHUMANbHBIM THMHEHHbIM WAaroM [ MxMm,
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2.2. Xapaxmepucmuka ceevenusn [THK.
Buemnwuit npa csevends [TMK npn paspsadom Toke 1| A npeictaBleH Ha pHc. 3.
Oano#l U3 0COBEHHOCTER ero SBIsSeTCs MPOTAKEHHOE OTPHUATENBHOE CBCYEHHE B KATOAHOM
o0yacTH 10 pasMepaM [PEBOCXOJSLLEE
pazMepbi NONEPEYHOro CBEHCHHY
noaoxknTessHore cronba. Orpuuatelsrop
CBEUECHHE MMEET BHA TOHKOTO CBETALIErOC
nHcka auametpoM 20--30 MM M TOIwmMHOK
MeHee | MM ¢ KOAbUEBOH CTPYKTYpOH —
MEPHOHYECKH H3MEHAI0IICHCH
HHTEHCHBHOCTLIO HUJIYUEHMS OT LEHTPR U
paauycy. Janee k anoay mnpocrapacrcl
cpeTAlIMACH cTond auaMerpoM 2-3  mMM.
Mexay 9TEMH  CBeTAUUGIMCS  ofmacTaMy
HaXOAMTCA TEMHOE (hapajicesp
npocTpagcTBo.  KoHeu aHoma  1OKpeIf
SIPKHM CBCTALIMMCA CII0CM.
Ha pHc. 4 HpeACTaBNeHIt
AKCHATILHBIE H NIONEPEUHBIE PACNIPENEIIEHH
HHTCHCHBHOCTE AMHHH TECIHA H BOJOPOIR
B KaTOIHOH obnacTy. Boaopo
(F) - anog, (=) - raron. IPUCYTCTRYET B BHAC MPHMCCH (OKOT
0.01%) B Gannoue ¢ renves,. Kak cneaye
H3 NONEPCUHOro PacnpeacieHns HHTeHeHBHOCTH AnHuE Hel 501.6 kM 8 kaToupsol ofnacr
(Puc. 4, a). HHTCHCHBHOCTbL AMHHM MAKCHM&JIbHA Ha OCH pa3piada W CIAgaer np
VAAJCHUH 071 Hee.

0 1 2™

L

Pue. 3. Buewuis 6uo paspaoa

CONS R S vy =

1 Ol,(:. e. a) Loe b)
. E m 1. :
0 | A H 486,13 na
" / \ He 5016
/ H486.8

0.5 k‘. 05 :\/ ‘32
[] a | !

0.0 ' " 00 S

0o 2 4 6 8 10 90 0.1 0.2 0.3

Pamyc, MM Paccrossue, Mm
Puc. 4. a - [Tonepeunoe (oj u paduansnoe (W) pacnpedeaenus unmencuanocmu awnuu Hel 501.6 naj.
6 ~IIpodoiavivte pacnpedeaenis umMencuUgHOCIET TUKUT 6000POAU U 2eus.

Tax Kax KaTOAHOE CBEMCHME MMEET GIH3KYIO K LHIHHIPHYECKOR CHMMETPHIO. TO 91|
UO3BOJMAQ  HAM A8 NOAYYCHHA JOKAJBHBIX MHTEHCMBHOCTEH JIHHHM  BOJXOpOJa
NPBKATOAHOM IPOCTPAHCTBE HCINOABIOBaTh MpeobpasopaHue Abess. Ha papmansio
pacnpencacHHi (puc. 4, a) MOXHO BbIIC/IHTH jBE ODJACTH, TAE CBCUCHHE OAHOPOAHO:
LIEHTPE OTPHUATEILHOTO CBEUeHUS ( ~ 10 MM B JHaMETPe) H M0 KOJBLY BO3JNC €M0 BHELIHE
rpafrusl ( 0T 5 10 10 MM).

- O s O
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Broxs oca pazpsaa HHTEHCHBHOCTD
UMt reaud (A = 5016 nM) MakcHMaluha
y3KOH {MeHee 100 sem) ofnact Kpusas
PACIIPEIENCHUS  HHTEHCHBHOCTH  JIMHUH
sonopena Ha (A = 486.13 wm) 8 ofimacta
KATONHOIO CBEEHHA [TPHMEPHO B /{BA PA3a
wupe, weM nuian ceans (Puc. 4, 8). [pn

ATOM CO CTOPOHLL KATCML KpHBaR HMECT
OCODLHHOCTE HZIL’}JIK)[_I&XC rey
YMEHBWEHNE HHTEHCHBHOCTH, 4 33TeM

poct. Hadndue 9Toro nposasa cBszaHo co
naunTensHeiM ( 2-3 0 BM)  yulnpesHeM
ROMOPOAHO THHHH

B monoxuremsionm cronbe nunus
Hp cpaBrisTenbho v3kas (pue. 5. a) u ee
NOJYWHPHIA cocTapager mopaaka U.04 um.
Ouauako npy  HAOMOASHHMH 1O UL pPY
KATOHOTO  CEEYEHMS JUHHA  YIIHPASTCSH
{puc. 5, b) ¥ R Ce KPRIMBIX OORRIAOTCR
IUHPC\KHC MUAKCHMYMbI HX CMCLCHUE OT
tertpa uiuH goctiraer O 8 wm. Ha kparo
KETUAHOCO CHCHEHHA YUIHPEHUE HCCKONLKO

i a)
|

b)

/

N

-04 02 00 02 04 06 038
hohg. MM

1.0 i\ .
J‘\ a)
05 i
A
0.0 e —p—t =
-1.5 0.0 1.5
1.0
(T
0.5 .
TN
/ N
00 —=
-1.5 0.0 1.5
1.0 oA )
A “
0.5 f
.
Ny, |
0.0 o B e
-1.5 0.0 1.5
J— 7@ HM
Puc. 5. Koumypw awmae gotopoda H; 6

rozoscumenion cmoate (al. o yepmpe (G} u wa

KHR

Putc. 6. Komnyper imsie eoOopnca Hel 4922w
& HOEONMCHINC 1100 CIOATC (), & yeainpe (6) u oBa

WP KAIMGOHOT 0O 1aCim ().

1 kamaonoi oGaiaemin (¢).

vieHblle (puc. 5, C), HO MAKCHMYMBbI B
KPELTEAX 00Jee BHIPAKEHB!, a LeHIpaIbHas

cocTaBafKOad  ucyezaer sosce.  [Mua
yCTaHoBAGHHA  oDnacTd, B KOTOpOil
nabmoyaercst  yuwmpense  awnnd  Hy,

NPOU3BOANIACE PErHCTPALHS OPOAOILHDNO
PacTIPENEIBHUS HHTCHCHBHOCTH A3NyJeHHs
B KPbUIE IMHHH HA JIMHE BOMHB 4860,8 HM
(puc. 4, 6). Buaxo, w10 HanGOILUIYIO
HHTEHCHBHOCTE KPBIAO AnHne Hyg vmeer b
OPHKATOAHOMH O0nacTH B TOM Ke MecTe,
rAge uMeeTca 0COOEHHOCTE Ha OPOIOILHOM
PACHIPEACNEHIIH HHTCHCHBHOCTH B HeHTe
amnuy - Hp.
pacnpeaenenns HuTeHcUBHoCTH Kpoiaa Hj
pacnoioKen aaxe bauke K KATOMY. HeM
MAKCUMYM  TIPOAOABHONO  PAcHpeaenierns
auaunit aroma Hel 501.6 am,

B ofwactu, rae  npomcxomiT
yuiupenue nuHny Hp, BHIOM3MEnsioTes

Makcumym  1IPOANIBHOTO
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TAKWKEe M KOHTYpbl AnHui reaws. [Ipaena, ywHpedde pasnuyHbiX UHHHH NPOHCXOUAT NO-
paznomy. Jlunus Hel SO16& Hy mpaxriveckH He ywupsiercs. IJo3ToMy ee HOPMHPOBAHHBIE
pacripeaenesus MHTCHCHBROCTH B LUEHTPANbHOH YacTH JMHMH Ha puc. 4 CODTBCTCTBYIOT
PACTIPEACACHHSAM MONHON MHTEHCHBHOCTH JIMHHM. DTy JUIHMIO Mbl HCTIONB3OBANM B
IKCTIEPUMEHTAX I8 HACTPONKY CNEKTPANLHON annaparypbl. B TO ke BpeMA KOHTYPB! APYIHX
antnid, Kak nanpiep, Hel 492 2 i g pazdnbIX 30HaX KAaTOMROH OBNACTH [PEIEPNEsaoT
CYUWECTBEHHbIC HaMeHeHHA. Ha puc. 6 npuseaeHb CHCKTPanbHbie YHacTKi Bosne nHHuy Hel
4922 ninM B TpeX TOUKax paspsaa. Buido, 41o 8 3aBucHMOCTi OT BhiBpasHOi ToukH GOKOBOro
HabA0UeHHS  CMIEKTP CHALHO EBHIAOHIMEHAGTCA! TMORBINETCA 3alpelleHHAR iluHud, 4
PA3PELIEHHAN JIHHMS CMELABTCH,

Cronb CHALHOE HIMEHCHUE KOHTYPOB MHHUIT BODOPOAA W FeAns B KaToaHoi obhacry
YRA3LIBAGT HA HAAMUME CHABHOM 0018, BOZACHCTBYIOMIErO HA  M3AYUYAIOUIME  aTOMb.
Henoap3yem 311 YIWHPEHNA A4 YCTAHOBIEHHS BEAMHHHBI 31010 TIOAS,

3. H3MEPEHHE 3JEKTPHUECKHAX HOJEU C TOMOWbBIO IPOEKTA
HITAPKA.

[OrapkoBckoe yusMpeHde S(MHHA aTOMOB, KOTOPOE BBI3BIBAETCA  CMEIUECHHEM W
PACHIEITIEHHEM IHEPreTHYECKMX YPOBHEH H3AYHAIOWEro ATOMA B 3JIEKTPHUYECKOM NOAE,
WHPOKO HCITOILIVETCH fNg  uecnefosanng o0nacTy  KATOMMOTQ MANEHHR  TOTEHUMANA
PA3IIYHBIX THIOB TICIOUMX Pa3PAAOR NPH HU3KAX Aapietuax. Tak o YLURPEHHIO NuHH}
BOAOPONA H3MEPEeHbl AKCHANbHbIE PACTIpeleNieHus HANPLKEHHOCTH 2NEKTPHHECKOTO flons B
[11]. Ulraprosckasi CEKTPOCKONMA JIHHHA HEATPANBROrNO FEenust M COOTBETCTBYIOLIMX HX
JUNPELIeHHbIX KOMIOHEHT jicnos3osana 8 [12, 13]. PaccMorpusm Teopernueckue 0OCHOBbL
YPHX METOAOB 1 HX Henonsonarne s ycrosusx [THMK.

3.1 dpipexm UEmapra d:u1 6000p0oda 8 ROCMOANIIOM RO E.

YPOBHI JHEPrHi aToMa BOJAOPOId, IIOMEIUEHHOrO BO BHEIMHES [TOCTOAHHOE M
OAHOPOHOR IASKTPHHECKOR NOME, B3AUMONEGITCTBYIOT € 3THM noneM no aurednomy sdoexry
[Ulrapga [14]. Tlone BbI3LIBAET CHMMETPHYHOC PACI(ENNEHUe TEePMOR 1f COOTRETCTHYIOLIEE
PACLUENACHHE  NHHUA, KOTOPOE NPOUOPUHOHATBHO TMPHAOKEHHOMY 0010, Tlpr 9ToM
CRCKTPANbHLIC AHHMH PACIICTLTAKTCH HA PAX LUTAPKOBCKUX KOMIIOHEHT, DacMONOKCHHLIX
CHMMETPHMHO OTHOCHTE/IBHO OJIOKENHA HecMmemmeH ol arHnK, CMelente KOMIIOHEHTE! ¢
HOMEPOM [ 110 HaCTOTE OTHOCUTEILHO LIEHTPA TMHHM DAETCS BBIPAKEHHEM:

Ao Fig,

rae g+ 3eay24 - nocrosmuas spdexra rapka; ay — Oopoeckwit pamuyc, E
HATNPMHKEHHOCTL anekTprueckoro noas. s ammiu H, muaeke i npoderaer neable 3pa4eHus
B unreppane -8 </ <8 ansa munuu Hp — 1esble yeTnbie 3Ha4eHHs B HHTepsane ot -14 </ <
14, nns o Hy — gesbie 3Hakends B gnrepBane -22 < 7 < 22 Coorsercrsyioniune
CMEUIEHHA B JAMHAX BOAH IS 2THX JTHHHH PaBHbL

AZ[run] - 0,00275 0[5 [kB-ear]  ans sinanm H,,
AAfun] - 0.00851 0 K [kBren]  mng nuvan Hy, (1)
A4 [uu] - 0001201 £ [xBremf  ana anunu H,.

Ilo OOIApH3AIMH  H3AYYCHHA LUTAPKOBCKUHEC KOMOOHECHTHLI IEMATCA Ha - W G-
KOMITQOHEHT bl M’}Jl}/“lf:llﬂ@ A - KOMITOHEHT 06}’C.TOBJT€I'10 NEPEXOUaAMH Bes  HiMeHeHHs
MArQATHOIO KBAHTORBOMG 4@CHa (./.\m = O) 0 N0AdpH30BaHO SMACHHO BAOIL Harpasneria
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BHEWHRIO HICKTPHUSCKOTO N0MA H3aydeHHe G - KOMIIOHEHT ODYCNOBACHO MEpExonamu ¢
HIMCUCHUEM MAPHHTHONO KBAHTOBOIO wHCAa Ha exuHHMuy (Am = ]} B HMECT KPYIOBYK
poaspusaliio. Ho B CHAY TOro, 4TO 3JEKTPHHMECKOE MOJAE HE CHIMEET BRIPOKICHHA 110
MATHUTHOMY  KBAHTOBOMY HMCAY, YMCIO KBAHTOB C IPRBO- U JEBO-MCUIIPHIOBANHLIX
OTMHAKOBO, B pesynnTaTe CcysmMapHOE MINYYCHME OKAILIBAETCH  HENOUAPHI0BAHHLIM
Pacrosarad  LQAAPHIATOP NMAPAIAEAbHO Ml MEPIeHANKYISPHO HANPARIEHHIO BICITHErD
ZﬁﬂL‘f\'TPH'[CCE\jO('O IO, MOWHO TIOAYMHUTL KOHTYD, O6p21'$0]3'dl![ll\|“ H3MyHEHHEeM - GO O-
KOMOOHEHT, COUTBCLCTRCHHY. (JTHOCHTCIIBHBIC MHTCHCHBHOCTH 1 H()MCpa - ¥ T-KOMITOHEHT
mrun He, s3aveie uz paborst [ L5], npencrasnesn 8 tabauue:

T ‘ (o]
Hoxmep 1 Ornocurennnas ‘ Haxicp ‘ Ovrnocureassas
KOMITOHCHTBI | HHT L'H.'.NHH-}QI_"_@ EQ.}HI_{.‘HCHI L i HITCHCHBHOCTS

2 | 000538 !_ 2 [ 0043306

6 | 004844 4 | 027273

8 | 022967 | 6 | 017584

10 02188t | 8 | 0.00359

14 0.0006 10 | 000478

CrieKTpasibHO® PACMIOIIOMEHHE H OTHOCHTEIbHBIE HHTEHCHBHOCTH WTAPKORCKHX T-KOMIOHSHT
A5t HAHPSBREHHEOCTH SaeKTpHAeckoro noas E =35 kB/em npencrapaenst ta pue. 7
DopMa  KOHTYPOB HHIIT U3NYUEHMSE [IPM IBYX B3aHMHO [CPMCHIHKYAAPHDI
OOMUOKEHMAX  AUIAPH3ATORA (—,Y}'.'lC'l 3aBdCCTbh  OT  YLUIHDEHMA Kaw /0l M3 LTAPKOBCRUX
KOMMOHEHT. KonTyp oTaeiuHofi  WTapKOBCKOH  KOMIOHEHThl OYAET  ONpeaenitses
ANMapaTHLIM YIIHPEHHEeM B KOMOKHALHH ¢ YHIHPEHHAMH, KOTOpPBIE DYAYT NpeBalHpPYIOLLHMH
B AAHHON JKCNEPUMEHTAMBHON CHTYAUMH LITAPKOBCKUM, AOIIACPOBCKHUM, YILHPEHICHM
HEHTPEnbHBIM 1'a30M B TIRIOLWMX Pa3psaaax pH BHIKMX NABACHIAX B MAILIX KOHUEHTPALUUAR
JAPREHHBIN  4ACIHil, KAK 3T0 caerano 8 [11], NAa3MCeHHLIME  YUIMDCHMSMY  MOMHO
npeneOpess.  Torina KaKaas WTAPKOBCKAS KOMAOHEHTA MoweT OblTh NpeacrasileHd
rayccoBCKoH QyHKNMEH ¢ nomywHphiHoll )
Al = ARy ~ A%,

rae Ak - NOAYOIMPHHA ANMAPATHOND KONTYPa, AAp — HONMNEPOBCKas nonywupuma. B
CNyHae aToMa BoIOPONRA AOTIIEPOBCKAS NONYUIMPHHA pasHa

ol

Adp - 716 xU0 Ay T,

U Ay — MWIMHA BOJHBL B UEHTPE AHMI B HM, T - TCMnEpatypa BO3OYHASIHOIO d1oM
poaopond s “K Tormd KoHTYpul RHEMM AA% T- I C-KOMIOHENT MPH YYETe aniupaTHOro 1
AONAEPORCROTO VILHPEHTHA MOKHO JAMNUCATS B BUAE:

i | Tam,+ af)T
L Seh) =Y Baexpy - T2
i 1

SH(A4) a2
Adg;

{3)
rae E - HanpsKeHHOCTs BHELHEND IAEKTPHHECKOIO MO, fu W Po — OTHOCHTEALHLIE
HITEHCHBHOCTH - H G - KOMIOHCHT ¢ HOMEPOM /7, ¢ — ko3dbuLmenT, 3aBncswmi o1 seibopa
aueun (e (1))
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Henosezyem dopmynnt (3)
ANM MHTEPIIPETALNH  YUIBPEHHs
HITAPKOBCKHX KOMITOHEHT JIHHWY
Hji 8 062CTH KQTOAHOTO NAfleHHs

B 151a3MEHHOM HCTOUHUKE

Kucenesckore.  Ha  puc. 7

fpescrapnersl ) / r\ ’ i

IRCIEPHMEHTAN LH b (- WS SO

KOMOOHEHTBI) W DACCHUTAHHBIF A N X

KOUTYPBLE  AHEWK podopoga  Hg. .\/," B

Tpus pacuere DB _ ! !

HCITO B30 BAHBI CHERYIOUIME e ot : =

napamerpet E = 35 kBfem n T= 15 10  -05 0.0 0.5 1.0 1.5

200 3B. Beanuuna ‘ hmhg, HM

HAMPSIKEHHOCTH  3AEKTPHHECKOTD Puc. 7. Brcrnepuaenmassiniit (CHAOWNOR) W pachempbi

1ot E onpejenserca  OOMLICPOSCKIN {rynrmup) xosmypst viniy Hy

NONOKEHHEM  MAKCHMYMOB B Bepruxaablivle  OTPCIRH - JIOAOKCHHE M OTHOCHTETRHEIC
o ~ HATCHCHBHOCTH MITAPROBCKHX TT-KOMTIGHEHT.

coorsercreny ¢ (1) Yrodnr

HOAYHUTh YVIDUPEHHE KOMIIOHEeHT

no AONMAEPOBCKOMY MEXAHM3MY. B JaHHOM cilyqae Tpebylorcs 3Heprin Bo3OYRICHHBIX
atosmos Boaopoaa ~200 2B, [1pn atmochepHOM BaBJICHHH, KAK HAM Ka’KETCH, TAKHME IHEPIHH
aTOMOB BOAOPOAa ManosepostHel Ipu napamerpax mnasmet ITHK (n, ~ 104 = 10" em”, T,
2000 K). B cootsercTaun ¢ (1), nonneponcxoe yurupense suiun Hy e npespunaer 0.015 1w
[ToaToMy NPHMEM BO BHHMAHWE APYIUE BOIMOMKHDIE MEXAHU3Mb! YUIHPEHHS,

3.2. CnekmpoROAAPHSAUUONAAA  XKEmOOuKa  ORpedeidenus  HANPLICCHILOCRIN
HOCMORKKOT I HUZKONQCHIOMNON  COCMAGIAIOUMUX  HANPANCENHOCTN
YACKMPURECKOZO RO,

HanBonee BEPOATHLIM MEXAHNIMOM TAKOFO CHABHOID YUIMPEHMA JIMHHA B KATOLHOH
oGnactn [TMK  MoOxeT ObiTh IUTAPKOBCKOE VIIHPEHHE TMON  AeHCTBUEM  NEPEMEHHBIX
IMEKTPUHECKUX NOAH HAH B PedYAbLTATE CHALHOrO TpaguenTa noas. B karoawoi obaacru
paipsiad MOKHO BBIJENUTL OBe COCTARMAOMUX BAGKTPHUECKOTO MONAT NOCTOSHHYIO i
nepemennyio. TloctosHras coctaBasiowas, a oHa Oyaer npeodnazarowefl, Bbi3siBaeT
paciuernieHe yposHed u caBur TApKoBCKHX KoMnoHenT. [lepemendas cocraBmuoas
OyseT OTBETCTBEHHA 34 VIUMPEHHE LITAPKOBCKUN KOMNOHEHT, HCTOYHMEKOM DOGTOAHHOHN
aKCHAILHAS COCTABISIWER noas By asnserca kaToadoe magexde noternuana, [lepemertas
KOMIIOHEHTA (1007 MOKeT ObIThb BhISBAMA PAXOM TIPHYMH! [ONE HOHOB, TYPOYNCHTHOCTH
ANa3MbL,  HOHU3ALHOHHAS  HEYCTOMYMBOCTBIO ¢ YHACTHEM  METAacTabMALHBIX  4TOMOB,
GAYKIYaUrK 0SNACTH KaTOAHOTO noTednsana 1 ap. OueHka BEAHYHHbD HANPSHKEHHOCTH 11ONS
Xoabumapka Ly = 2.6/ en® qns o~ 107 oM™ paer amasenne ~ 3.5 kB/em. [Mosyuwmpura
aurmy BoAopona Hp B atux yeaosusx cocrapnsger 0.15 1w [16], 4TO 3HAUKTEABHO OpeBbILIAET
HRCTPYMEHTAILLHOR W JONMIEPOBCKoe yiruperye. ITosToOMy YIIMPEHHE B 0E SOHOB MOKET
OBITH OAHHM U3 OCHOBHBIX, PaccmoTpeTs 3aaa4y o GpopmMe KOHTYPHE NTHHMH Bojoposa Hp npu
OIHOBPEMEHHOM BO3UEHCTBHE NEPEMEHHOrO ¥ MOCTOSHHOMQ 3ACKTPHYCCKIX nomeH

ast yuera ¥X BAWsHMA ObId MCMOIB3OBANA CHEKTPONOAIPHIALHONHAL METOUHKA,
npueeacktas B pubore [17], B KOTOPOH DAccMAaTPUBACTCH BAMAHMC KBAZUCTATHMECKIX
OAHOPONHBIX, AHHIOTPONHBIX JIEKTPUIECKUX TOMEH A WITAPKOBCKUE MPOPHAN BOAOPOAHBIX
nMinui,  Pacrnpeseiente  wM3KOUMACTOTHLIX  IMEKTPHYECKHX NMONei B paspsae  ObLio
(IPEACTABAGHD B BHAE CYMEPTIOIULIIL OJHOMEPHOrO CMIEKTPA LIYMOB ¢ BOJHOBBIM BEKTOPOM
BIOAL OCH Z, HAMPABJIEHHBIM NAPASIICALHO OCH PA3PsANa AHOA-KATOH, M ABYMEPHOrD CReKTpa ¢

10
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BOJHOBLIMIT REKTOpAM{t B IINOCKOCTH, nap;mncnmloﬁ UOBBPXHOCTH KaToNd. OilHLHiU B
oranuie o1 padoTel [17], CoCTABAMIOWAN 3MEKTPUHECKOTO NOAA BAOML OCH Z MOKeT ObiTb
UpeICTARACHA B BUAC CYMEPIO3HLHKM TOCTOXHHOIO HOPOACABHONG nons By w npoaoabHOil
COCTABAKIOTICH HWIKOUACTOTHONO JAEKTPHYECKOro Mons . B peayisrate ams koHTYpow
JAMHHH BOAOPOAR,  O0pAaIDBAHKLIX M- W C-KOMIOHEHTAMH, COOTBCTCTBEHHO, B
KBATHCTATHUCCKOM NPROMUKErHY ObIAN NOTYYEHb! CNEAYHOWHE BBIPAKEHHS!

in 3
o e 5

! N \. 2 2 4
ALEN m T RE Cp
rae
I i
My =2 [deg(z, Re)z? Ny =2 [deg(z, 1300 = 2%),
-] -1
' !
My = [degp(z R)ZP, Ny = [dzg(z. )01 %),
- -1
A . 2 1
prll A D) | Az - |
p(z. Ry Yy =exp = (1 -z )+—(—— g |k
B2 [ AR} 2p\ AR, J
HHHL}\C P = ] 4 COOTBETCTBYCT MOAOWCHMHIQ OCH ﬂOﬂﬂpHSﬁTOpﬂ BIAOIbL BBEIICAEHHOTO

HADPABIEHHA Z M TEPNeHAHKYIAPHO K HEMy, COOTBeTcTBEHHO. Buipaxenue mas o(z,Ty)
= (——
4AHANOMMMHO BHIPAKCHMIO Ans ¢(z Ry) npu 3amene Ry na Ty | & - < II/ + \ L} rae By

i KOMMOWEHTDLI BEKTOPa 1MM3KOYACTOTHOFO DAEKTPHHMECKOIO [I0NA B HAIPABIEHWH OCH Z U
nepreHInKyIApHom K Hemy. Macwrabueii muoxurens A = 0.025 sribpan Takum obpasom,
WTO Hpy nogcTanosike 8 Gopmyny (4) 3GAYEHHS HANPAMEHHOCTH IACKIPHYCCKOIU 0N
Bepyrea B emuHHuax kKB/cM, a AMMHA BONHBI A, OTCHMTBIBAEMAN OT UCHIPA JIHHHU, B

2 X -2
nanomerpax. Tapanerp p =02, e n= \. 1213/<b,'> UHeneHHble 3Ha4eHHa PYrux
/ L

papamerpoe R, By, Ty, O npusegesst s Tabnuue Bhitue,

IToadop TEOPETHUECKHY KOHTYPOR OCYLIECTBIACTCA MO CReayioulel cxeme. Baauage
ana koutTypa lj(2) Obula paccudTaHa 3aBHCHMOCTb I1QJIOKEHHS MAKCHMYMa KpLLia or
HanpHieHHoCT  noctostnnoro  noas Ly Or  apyrux  mapamMerpos  (HanmpaKelHocTn

HHIKOUACTO THOTO NOMA B 1 CTeienis ero anusnTponyy 1)) MoAoKeHHE MaKCHMYMR 3ABHCHT
cnad0 M MY BIMSAME  HE  YHUHTBIBAJIOCH  3ATEM N0  CMELCHHID MAKCHMYMa Kpbila
SKCMIEPHUMEHTLILHOMO KOHTYPa It (X) HeoOXonMMO onpenesuTh BENHIHEY NOCTOARHOIO RONS
FEu Hcenonwsys 310 3wageune E; v asa sxcrnepuMentaisheix woutypa Ij(A) n 1:(R), no

Gopmynam (4) ¢ MOMOUILIO METOAA HAMMEHBLIFX KBAOPATOB MOXKHO HANTH 3HAYeHHs £ un.

3.3, Dpipexm Lmapra ¢ nocmosHunoym none o 2enus

VPOBHH JHEPCHH aTOMA Feaus, TOMEICHHOTO BO BHEWHE? NMOCTONHHOE H OAHOPOIHOE
INEKTPHUECKOE  MOfe, PACIETISEOTCS HA  HECKOMBKO MONYPOBHEH M CMEINATCH, B
3aBHCHMOCTH OT BEAMUHHBI HAMPAKEHHOCTH NPHIOKEHHOTO ANEKTpHUeckoro rons. Kpome
FTOM0 ROA BAWAHMEM BHEILHCTO TIOAS CHUMACTCH 3amperT no OpOHTaAbHOMY KBAHTOBOMY
YUCTY M B CHEKTPE FEMHs NOABJAIOTCH 34lPELUEHHbIC JMHUH, KOTOPBIC HAXOAATCA BOMH3H
ORTHHECK paspetlicHibix fepexo1os. Boine aumiu Hel 4922 um (2p 'Py - 4d 'D)
NOSBARGTCA CAC/IVIOUTNE 3aNpeUletble THHIH (2D 'Pg —4f (F),A {2p 'Po - 4p lP) 1 (2p Py -

11
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45 'S). Mcnonpsys 3aBHCHMOCTL CMELIEHNS MEAY /UIMHON BOAHBI DAIPEILEHHON 1
3AMPEUICHHOM AHHHI OT BENHHYIHB! BHELHERO NOA%, MOXHO ONPEREIHTE €10 BRILHUHHY.

B paboTe [13]
npuBedEHA  paccHUMTaHHan B

- 1.2, r , :
COOTBETCTBHH € KIGCCHYECKOR !
- o i \ 1o Hel 492.2 Hm 7
patoToit hocTepa [18]
. 6,3
3ABHCHMOCTh PACCTOAHUA ool paspewenar 4d'D

ITaPKOBCKUX noayposHell 4d
'D u 4F 'F ot sanpskennocT
JAERTPHHECKOTE noas B
auanazone o1 0 go 20 xB/cm < MR

A2 F
Pacwennenue HIKHEro ( \

4

. HM

A%,

t A4 = ——— m o}
ypoBHs Py Mano u OHO He . T
K 4 - danpeujennan 4f F ]
VURTBIBAIOCh.  BrocnencTsim [

- ALY - 3 .

pacHeTsl [13] Sbin u 26 v Bu e
pacliupetinl A0 3AYEHHH E. «kBicm
nanpskennoctell  nong 100
kB/ea. 3aBHCHMOCTL  Puc. 8. Cvicujentie 3anpeiyermuis it Paspeuionsix KoMIGHEHM
pélCC’TOJ"““"{ MC)KHy AnNuY SCAUR ¢ 3ABUCUMOCINU om HARPAICCHH OO

3ANPELUEHAON 1§ PABPCLUCHHON  JICKMPUUCCKOZ0 ROIR.

KOMMOHEHTaMH  NPeCTaBileHa

Ha prc 8. T K. WITAPKOBCKHE KOMIOHEUTL [1EPEXOLUOB ¢ MAIHUTHEIMH KBAHTOBBIMIT HMCTAMH
m =0 i m = | nNpaKTHYECKH HEPA3PELUAMbI B HALMX IKCMEPHMEHTAX, TO MPH YCTAHOBKE OCH
NOAAPH3ATOPA  MAPANACNBHO  HANPABICHHIO BHELUHNEro IEKTPUHECKOrd Nojs, OyayT
PEruCTPUPOBATECE TOMBKO OJHA DASPEICHHAR i OAHA 3ANPELIEHHBE KOMAOHEeHTEL [lpn s1oM
PACCTOAHME MEXKAY ITUMH KOMMOMeHTaMB DyNer 3HATHTENLHO BOIPACTaTb ¢ YBEAHHEHMEM
HADPSKEHHOCTH 3SKTPHYECKOTO NONA BLILte 5 kB/cM,

4. HPOCTPAHCTBEHHOE PACOPEAEAEHUE HAITPAKEHHOCTH
AJEKTPUHUECKOT O ITOJT B ITHK.

4.1 Pesyavmamst wimepenuii no aunun Hy

[Mpexie, 4eM  cpaBHMBATh  WIMEPEHHbIC KOHTYPRE auuMum  Hy  (pue. 5) ¢
TEOPETHYCCKHMY KOHTYPaMH, ofipenesiseMbiMi GopMynamu (4), cheuyer yvecTh, HTO KaK
BLIN0 noKasaHe swiwe (puc. 4. a), paspdn, B TOM uHCAE M OGMACTL KATOAHOTO NANeHHR,
npeacTasaaet codoll HEoAHOPOAHLIR H3NVYAIOUHIT 00BEKT ¢ LHAHHAPHIECKOT: CriMMeTpHEH 1
perucTpHpyeMbiit cseToBol curHan npy HadawneHHH cOOKy 8BISETCS VIHTCrPAIbHbIM (10
nayqy 3pennA. s monyvenHs  A0KansHBX  3HAMCHHE HHTEHCUBHOCTEH JMHMR n WX
COOTBETCTBYHLIAX KOHTYPOB DBLIC HCTOALIOBAHO AB6EEBCKOE IPCODPAIOBAHHE HIMEPEHHABIX
OOREPEMHLIN  PACHIPEReNeHni.  Anroputm npouecca Onin caeaytowmi. B momepeuHom
HAllp2BAEHH (BA01L (I0BEPXHOCTH KAaro1a) pervcrpupoeaancs 20 xoutypos JnHity Hy rips
ABYX NOAVIKENHAX OCH TOASPHIATOPA: BAOAL OCH PAIPANA 2 ¥ NEPTIEHANKYIAPAO eif. 3aresm n3
MuaccHsa aanHeix 1(AY), rae y — nonepeunas KOOPAWHATA, C 33JaHHBIM [UArOM NO ansHe
BOJIHB) feAaaHCh BuISOpKH [y(y), rae | — HoMep eRIOOPKH, KOTOPBIC ANNPOKCHMHPOBANHCH
dynkaneit L(v)=La(1-(y/r)®)" | tae o - pagmyc KaTOXHOro cBeueHMs Llis onpeneneHis
mapamerpos Ly n n Obln HCTIONLIOBAW MeTOA HaWMeHslmx ksanparos. Mns kawgoro
TIONEPEHHOTO pacHipeaeneHust HHTEHCHBHOCTH (- 1-To# BROOpXH) Obina npumeneHa npouetypa
adenenckoro obpawenus. [locae aroro,. pukcupvs B nosiyderHom raccuse 1(x, r) snagerue
pPaanyca, MOKHO NOAYUNTE NDKANLHbIA DIHANbHS I KOHTYDP Aol Hg.
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Puc. 9. Dienepieenmaibrpie {CRIOWNBIE) I MEOPEMURECKHEe (IUIMPHXOBHIE) KOUMYDb!

qunnn My oas

Al 4 O - seshesenin (D). COOMAUMCIMEEsio.

Beaduuna 0OCTOAHHOTO T0AR E¢ o0penensnach U0 CMELIEHHK) OT UBHTPA AMHUK Hj
MARCHMYMA WTAPKOBCKUX F-KOMMOREHT MpHW UCTIONBEIOBAHMI 3aBHCHUMOCTH (1) JUTS NHHAH
;. 3areM, HCMONE3YA BLIMICHEHHOE 3HAYEHME Ey M ABA IKCTEPUMENRTANLHBIX KOHTYpPa (puc.,
9, cnnotutibie KpHBbie), 10 gopmyaam (4) ¢ NOMOUWBK METOAd HAKMMEHLUINX KBAAPATON

HaXOAHAHCH 3HANCHHA E W1, T € BCAHYUHE HANPANEHHOCTH HU3ZKOYACTOTHOIO ToHg u

CTCAEHD €0 aHH30TPOITHHK, COATECTCTBEHHO

PacueTubic KOHTYPLE MHRK Hy JIME0T NpoBan A0 HyAs B LEeHTpe (pHC. 9, YHKTHPHDIE
KPHBbLIE), JKCMEPHMENTAALHBLIC KE APORANA HE HMEIOT. 3TO MOKHO OOBACHHTD TEM, UTO CBET
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Puc. 1. flpocapancmeesinoe pacnpeoe enie
HURDAIKCHBOCIRN ROCTROAHAGH COCIGGARION et
SUCRIPRESCCRUCG RO 6 KAt Ol obracm.
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CODMpARTCH B ONpENENeHHOM  TeNecHOM
yrae no nydy HabaiogeHus, Tak 410 8 nose
3pENHs MoMazaroT 00MacTd, B KOTOPbIX
HAXOJATCA  RIAYHAKMME  aTOMbLI,  TAS
BEJIAMAAL] ANEKTPUYECKHX NONEH Masibl,
Bennusna  TIOCTOSHHOTO  nois
MEHAETCS no TIPOCTPAHCTRY B
npukatonuol obnacrit (puc. 10). Buano,
yTO  OON€e  JIOKATW30BaHO B VIKOH
npkatoaHoR obaacty no 100 wkm u

BEHRWHMHA ero H3IMEHAECTCHR KdK B
NMPOLOALIHOM TaK 3 paliaisHoM
HANpasileHHH. Cﬂ‘dﬂ noas B pannaidsuomM

H{iﬂpaBﬂCHHH MEHKLIIIE, YEM B r(POHOIleOM
Y TMOBCPXHOCTH KaTOOA HANPIKEHHOCTD
nOAA CMagaeT B PAAMAAbHOM HANPABACH I
KaToaHOTro cBeqeHua ot ~60 kB/em Ha ocu
go  ~20 xkBfcm  Ha  Kkpam  cBedcHMA
Halmonaemetil rpanyeHT HampsOKCHHOCTH

SMEKTPHYECKOTO  MOAS B PAUMANLHOM
HANPABAEHHH, NPOABAAOLIRHCH TIPH
aTMOCQEepHOM HABIACHHI, HE SBNACTCH
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XAPAKTEPHBIM IS KAACCHYECKOrO TAGIOWErO Paspaiad U K TOMy e, Kax OYIET NOKaiaHo
HIKE, CYDIECTBEHHO 3ABHCHT OT TEMITEPATYPHI KATOMA. N
Benuuuna HANPHKERHOCTH MEPEMEHHOH CocTarnAowei nexrpiveckoro noas Lo~
|5 kB/cM  DpakTHYECKH OCTOAHHA HA PAcCTOSHMAX 1o 80 MKM 0T KaTOHQ, & 3aTemM nafgaer.
AHHZOTPONMA  CPEMEHHOR  COCTABASIOINGH TMONS  TAKKE MPaKTMUECKM HeH3IMEHHA ¥
COCTABSIALT BEIHHY OT 3 JO 4, “7T0 FOBOPHT O TOM, HTO MPEHMYLIECTBEHHOE HANPABNEHHE
koaeBaHHi BEXKTOPE NEPEMEHHON COCTABNMIOWER MO HANPABACHO BAOAbL OCH Pa3paza, T.€
IIEPHEHIUKY ASPHO KATOAY U BAOML HATPABAEHHA MOCTOSHHOTO AMEKTPHUECKOID MO

4.2, Pesyavmamu ussepenuit RO LU ceaust.

tla puc. 6 npencraBAaeHs! 3aperucTpHpoBattbie B kKatonxoit obnactu MUK kowryper
3aipelueHHoR n paspewednon miaun Hel 492.2 um. Kak # B cayuae ¢ BOZOPOIOM, HagHuue
HCCMEULEHHOH KOMINOHEHTbI MBI CBA3LIBUCM C HHTCIPANBLHOCTHIO H3NYUEHHS 1pu DOKOBOM
HUORIOAEHMH, TAK YTO B CYMMApHOC H3JydYeHMe JaoT Braal offacTd, B KOTOPBIX
HAMPKERHOCTE MO CAHWIKOM Maia, BHARO TakKe, wTo pacCTOIHHE MEXIY 3AMpPELEHHON 1
pa3speuIcHHOH JMHMAMM  MEHAeTCA OT

~70r oux ‘
s L TOYKH K TOYKE, HTO YKa3biBAaer Ha
O 60 | L PATHYHYIO BEAUYMHY HATIPAKEHHOCTH
el
a4 - @ I/EKTPHIECKOTO nons. Creayer
X 50 + ® OTMETHTD, 4TO Ads ONpEHeTeHHs
£ 3 + o+ CreKTPATLHOTO HHTEepBaNa MENTY
o 40 :_ o ® paspeleHHOn 7 sanpeueniot
% I + & KOMTIOHEHTOT B PErHCTPHPYEMOM
% 30 + . CTIEKTPE  HYXKHO  ObUI0  MCKIIKYMTD
X 20 & 2 HECMELLEHHYIO KOMIOHEHTY. JT0 ObUio
g_ | $ caenano nyrem BbIYHTARMS
£ 10 + SIOPEHLEBCKOTO KOHTYpa
% . COOTBETCTBYIOLIErD HECMELIEHHOH
0 e aveun, Jnd noaydesHws  paguanbHblY

0 2 4 6 8 1() KOHTYPOB JHHMUA Feaus, Kak M And
Paguyc (Mm) KOHTYDOB THHUH Hp. Oblao rpUveneHa
Puc. 11. Paduarsnan sasucuxmocms  uanpsiycer- pouciypa  abE/ICBCKOro  OOpaiLeHi
NOCTU ACKMPHNECKOeO RO, usmepesnan no  AEHHBIX. Ongeneﬂnﬁ PACCTOMHHE MOKTY
st Hy (o) Hel 492.2 st (+). pa3peleHHod M 3anpelEHHON NHHHUAMH
U BOCMOAB30OBABLWINCH AAHHBLIMH pHC. &,
MOKHO  TTONYHHTH  PACMPEACHEHNE  HATIPSOKCHHOCTH  [I03A.  PesymbraTel  M3Mepedud
mpeacrasiensl ga puc. 1. Ha 3TOM JKe pPHCYHKE NPMBEACHBI AAHHbLIE, MONYUEHHbIE C
noMowsbd auu Hg. Buano 970, u3MepeHHble  ABYMA  PasAHHHEIMH  COCOBAMH
pacnpegenerns  HanpKEHHOCTH INEKTPHYECKOND roas B 00NACTH KATOAHOTO MajeHHA
NOTEHIMANAA  I0CTATOMHO  XOPOLIO  COCNACYIOTCS  ADYF € APYroM, “TO NO4TBepKaacT
HANEXHOCTD MOAYHEHHbIX NAHHbIX

5. BAUSTHUE TEMIEPATYPAI KATOJA HA [IPOCTPAHCTBEHHOR
PACIOPE/IENEHHE HAUPSKEHHOCTH YIEKTPUYECKOT O 110151 B
KATOJIHOH OBJACTH.

B riepBeiii MOMCHT TOCTE SaKMAHMS paspsna npu Toke 1 A InaMerp ancka
OTPHLATEILHOTO CBeueHHs cocTapaser 8-9 am. Tocne HeCKONMBKUR MUHYT FOPEHMA pa3paiIa.
KOCAA TeMNEepaTypa KaTOAA MOBBILIAETCH N0 HECKQILKHX COTEH TPAmyCoB, YBENHYHBAKITCS
AHAMETDP  OTPHUATEABHOrD  CBEHeHHA (MOMTH BABOE) W HANPSKEHHE HA  PaspsIHOM
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IPOMEKYTRE (Ha HECKOIBKO AeCHTKOB BObT). [TOCKOIbKY TOK paspsaie Ha NPOTHKEHHHE 3TOrD
BpeMeHn  Obil  HENIMEHeH, & B TOJOKHTEABHOM ¢TON0e 3aMETHbIX W3MeHEeHuH He
HaGAONALTCH, TO. [H0-BHIHMOMY, BCE HIMECHEHIA B OCHOBHAOM CBAIAHSI C KATORHOH 06nacTrio.
Hns yeTavoBaeHus BIMSHMS TEMISPATYPhl KATOAA HA NapaMeTput 00AaCTH KaTOLHOIO
(ajeHus noTeHuMana ObITN MCMNOALIOBAHBL IBa pexXuMa paboTel KATOZE IOpsSyui u
X0A0AHBI. B peskHMe XONOZHOTO KAaToua kaTold WMesn CNENHANbHYI0 KOHCTPYKLMID,
obecnedHBADLIYVEY €10 MHTEHCHBHOE OXJIMKIeHMe TPOTOYH0HA Booil [pu aToMm remmeparypa
karoxa npu Toke } A e npesviwana 100 °C. B cayyae ropagero kaToga TEMriepaTypa Karoa
npu ToM ke Toke Obiaa nopsiaxa 400 °C, Tak KaK TEMNOOTBOX OT MOBEPXHOCTH Gbin
JATPYAHEH 1 OCYUIECTBIANICE TONBKO UEpe3 UEHTPanbHbBIH JepskaTeds katoda.  lakoe
paBHYHE TEMTIEPATYDb KATOAR TIPH OTHOM H TOM KE ToXe | A CYIICCTBEHHO CKa3LIBacTes Ha
OTPALETENLHOM CBEYCHHM, B TO BPEMA KK B NOMOMUTEALHOM CTONGE 3aMETHBIX M3MEHEHHI
ve mabmogaercs B cnydae XONOZHOTO KATOAA AMAMETP OTPHUATENLHOIC  CBEHEHUS
cocTagaaer 7-8 My, MATEHCHBIOCTL CBEYEHHS MO ANCKY OAMHAKOBA, @ erQ rPauHua PeIras
Mpn nossiwenny  Tempepatypsl 10 400 °C nuaMerp OTPHUATENLHOIO CHEYEHUS
voennunpaerca Ao 20 mm. Pacnpescnedue MHTCHCMBHOCTH CTAHOBHTCS HEONHOPOAHBIN
HADTKIQEKOTCS  9EePRUYIOLIMECs TEMHbE H  CBETNBIE  KoibUerble 30Hbl  Kpas aucka
OTPHUATEALHOTO CRCHCHHMS CTAHOBATCS M3PE3AHHBIME U pasMbrThive (puc. 3).
3aBHCHMOCTL PA3MEPOs 00IaCTH OTPHIATCABHOMD CREHEHNA OT TOKA MCCIICI0BANACk B
CHyHae XOJOAHOTO KATOAA, TAK KK B 9TOM CNYYde YAABAIOCH MOAACPHKHBATE OAHARKOBYIO
TOMITEPATYPY [PH PRAUHIHBIX TOKax. B peaymstare OBIIO YCTAHOBAEHO, HTO TUIOWANL MNCKA
OTPHLIATENLHOM) CBEUEHWA YBEITHIMBALTCA NHHENHO ¢ poctoM Toka a0 3A. Ipn pazpansmix
ToKax S0AbIWC 3 A NOCTOSHCTBO TEMICPATYPRE KATOHA B SKCMEPHMEHTE HE 00ECNeanBaIOch 1
[LI0IHALD OTPHLATEALHOIO CBEYEHI HATHHAA PACTH OBICTPEE, 1eM TOK.
Pacnpepenenne noreHuuana B
TIMK Bruone paspagHoro TIPOMEKYTKA.

300 MAAA KaKk  nokazago B [7],  sBaAsercs

@ -ty XapakTepHbIM st KITACCUYECKIX
© TACrOWRX  paspsnos  [2] ocHosHoe
T 200 M nanenwe Hanpmkensa  (180-230  B)
§ [ OPOMCXOONT B KaTomHoH  ofnacth,
x geboiburoe  nagenwe  (50-80  B)
% 100 APUXOAMTCS HA NONMKHRTENBHBIH ¢Toab 1
% aHomuyro  obnacre.  Ilpn  manom
npomexyTre ( < | MM ) HANPMKEHHE Ha

0 ... JNEeKTPoaax, 110-BHIHMOMY,

0 > 4 5 g  COOTBETCTBYCT  KATOZHOMY — MAIEHHUIO
HATIPSUKEHWS, TaK KaK MOBOKHTENLHLIA

) i} PaccTosiHune (Mm) crond u TEMHOE papazeeso

Pue. 12, Jasuwcwvwocms  aarpiacesud  na APOCTPAHCTEO . oM cayuae
SACEIPOONY um QeI D] POIPIACHOLT OTCYTCTBYIOT. Ha puc. 12 fpeacTaBleHa
APONCHCVIIRG Qi capgieo (8) i x01001020 (8) 3apncumMocTs HATIPSOKEH S Ha
faieadng IMEKTPONAX  OT  PACCTOAHHMA  MENRAY

23EKTPONAMH /NS XOAOMHOIO M ropayero
KATOAOB NPH paspsifeHOM Toke B oboux cnywanx 1A, Bugdo, wro 8 ofomx chywasx
YBEIMMEHRE PAIPANHOTO MPOMEKYTKA NPHBOANT K YBENMHEHHIO MOJOKHTEALHOTO cronba u
HeDOALLIOMY POCTY HANpsKeHds Ha anexrposax. OFHAKO, Kak BHAHO Ha puc. [2, B cayuae
rOpPAYEr0 KATOAA MAAEHHE HANPAKEHMA Ha 3EKTROJAax npubiswsuTentHo Ha 80 B Gossiue,
qem Ui Xoaoarore katofa. Cheayer OTMETHTb, YTO OBAACTL OTPHUATENLHOTO CBEMEHHSR
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FPAKTHUHECKH HE H3MEHARTCA NPU U3MEHEHUH PAIPARHOID TIPOMEKYTKE HOYTH A0 AECATHIX
ADACH MINIMMETPA.

HMa pue. 13, a DPHEBEACHD  AKCHAMBHLIC — PAcUpenejeHHs
IMEKTPHHECKOTO NOASR, HIMEPEHHBIE TI0 ITAPKOBCKOMY Yinupennio munun Hy 1as xononHoro
H IOpAHYEro KaToA0B. MaxCuMaaLHas BeMYaHA 11014 B 000MX CAYHAAX Y ITOBEPXHOCTH KATORE
NparTHYECKH DanHakosa ~ 60 kB/ewm ( B npegenax ownbrn msmepennii £2.5 kB/em). Onnako
HANPAKEHHOCTE DREKTPHYECKOTO TNOMS MAARET HA PACCTOSHHM nopszka 100 MHKpOR oOT
ITOBEPXHOCTH ropsivero karoga Hu  Menee uem B0 MHKPOH ANg  XONOAHOTQ KATOXA.
CaenoBaTeasHo, n3-3a GOMBIIEH TONMIMAHDL CAOA KaTOTHOT NMANCHE IOTEHUMANR Y TOPSTEro

HanmpaACHHOCTH

’2\ ¢ E .
E(\; 60 % a) S 60 0_.3.000' 6)
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PaccroaHne oT karoga (Mm) Pagwnyc (Mm)

Puc. 13, Axcicisnoe () 14 Ou@Abitie PACRPSOCILHUNS HANPIRCEHNOCHU SREKMPUHECKO20 NOAA 8
f

kamodnon voaacm FIHK 0as copsero (A) u xo100m020 (8) kamodos.

karoga Oyser Gonbule, HEM Y XONOAHOIO, 4TO M HabmogaeTcs Ha onbire (puc. 12).

CyuiecTseHHOe pasnHyie pachpenciacHuil HANPOKEHHOCTH IEKTPHYECKOr TOAS B
00/13CTH KATOANOrO NAaASHHs NOTEHIKANA ¥ XOJIO0MHOIO M [OPsYero KaToxos Habarozaercs s
panManbHOoM Hanpasaewdw (puc. 13, ©). B wiywae xoaoanoro karoga BeaHudHa
HAPAKEHHOCTH NOTA 8 PATHANBHOM HATIPABICHUM HE U3MEHSAETCS BISIOTHL OO FPANHILL JHCKA
OTPHUATENLHOFO CBEHEHHA, KOTOPAdA, KaK YKA3bIBANOCh BhbIE, HMEET DE3KHE OUepTaHMA.
HanpsxeHHOCTh ke DACKTPHUSCKOrO NOAS Y TOBCPXHOCTH TOPAYero Katona Crnajaer s
paaanLHoOM HaOpasieBHU Ba PACCTOSHUH S MM OT OCH pa3psiia BeIHYMHA TIOJ
YMEHBLIALTCH B [(BA Pa3a, a HA KPAt0 OTPHLATEIbHOIO CBEHEHHS — B 3 pasa,

6. BAKTIOYEHHE

B racrosiwert pafSO‘)'e HCTIONBIOBAHA WTAPKOBCKAA CHEKTPOCKONMA A8 onpeacnacis

(POCTPAHCTBEHHOIC  PACHPEAENEHHA  HAITPSDKEHHOCTH  BJICKTPHYECKOrD Nnoas B 007aCTH
RATOAROTO AOTCHLIHAT] KpaTKO NRHBEACHL  TCOPETHHECKWE  OCHORbLI HGMCPCHHﬁ

HAMPAKEHHOCTH ACKTPHULCKOTO OOAA Mo Aminy popoposa Hy v aunuy Hel 4922 v o
aapK Mg w3mepeno  mpocTpaHcrseHHOe
moig B 00JaCTH KaTOAHOIO aJeHUs

CMEIHEHHI
pacipesenetne

WTAPKOBCKUX KOMTMIOHCHT
HANPANRKEHHOCTH  JIEKTPHHECKOTO

roredumaita  TIMK. Makcrmanbhas BEAHHHHA  HANPKEHHOCTH  3ACKTPHYBCKOTO  DOAS,
M3MEPEHMAs Y  TOBEPXHOCTH  karoxa, cocrasuna 60 (#2.5) xB/cm. Tloxasano, wuro

pacnpeneneHHe HanpsukCHHOCTH NOJIA KaK B aKCHAJILHOM, TaK W B DAUHANBHOM HATIPABACHU

16
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CYLIECTBEHMO 3aBUCHT OT TEMTIRPATYPRI KAaT0a. Peanuzosano msa pesnva paboTsl Katoma
ropauMit 1 X0ionHkiY. B caydae ropsuero xaroua ero Temneparypa cocrasiser 400 °C
Temnepatypa xoa10an0ro karoga He npespiuaga 100 "C. Pasmepns 00nacri katoasoro
ramenys MOTEHIHATA AN rOpAYero KaTodd B akCHAALHOM Harmpasfentdy cocrasistT — 100
MEM. A xoaosmoro - 80 wmwm. CheayeT OTMETHTb, 4TO  pe3vibTaThl  HM3MepeHHil
HANPSKEHHOCTH 3MeKTPHHMEcKoro 1ods no mudnn Hi o no mwmn Hel 492.2 uM nazu xopouio
COOTHEICTEYIOT APYL APYTY.

MMokazaro, 4T yurHpenve HITAPKOBCKHX KOMMNOHEHT B 00NacTH KATOLHOIO NAAeHis
[THK 11eB03MOKHO 0OBACHHTL HCKMOUHTENLHO AOMIIEPOBCKIM YUIMPEHHEM, TAK KAK IS
4TOrG, € OJHOH CTopoHbl, TpedyloTCs 3HAMHTENBHbIE IHEPrUW BOIOYMICHHBIX ATOMOR
sonopoaa ( ooiee 200 3B) Ilo namemy MHEHMIO, TaKWME 3HEPTHI aTOMOB BONOPUIA IPH
armochepHom tanienudy depeasbHbl, C Apyrol CTOPOHs!, HalAJACTCA HEOMHUAKOBOE
VIINPEHNE 3aNPEUIEHHON 1 paspelentod komnonenT aunun Hel 4922 un (puc. 6. b ¢}
paspelieHHas KomnoHedTa Oosee YeM B ABa Paja LWIHPe N0 CPAaBHCHUIO C arnpelyeHsHod B
THCIOLIEM PA3PAAC HU3KOrO nHasaeHus [|1], rae NONMIEPOBCKHI MEXAHHUIM YWHDEHHS
IUTAPKOBCKUX KOMIOHEHT OblI OCHOBHBIM, MOAYLIBPHHEBI 3THX KOMNOHEHT OSHIIAK0OBb. B
CBAR C 313t BBICKA3AHO NPEANONMKEHWE, YTO VHIMPEHHE UWITAPKOBCKMX KOMIIOGHCHT B
karoaHoR  ocsacti TIMK  npoucxoant nox  aeficTevem rmepemeruofl  cocravnnroues
HATPSIKEHHOCTY  3ACKTPHUCCKOTO FONA, AH00 W3-33 CHABLHOTO TPALHEHTA NOTERLHANL.
PaspaboraHa cHEKTpONOAAPHIALMOHHAS METOAUKA IS OTIPEACICHIS BEMHUYHHLL [ICPEMEHHO
cocras.unoweit noax. o usmepentnim konTypam Hp nipu ABYX B3aMMHO NEPREHAMKYISIPHBIX
MOJOKEHUAK (TOAIPHIATOPA ONPEICIEHd BCANYHHA TICPEMEHHON COCTARASIOMWET], KoTOopas
orasagach vopaaka 10 + 15 «Bicw [as BBICHEHHA HCTOMHHKA 3TOMO A0 [E00X0UHMbI
panuHeliuie neenedobanis Beposieil Beero ee HUToOUHHKOM MOXeT Obith HIyKTyHpyouee
[I0M1€ NPOCTPAHCTREHIOND 3apa1d HUHOB V OBEPXHOCTH KaTo/a

PadoTa BBIIONHEHA [PH 4aCi HUHOR (MHAHCOBOH nomiepxke beaopyccrkoro otiza
dyHAAMEHTAIBHBIX HCCAenoBaHM) (npoexT P96-086).
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PAAUAUMOHHBIA NMEPEHOC SHEPTHH B AKCHAJTBHO
CHMMETPUYHOM ILTAIME PAIPH/IOB H CTPYH

E. A Epntos-Tlasnos*, B.E Oxynes, HO. A Cranxeswy, JL. K Cramymu, K.JL Crenancs

Hnceruryt Temo- u maccoodsena HAH Beaapycun 220072 Muuck, ya. I1 Bpoexu 15
*HCTHTYT MOICKY AAPHOH | aToMHOA (u3axd HAH Benapyca
220072 Munck. nip-1 @ .Cropurst 70

Hamyenue Mrassbl 3NEKTPHUSCKMX PA3PAI0B H CTPYH JMEKTPOAYTOBRIX IeHe-
PATOPOB BBLICOKOTO (ATMOCCPHOrO M BBULE) AABACHMS MIPAcT 3HAYHTCIBHYIO (HHOIOA
PCLUAFOILYI0) PORE B MX (JODMMPOBAHMH H B 3HAYHMTEOBHOH MEPE OMPEIEIACT mpoTe-
KAWOMME B HHX OPOLECch. H3jyMeHHe ABIHETCA BAKHABIM (PAKTOPOM YCTAHOBICHHS
IHSPreTHHECKOro GAJaHCA B IL1ASME M MOMKCT M3MCHATH €C JHHAMMHECKHE XapaKTCpH-
CTUEH. H3Iy4enie COyRnT OJHHM M3 [IABHBIX HCTOUHHKOB MH(OPMALHE O COCTOMHIH
TCHEPUPYEMOH Ia3MbL TEOPETHYECKOE OIMCAHHE PATHALMOHHO-TLIAZMOIMHAMIMECKHN |
OPOLECCOB, CONPOBOKIAIONHX MPOLECCH MEHEPALEHH ILTa3MEl M €€ JBOMFOLMY, OOBIMHO
Gazupyercs HA PEMUEHHH HECTAUHOHADHEIX YPABHCHHI MAMHHTHON pamMauHOHHOH razo-
aHEAMAKHE [1]. Boace Ca0xHBIE MOJCAH, BRIIOYAIOIIAE PACCMOTPCHHE KHHETHKH HOHH-
3AHA M PEROMOHHALMH, TMEpPeIAH IJHEPIHHE OT 3JCKTPOHOB HOHAM, MOrYT YYHTHIBATH
BOIMOAHBIE OTKIOHCHUC HOHHIAUMOHHOIO COCTABA OT PaBHOBCCHOIO, PAZIMMHA B TEM-
TEPATYPAX IICKTPOHROM M HOHMHOH KOMNOHERT nnasMsl [2]. B paxe cayuaes ang awar-
HOCTHKH TUIA3MBI [0 CHEKTPaM COOCTBEHHOr0 HANYYEHHS ReOOXOMHMO YUHTBIBATE 3¢)-
(exre HeACATLHOCTH [3-3]. CymECTBEHHON MOKET OBITh ¥ CBA3AHHAA C SPO3MEH d7ek-
TPOIOB HEOIHOPOJHOCTH PASPAAHON ILIA3MES IO XHMHYECKOMY COCTABY, YTO TAKKE MO-
JKET BJHATH HA CC NAPAMETPSI H NPOLCCCH] TIEPEHOCA.

By Gonsmoi CI0AHOCTH PACCMOTPEHHS PaZHALHOHHOIO NEPeHOCH FHCPIHME
B [L143M€ C Y4ETOM PEeajibHOro CHERTPa B HHCHeHHBIX Mouxeasx MPIJ] acto nenoabiy-
FOTCA CPABHUTENBHO TPOCThIE MPHOMDKCHHA, KOTOPBIE HE BCErAa MOryT ObITe HOCTATOM-
HBIMH JKC 714 OMMCAHMA 3Heprodananca B maazme. Tax B npubmwxeHin 06veMHOrO
BLICBCUMBAHHY NEPEHOC HIMYHMEHHA CBOAHTCS K OOBEMHBIM DAJHAIMOHHBIM MOTCDAM,
ONPEACTMEMbIM SAHHCITBSHHLM TOKAIBHEIM IAPAMETPOM - CPCAHHM IUIAHKOBCKHM KO-
spmumentoym nornomenia. Koroa niasma «JOCTAaTO4HO» HENpo3pa4Ha, B KOIPQuus-
CHTHX DOUAOMEHIA YUHTBIBAXT TOAKO PEROMOHHALHOHHBIC H TOPMO3HBIC KOHTHHYY MBI
(HCMPEPLIBHOS MOTMNOILEHYUE), NPeHeOperas JHCKPETHRIMH [EPEXOAAMH H, Noaaras, 4ro
H3AYYCHHC B HUX 3anepto [6-7]. B onTmyecky naoTHON niasMe, rae Ha cpeaHes npobe-
T¢ M3Iy9CHHA TEMIEPATYpa c1abo MEHAETCA, HCMOMB3YETCA NPUOIHKCHHE TyIHCTOH Te-
MIOnpoBOIHOCTH [8]. Paszmuvusie yNpOLAOLUE NPEANMOI0KCHH TPUMCHIIOTC 1M
OIMMCAHHA VIIOBKX XAPAKTCPHCTHK HINYUEHHA, 346Ch CACAYeT OTMETHTb THHpy3HoHHOS
npudmwkenre 1 npabmoxerne [lsapumuneaa («Brepea-mraszaay). K cokaneHuio,
IIIA3SMA TCKTPHYECKHX Pa3psaoB H CTPYH, FeBCPHPYCMBIX MOMHBIMH IIAZMOTPOHAMH,
KAK NPaBuiIo, OBIRAET CHITBHO HEOJHOPOIHON, YACTO HECTAMOHAPHOMH, HOAYNPO3PAMHOH,
CCHERTHBHO Wimywaromed. Fe kodQQAmMCHTH MOrJOmMCHHS B PasNIHBIX YYACTKAX
CTEKTPA PA3AMYAKOTCA HA MHOTO TIOPAAKOB, B PE3YALTATE 3TOF0 PAIHALMOHHBIN TIEPEHOC
HOCHT HEMORAABHEI xaparrep. MHAMKATpHCCA H3IYyYEHMT MOMET 3aMETHO OTIMYATHCA
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0T CiepHUEcKOl, T.e. MOAETH AH(Y3IHOHHOIO H JIOTOKOBOLO THMA MOTYT AABATH IHIIb
KAYCCTBEHHAIHA, HO HE KOJHYCCTBEHHBIH PE3YAbTaT,

B paae 3ama4 pagMANHMOHHOH ILTA3MOTHHAMHKH HCOOXO0AHMO 3HAHHME HAPAMET-
OB BBIXOIANICTO H3AYHEHHA (Er0 MOIHOCTH, CICKTPANBHOrO COCTABa, JAJIHTEILHOCTH),
ko3 (ppHrmenTa MpeoOpasoBAHHA SHEPTHH ILUIA3MBE B JHEPIHIO M3ayyeHus. Takoi mpo-
O7CMOH, HAMPHMEP, ABIAETCA CO3AAHHC MAA3MEHHBIX HCTOUHMKOB H3AYHCHMA BBHICOKOH
APKOCTH B BUAHMOH M YP- ofmactu cnexrpa. Mx uccienosanue Tpedyer TPUMCHCHMA
§0.1c€ CTPOTHMX METOIOB ONHCAHMSA NEPEHOCA H3AVUCHHA. Pe3yIbTaThl, MOMYYEHHBIE C WX
MCITOIL30BAHEEY, MOIYT CIVKHMTH A1 TECTHPOBAHHA Dosee MPOCTBIX MOJE/CH paaua-
UHOHHOIO MEPEHOCA.

B Hactosme# pafoTe MCCICAOBAHO H3NVUCHHE KBA3ZHCTALHMOHAPHOTO OCECHM-
METPHYHOrO pa3paza arMoc(epHoro JaBIEHHA B BO3AYXE H H3TYYEHHE HECTALMOHAPHON
IIA3MEHHOH CTPYM, TCHCPHPYOMOH CBCPX3BYKOBBIM COIUIOM. [IpHBORATCA TapaMeTpsl
MAA3MBl B THOHYHOH CTALMOHAPHON CTaOMAHIHPOBAHHOH Myre NOCTOAHHOLO TOKA.
[peacrapieHal pe3yabTATHI PACUCTOB HECTALUMOHAPHOH CTAJHH INAA3MEHHOH CTPYH,
PACUIHPSIOLICHCA B OKPY/KAKLIMI € BO3AYX. PacCMOTpEHB! 3KCIEPHMEHTAIBHBIC H TEO-
PETHMECKHE AAHHBIE N0 KOMDPHLUHEHTAM NOrICMeHUs BO3AyXa, ManoxeH MeTon xapak-
IEPHCTHK 1A PEUICHHA CMEKTPAILHOIO YPABHEHHA NMEPEHOCa HATYHUCHHS, OMHCAHO MHO-
rOrpynimoBoe 1O CHEKIPY TPHDIDKCHME, HPHMEHSEMOE [PH COBMECTHOM PEIICHHH
YPABHEHHH HECTALHOHAPHON razoBOi JIMHAMMKH H PaHAHMOHHOTO neperoca. JuHel pe-
3¥AbTATH CPABHCHHA ACTATLHBIX CHCKTPANBHBIX PACYETOB M PE3YABTATOR, MOMYUCHHBIX
Ha OCHOBE HHTEIPANBHOIO N0 CHEKTPY METOAA NAapUHATHHBIX XAPAKTEPHCTHK [9)].

Hapasverpsl maasmes ayropoero paspsixa. [loxoxureapHsit croad ayru pac-
CMATPHBAETCH OPH MOCTOSHHOM OABICHUA KAK CTALMOHAPHOC HEOIHOPOIHBIC TLTASMCH-
Hoe 0Opa30BAHME, MMEIOIMEE OCECHMMETPIHYH0 reomerpiio. Yawe BCero ocesoit rpa-
AHCHT TEMIEPATYPR! OKA3ZBIBAETCA I'OPA310 MCHBIIHM PAAHAILHOTO. THIHUHOE pacrpe-
JC/ICHUE TCMINICPATYPH B AYre aTMOC()epHOTO AABNEHHA HOKA3aHo Ha pHC.1 [10] (pas-
paaneii Tok 200 A). PaguamsHeni TPOQHIL TEMIIEPATYPS! B AYIe MOXHO HPEACTABHTE B

r.mm T, kK
2 T T T ™ T ¥
2
St ey
———— M [ rA04om T, =250k 27
. ==SE NS I AT
/ y
2 NN AR m( o8 135 23
/] 0 \ \\ \ \ N w13 118 19
0 2 4 g 8 1
S B /——L’/' /r/ i
___,__./_.4—‘ i8 H
8 1 N
5 I - 19 Hi
[1} \'\\w\ \ \2 \‘\ N . N N
10 a0 50 70 90 00 02 a4 08 08 10 12
Z, mm r, om
Puc. 1. ITpocrpancTeennoe pacnpenene-  Puc. 2. Pagmamensie npodrny remnepa
HHE TEMIEPATYphI B TIA3ME AYTO- TYDPBI B IUIa3ME

Boro paspsaa (kK)
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napaverpreckoy Buae T(r) = T,(L+A(r/r,)”]". 3necs T,- Temneparypa Ha ocu
paspsaa. r,- pamiye maasssl, A =T /T(r,}) -1, o onpezewser dopmy npeduas (or
OXHOPOIHOIO MPH O —» <@, A0 CHABHO HEOIHOPOAHOrO, Korpa o ~1). JIByMepHBIH Xa-
paktep TeMneparypsl T(r.z) Taike XOpOINO OITMCHIBAETCA 3THM BBIPAKEHHEM, ECIH
npuHATE, Yo 1, T, H « 3aBHCAT OT z. PagvansHbie npoUIH TeMIEPATYPhl AN TPEX
cevermni oyru [10] ganbprna puc 2 (1-z=016cm, [1-z=2nlll -z =6 cm).
Mapamerprl 1aa3Me1 CBEPX3BYKOBOI crpyn. Bropwim obbexTom wuccne-
AOBAHMS ABJULTACE HEJOPACLIHPEHHAS TUIA3MEHHAA CTPYS, BHITEKAIOMIAS B 3ATOILICHHOE
IIPOCTPAHCTBO H3 KPYIIore oTeeperua gdamerpod D=0.2 cx B crenxe. Ha cpese corma
TeMIepaTypa CTpyH coctasaana To=3.5 9B, miotwocts p,=1.29-107 r/em’, nasnesue
P, =70.8 amv, ckopocrs U, =10 rv/c, micmo Maxa M=1.24. [Tapasmerpst OKpy)aromero
BO3Myxa ObuTH O1M3KH K HOpMambaeM (Py=1.63 atM, p,=1.29- 107 r/ead, T, =0.038 3B).
[Tapamerp mrepacernocTd N = P, / P, =43 4 [IpuBeaerHsle TapaMeTphl XAPAKTEPHBI T
CTPYH KANMU/UTAPHOIO Pa3spAfa ¢ HCITAPSEOLICHC cTeHKoi [11].
UHCIEHROE MOASIHPOBAHHE CTPYH BBHAY PAsHOOOpasHs (QHIMMECKHX TPOLEC-
COBR M HX CAOAHOH B3AMMOCBA3ZH MPEACTABIAST 3HAUMTE/bHbIE TPYAHOCTH. OHO HOMKHO
QITUCBHIBATH JTBYMEPHOCTb JBHMKCHISA IUIAMBL, HCCTAUMOHAPHOCTh NPOLECCA MCTEUEHHA,
UCTIONB30BATh PCAIBHOC (TabIHYHOE) YPABHEHUS COCTOSHAA H TAOau4Hble GaHKW JaH-
HBIX TIO ONTHYCCKIM CBOHCTBAM IMIA3Mbl. KOMIBIOTEPHAS MOACAL HE TODKHA HAKIALLI-
BaTh CYIUECTBEHHBIX OrPAHHYCHHH HA [EOMETPHYECKME W BPEMCHHBIC Macmurabnl may-
YAEMBIN MIPOLECCOB. BBHIY CKA3AHHOIO, PATHAIMOHHBIN NMEPCHOC PACCMATPHBANICS B YiI-
POLLUCHHAOM BHAE. YTI0BOE PACHOPEIEIEHHE H3TYUEHUS OIPEALIANOCh B HETHIPEXIOTOKO-
oM npudmkeHuy Hsapumaasga-1lycerepa [8)
d(s: -S; S -S; .
6. -5 6 ’)zzxph—{SK+SJL
dr r dr
d(s; -§.) d(S; +S;)
4 z/ 21, "(S +S;)], z 3
dz L dz

d(S; +S;)

2%(S:-8;) (D

= 2x(S; -S;) (2)

CnexkTpampHas 33BHCHMOCTD
Ty paccMaTpHBANACh B MHOrO-
351 — 1 =y . TPYNNOBOM  TPHOTIDKEHUH.
et I l 1 | | | R H3 10 rpynn no aBe npuHAA-
‘ | i nexxamn MK u suzauMoi ob-
i MACTH CIEKTPa, AMANA3OH OT
‘ | T T i 8 OMDKHETO  J0  BAKYYMHOIO
— ! F— 4 YO M3IyUeHIS OMHUCHIBATH 3
ol _30-’50;' 7 >l [ | | _ TPYOIBI, OCTAABHBIE NPHHAA-
~20{40} s0iael\ N ] . ‘ aexany 6oaee KECTKOMY yda-
1T TY AN | N cTKy criextpa. Pacuer nposo-
00 34—t —_— AMICS HA HEPaBHOMEPHOH 10
I ] 261 r U z JWIEepPOBOH CETKE, noi-

0 5 0 4] 290 bl 30 38
Puc. 3. [lpodHab TeMTIEPATYPH BAOIL OCH CTPYH B HOGE Kom{;{ CCTBO y3IOB KOTO-
pod =10°. Cucrema wuecra-

IOCTIEIOBATEABHBIE MOMEHTBI BPEMCHN
LHOHAPHBIX JABYMEPHBLX
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VPABHCHHIT PASHATIHOWHOH ra30B0H AHHAMHKH PELUASACE ¢ MOMOILEI0 METOJA KPYITHBIX
gacTyl [12].

Du3MyecKad KAPTHHA TCYCHUA B CTpYC Takosa. [Ipu HepacueTroM (N>1) ucre-
YEHMH CBEPX3BYKOBOH CTPYH HABJICHHE B CTPYE H OKPY)KAIOMICH CPEAS J0IKHO BLIPAB-
HuTeCA. Ha cpeie crpyu 00pasyercs Beep BOJH DASPCKEHHA, B KOTOPOM I11a3Ma YCKOpA-
2TCH, JABTEHHE B HEH TAZAET HIKE aTMOC(EPHOIO, NPOHMCNOLHMT MEPEepacmIHPCHHC
crpyit. [ox aefcTBHEM IPAAHEHTA AABACHHA CTPYA HAYHHACT CY/KATHCA H TOPMO3HTACA.
[Tpu TOpPMO>KCHMM CBEPX3BYKOBOIO INOTOKE ILA3Mbl 00pA3YeTCs LEHTPAILHASA YAAPHAS
BOMHA (JHCK Maxa), BHCAYMH H OTPAKEHHBIH CKA4OK YIUIOTHeHHA. (JCODEHHOCTHIO
CBEPX3BYKOBBIX HEPACHUETHRIX CTPYHl ABIACTCH CYIIECTBCHHAA HEOIHOPOIHOCTDH Apa-
METPOB, KAK B OCEBOM. TdK H PAJHAILHOM HANPABICHHAX, (DOPMUDOBAHHE CIOKHOH
BQIHOBOH CTPYKTYPhl TCHCHHSL

Ha prc.3 mokazamo pacnpecIeHHe TEMIEPATYDB! MAA3MbI BAONS OCH CTPYH B
TIOCACAOBATEILHBIE MOMEHTE! BpEMEHH (f B MKXC). BHAHO, 9T0 pagHalMOHHAA BOJHA CO
BPEMEHEM YXOJHT HA AOCTATOYHO DOJbIUME PACCTOAHMA OT cpe3a coria. [podume rem-
MEpaTYPhl HMEET XapakTepHbUt aByxcrynengarsii Bia [13]. TlepBorit OmokHUiE K COMLTY
TEMNEPATYPHBIA YCTyn ¢ T~1 3B COTBCTCTBYET BOJIHE HOHM3ALHMM ra3a, BTOPOH, HMEHO-
i remnepatypy T~0.5 3B, orBevaer npoueccam aucconMamuy Bo3ayxa. K MomesTy
=150 MKC TeYEHHE B OKPECTHOCTH COMNAA BLIXOAWT HA KBASHCTALMOHADHBON PEXuM, TIO-
AOKEHHE AHCKa Maxa B JambHEHImEM He u3McHsercs. Ero paccrosHue oT COILIa, noay-

Puc. 4. Ilone Temneparyp npx t=150 mMrc.  Puc. 5. Tlone naornocTedt mpa t=150 mkc.

262,0m 00 05 10 15 20Z.om

as o 14 1.5

Puc 6. KBa3HCTAIMOKRAPHOE NOJE TEMICPATYPHL H MUIOTHOCTH B OKPECTHOCTH COTLIA H
aucka Maxa.
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YeHHOE B pacyeTe, M ouenennoe mo gopmyre Z,, = 0.69MDYNy [14] (rae »dexrims-

Hblil TOKa3aTe s anuadarel Ha cpese comaa v=1.2), cocrasmser 1.23 oM. Prc. 4,5 aemon-
CTPHPYIOT PacIIpeC.ICHHE NOAEH TEMIIEPATYPhl M NUIOTHOCTH ANA3MBI B MOMEHT 1= 130
sic. Ha pruc. 6 gassl n3odpauceHus Tex ke nojaed B Haubosiee ropsucit 06aacTu crpyu
BOMM3H COMAa.

JlapHeie 10 pacnpesenieHHsIM NapaMeTPOB INa3Mbl, NOKAZAHHLIC HA puc. 1-2 ¥
4-6, HCNOABL3YIOTCA Ja71e¢ B PACHETAX DAAMALHOHHBIX XAPAKTEPHCTHK.

CnexTpagsnbie Ko3dpdnanersr noraomenns. 14 onuMcaRud mepeHoca Ty-
YHCTOH JHEPIHH B IUIA3ME HEOOXOIHMbI JAHHBIC MO CHEKTPATBHLIM kOI(DHUHEHTaM
MOTJIOUICHAS B NIMPOKOM JHAIA30HE MAPAMETPOB COCTOSHHA, B pacromued pabore ne-
PEHOC H3MYUCHUA PACCMATPHBAICH C HCTIONB30BAHHEM DPEATBHBIX ONTHYECKHUX CBOHCTB
nasybl Bo3ayxa [15-19]. DKCNEPUMEHTATLHbIE JAHHBIE 1O ONTHYECKHM CBOHCTRAM
BOSAVIUHOH rumasMel [15,16] ObLae noMyycHs! B ZHANA30He [UTHH BOMH 7 =400-1200 m.
PaspenieHne o CAeKTpy COCTABIAIO ~ 2.5 uM, HHTEepBan Temmeparyp T = (9-18)-10° K,
nasaeHnuit P=1-10 ars. B pacyerHmix maHHBIX [17-19] yauTHIBANKCH OCHOBHBIC MEXa-
HIMBl norsoneHis wimyuerss. JIpu T<10* K 970 31ekTponHo-konebaTebHbie nepe-
XO/bI B MONEKYAAX H MOJICKYSPHBIX HOHAX, AHCKPETHBIC MEPEXOARI B ATOMAX H HOHAX,
npoueccsl (GOTOAMCCONHALME H (HOTOHOMIIALMH MONEKYT, TOPMO3HbIE TEPEX0ARI B TO-
aMx HEATPATBHEIX HacTH, [Ipu Oomree BLICOKHX TEMTEPATYPAX IUIA3MbI HAMWHAKT 10-
MIHHPOBATH THCKPETHBIC [EPEXOAbl B ATOMAX M HOHAX, (JOTOHMOHHIAIMN OCHOBHBIX I
BOADYICICHHBIX COCTOAHMH W BHYTPEHHHX 3JCKTPOHHAIX ODOTOYEK, TOPMOIHOE MOTII0-
UIEHHE B TNOIN HOHOB, BRIaZ pasnM4HbIX MEXAHHIMOB B CYMMADHOE MOIIOLICHHE
CHALHO 3aBHCHT OT MapaMerpoB T. P H 3HEPIHM KBAHTA, YTO TIPHBOZHT K CHOKHOMY

] i
FTﬂ“"':J/‘ ET-JOUDK-
T
i
i
-
1

30

100

Puc. 7. Ko QHumeHTsl NOTI0MEHHS BO-
3ayxa B BUAMMOM ciexipe [15,16])

Puc. 8. Teoperueckue ko3 QpdrumMeHTs!
TIOr TOMEHHA Bo3Ayxa [17-19]
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BUAY PEATBHOro CnekTpa. TeopeTHyeckre DAk Jaumbix [17-19] cogepxar crekrpasis-
HbIe KOI(MPHLMEHTBI JIOITTOMEHHA B HHTEPBAC TCMICTATYD T=10’-10° K u noTHoCTEiH
p =10%-10" r/em® (maBnermit P=107-10" aty). Juanason sneprii ksanTos E < 100 3B,
cnekrpaiasHoe paspemenue npu  E < 17.35 3B cocrasaser 0.031 3B, 1.e. 250 cM”', npu
Gombumx E war MOHOTOMHO pacter, # ipH E~10% 3B AE = 0.5 3B, umcio AHTEpRATOB
cnexrpa ~10%, Ilar mo Temmeparype we mpessmuaer AlgT = 0. (10 Toyek Ha MOPAAOK),

IO IOTHOCTH Algp =05,

Ha puc.7, 8 noxka3asst H3MEPEHAHRIC ¥ PACCYHTAHHBIC BEJIMYHHBI CIEKTPATLHOTO
KO3(hHUHEHTA MOTTOMIEHMS I PA3IHYHbIX MMapaMeTpoB TwiasMul. CpaBHEHHE pacyer-
HbIX M SKCICPHMEHTATHHBIX JAHHBIX MO KOID)HUMEHTY NOTTOMEHUS IS M3TYUCHUS
BHIMMOrO JWANIA30HA NPENCTABIeHO HA puc. 9. Temmepatypa mmasmer T=18-10" K,
napxende P=1 at™. Crmommbiy KpuBhiMH (1) OTMEYEHB! JARHBIE SRCUCPHMCHTA, NPA-
MOYTOMBHHKAMH (2) - pesymbraThl pacyeto [17], xpy:kkaMu (3) - SKCIEPHMEHTANBHEIC
JAHHBIE, YCPEAHSHHBIE N0 WHTEPBATY 250 cv™. OTMeTIM, ITO TOCKOMbKY AMAITASOH Ma-
PaMETPOB  COCTOAMMA  HCCIe-
Ka.om® AYEMOH  TUIa3Mbl  AOCTATOYHO
IHPOK, A4 PaXAAHOHHBLIA Ie-

4

107 |- é PEHOC JHEPIHH ONPEACHSCTCS
’ KBAHTaMH C 3Hepriwmm E <

m‘ 10T, OCHOBHbIE CBEAGHHH MO

107 b M} 1 CHOEKTPaNbHBIM  KO3(pULHER-

TaM IOIOIIEHUA H HX 34BHCH-
1 M MOCTAM OT TEMOEPATYPHl M
107 g - IUTOTHOCTH (JABIEHHA) JOIKHAL
ObITh  TTOTMYHCHBI PACHETHBIM
nyTeM.  OKCIRPHMEHTATBHLIC
JAHHBIE CIYKAT B  KA4CCTBC
OTIOPHBEIX TOYEK I8 COMOCTAB-
ACHMS OTACTBHBIX Pe3Y IbTATOB.
Pacuer paamaumonnoro nepesoca. TIepeHoC M3NYYEHHS ONMMCHIBACTCH YPAB-

HEHHEM 33aKOHA COXPAHENIT JHEPIHH 117 CHICKTPAIBHOH HHTEHCHBHOCTH

%ZKE(I&)——IE) I, =5 10°E*exp(-E/ D)[1 -exp(-E/ T)}"! 3)

Dl L i | ! L
40 600 800 1000 A .rm

Puc. 9. CpaBHeHHE IKCTIEPHMEHTALHBIX H PACUCT-
HBEIX JAHHBIX [0 KO3()HUHEHTAM NOTI0MIE-
HIA BO3IYXA.

37ech 1A TEMIEPATYPhl H IHEPIHH KBAHTOB HCTONB3YHOTCH IHCPIETHUCCKHE CHHHHIILI
(3B), pasMepHOCTs HHTEHCHBHOCTH lg - BT/(CMZCTC}) 3B). B (3) npeHebperaerca pacces-
HHEM HBJIYYCHHI. KOTOPOC MOKET BMAThH HA JYMHCTBIH NEPEHOC TOMBKO TIPH HH3KHX
ILIOTHOCTAX HITH OYEHDb BBICOKHX TEMITEPATYPAX IUIA3MBl, KOLAA OCTabneHHe HATy“HeHH
ONPERENIETCS HE er0 NOTNOMEHHEM, 4 PACCESHHEM. B LMAMHAPHISCKHX KOOPAHHATAX
YPABHCHHE TICPEHOCA H3AYYEHHSA MMEET BHI

(A, 1wt al al,
Slne(}.l?'*'——r'—‘gf] +COSG'5§—:KE(I%“IE) (4)

3aece p =Cos@ - KOCHHYC YI7a MEKIY NPOEKIHCH HAMPABICHHS PACIPOCTPAHEHWA

GoTona {) Ha NIOCKOCTh, MEPICHAMKYLAPHYIO OCH Z, H HOPMATbIO K TIOBEPXHOCTH. O -
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PAZMALIMOHHBIW MEPEHOC DHEPTHU B ...

YrOo MEKIY Harmpasnenues () H ocblo z (ca. pHc. 10). HHrerpaibubii nOTOK M3ny4C-
HHUS OTPEIE/IAETCS BBHIPIKEHHEM!

§= de J' [,Qd0 (5)
¢ fdr)
BBeas MOAAPHBIA M A3MMYTAIBHBIL YOIBL \J/ H ¥ , CBS3@HHBIE C YORaMKH @ 1 O cooT-
HOILCHHAMH
Cos y = Sin® Cos o, Siny Cosy =Sin8 Sing, 6)
H YMHTBIBAS OCEBYEO CHMMETPHW ILTA3MBI, YOOYYHM BRIPOKCHHA A1 HPOSKUHH IyHCTO-
Iro MOTOKA HA OCH I H Z

ins2 & @

S (r,z)=2 f d;(J‘ cos y sin \pd\;/J [.(r,2, % w)dE, @)
=2 ] a

sz(r,z)zzj dxjcosesinwdwj-IE(r,z,x,\u)dE. 8)
=2 [ a

Jl19 YrIOBOTO AHTErPHPOBAHHA B PACHETAX HCIONb30BAJACH BOCBMHTOUEYHAS KBAIPA-
TypHAas opmyia [aycca, MPUMEHSEMas K KOKIOMY H3
F—— YIIOB % H [/, HHTErPANBHBIC [OTOKH HAXOZMIHMCEH ITy-

TEM TIPAMOTO HHTEIPHPOBARKA N0 CIIEKTPY.
» Pemenne ypasHEHHA NEPCHOCA HAXOIMIOCh Me-
| | ToxoM xapaxrepucTHK. Coraacho (4), MEpeMEHHBE I. Z,
' H,H O BAOIL HAUPABJMEHHS PACHPOCTPAHCHHA § CBS3A-

|| HBI COOTHOIIEHHAMH:
dz

du 1=y ,
& psing, =S, =Cos8 (9)

S S I $

M3 (9) ypaBHEHHE XaPAKTEPUCTHKH HMCCT B
S L BEYE (oY) 2oz, 10y

Puc.10. CeaA3s yTIOR @, ) Sinb  Cosd

8.y m Y npuoce- | Yrom © He H3IMEHJETCA BAOAD JYY2, 4 [ B PASHELX TOY-

BOH CHMMETDHH. KaxX jy9a HaxXoAuTCA H3 YPABHEHHUA
tyr - (1-pl)
u= r (11

(B Touke s=0 p =, ). Coornowenns (10), (11) onpeacnsroT B KAKHE TOUKH NPOCTPAH-

CTBA T, 7 H [0 KAKHM YII0oM } IOMAAAET Iy, MPOXOIILOMA B TOYKE T,, Z, B HANDAB-
JeHHH (g, 6. M3 (9)-(11) creayer, aro Besnyuanl ds, dr o dz CBA3AHEI BRIPAKCHHAMH
dset rdr N dz

Sm@,ﬁ: r2(1-p?) Cosb

[Tpw mHrerpupoparm (3) BAONG j1yya QYHKIMS HCTOUHHKA B CHETHOM sHelKe armpox-

CHMHPOBALACH JHHCHHON 3aBHCHMOCTEIO [y (13) = [ (1) +(dl /dr,) (v —t) o7

(12)

ouTHuecko# nepemennoit T, (dt, =k ds). 310 00eCeYHBAIO BEPHBIC ACHMITOTHKH
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E.A. EPLUOB-TIABJIOB et al.

PECIICHHA B NPCILIAC MANBIX H OONBIIUX ONMTHYECKUX TOMMHH T,

[o(tg) =1 (v, g exp(-an )+
dI, )
dr,

Be

w1, () [ - exp(-at,)] —[ [1 — exp(=At )

(13)

1+ .Az,b.)],

Pesyasrarsr pacderoB. B tadix 1 opyBeacHbBl JAHHBIE TI0 TPYIIOBLIM (A4 §
VIACTKOB CHEKTPA) H HHTICIPAIBHOMY NMOTOKY H3AYMEHHA C IOBEPXHOCTH paspsiia B TPEX

CCHCHILIX, TTOKAZAHHBIX HA PHC. 2.

Tabmmua 1. TTOTOXM M3TydeHms W3 NIA3MeI paspaa, KB1/cu”

S, kBr/cm’

Ae, 3B |0,03-1.15 ) 1.15-3.16}3.16-4.52 | 4:52-6 51| 6.51-11 ' 11-17 0- «

anaine| 1078 1078392 392274 | 274-190 | 190-113 | 11373 | -0

I 6.510° | 1.21-10" | 1.03-10% | 7.98-107 | 7.23-10" | 1.58 251

I 13.87-10%]9.63-10% | 7.60-107 | 5.29-10° | 1.74-10" | 9.73-107% | 4.19-10°

Ul 122107 3.81-107 | 478107 | 2.85-10° | 4.81-107 | 1.55.107 | 1.21-107

OTMeTHM CASAYIOUIMC MOMEHTBL Xors MAKCHMYM DABHOBECCHOIO H3AYYCHHA, OTBCHAK)-

LEro OCEBhIM TeMIEPATYPaM, MPHXOIHTCA Hd HHTEPBAN €

= 23—~ 638, B Dostee ReCTKHX

VHACTKAX CHeKTpa (5 # O IPynnel) pajMalUHOHHBIA MOTOK 3HavuTesneH. CBA3aHO 3TO C
00/1bWIECH HEMPO3PAMHOCTRIO ILIA3MBL B 3THX JHANA30HAX B UEIOM H HAMMMHEM MOLIHAIX
CHEKTPAIbHLIN THHHE. [OMHOCTBIO ONPEAS/LIEOLIMX BBIXOLIWEE H3AyYeHHE. [10TOK BM-
AHMOro uanazona €= 1.15-4.5 3B magaer BMecTe ¢ yMEHBUICHHEM CPEIHEH Termepa-
Typhl nmxasMel [IpH 3TOM 6T0 J044 B TOJHOM IOTOKE BO3PACTAET, COCTABIAL LA IPO-
(unert 1, 1, IIl, coorsercrrenno, 5.2, 25 w 35.5%. IlonHas MOLOHOCTH (HA €TMHMILY

A Wiiom' ster eVy
-

T T 1

T

Puc. 11. MHTCHCHBHOCTE U3MYHCHHA Ha OCH paspsza
1 # Ha ero mosepxHOCTH 2. KpuBbie 3 - 5 onHch-
BT JUTAHKOBCKOR M3ayaeHue ¢ T=1.7, 1 1 0.5 3B.
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IUTHHEI) MOHOTOHHO YMeEHb-
maercas (6.3, 2.1 w 0.99
xBt/cM), B TO BpeMs Rak B
BHAHMOH Y4CTH CIICKTPa OHa
mveer pemruuy 0.25, 0.55 1
0.35 xkBr/om.

Ilpeacrapacrue o
CNEKTPATBHBIX  XapaKTCpH-
CTHKAX M3IYYEHHS H HX ITPO-
CTPAHCTBEHHOH IBOIOUHH
Aaet puc.11l. 3aecs nokaszawa
OFHOCTOPOHHAA  CITEKTPa/b-
HAafl HHTCHCHBHOCTBH W3IyYe-
vt opr T =0 Baoms nyva
(6=n/2, ¢=0). HopMaib-
HOTO K OCH paspajga, ¥ HiTy-
YEHHA C NOBEPXHOCTH pasps-



PAJMALIMOHHBIA [TEPEHOC DHEPTHH B ...

4. Ha -BCTABKE JdHO COOTBETCTRYIOLUEE pachpeacneHue temmeparypsl (1) = 1.7 3B,
I, = 1.6 ca, T, =0.0343 3B, mapamerp npodmns « = 2.5).

W3 puc. 11 BUIHO, 4TO B LEIOM IA3MA NMPO3PAMHA JAT8 COOCTBCHHOTO H3Iy™e-
HHA 33 MCKTIOMCHHEM HECKONBKMX CHABHBIX JTHHHH AKECTKOIO Y4ACTKA CriekTpa. [ eHepH-
pyeMoe 0ceBOi 00acThIO paspsaia H3IyucHHe ¢ 3Heprued E=7-17 3B cumpHO peat-
copOupyeTes BO BHEITHMX B0MSe XOJ0AHBIX CA08X. Ha nosepxHocTH paspaza (r=r,) B
CTICKTPE H3AYYEHMS CINC HMECTCS JKECTKAA KOMIoHeRTa, OIHAKO BBHAY PCIKOTO BU3pAC-
TAHMA KOPQHIHCHTe MOrTOMICHHSA XONOAHOrO BO3AyXa B cHeremc noxoc [lvwuana-
Pyure Moaexyasl O, (OTOAHCCOUMAUHOHHBIX H (DOTOHMOHH3ALHMOHHBLIX KOHTHHYYMaNX Ku-
CTIOPORA H A30Ta, CNEKTP BRIXOMAUETC HIAYHEHHs 0OPe3aeTCs MPH JHEPrHAX KBAHTOB
E=6.739B (i =~ 186 uM).

Ha puc, 12 noxasaHel OB PE3yAbTATA. PACHETA PAAWATLHOH HHTEHCHBHOGTH C
MOBEPXHOCTH IAA3MEHHOro 00bema ¢ O1u3xun K 1 TeMIepaTypHbeIM Npo(hHIeM B BHIM-
MOM AJMAmasoHe cnexTpa. B nepsom
CTy4a€ HCIOTb30BAHBl TEOPETHYECKHE
KO OHUHEHTS! TOTIOLEHHS  BO3AYXA,
BO BTOPOM - 3KCIEPHMEHTaNbHbIE DaHKH
AaHHBIX. Kax BHAHO, MEXKIY HHMH HMeE-
€T MECTO KA4CCTBEHHOE H KOJIHYECTBEH-
HOE COOTBETCTBHE,

Hanee paccMOTpHM NpOCTPaH-
CTBCHHOE DACNPEACICHHE DPagHaLMOH-
HBIX X4paKTepHCTHK pazpana. [lome
TEMIEPATYPB! M HHTECIPAJLHOIO TIOTOKA
HIIYHCHHA paspsaaa ¢ TokoM =100 A

[ kWiem® eV sr

r T v T A T T T

o -1 '“I [|'| il. 1
.A f M 5
| .

01

Y

TV T YT

B ILTa3MEHHOM 00BbEME ITOKAZAHO HA PHC.
] 13. TIpoCTpaHCTBEHHOE pACIPEACICHUC
(1T TEMIIEPATYPb! 34ECh AHATOTHYHO [dH-
HOMY HA PHC. 1, OTIHYANCh OT HEro JIMMb
MEHBUMMH 3HaucHMsMH . Kaxk BHAHO

™"
=
e
L

n
o

0.1

sasasel

A = ST
L —

FO walu\,\m M3 BEKTOPHOI0 MOJA AYYHCTOrO MOTOKA,
001 k J H3IYUEHHE PA3PALA HMEET NPEHMVIIECT-
Mo BEHHO DANMaNbHBIH Xapaxrep. Hamume
[ J\J\/\/\Aj CYHIECTBEHHBIX TPATHECHTOR IOTOKA, KAK

= oS pye 35 B OCEBOM, TAK H B Pa1HAILHOM HAIPAB-
‘ Trev O ' JEHHH, CBHACTENBCTBYET O 3HAUHTETb-

Puc. 12. UHTEeHCHBHOCTL H3JIYUCHHSA B BH-
Y
JMMOM CIEKTPE: | - K ~ COri1acHo
[17]. 2 -« — cormacuo [16],

Hol peabcopOiuu COOCTBEHHOIO H3Iy-
YCHUA IIa3Moi paspaaa. Bonee nerame-
HAd KAPTHHA B Haubomee ropsqci ob-

JACTH pa3psga NPEACTABICHA HA DHC.
14, 3aech cneayeT OYMETUTL OTHOCHTCILHO GONbLIHE OTOKH PATMALIME HA MOBEPXHOCTS
KATO@ (3AMETHM, YTO MPOUCCCHI IPOTHH WMEKTPAINB B JAHHQH PIBoTe HE PACCMATRU-
BAIOTCS). PHC. 15 IEMOHCTPHPYET PacripeicieHHe PaTHAdbHBIX S, H OCEBEIX S, cOCTaB-

JBIOWHN NOTOKA H3IYYCHHMA HA PACCTOAHMAX < 1 CM OT KaTOAa.
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Puc.13. TipocrpancTeentoe pacnpesese-

0)5_‘ s U S s
1 RO T T T S T R A N 2 T i
0.4 9 AU RI T T A O A N A A I R A
7Y DTN . , , 1 \-\\-.'.1f{ii,;."i"::1 Ty
gad N UE PR
[ T [ 3 Y " [ h] i i If [
fowivini A , Vi ISR
|4 + b ' AR [ VR A
as+ b 4 1 b b SN P
| 1 ! : ;s . 0. —— . [P, ..
| ¢ SRR o0 02 o4 08 0B 10
- Z, cm
034 -
r r i T : )
5 . Fl 4 -3

: £ am

HHE NMOTOKOB HIMYYCHHA B NAa3ME

Puc. 14. [Tose TeMOepaTypel H AY4HCTOTO 1O-

T, eV

‘3,5 T—x_-_; 050 ——

~O6e0—__
0 P

R, em

0,1 4~

—  + 5=10 KW/em'

TOKA B ropA4e 001acTH.

paspsaa.
2
S, KWicm S, KWiem® E=1.15-316¢eV |
057 - - 08|
0.4 ///::\\1 ] /’——I\*;
c 03 —‘/:/———\\\* . C\m . |
©02- r—>\3 25\ 15 ] . 1
~ 0,2 &_/, [ a0 T
T S S
Oy == A 150,048
s " {002 ]
0.0 T . T d T — - T T T T
S, kW/cm® S, kWiem’ E=1.15-3.16 eV
/ \O\ ;\ -0,04 /’ T 0020 |
05 1 O
_ \N ~
— \ _‘N ; 1Oo,csx
0, 02
( \ ol 1 | i
T T T AN S S S SR S B
00 02 04 06 08 1000 02 04 06 08 10
Z, cm Z, cm
Puc. 13, M30T4HMY PATHATBHBIX H OCEBBIX KOMIOHEHT TOHOO NOTOKA HATYSeHHS I
H3IYICHMA BHIHMOI0 JHAA30H4A.
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Ha npasrix rpadHkax noxa3aHo COOTBETCTBYIOMIEE PACTIDEACTEHHE TIOTOKOB B BITHMOM
auanasone crekrpa (392 my<A<1078 my). M3 Hero BraHo, 40 B 00BEME ILIA3MBI pa-
AHMALHOHHBIE TOTOKH BHIAMMOIO JHANAZ0HA CHEKTPA COCTABIAOT MAIYI0 O HONHBIX
oTOK0B. TOIpKO B nepuepuiiEbix 007ACTAX pa3pAia JYHUCTRI NEPEHOC CBA3AH C Bl-
AHMBIM HATYUCHHEM.

Pacesorpum aamee
: . ; PATHALHOHHBIC NAPAMETPBE
104 N 3 Mwiom ster 3 : CBEPX3BYKOBOH  TLIA3MEHHOI
crpyu. ITpesxae eeero, ofpama-
er Ha cebs BHHMAHHC pacnpe-
AENEHHe HHTerpanbHO#  spko-
cTH maasMpl Kak BHOHO u3
puc. 16, obaacTs, TeHEPHPYIO-
mas OCHOBHOE H3IVYSHHE, 10-
KAJH30B4HA B HENOCPEACTBEH-
#OH OumzocTH ot conna, O0b-
SMHAS MOIUHOCTh  HATYICHHS
Q=4n] cocraBmaer 3aech
~10'-10° MBr/ca’. B mpouecce
FHAPONMHAMHYCCKOTO  PanieTa
AIA3MA PACIRPACTCT W OXJGIK-
aaercs. Be wsiyucHie mamact 10 yposrs ~107-107 MBr/em®. B sucsvem u mpamon
CKAYKE VICTOTHEHHS, HECMOTDPA HA CKATHE M ZOTIOTHHTEIBHBIH HAIPEB, HCIYCKATRILHAL
CrocOOHOCTD BOZPACTAET H AOCTHTAET BEMTIHHbI (Q~1 MB1/ea®. TakumM 00pa3zoM. B OT-
JYHE OT TCKTPHUCCKOTO Pa3psaaa aTMOCHEPHOr0 JABICHUS, B KOTOPOM KOHUCHTPALIHA
azayaaroumx wactEy N, ~1/T, 7 B cuny 21010 00BEMHOE HIIVUCHHE CPABHHTEILHO

00 0.5 1.0 18 20 Zcm
Puc. 16. MurerpazsHad HCTIyCKaTeIbHAL CTIOCO0-
HOCTB ILTAIMEHHON CTPYH

OAHOPOIHO, PACOPECTICHHE HCTOUHHKOB U3AYHCHHS B CTPYE YPEe3BBIYAHHO HCOAHOPOX-
HO. B Tako#l cUTyalHy B pacYeTax PAAHAUHOHHOIO MEPeHoca npossasercs adiexr ayua.
OH COCTOHT B TOM, UTO B DoMbpIEH JacTH 00BeMA THIA3ZMEBI H3IVYEHHE CKOHUEHTPHPOBa-
HO B Y3KOM TEACCHOM VIAE, IMOX KOTOPBIM BHAECH H3 TOYKH HADIFOMEHMA 3JCMEHT 11a3-
Mbl € MAKCHMATBHOMH SPKOCTBIO. MHAMKATPHCCA MATYYEHHA OKASBIBACTCA CHIBHO BBITHA-

R.cm R.om

8.8 0.5 18 1.5 28 2o

Puc. 17, Paauanstad COCTABAANINAA JIYHHCTOIO NOTOKA B CTPYE, PACCUHTAHHAY B
npubawkerud Lrapunmasaa-Llycrepa u Boom xapaxrepucrik (64 Ha-
NPABIICHHA B TIOJIHOM TEACCHOM YFie)
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HYTOH B0 COOTBETCTBYIOMIErO HanmpasacHus. Ha puc. 17 gaerca cpaBHeHde paanasis-
HOH COCTABASIOUICH NOTOKA HINYUCHMS, ONPCACTEHHOH B NpuOIIKEHHH 4-X TIOTOKOB
(hopayasr (1)~(2)) 1 cormacko Meromy xapakrepHcTHK {(opmyast (4)-(13)). Bumro, uro
METOI XAPAKTEPMCTHK JUIS BLINTHCICHMA HHTCHCHBHOCTEN BJONEL HAIIPABIEHMHH. OTBe-
YAKOIIAM YIIAM, KOTOPBIE BRIOUPAIOTCHA ¢ NMOMOIIBIO HyNEH moanHOMOB Jlexanapa (ra-
YCCOBO HHTEIPHPOBAHHE), OKA3BIBAacTCs HecBoOoqHEM OT 3didexra myya. Bmecro (asu-
YECKH TOHATHOTO 3/LIMNCOMAATBHOrO PACTIPEACACHHS S, TOAYYAETCH HETKO BRIPAKEH-
Hasgt po3erka. B 4-X IOTOKOBOM NpHOUUKCHMH PAAHATLHBIH NECPEHOC ONPEeIenaeTC
TOABKO PACHPEICICHACM HCTOTHHKOB B COOTBETCTBYIOIIEM ceuenuH 7= canst. [Ipu stom
MOXET He YUHTBIBATBCA JaKe 00ZACTh MAKCHMANBHOH 3Muccud. IloroMmy cnesa |
crpasa 0T Aucka Maxa cocTaBpoutas S, PE3KO IAJaeT H JAKS MECHAET 3HAK.

Taxmy 06pasoM, 418 KOPPEKTHOIO ONMCAHMA IYHUCTOrO TErIoobMeHa B mias-
Me C COIBITHMH APOCTPAHCTBCHHBIMA IPATHCHTAMHE 00BEMHOM IMHCCUH TPEOGYETCH Bhi-
00D XAPAKTEPHCTHYECKHX HATPABMEHHH, KOTOPHIC ONpPENeIUIUCH Obl pACIpEACICHHEM
HCTOYHHKOB H3JIyueH¥A B 00beme mmasyul. [IpH nenons3osanns Moaeau [HBaprmmdrs-
ga-Lycrepa HeoOXOAHMMO BEMHCHIATh CPCIHHE KOCHHYChl B UCTHIPEX HAIPABACHHAX B
COOTBETCTBHH C PEATILHON THAIPAMMOH HATIPABACHHOCTH H3TY4CHHA,

Hurerpanpusii nepenoc RJIy9enus B peaibHom cnexrpe. JetaabHoe onu-
CaHHe CHEKTPAJBHBIX XaPAKTEPHCTHK H3JYICHUA B 32Ja4aX PAAMAIHOHHOR IIA3MOI-
HAMEKH BBHIY ©r0 OONBINOH TPYAOEMKOCTH WPAKTHUCCKH He mpuMeHseTcs. Bmecre ¢
TEM HCOOXOIMMO 3HATh HHTCIPATBHBIH JIVUKCTHIH TIOTOK H €T0 AUBCPICHLHIO HA KAJKAOM
BPEMEHHOM CJI0€, APHYCM PACHET HX HY/KHO MPOBOAMTL ORICTPO M JOCTATOYHO TOUHO. B
[9] m3naraercs pa3BHBAcMBOI B TCUCHHE PsAa JET HHTCIPAILHEIH MO CHEKTPY METOX
OTTMCAHMA TICPEHOCA M3NYICHUA - METON MAPUHATIbHLIX XAPAKTEPHCTHK. MeToxn OCHOBAaH
Ha NPEACTABAECHHH MOTOKA H3IyJYCHUA (U1 TLIOCKOTO COM) WIH HHTCHCHBHOCTH B 3a-
JATHOM HATIPABIEHHM (A4 NPOH3BOABHOH ICOMETPUH TUTA3MBbL), A TAKKE MX AMBEpIeH-
UHIT 4epe3 XAPAaKTEPHCTHKH. TPEABAPHTENBHO TPOMHTETPHPOBAHHBIC N[O cOekTpy. Mc-
n0Ab3yA (POPMATBLHOC PEICHHE YPABHCHHS NEPEHOCA, MOMKHO HAHTH UHTCHCHBHOCTb W3-
JyYEHKS U Cro MPOM3BOIHYIO 0 HANPABIICHUIO. B OTCYTCTBUH HCTOMHHKOB HA [PAHKIAX
OHH UMEOT B!

I(X)=IAI(i,X)Sig‘n(X~§)d£,, VI(.X):Al(x,0)+AI(x,L)~fAlm(E_,X)d§ (14)

COOTBETCTBYIONMINE MAPLUHMATHHAIE XAPAKTCPHCTHKH ONPEICTIFOTCH BhIPARCHHAME

1 N

AIE ) = [ 1, @)k, @ e || ko) dy|| dE as)
¢ 2
. x l‘)
AL (53 = [ 1 @)~ I, ()] <o) exp) |[ () dy | dE (16)
[ 3

AHAIOTHYHO A4 IUTOCKOTO CIOX HAXOAATCA HOTOK HITYUCHWA 1 JMBEPIEHIMA NOTOKA!

L L
S(x) = J-AS@, x8ign(x =£)dZ,  VS(x) = AS(x.0) + AS(x,L) —J. AS, (E,x)dE,  (17)
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“
-

X

i
S (9%, Ey| [ xo(n)dy | aE (18)

AS(E,x) = 2J

3

i
HES
x

[ xeay||aE (19)

it

88,050 = [ (S48 -S4 (kO , (R E,

[TapumamsHbie xapakrepucTHke (15-16) u (18-19) MokHO paccuMTaTs, eCH 331aH
Mpo(iIb TEMIEPATYphl H IUTOTHOCTH (AABASHHA) MEKIY TOYKAMH £ H X ¥ M3BECTEH
CTEKTPanbHbI KO3()(HLIMEHT TOrIOMEHH K ; B 3aBHCUMOCTH 0T T H p . Tlpocrerminn
ABIETCA THHEHHED Npogrm:

y
=¥
OH OIHMCHIBAETCH MHHAMATbHBIM YHCIOM IAPAMETPOB, YTQ ABJACTCH CYIIECTBEHHLIM
MOMEHTOM, T.K. TOYHOCTh MCTOAA B 3HAMHTEILHOH MEPE 3ABHCHT OT CTEICHH IOAPOOHO-
CTH HCTIOABb3VEMBIX TadaHL. Kpome Toro, Kak MOMHO BHACTH M3 NPHBCACHHBIN BhIpAKe-
HHH, B PCACABHOM CIYYA€ ONTHYECKH NMPO3PAYHOH CPenbl pesyapTar caabo 3aBHCHT OT
pACTIpEAECHHA apaMETPOB MEKAY TOYKAMH £ W X, a B clyuac OONBINOH Henpo3pay-

T=T, +(T, -T)z, p=p,+(p,~p,) 7 Z= 0<z<l (20)

HOCTH MOTOK H WHTCHCHBHOCTH H3JIYYEHHS B JAHHOW TOYIKE ONPEICIFOTCH S€ MaJOH OK-
PECTHOCTBIO, Iile THHEHHOoe NpHOMmuKenre oOhMHO BIOJIHE AOCTATO4YHO. [lapuvanbHbie
XAPAKTEPHCTHRE TIa3Mbl BO3AYXa ObUIR PACCYMTAHBL B MPHOMIDKEHHHM JIHHCHHBIX
CIUTAWHOB B TOM JKC AHANMA30HE HApaMETPOB COCTOAHUA, 9TO M KO3Q(PHUUESHTHI TIOrI0-
werus [17-19] (T=10°-10° K, p=10-107 r/em’). JInanaszon macmratos x=|£ — x| Ta-

By IMpOBAICA ¢ YACTOTOl 10 TOUEK Ha mopaaok B MHTepBate x= 107-10° cm. ITpuseaen
CPABHCHHE HHTETPANBLHEIX HHTCHCHBHOCTEH H3YMEHHA BAOJL Tyva, HOPMANLHOTO K OCH
paspsaa. PacnopeacieHHEe TeMIepaTyphl MMEET NADAMETDH!, VKA3aHHBIC ®a puc. 11
[pothrabe HHTCHCHBHOCTH HONEPEK Paspsdd, NOJYYeHHBIH NMPSMBIM HHTCIPHPOBAHHEM
CIIEKTpa, TIOKa3aH Kpuso# (1) (13 civiyeTpud Ha ocd [=0). KpmBas (2) maer xon MH-
| wi(em ster) TEHCHBHOCTH IO ME-~
it ——F ! A TOAY TAPLHATHHBIX
xapaxreprcTuk. OHa

HIET HECKOIBKO HH-
¢ kpusol (1), Hau-
fonkmee  OTICIOHC-
HME HE IIPCBBLIIAET
20%. OrveriM, uTo
OpH  HCTIOAbIOBAHHK
JHHEHHDBIX CIUTAHHOB
R Kayectse 1, mno-

50x10"

R
3
¢

‘;’...\k.a.

2810

son1g

0.0 a2 v 06 68 oty MHMMO PEATHHOH Te-
Puc.18. CpaBHEHHE HHTEHCHBHOCTCH H3My9eHUA JyTH, pac- MIEPATYPbl B TOYKE
CUMTAHHRIX METOAOM ITADLHAIBHBIX XaPAKTCPUCTHK X, KaK 3TO CIEJAHO B
(2. 3, 4) co cnexTparbHEIMApE3yALTaTaMH (1), pacuere (2), MOXKHO

BeIOpaTe  TeMmepa-
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1ypy T, 0BecneuHBAOILYI0 MAKCHMANLHOE TIPHOIIDKEHME TMHCHHOTO PO{MIL HA IyTH
NOTIOIMEHHA K peansHoMy. M3 ouveBumaerx coobpaxeruit [9] cneayer, uro addesrus-
HAS TCMIIEPATYPa TOMKW [, ONPEAe/IAETCs PACNPCACHCHACM TEMIEPATYPHOIO IOJA Me-
KTy TOUKAMH & H X TAKHM 00pas’oM, YTOOB! HOMHLIL HHTErpal 0T HCTHHHOTO TEMMCpPA-

TYPHOTO TOAA ObIN PABSH HHTETPAIY OT TUHEIHOTO TpodHia
X 1 I .
[Ty = ST+ T)-2) e
13

Tl npodrorn T(r) = T, (1+A(r/r,)*] " ¢ mapamerpoM o = 5/2 sexruBHas TeMmic-
paTypa paBHa

T 'F(i)—HX)l *)
T.(2.%) - g-'f‘-ﬁ Rx)-FEHx-5) ' =T, (*% (22)
F(x) + F)| (r*%)

rae B =1/ o =04, gpyraxuua F(z) nmeer BuAa

1 N ‘|
F(z) = %ln]z |- -;—ZCOS[B(ZK— l)n]]n{z2 - 22Cos(% (2k - l)-n/‘ +1]+

z- Cos{B(2k - N /2]
Sin[p(2k -~ yn / 2]

2 i (/6 \“
+ZSMX; ~(2k — D | arcig (23)

o L2 /
Berpakenue (22) 3@BUCHT OT TOrO CACBA JM OT I' = {) HAa JIyye MekaT TOHKU X H £ (%),
cnpasa (*¥) uad no pasHeie cropous! (***). Kpmeas (3) Ha puc. 18 orsewaer adek-
TiBHOH Temneparype T, nomyuennoit mo (21) — (23). OHa B ropsceii UEHTPAIbHON
JACTH PACTIOJIO/KEHA BRIMIE KPHBOH (1), a BO sHemmmux xoxoausix obsacrax (mpu T<0.3
3B) cosmamaer ¢ kpusoH (2). HaxkoHen, pe3yabTarsl, OTMCUCHHBIC JHCKPETHRIMH CHMBO-
saMH (4), MOSTYYEHBI NPH KOMOHHALMH NAPLMAILHBIX XaPAKTCPUCTHK

A]~(X1§)=AI(T5,T;)J1: /T.x' +AI(T{,TX)[1—\/TX /Tx' , (24)

korma T, > T . Beray HenuueiHocTH (24) ITOT pe3yNbTAT HE ABIAETCH HEKOTOPBIM

CpeaHUM ABYN npeasiaywux. OH 3HAYMTEIBHO Ay4II€ COOTBETCTBYECT AAHHBIM CITEK-
TPAJIBHOIO PACUETA, OTPAKAFOLLHA BECbMA CHOKHBIA XAPAKTEP PeaIbHOIO CrekTpa (pHC.
I'l) 1 eroc 3s0/0OLUMH B PA3HYHBIX YYACTKAX paspaaa.

TIpHBCACHHBIC JAHHBIE ITOKAIBIBAIOT, YTO JAKE B CMYYAC BCChMA CAOKHOIO Xa-
pakrepa TEILIOOOMEHA, KOTAd PeafbHBI CHEKTD XAPAKTCPRIYETCH MHOTFMH COTHSMH
MHTEHCHBHBIX THHHH ¥ PEKOMOMHALMOHHBIX KOHTHHYYMOB, IJIe HHTEHCHBHOCTS H3MEHS-
€TCA MO MOPA/IKY BEMHYMHBI, MCHOIB30BAHHE METOJA MAPIHANBHBLIX XAPAKTEPUCTHK C
HEKOTOPBIMH MOM(DHKALHAMY 00SCNEUHBAET BECbMA BLICOKYK) TOYHOCTb ONPCACIEHHS
MHTCIPATLHBIX MMOTOKOB H HHTEHCHBHOCTEH HMIIYYCHMA, 3TO TOZBOIAET HAJIEATHCA Ha
€r0 VCTMCUIHOE NPHMEHEHHE B PEIICHHH 33139 HECTALHOHADHONH PaIHaLMOHHOH razoBoi
JHHAMHKIL
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SPO3UOHHBIE JIASEPHLIE ®AKEJIBI BO BHEHIHMX SJHEKTPUMUECKHX
W DJIEKTPOMATHHTHBIX TTOJISIX

B.K.T'onuapos, M.B.[1ysnipes, A.D.HepHspckHii.
HayuHo—uccnenoBarensekui HHCTHTYT [Iprriaansix GH3HYECKHX
npoGaem uM.A.H.Ceruenxko, yi. Kypuatosa 7, 220106, Munck, benapycs,
tex: +375 017 2775644, E-mail: sikolenko@pfp.bsu.unibel.by.

AnHoTtauns. [lokazaHa BOIMOXHOCTb YNPABIEHHA COCTABOM 3PO3HOH-
HbIX JIA3€PHBIX (aKEeNOB METAUIOB, HCNOAb3Ys BHEIUHEE 3EKTPHYECKOE H 3MeK-
TpomaruuTHoe nong. [Tonyuena 3po3HOHHAs TUTA3Ma C MUHHMMAAbHBIM COAepXKa-
HHEM KUIKOKANENLHOM ¢ia3bl MaTEpHaa MHLLEHH.

BBEJIEHHWE

[TpoayKThl 3pO3UH METAIIOB, ITPU BO3ACHCTBHH Ha HHX Aa3€pHOrO H3-
JAYYEHHS YMEPEHHOH HHTEHCHBHOCTH ( 10°+10° Br/em?), MpeACTaBIsA0T cOO0M
JIBYX(pasHble NOTOKH € JOCTATOMHO CNOMHON KMHETHKOH HacTHLl KOHAEHCHPO-
BAHHOM (ha3bl MaTepHaTa MULLCHH.

YacTuubl KOHAEHCHPOBaHHOH (asbl, GOpMHpYIOLIHECS 3a cyeT obBeM-
HOTO NapoeOpa30BaHMA, ABHFASCH HABCTPEUY HTYHEHHIO BO3JECHCTRYIOLIEro
nazepa, NOrOWANT ero U goucnapsorcs [1, 2]. Hekortopeie Gonee xpynHbie
YACTHILIBl 33 CYET neperpesa MoryT apodutbes [3]. Hpobsck M foMcnapsscs,
OHH YMEHBIIAKOTCA B Pa3Mepax, a TAKKE YMEHBLUAETCS HX KOHUEHTpaALHA Y Ha
HEKOTOPOM PACCTOAHMH OT MOBEPXHOCTH MHULIEHH YaCTHUB! MOFYT IOJIHOCTHIO
UCNAPHTBCA, YBEJHUHB IUTOTHOCTb OKPYKAIOIIMX Napos [4], kKoTopele rpojon-
AT NOTIoWATh Najarollee jiasepHoe uaaydeHre. [Ipu onpeaenenHpix ycio-
BHSIX 3TO MOXET NPHBECTH K rLTa3MEHHOH Berbilike [S - 7], 3a 4eT 4ero rnpouc-
XOAMT WHTEHCHBHOE TMOIJIOLIEHHE WIIYYEHHs B IU1a3M€, 4TO NpPellsTCTBYET
NPOXOMAEHHUIO BO3AEACTBYOLIErO JIA3€PHOIO HITYHEHUS K [IOBEPXHOCTH.

[TonbiTKa NOAYUUTH OCCKAINENBHBIE 3PO3HOHHLIE ILTa3MEHHbBIE MMOTOKH
METAIMYECKHX MHIUEHEH 33 CHET YBEIHYEHHA TUIOTHOCTH BO3IAEHCTBYIOMIErO
M3TYHEHHs [TPHBOAMT K TOMY, YTO YC/OBHA N1a3€pHOrO RO3ACHCTBUA B MPHMO-
BEPXHOCTHOMH 30HE H3MEHAIOTCH W B PE3YJbTATe B IPO3HOHHLIA dakes HauuHa-
tOT nOCTyNaTh 6071ee MEJIKHe YACTHLBI, OJHAKO HX KOHLEHTPALMS YBEAHWYHBa-
€TCH.

B ¢BS3M C 3THM OuYeHb BXHO HaHTH METOABI, KOTOPbIE NMO3BOAHIH Gbl
YIPABAATH NApaMeTPaMH XHAKOKANEIbHON (a3bl 3PO3HOHHBIX Jra3zepHbIX da-
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KeJIOB METAILIOB, & TAKXKE HAHTH cnocoObl MomyyeHus GeckaneneHblx HpO3HOH-
HbIX aKenos.

SKCITEPUMEHTAJIBHOE OBOPY JOBAHME H METOIHKA
DKCTIEPMMEHTA.

Jli8 nonyYeHns 2pO3MOHHBIX JTa3epHbIX (aKenoB METaLIoB HCIOAb30BA-
JIaCh fla3epHas YCTaHOBKa M300pakeHHas Ha puc.]. B kayecTBe BO3AEHCTBYIOWIErO
Ha MHILEHb WCMONB30BANOCH HATYYeHHE HEOAUMOBOro nasepa. OH cocTosn w3
331a0UIET0 FeHepaTopa ¢ KOHGOKANbHBIM PE3OHATOPOM M IBYX ycunutenei. [e-
HEPATOP M YCWIHTENH
cobpadbl Ha OCHORE
CTAHAAPTHBIX rOIOBOK |
FOC-1001M. Ha sexome |
reHepatopa Obla MONy4YeH
KBA3HCTAUMOHAPHBIA
HMITYJIBC, HA4aslo ¥ KOHel
KOTOpOro o0pe3aioch
MEXAHHYECKHM  SaTBOPOM. ' i ' R ‘ . ’ .
3arsopoM  sBasnca  Bpa- O 100 200 300 400 1, mke
L1a0IHHCA Puc.2. Mopma BO3AECHCTBYIOWETO NAIEPHOIO H3jIYyHE-
HHA.

Lomea

JHOPAIIOMHHHEBBIH IMCK ¢
npopeabto. Takum obpazom,
YAAJIOCh MOMYYHTh HMNYJIBC H3MYYeHHs, POopMa KOTOpOro 0/H3Ka K NpIMOYrosih-
HOW. XapaKTepHblil BHJ TAKOr0 HMIYIbCA NPEACTARAeH Ha puc.2. Mamenss pas-
MepbI OTBEPCTHS B AHCKE MOXKHO MOMYUHTh HMAYIBCh] PA3THYHON [UTHTEILHOCTH.
B HawwX 3KCMEepHMeHTax. UTHTENLHOCTH JIa3epHOr0 WMMY/IbCa COCTABIANA
400 mxc. YceraHoBKa NO3BONAAA NOAYYATh, HCNIOIL3YS ABA YCHIIHTENS, SHEPTHIO B
umnyasee 10 400 k.

OCHOBHBIM METOAOM HMCCIAEJOBAHUS B HACTOALLEH paboTe ABAsSeTCA Me-
TO/1 ICMIEPEUHOTO 30HAHPOBAHHA IPOIMOHHOTO (akesa HATYUEHHEM BCIIOMOra-
TeNbHOTO pYOHHOBOTO Nazepa.

HzasecTHo, uTO Ans chepHUECKMX HYaCTHL, pa3Mepbl KOTOPbIX 3HAYM-
TeABHO MEHBIUE ITHHBL BO/MHBI 30HIHPYIOLIEIO HIMy4YeHHA (d<<A), cnpasea-
AHBLI cooTHoLeHHs [8]:

8 ANE SRR d mi-1)
O pue =20 (—J —3 = Qo= — A —Im —,}J (1)

3 A m-+2 A ’_”2_*_‘—
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rie d - AHAMETP YaCTHIL, A - JSHHA BOHBI 30HAMPYIOIUEro uinydenus; Uy,
Onoe - Oe3pazMepHbie KO3GPHUUHEHTHI pACCesHHA M NOIIOIECHHSA, OTHECEHHBIE K
MIOIAAH TIONEPEYHOro cedeHHs YacTHUl. KoMIUIeKCHBIH 1oKazaTenpb 1IpenoMm-
AIEHMA M - CBA3aH C [I0Ka3aTeNneM MPeNoMICHHA 71 M NIoKasaTenemM HOrIomeHHs
¥ COOTHOWIEHUEM m=n-{}. YUuTHIBA, 9TO

Poa 42 2 2 2
imz_d (1 Ay (2)
H
TEEE I A
Imi ___'"2 ! ?=___,___,6"x - 3)
\m*+2 ‘m'? +2
HI0MTY4aeM:
Qpac L_ﬁ 1»3(172-)(2-1)2 :4)12)(2 4
Qnoé* 9 'J ”j Ry . ( )

Taxkum 0bpazom, Mbl MMeeM COOTHOLIEHHE PACCEsTHHOR W TIONTOLIEHAOH
KOMIIOHEHT Ul peacenckoro npubnuxenus. 3Has n W ) BEINECTBA YacTHL, A
30HAHPYIOLIErO W3TYYEHHS H H3MEPHB 3KCIEPUMEHTANBHO (poe/Oner MOXKHO
KOHTPOIHPOBATD A7 JOCTATOMHO MEJIKHX HacTHLL.

Jna gactuu (d>4) cooTHOMmIEHHE MEXIY paccesHUeM H TOrJOIEeHHeM
3aBHCHT JHIE OT QU3HYecKON NpUpoabl BewecTra yacTHil. OHO MokeT ObITh
oueneHo [80] nmo dopmyie:

Qpc  (n*+n+ Xz)z-+-(1+n)2+2 XZ
Onoc 2nf (1+n)2+ ;(2] ’

Ananns gopMyasl (5) W18 METAATHHECKHX MHUIEHEH MOKA3bIBaeT, 4io
Q. & Qnoe- ECiv nepeiitit B npefiene Kk 04eHb GONBIMUM YaCTHLAM, [10AYYaeM
KO3DUUHEHTBI OTPAXKEHHS ¥ TOFMOMICHHS MACCHBHONW MULICHH, IS KOTOPO#
OTpa}Kenne MOXET Ha HOpS{;’IOK H 60.[166 ﬂp@Bb{lHaTb IOTAQUIEHHE.

Hcnosnbaya o0bIuHOE 30HHPOBAHKHE C HAMEPEHUEM MOILHOCTH Fajaaro-
wero Ha OfbEeKT M ITPOLUENLIero Yepe3 Hero WLTYMEHMS, MOMKHO BLIYHCIHTD
o0uIHe MOTEPH W3NYUYEeHHS, KOTOPBIE MPEACTaBANIOT cOBOH CyMMapHsIe TIOTepH
3d cyer paCCGHHHﬂ W 34 CHET IOrIouICHHA Ha 4YacTHLAaXx. O}lH&KO, B Aa4BHOM
cydae NPHHUHNHAMABHO HEOOXOMMMO pasjeneH e M10Teph 32 CYET pacCesHHust H
3a CYET NMOTrNoIueHH. 3’1“0 y)laeTCH caeaaTh, €CJTH MUUIECHb TOMECTHUTL B ueH'rp
uhTerpupytomei cohepel 24 (cm.puc.l), 3a CyHeT yero yaaeTcs OHHOBPEMEHHO
KOHTPOHPOBATH MAJAOLIYIO HA 3PO3HOHHBIN (pakest, TPOWEALIYIO Yepes Hero,
PAcCeAHHYIO, a, CJIGNOBATEAbHO, ONPEJENEHHYIO K3 (anaHnca HEPruu norsio-
LlleHH'y}O, KOMITOHEHTb{ 30H,£alyIO[HeFO H3NYyHEHMA.

(3)
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H3BecTHO, UTO MpH NajeHuH MIIYYeHHUs Ha NOIYNpPO3pavHyr) cpeay

YacTh NAAAIONICro WM3YUYCHNS DPOXOANT Hepes Ty Cpely, 4acTb NOrijoacTes

W 4acTh paccenBaeTcs cpeaoi. B CBA3M ¢ 3THM MOXKHO 3anHcaTh cliciyiouiee
ypaBHEHHE 118 30HAUPYIOUIETO HANYYEHHA:

Praolt) :Pnp(Z) ’i'Ppac(t) +Proe(l), (6)

TAE Puol1)—MOLUHOCTD M3NYYEHHA NMAJAFOLIETO HA 30HAMPYEMBIH 0OBEKT, Ppu(l)

MOLLHOCTb MPOMIEAIIEro H3TyHeHHs vepes 00beKT, Pyt B P,,.(1) MOWHOCTH

PAcCCesHHOro W MOMNIOLICHHOTO HanyqeHHi obbektom. HopMupys Ha eaunuLy,

noaydacmM
Knp(t)+ Kpac(t) + Knoe(t) ::»‘l) (7)
rae
: P, o P P (Y
Knv([‘ - __P—,. Kxxct :_/’_____’. Km?(t):__no.— :
" ’ anj (U ! () Pmm (t) Pnao([/) (‘8)

Taxum obpazom, usMepss Puo(t), Po(t) W Ppa(t), MOKHO HAITH KO24-
(DHUMEHTBI MPOTMYCKAHMA ¥ PACCESHHUS 30HAMPYIOWEro H3MYUCHHS, a, CICjloBa-
TEIbHO, H BBIYHCIUTE W3 (7) koadouLment nornomenns. Onpenenenve ko3bh-
(hHUHEHTOB paccesHUs M MOrJOIIEHHI ¢ NOMOIUBIO (IPEIaraeMoi MeTOAMKH,
CTPOro roBopd, CIIPABEANMBO [IPH OAHOKPATHOM pPacCedHHH, a B 3TOM crlyuvae
Orad O = K Koo C110BATENBHO, KOHTPOMUPYS cOOTHOWEHNE Kippo/ Ky AN
30HANAPYIOWErD M3TyYeHHA yaaeIrcs u3 COOTHoweHHs (1) HaXOAWTbL pasMepsbl
YACTHIL TIPH YONoBUM, uTo d << A. Jlns koHTponsi paimepoB Oonee KpyHbIX
YACTHL HEODXOAMMO YHHTHIBATL COOTHOLICHHE MOrIOUIEHHOH M pacCcesHHON
KOMTOHEHTH! 30HANPYIOLIEro H3TYHEeHHS, HCX0AS U3 TeopuH Jlasa-Mu [9, 10].

JlAs KonWHeCcTBEHHOH OLEHKH pa3MepoB 4acTHL B HacToslueH pabore
HCNOTL30BANICA METO/, KOTOPHIH 3aKIF0YAeTCs B ONPEASICHHH AHAMETPOR Jac-
THLL d 11yTeM CPABHEHHS SKCIEPHMEHTAIBHO H3MEPEHHBIX COOTHOLIEHHH pacce-
SSHHOH M MOTJIOLUEHHON KOMIOHEHT 30HAHPYIOIEro WTYYeHHS W TeopeTHue-
CKH PacCUMTAHHBIX N0 Teopuy Jlgsa-MH 3aBHCUMOCTEH 3THX COOTHOLUEHHI OT
pa3MepoB YACTHIL

CpaBHnBasA pe3ynbTaThl HIMEPEHHUA Pa3MEPOB YACTHLL ITYTEM Aa3€PHOMO
30HAUPOBAHHS C PE3YNBTATAMH, IOIYYEHHBIMH Ha ATEKTPOHHOM MHKPOCKOTE
Orpe/ierieHa MOrpetiHoOCTb M3MEPEHHS, KoTopas coctapaser 30 %.

3Has AMaMETP 4acTHL, a TAKOKE BEIMUHHY 30HAHPYEMOH 30HBI MOMXHO
TIONYYMTh TAKKE YHCAOBYIO ¥ OOBEMHYIO KOHLIEHTPALMH YacTHL 110 hopMmyam:
Ne= Kpﬂc+ Ko ' C ~_‘_1_ Kpuc+ an ’

712 Qpon | 4 "3 O (10)

LR
rjle, ¥ - PAARYC HacTHU, / — mupuHa 30HAHpYeMOli 30Hbl, Oum=Opct Onoes N -
HX Y{cyioBast KOHLIGH‘I'})&L(HH C\. — 0O beMHasN KOHLICH'I‘paLLHSI.

39



B.K. TOHYAPOB, M.B. T1Y3bIPEB, A.®. YEPHIBCKHUH

HlnpuHa 30Hel 30HAHPOBAHNA [ OMpesensiachk no CKOpocTHhM doTo-
rpadusM. DuKCHpoBaiCcS paccesHHbIR Crie 30HAMPYIOWEro B Y3KOH Criex-
TPaNsHOH rTonoce B 001aCTH JUIMHBI BOJIHB! 30HAMPYIOLIErO W3TY IeHHS.

Takum oBpasom ornpegenup sxcriepuMeHTanbHoO K, U K., IUHMPHHY
JOHAMPYEMOH CPEABI B TEOPETHUYECKH PACCHHTAB (Jyom H PALHYC YACTHLL MOIKHO
KOHTPOJIMPOBATH COACIKAHHE KOHICHCHPOBAHHOIO BELUSCTBA B HCCICTYEMOH
30HE.

[LIOTHOCTD MOLIHOCTH 30HAMPYIOLICTO pYOHHOBOTO fa3epa B 3KCTEpH-
MEHTAX HE Npesbluana B 30He 30nauposanns 10° Br/em®, yroBsl ve Bo3MywLaTh
NapamMeTpoB 30HIUPYEMON CPE/Ibl.

COop, xpanenue u 06padoTka HHGOPMALMH MPOH3BOAKIACE C TIOMOLIBIO
ABTOMATH3HPOBAHHOM CHCTEMEI, KOTOpas AOCTATOHHO oapodHC onMcana B {11,
12, 13, 44].

PE3YJIbTATBI M UX OBCYXKIEHUE.

Yrobb!1 onpeesiuTh CTeNeHb BIMAHUA 3IEKTPHYECKOro f0S Ha AHHAMH-
Ky 00pa3oBaHHA XHAKOKAnenbHOHM (a3l MaTepHana MHINCHH OHA NOMELIANach
MEXITY IBYMS TUIACTHHAMH, K KOTOPBIM OBLIO MPWIOKEHO BHEUIHEE 3CKTpHUe-
ckoe nofe (puc.3). Boznefictrue
APOM3BOMAWIOCE  Ha  CBWHIIOBYIO 3 +
mMulieHb.  [[F0THOCTE  MOLIHOCTH

BO3ACHCTBYIOUIErO H3ATYHEHHS CO- 2
o 15 Frm/en.2 L]
cragisna 4,6:10° Br/em™. 3onanpo- g4~ - 5
<
BaHHE MPOW3BOMIIOCH HA PaccTos- ] X
HHU¥Y | MM OT MOBEPXHOCTH MHILEHH. \\ 1
DNEKTPHHECKOE TOMe H3MEHAIIOCH 4

ot 0 no 4 kB/ewm.

H3 puc.4a MoxHO npocie-
OHTb UIMEHEHHE BO BPEMEHH Jua-
METPOB YacTHU B 2pO3HOHHOM (a- Puc.3. Cxema  HCCNEZOBaHHA 3POSHOHHOrO
KeJe CBHHL(OBOITI MULLIEHH. an JIA3EPHOI0 (paKCﬂa CBHHIOBOH MHIUEHH RO
BHEIIHEM NIEKTPHYECKOM [10JIE.
| - mumwens; 2 - 3po3uHOHHKIF daken; 34 -
OCKIAKH KOHACHCATOPA; S - BO3IEHCTBRYIOMIEE
HIMEHEHHA MaMeTpa HacTHIl BO psjyyedue;, X- HanpasieHHE 3OHAUPYIOMICTO
BPEMEHH [OCTHraeT CBOEr0 MaK- H3AYYCHHUA; 6 - M30AATOP.
CHMAaBbHOIO 3HA4YSeHHS K MOMEHTY
Bpeyienn 400 MKe, B TO BpeMs Kak §€3 BHELIHEro 3€KTPHYECKOTO MO MAKCH-

MyM NpUXOAMTCS Ha 200 MKC OTHOCHTENbHO Hayana BosjeHcTBuA. Tlpu Hanps-

HAMIPAKEHAOCTH  BHELLHEro DJeK-
Tpuueckoro noas | kB/cM kpupas
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xennocT 4 kB/cM MakcuMyMm KpuBol cooTeetcTByeT BpeMenu 700 mxe. Oue-
BHAHO, 3TO CBA3AHO C TeM, YTO YACTHIILL, MOCTYTNAKIIME B 5PO3HOHHEBINR (aken,
HaYHHAIOT IKPAHUPOBATH 3IEKTPHUECKOE NOME, TEM CaMblM ocnadass ero AeH-
cTBHe. BennunHa YHC/IOBOH KOHUEHTPALMM YacTHL C YBETHYEHHEM HATIPSOKEH-
HOCTH BHEILHEro 3/eKTPHYeCKOoro nmoss Bospacraet (puc.40). Moxuo rpearo-
NIOKUTh TaKKe, Y4TO C JlafbHEHIINM YBEJHYEHHEM HANPMDKEHHOCTH BHELUIHEro
MEKTPHUECKOTO TMONS HAaMeTPhl 4aCTHL OKUAKoKanenbHOW daszsr Gyayr
YMCHBLIATBCH, 2 BENHYMHA YWCIOBOH KOHLEHTPaUMM YBEIHMYUBATBCA. TaKoe
MOBE/ICHHE BO BpPEMEHM NapaMeTpPOB YaCTHIl JKMAKOKANEIbHON (a3bl MOXKHO
OOBACHHTb MPOCTPAHCTBEHHBIM IEPEPACTIPE/IEACHHEM JIEKTPUYECKHUX 3aPSLIOB
Ha MOBEPXHOCTH YACTHL, KOTOPOE CTHMYNHpPYET HX ApobneHue [15, 16].
Heccnenosanus nokasand, .08 d,mku a)
YTO TIPH BO3ACHCTBHH HEOAMMO-
BOrO fla3epa Ha CBHHLOBYIO M- RS
IIEHb [IPH HAJAHYMH BHEUIHETO (g4 | s N
INEKTPHUYECKOTO MOAS  KOHLCH- et
TPALHA YACTHLIL B IPO3ZHOHHOM 1 A~
nazepHoM akene yBeIHYMBALTCS o0 ' o
1O CpaBHEHHIO ¢ BO3jeHCTBHEM ) 200 400 600 4 nkce
De3 3AeKTPUYECKOro Mo, a pas-

MEpPBI YaCTHL YMEHBLIAIOTCA.

Kax BHAHO M3 3KCnepH-
MEHTOB BHEIIHEE IAEKTPHUCCKOE
f10JIe MOIKHO HCNONb30BAThL A4
YIIPABIEHHUA [MApaMETPAMH  Hac-
THL JKHAKOKANEeNsHOH (asbl.

Hpyrum cnocobom
VIIPABJICHHA ITapaMeTpaMH H Co-
CTABOM JPO3HMOHHBIX I1/1A3MER-
HBIX TIOTOKOB MOXKET CAYXHTH Pnrc.4. 3aBHCHMOCTh AMaMeTpa YacTHi (a) ¥ yu-

BO3JeHCTBHE HAa HUX HOCTATOUHO C/A0BOH KOHLEHTpAaLUH (6) OT HaUpAXKEHHOCTH

MHTEHCHBHOTO  3EKTPOMArHuT- BHELHEO SIEKTPHIECKOTO NOJA: HEMPEPLIBHAs
awHds  — 6Ge3  TOAA;  KPYMHBIE  LWITPHXH

woro wanysenus. Jlig otoro Gsl- E=1 kB/cem, meskue witpuxd £=4 kB/cm.

JIO TMPOBEIEHO HCCICAOBAHUE KH-

HETHKH KOHIACHCHPOBAHHOW (a3bl B CKpPEILEHHBIX Ja3epHbIX [TYyUKAX, KOrja
BOZACHCTBYIOIEE JIA3ePHOE HBIYYEHHE HAMNPABISAETCH NEPUEHAUKYIAPHO (10~
BEPXHOCTH MHIIEHK, & NApAINENbHO i, HA HEKOTOPOM PACCTOSHHH, - H3JTyde-
HHE BCIIOMOraTeAbHOTO Jia3epa, KOTOpOe B3AHMOAECHCTBYET C IPOIYK™aMH 3pO-

600 {,MKC
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3uM, goucnapss wac- 9207 g7 ,

THIUBI  KOHHEHCHPO- 4 g |

BaHHON (ha3bl, HO He 1

MEHSIA MPH 3TOM YCJ10-

BHH Ha [MOBEPXHOCTH. .08
B | nacTosmuei :

- o 0.04 4]
paboTe 3KCIEPHMEHTbI

TPOBOMWIHCE CO CBHH- (.00

1I0BOH MuweHb0. B
KauecTRe Bo3nejicr- PHC.S. BpemeHroR XON MHTEHCHBHOCTH NTA3ePHOTO HiTyUe-
Hes (1) (B YCTIOBHBIX €IHHALAX) 1 H3MEHEHHE AHaMeTpa
JaCTHL KHAKOKANENbHOH a3kl (2) BO BPEMEHH B 3PO3HOH-
HOM 71a3epHOM (akesle CBHHILOBOH MHUIIEHH.

i
1 ll T T T 7 T
0 100 200 300 400 500 600 700 800 e

BYIOWIENO  M3IYHYEHHS
UCTIONB30BAMHCL  UM-
NyabCbl  HEOAHMOBOIO
nazepa uuTenbHocTbiO 400--500 Mxc (puc.2). ILIOTHOCTL MOLIHOCTH BO3AEHCT-
BYIOIUETO H3SYyUEHHSA BO BCEX JKCIEPHMEHTAX COCTAB/IASIA 1,4-10° Br/em® npw
aAunamMerpe nsTHa obnydenusa 0,6 cm. B xauectse aoucnapsioliero HCnosk3oBa-
J10Ch MATYUYEHHE MMITYIBCHOTO HEOIMMOBOTO fa3epa B pexkuMe cBoOOIHOM reHe-
pauiu. B 3TOM CiTyyae [THTENBHOCTS MMITY.Thea ~ 107 ¢, AHaMeTp NasepHoro my-
ua B 30He BozaeHcTeHa coctannal 0,8 cm. Llentp sToro rryyka pacnonaraicsa Ha
PACCTOAHHH 2 MM OT NOBEPXMOCTH MHIUEHH, TAaK YTO €ro HWKHIS YacTh JKPaHH-
poBaNach CaMOH MMUIEHBIO, 4 OCTaJbHaA 4acTh B3AUMOAEHCTBOBANA C 2PO3HOH-
HbiM (axes1oM. [LIOTHOCTE MOILHOCTH JOMCNAPSIOLIEro H3/TyYeHHs PeryHpoBa-
7aCh B 3aBHCHMOCTH OT YCJIOBHI dxcrnepumenTa, KOHTpos NapamMeTpoB KOHIeH-
CHpOBAHHOH (ha3bl TPOBOAMIICA HA PACCTOAHMH 2 MM OT ITOBEPXHOCTH MHLUCHH.
KHHeTHKa KOHACHCHPOBAHHOH (has3bl B CKPELLEHHBIX TIONIAX MOXKET CHlb-
HO 3aBHCETH OT Pa3MEpOB HAaCTHL, CMEAOBATENLHO, OT MeXaHM3Ma HX obpaszopa-
HKg. Ha HauanbHOM cTajiuM s1a3epHOro BO3ACHCTBHA (JOPMHPOBAHHE MEKHX Ka-
nesb NPOUCXOT 3a cueT 00beMHOro napoobpazopanus. [IpHuHHAMY NOABAEHMS
yacTyif 33 cuetr oObeMHOTO Napoobpa3oBaHns MOFYT ObITh: TPOCTPAHCTBEHHO—
BpEMEHHad HEOAHOPOAHOCTL JIA3€PHOTO HITYUYEHWS, pPacTBOPEHHbBIE B MeTanie
Tasbl, pa3/HMYHbIe NPHMECH H CTPYKTYpPHEIE HeoaHopoaHocTd [17]. Dti yacTHum!
HMeroT Xapakreptsie pasmepst 0,01 - 0,1 mim. K xonLy nazepHoro Bo3uefcTeHS B
IPO3HOHHRIN (haken MOCTYNAKT HacTHLbI, 00pa3oBaliHble MMAPOAMHAMHYECKHM
MEXAHHIMOM. JTH 4acTHUb! XapakTepHiywores Oonee KpynHeliMH pasmepami. 1o
Macce NOCTYNaroUWIER B IpO3MOHHBIH daxen #HAKOH (asel Bropo MexaHusM 3Ha-
YHTENbHO 1pecbnanaeT Haa nepssiM. [ToaToMy Lesrecoo0pasHo paccMOTpeTh TpH
caydas: ciydaii [, korna B 9po3noHHOM dakese NPUCYTCTBYIOT METKHE YaCTHLb!
3a cueT 0OBEMHOrO NapoodpazoBaHHA (B TEYEHHE BPEMEHH BO3NECHCTBHA ITAa3MO-
00pasytoilero HMITyIhCa HEOAUMOBOrO Jiazepa); caydad Il korza B 3po3MOHHOM
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(haxene MPUCYTCTBYIOT HacTHUBI, CHOPMHPOBAHHBIS 3a CUHET 000MX MEXAHHIMOB
(B HACTOSLLMX DKCTIEPUMEHTAX 3TO NPOHCXoMHT yepes 450 - 500 mke nocne Hava-
na aazepHoro sosaeictans); cryuai I korga B 3po3uonHOM thakene npuUcyTcT-
BYIOT B OCHOBHOM KPYIIHbIE HACTHLb!, CHOPMHPOBAHHBIE 32 CHET THAPOAHHAMM-
YeCKOro MeXaHu3Ma (B HaLMX YCIOBHAX 3TO MPOHCXOHHT yepes 650 - 700 mkc
NOCHE HaYasa 14a3epPHOro BO3REHCTBHSA) (CM.PHC.5).

IKCHEPUMEHTHI MOKA34/M, YTO JOHCNAPEHHE YaCTHL KOHASHCHPOBAHHOMR
thaswl, B cydae I, HAYMHACTCA YKE NPH MAOTHOCTH MOLIHOCTH JOHCaPSIOLIETO
nazepa ~ 10° Br/cM’, a npu naoTHocTH MowHoeTH ~ 5-10° Br/em® wactuuwl Ha-
CTOABLKO YMEHBIUAIOTCA, YTO PAacCesHHOe MMH H3TyYEHHE 30HIMPYOUIEro pyoH-
HOBOIO fla3epa JIeKHUT 34 NpeaesiaMd YyBCTBHTENBHOCTH H3MEPUTETBHOTO KOM-
TIIEKCA, KOTOpas COCTABASET A8 W3IMEPEHHS KOHLUEHTPAUMH YaCTHL BeNHYHHY
10% em™,

Ha puc.6 npeacraBneHs!
PE3YIIBTATHI 3KCMEPUMEHTOB TIpH
BO3AEHCTBHH  HA  CBUHLIOBYIO
MHLICHL HMITY/IbCa HEOAHMOBOTO
nasepa IUIOTHOCTBLIO MOLUHOCTH ¢ | PN -7
1.410° Briem®  Ges  mamyuenus ,

(HEenpepbIBHAA JIMHUA) K C H3MTY- o0 /-
YEHHEM NOMCTIapAIOUIEro Aalepa 0
TIIOTHOCTBIO MOLLHOCTH
g=2310°Br/ecm’  (urrpuxoBas
nunus). Kak Buano w3 3toro pu-
CYHKA Ha0Ke MPH He3HAYMTENbHOH
WHTEHCUBHOCTH H3TyYeHHA A0~
HCNApAoIIero gasepa (rno cpas-
HEHUIO € BO3AEHCTBYIOLUMM)
JHaMETPbl YacTHL KOHAEHCHPO- o
BaHHOH (a3pl W WX yHCIOBas
KOHUEHTpAUMs 3aMETHO YMEHb-

0.06 1 d MKM

0.04 4

200 400 £ mKc

300

Puc.6. Himenenue BO BpeMeHH JHAMETpoB (a)
KOHUEHTPaUHH (6) YacTHLl KHAKOKATIENbHON (asb!

WAalOTCs, YTO CBA3AHO ¢ dddex-
THBHBIM JIOHCMAPEHHEM YaCTHLL
BCTIOMOTATE/bHbIM JIA3EPOM.
PesyabTaThl 3KCMEpH-
MeHTOB ans cayvas 11, npeacras-
aeHe! Ha puc.7a. Bozpedictsyto-
liee H3TYYCHHE B 3TOM CiTydae

3pO3HOHHOTO (hakena CBUHUA, CHOPMHUPOBAHHLIX
3a cyer 00beMHOro NapoodpazoBaHua: CIUTOLIHAS
JHHMS - 0e3 M3AYYEeHHA JOMCIIApSIOLIETO jlazepa H
UITPHXOBAA ~ C HITYUCHHEM ANOHCHNAPAIOWEro Aa-
3epa NP TUIOTHOCTH MOMHOCTH 2,3-10° Br/ear.
[110THOCTL MOMHOCTH BOIIEHCTBYIOLIErD Nazepa
- 1,4-10° Br/cM® . PacCTOSHHH 30HAMPOBAHUA 2 MM
OT NOBEPXHOCTH MHILIEHH.

TAKKE UMENO [UIOTHOCTL MOHOCTH g = 1.4-10° Br/em?’. I110THOCTS MOLHOCTH
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JOMCHAPSIOLIErO HMYUEHHS U3ME-
Hamace or 0 g0 BENHYHH
~10° Br/em’. B atoM ciyuae pas-
MEPbl  YACTHLL C  YBEIHUEHHEM
TUTOTHOCTH MOWHOCTH  AoHCcna-
PAIOIIEr0 HRNYHEHHA CHayana pac-
TyT. 3TO MPOHCXOAMT 3a CHET TOTO,
yTo Hauboslee MEJIKME HYACTHIbL,
chopMHpPOBaHHBIE 3a CYET Ipoliec-
ca 00bEMHOr0 I1Iapoodpas’oBaHHs,
MOJTHOCTLIO [OMCNAPSIOTCS, a B
tdakene ocrtaerca Oosplnad moONA
KPYRHBIX dYacTul, c(pOpPMHPOBaH-
HBIX 38 CYET FHAPOAHHAMHYECKOIO
mexanpama.  [Ipw  panbHelem
YBEITHYEHHH [UTOTHOCTH MOLHOCTH
JIOMCTIAPAIOLIETO H3TYYEHUs pas-
mep 4acTHLL YMEHBLIAETCS.
YMeHbIIeHHE OOBEMHOH KOHLEH-
tpaiu C  (oTHoweHHe 0OBEMA,
3aHHMAEGMOr0 HACTHLAMH KOHOCH-
CHpOBAaHHOH a3kl B HCCNETyCeMOH
30He KO BceMy obbemy Hccremye-

MY3bIPEB, A.®. UEPHSIBCKHI

0 2 4 6 8 ¢, 10° Br/em™?

Puc.7. 3aBHCHMOCTh gHaMeTpa dacTtuy (d) H
o0bemuolt koHnexnTpauu (C) OT ILIOTHOCTH
MOIHOCTH JNOMCTIAPAIOUIEr0 Na3epa Jis CIry-
gas Il (a) u ana cayyas 111 (6).

MO 30HBI) TOBOPHT O JOCTATOYHO 3DPEKTHBHOM JOHCTIAPEHHH YaCTHL] JKHAKOKa-
NenbHOH ¢a3bl MarepHasa MHILEHH fPH YBENHYEHHH [UIOTHOCTH MOLIHOCTH [0~
Hcnapstoiero H3nyyenus. Ilpu aanpreiiieM yBeqHYeHHH M0THOCTH MOLIHOCTH
JIOHCTIApSIONIEro Ja3epa NMPOHCXOMHT NOJIHOE MCIIAPEHHE YACTHL JKMAKOKAIeb-

HOH ¢asbl.

Jina cayuas 11 (Puc.76) pasmep uacTuil YMEHBILAETCS C YBEIHYCHHEM
IUTOTHOCTH MOUIHOCTH JOMCIAPSIOLIETr0 U3TyueHHa. X0 00beMHON KOHLIEHTpa-
LIMA TOBOPHT O TOM, YTO Macca BeileCTBa, COCPEOTOYEHHAA B YaCTHIAX KOHAEH-
CHPOBAHHOH (asbl, ¢ YBEAHYEHHEM IUIOTHOCTH MOLIHOCTH JOHCHAPAIOLErO M3-
AYYEHHS 3HAYHTENbHO YMEHBLIAETCS W NPH HEKOTOPOH MIOTHOCTH MOLLHOCTH
HaCTHLIb] MOTYT NOJHOCTLIO AOHCNAPHTECH,
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BBIBO/IbL

Takum 0bpazoM, YNpaBnsTh pa3MEpaMH W KORLEHTpaLMeH yacthu B
ABYX(ha3HbIX MOTOKAX, QOPMHPYIOIUUXCA B pe3ysTbTaTe BO3ACHCTBHA Na3€PHOI0
W3TyYEHHS HA METAbl MOXHO, €CiM TIOMECTHTH 00JacTh BO3ACHCTBHA BO
BHELTHEE 3JIEKTPHYECKOE N0E.

HccmenoBaHus KHHETHKH YacTHLl KOHACHCHPOBAHHOH (a3bl IPO3HOHHBIX
(JAKESIOB B CKPELIEHHBIX Ja3ePHbIX MyUKAX MOKA3aiH, YTO BO3ASHCTBHEM HATy4e-
HHSl BCMIOMOTaTeNbHOTO TAKOKe fa3zepa MOXKHO d((peKTHBHO YIIPaBIATE NapamMer-
PaMHM HaCTHL XHIKOKAMENsHOH (ha3kl # TEM CaMbiM flapaMeTpaMH CAMHX 3pO3H-
OHHBIX /Ia3epHbIX ITOTOKOB. [Toka3aHO, yTo A1 3TOro TpebyroTea MEHBILIME TUTOT-
HOCTH MOILHOCTH, YeM BOIAECHCTBYIOLUETO HIMYHEHH, a A8 HacTHil, cPOpMHPO-
BAHHLIX 34 CYeT 00BeMHOro NapoodpazoBaHHs, CYILECTBEHHO Oonee Hu3kue. [l
Dosee 3 GHEKTUBHOTO YMEHBLICHHUS COASPIKaHUST KOHIEHCHPOBAHHON a3kl MaTe~
pHana MHIDCHH M AOMy4eHHS OecKanespbHOH CTEPHIBHONH IPO3HOHHONR [L1a3Mbi
Heneccodpa3Ho OAHOBPEMEHHO BO3ICHCTBOBATL HA 3PO3MOHHLIH NazepHeii haken
BHELUHWM 30EKTPHYECKHM NoJIeM, J00MBAsACh YMEHBIIEHHS YACTHLL [0 Pa3Mepa,
H bonee 3qupeKTHBHO JOUCITIAPATDL HX M3TyHEHHEM BCIIOMOraTeIbHOrO fa3epa.
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STARK BROADENING OF NEUTRAL
ARGON LINES BY PLASMAS

Z. MIJATOVIC, D. NIKOLIC, S. DJUROVIC, R. KOBILAROV AND N. KONJEVIC*
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* Institute of Physics, P.O. Boz 68, 11080 Belgrade, Yugoslavia

1. INTRODUCTION

Plasma broadened spectral lines of neutral argon, in the visible region of electromag-
netic spectra, have been extensively investigated in order to obtain Stark broadening
parameters (see Konjevié et al. (1976, 1982, 1990) and references therein). Although
these investigations covered a number of lines, there is a lot of space for further ex-
perimental investigations. Todays experimental techniques improve the accuracy of
obtained data in some cases almost for the order of magnitude. Also, in the most of
previous investigations, in order to obtain Stark widths of the lines, deconvolution
of symmetric Voigt profile has been applied although plasma broadened profiles are
asymmetrical. Some of the close argon lines have not been investigated due to compli-
cated procedure of line profile separation. Reported data contained Stark widths and
shifts only, with the exception of Jones et al. (1986) where the experimental results
for ion broadening parameter A were also reported.

In order to obtain Stark broadening parameters (widths, shifts and A) with high
accuracy it is necessary to fulfil several conditions:

a) plasma source must be highly reproducible, in the case of pulsed plasma source or
very stable, in the case on continous source,

b) an experimental technique for spectral intensity measurements should provide high
accuracy of measurements,

c) attention should be paid to plasma diagnostics techniques (electron density and
temperature measurements),

d} proper numerical procedures for experimental profiles treatment should be applied
(for example Abel inversion procedure, line separation procedure, deconvolution
procedure etc.). For example, in the cases of strongly asymmetric lines, the error
of up to 25 % could be introduced if one applies deconvolution procedure for Voigt
profile instead for asymmetric profile,

e) the influence of other broadening mechanisms must be taken into account.

In this work all ol above mentioned conditions tried to be fulfilled in order to ob-
tain high accurate data of Stark broadening parameters. Also, applied deconvolution
procedure, made possible to determine the ion broadening parameter of investigated
lines. Stark broadening parameters are determined for twelve neutral argon lines in
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the visible spectrum. Close spectral lines were also investigated, some of them for the
first time. Obtained results are listed in a table and also compared with the theoretical
and experimental results of other authors when available.

2. EXPERIMENTAL

In this chapter the experimental procedures and plasma diagnostics will be described.

2.1. PLASMA SOURCE

Wall stabilized arc was used as a plasma source. It consists of a stack of 7.1 mm
thick water-cooled copper plates separated by 0.5 mm thick insulating Teflon gaskets.
The diameter of arc channel is 5 mm and its length is 70 mm The arc was operating
under atmospheric pressure with the gas mixture containing 99 % Ar and 1 % H,.
The mixture with the flow rate of 3 1/min is introduced into the arc from both ends.
Stabilized power supply with the current stabilization of 0.3 % was used to supply
the arc with the current of 30 A.

2.2. LINE SHAPE AND SHIFT RECORDINGS

In order to avoid radiative transfer problems when radiation is recorded end-on,
plasma was observed side-on at twelve position along plasma column radius. Plasma
radiation was focused 1:1 onto the entrance slit of 1-m monochromator by means of
the concave mirror Ma, see Fig. 1. The height of the entrance slit was 0.3 mm while
the width of entrance and exit slit was 20 pm introducing the instrumental width
of 0.018 nm. Monochromator is equipped with 1200 g/mm grating, high resolution
stepping motor (36000 steps/rev), used for grating movements, and photomultiplier.
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Fig. 1. Experimental setup.
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A low-pressure Geissler tube was used as a source of unshifted argon spectral lines.
The same mixture used for the arc is introduced under the low pressure in Geissler
tube. The lines emitted from this source are also used for the instrumental width
measurements. For the shift measurements, the light form Geissler tube was also
focused onto the slit of the monchromator, see Fig. 1. The mirror M3 is partially
reflecting so the light from both, arc plasma and reference source have the same
optical path from the mirror M3 to the exit slit of the monochromator. Using the
chopper C light is recorded from the arc or from a reference source alternatively.

Signals from the photomultiplier were led to the digitizing oscilloscope working
in the averaging mode (32 samples over 200 ms). Using this technique for spectral
intensity measurements the error less than 1 % was attained, while the accuracy of
wavelength settings was 0.0025 nm. The stepping motor (HP-IB interface), chopper
C (RS-232 interface) and oscilloscope (HP-IB interface) were controlled by the PC.
The same computer was used for data aquisition.

2. 3. PROCESSING OF RECORDED LINE PROFILES

The line profiles recorded at twelve positions along the plasma column radius were
Abel inverted (Djurovié 1998). After this an advanced deconvolution procedure
(Nikoli¢ et al. 1998) for asymmetric line profiles was applied in order to separate
Gaussian part (instrumental + Doppler) from the plasma broadened part. The in-
fluence of resonance and Van der Waals broadening mechanisms (Griem 1964) were
taken into account also. The same deconvolution procedure was applied to close lines
also. Since the one of the fitted parameters in this procedure is ion broadening pa-
rameter A, this procedure was used for determination of this parameter. The center
of the lines were always determined at the maximum of peak intensity.

In order to determine the position of unshifted lines, profiles recorded from the
reference source were fitted by least square method to the Gaussian.

Examples of recorded profiles together with the fitted profiles and profiles recorded
from reference source are presented in Figs. 2 and 3.
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Fig. 2. An example of isolated Ar I line.
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Fig. 3.  An example of two close Ar | lines.

2. 4. PLASMA DIAGNOSTICS

An electron density in the range (0.74 — 2.90) x 10?2 m~3 along the plasma radius
was determined from the widths of the Balmer Hp line in conjunction with theoretical
calculations by Vidal et al.(1973). The arc temperature ranging (9280 - 10750) K was
deduced from plasma composition data using procedure described by White et al.
(1958). Estimated uncertainty of reported electron densities and temperatures do not
exceed £9 % and +3 %, respectively.

3. RESULTS AND DISCUSSION

Obtained values for widths and shifts for various electron densities and temperatures
were compared with the theoretical values (Griem 1974). Theoretical values were
calculated for corresponding electron densities and temperatures accordingly with the
formulas for static ion approximation ( Eqgs. (226) and (227) in Griem 1974). In these
formulas electron impact width, electron impact shift and ion broadening parameter
enter as the theoretical values. For two of investigated lines these values are not
existing. For five of them these values can be estimated from the existing values for
the lines from the same multiplet (Griem 1974). Theoretical data for widths and shifts
are corrected for the Debye shielding effect. Results of such comparisons are given in
Table 1. together with the results of other authors and estimated errors. Results
of this work are presented through an average values. Since error of measurements
are given before, in Table 1. only standard deviation of obtained results are given.
Results of other authors are, in some cases, given as the range of obtained results
of the comparisons (they are marked with symbol §). These values are taken from
critical reviews (Konjevié et al. 1974,1990) together with estimated uncertainties: A -
less 15 %; B — between 15 % and 30 %. Results with estimated uncertainties C — more
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30 % are not taken for comparisons in this work. There are also four results (Djurovié
et al. 1997; Musielok 1994); Djenize et al. 1995 and de Izarra et al. 1993), included in
Table 1., which have not been critically reviewed since they are quite recent.

Table 1. Values of measured over theoretical widths and shifts for investigated Ar I
spectral lines. References: 0 — this work; 1 — Bues et al. (1966-67); 2 — Griem (1962); 3
— Chapelle et al. (1967); 4 - Queffelec and Girault (1971); 5 — Sculz and Wende (1968);
6 —Jones et al. (1986); 7 — Jones et al. (1987); 8 ~ Chernichowski and Chapelle (1983);
9 — Abbas (1988); 10 - Djurovié¢ et al. (1997); 11 - Musielok (1994); 12-Djenize et
al. (1995); 13 - de Izarra et al. (1993). Results of this work are given as an averaged
values with standard deviation for widths (s, ) and shifts (s4). For the lines marked
with (*) theoretical values were estimated from the values for the lines from the same
multiplet for which theory exists. Letters in parenthesis in the last column denote
accuracy estimated by critical reviews (Konjevié et al. 1976, 1984, 1990). Symbol
# denotes that only range of obtained comparison is given. Error reported by the
authors of Refs. 12 and 13 is between 10 and 20 %.

A (nm) Ne (1022 m™3) T (K) W /Wi Sw  dm/din sqa Ref.
*415.86 0.74 - 290 9280 - 10750 0.724 0.032 1.088 0.024 0
4s[3/2]° - 5p[3/2] 1.42-11.4 9960 - 13100 0.67 0.028 0.87 0.074 1(B)

1.7-18 9270 - 14830 0.83-1.07 - 1.01 - 2B)#
6.23 11900 0.1 - - - 6(A)
6.2 11900 0.92 - - - 7(A)
3.1-9.9 10800 - 12600 0.989 0.096 - - 11
*418.19 0.74 - 2.90 9280 - 10750 0.616 0.038 0.633 0.025 0
4s'[1/2]° - 5p’[1/2] 1.42-11.40 9960 - 13100  0.57 0.015 0.657 0.065 1(B)
1.1-86 9650 - 12500 0.78-0.91 - - - 3(B)#
3.1-99 10800 - 12600 0.80-0.83 - - - 11
*419.07 0.74 - 2.90 9280 - 10750 0.565 0.047 0.887 0.060 O
4s[3/2]° - 5p[5/2]
419.10 0.74 - 2.90 9280 - 10750 No  theory 0
4s'[1/2]° - 5p[3/2]
419.83 0.74 - 2.90 9280 - 10750 0.536 0.041 0.691 0.041 0
4s[3/2]° - 5p[1/2] 1.42-11.4 9960 - 13100 0.428 0.038 0.79 0.062 1(B)
420.07 0.74 - 290 9280 - 10750 0.628 0.064 0.756 0.032 0O
4s[3/2]° - 5p[5/2] 1.42-11.4 9960 - 13100 0.584 0.022 1.00 0.056 1(B)
1.7-9.2 9720 - 12610 0.82-0.90 - 0.78-0.84 - 2(B)#
4.5 13400 0.87 - - - 11
425.94 0.74 - 2.90 9280 - 10750 0.726 0.048 0.691 0.035 0
4s[3/21° - 5p’[1/2] 1.42-11.4 9960 - 13100 0.561 0.015 0.777 0.055 1(B)
0.47 - 3.5 8900 - 11070 0.729 0.039 0.764 0.033 10
14-99  9800-12600 0.77 - - - 11(A)
2.6 14000 - - 0.62 - 12
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Table 1. Continued

A (nm) Ne (1022 m™3) T (K) W /Wih Sw  dm/der  Sa Rell
*426.63 0.74 - 2.90 9280 - 10750 0.540 0.078 0.866 0.055 0
4s[3/2]° - 5p[3/2] 1.42-114 9960 - 13100 0.691 0.020 1.28 0.073 1(B)

1.4-99 9800 - 12600 1.06 0.113 - - 11
427.22 0.74 - 290 9280 - 10750 0.700 0.043 0.942 0.030 0
4s[3/2]° - 5p[3/2] 1.42-11.4 9960 - 13100 0.651 0.028 1.136 0.100 1(B)
6.2 11900 0.85 - - - 6(A)
1.4-99 9800 - 12600 0.85 0.09 - - 11
2.2 16000 - - 0.55 - 12
*430.01 0.74 - 2.90 9280 - 10750 0.740 0.053 0.611 0.030 0
4s[3/2]° - 5p[5/2)  L.2-94 9750 - 12200 0.590 0.019 0.944 0.06 1(B)
1.7-13.2 9720 - 13500 0.75-0.84 0.81-1.2 2(B)#
1.1-5.9 9600 - 11800 0.52-1.02 - 0.96-1.51 -~ 4(B)#
6.2 11900 01T - - - B(A)
1.1-11 9000 - 15500 0.76-0.83 - - - 3(A)#
2.2-144 10200 - 14200 0.75-0.96 - - - 9(B)#
3.1-99 10800 - 12600 0.81 0.059 - - 11
18.2 13000 0.85 - - - 13
433.36 0.74 - 2.90 9280 - 10750 No  theory 0
4s'(1/2]° - 5p’[3/2]
*433.53 0.74 - 2.90 9280 - 10750 0.501 0.026 0.730 0.034 0
45 [1/2]° - 5p’[1/2] 1.42-11.4 9960 - 13100 0.647 0.040 0.771 0.069 1(B)
1.0-7.0 9550 - 12100 0.69-0.73 - - - 5(B)#

In order to make experimental results in Table 1 comparable, electron densities
determined from Hy line, in works published before 1973. had to be corrected to VCS
theory (Vidal et al. 1973).

One can see from the Table 1 that values obtained from various experiments
differ considerably, in some cases almost for 100 % (see 426.63 nm line). There
1s no rule about agreement between any of the experiments. However, disagree-
ment between experiment and theory is obvious (disagreement could be defined as
[1 — |experimental value/theoretical valuel|]). Depending on the considered line and
Stark broadening parameters this is in the range of almost 60 % and 0 %. An average
value of the disagreement between experiment and theory (including both parameters
is about 20 %)

An general conclusion could not be drawn, except that the measurements of this
kind should be continued in order to give more precise answer about the Stark broad-
ening parameters of argon lines.

4. CONCLUSION

This paper is an attempt to give reliable experimental data of Stark broadening pa-
rameters of neutral argon lines. Twelve spectral lines were investigated. Attention was
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paid on precise spectral intensity recordings, wavelength measurements and procession
of obtain data. An averaging technique was applied for spectral intensity recordings,
while high resolution stepping motor was used for the rotation of monchromator’s
grating and wavelength settings. An advanced deconvolution procedure was applied
n order to obtain Stark broadening parameters free of systematical error introduced
by applying the method for deconvolution of symmetrical lines.

Obtained results for widths and shifts of investigated spectral lines are compared
with the theoretical values (if exist) and with the experimental results of other au-
thors. This comparison showed strong disagreement between the experimental results,
but in most cases considerable disagreement between experimental and theoretical val-
ues also exists. Final conclusion about the values of Stark broadening parameters of
neutral argon lines demands more high precision experimental work.
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Abstract. The spectral line shape investigations ol the Active Galactic Nuclel are carried
out at the Belgrade Observatory since 19%L Tuitally the rescarchies were only thcorctical,
the object ol them having been the eflects ol the gravity ficld on the spectral line shapes.
Subscguently these rescarches were extended to include the aualysis ol thie obscrved cmission
spectral lines. On the basis of this analysis of the olscrved spectral lines the modelling was
undertaken of the emission regious ol the Active Claliuctic Nuclel. Special attention was paid
to the investigation of time variations of these emission Hues which point to the existence of
two broad line emission regions 1 these objects.

1. INTRODUCTION

The imvestigation of the spectral line shapes and parameters helps us to understand
the physical conditions and state of the plasma [von which these are coming. In fact
the ouly way of making diagnostics of plasma outside ol the Solar System is (he
investigation ol its radiation (spectral lines and coutinuum). The mvestigation of
the spectral line shapes and parameters 1s very nuportant also becanse most of the .
information on the celestial objects is acquired just by unalyzing these parameters.

Among the most interesting objects e the Cosimos are Active Galactic Nucle
(AGN). These objects, where to the quasars also belong, are powerfnl radiation
sources, one ol their characteristies being the presenice in their spectra ol the very
strong emission lines. T'hese entission lines are characteristic ol the active galaxies
and in some ol them a classification was deducted according to the shapes of these
lines. Tor instance Syfert galaxies with nayrow spectral lines (full widdth at the half
maximum - FAWITA - about several hundreds kin/s) belong to the type Lwo - Sy 2,
while those with the broad lines (FWIHNM - up to several thousimd kim/s) belony to
the Lype one - Sy 1.

According to the widely accepted view in the center of these objects there s a black
hole with the accretion disk around it. This system is enveloped by an cimission region.
On the basis ol researches in the spectral lines of these ohjects (sce g Osterhbrock
1989) 1t has been brought out that the eimssion region from which they originate might
be divided into several parts, cach one with dilfferent plvsical properties. Generally
two such reglons are noticcable:

1. Broad line region (BLR) front which hroad, mainly hydrogen and bielivm lines are

radiated. This region is embedded in the enviconment of e aceretion disk, its
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dimensions belug less than one parsee, 1 1s conposed of dense matter - a cloud,

which in addition to the dominant rotation motion have their proper motion as

ell. The velocities ol these clouds, derived [rom the lnes hall widihis, vun on the
average around several thousand kni/s (sce c.g. Osterbrock 19891, The electron
Tem™ o 108 anT? ) with temperature

concentration in this region runs [rom 10
ol about 10000 N

2. Nacrow line region (NLR) oul of which navrow lines arc coming, is lareer, amounting

to several kiloparsees. Tt is [rom this region that radiation of lighly iomzed emitters
(O I, C 1V) is coming forth. Noticealile ave also the lines {rom the forbidden
transits (c.g. O TH[1959,5007]). Otherwise the concentration of the emitters in this
region is very shiaht, vunning from 10 ™ to 107 ™%

Certainly, speaking strictly, the emission region is ninelr more comnplo For instance

our nvestigation of the narrow line region in the Nl 817 galoxy shoved o e

composed ol two parts (Popovié and Mediavilla T9UT) . Sometities one iy
m the emission region the disk too, e the disk effeets may make themselves fele
the spectral fine shapes, as is the case with the 7w 2 (Popovic et al, 1U97).

The nvestigations ol the spectral line shapes in Sylert galaxies and quasars ad the
Belgrade Obscrvatory were started in 1994 The initial investigations were theoretical
and connected with the gravity ficld cliver on the spoecteal line shapes (Popovié and
Vinee 1994, Popovié ¢t al. 1991ab, Atanackovic et al. 1994, Popovic ef al. 19495a).
Later on these vestigations were extended to mclude the studying of the spectral

lines shapes obscrved at the Crimean Astrophysical Qbservatory (Pope [996). Here
a condensed survey ol rescarchies perlored al the Belgrade ()|;S(‘i'\'lllt)l'}' s given.
These researches are carried oul within the [ramework ol the task fnecsligalion of the
Spectral Lune Shapes in Active Galactic Nacler which Torims a part o e Belgrade
Observatory’s Rescarch Project.

GRAVITATIONAL EFFECTS ON
THE SPECTRAL LINLES SIIATES

Rescarches concerning the imfluence of gravitational ellcets o the specteal Tine shapes
i AGN promoted studying the nature ol these objects ab the Belurade Obscrvatory,
Ilaving regard to the model ol' he AGN wlieh envisages a hilack hole o thie nucleus
centre, with region emitting the lines, the so calld Beoad Line Recion (BLRD o

the immediate vicmity of the l)l:n'l\' liole, Les in acstrong gravitational el one miay

expect this field to allect the cmitted radiation coming rom these oljects. o
sense? First, the obscrved line having been oblained as a sunnnary radiation of a
cloud situated in the Jine ol sight at dilferent distances [romn the couter, e within
different gravitational fields, the radiation cimitted from particular clonds lias different
gravitational shifts, Ti other words, the radiation of those clouds sivauted closer 1o
the center will be shilted toward the ved with respect Lo the radintion of clouds
more distaut from the black hole. O course, we must thereby keep o mind that we,
as obscrvers, are within a relatively weak gravity lield with respect to the cinitiers
situated within a Broad Line Region or within the acerction disk of the AGN. Ly any
case Lhis will lead to the distortion of the spectral Tine shiapes of these ahjects. Second,

H0
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the emitters will be in a strong gravitational field which must be taken into account
at computing the atomic parameters of the emitter (oscillator strength, transition
probability and line strength).

As already related, the initial investigations were connected with the effect of the
gravitational redshift on the emission spectral line shifts for the case of the undistorted
Lorentz profile (Popovié¢ and Vince 1994, Popovié et al. 1994ab) and Voight profile
(Atanackovié et al. 1994, Popovié et al. 1995a). In both cases analytical expressions
were derived serving for accounting for this effect.

1.0 ~= ]

S !

0.5

S T 1 U A 0 U B O I
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Fig. 1. The shape of the distorted spectral line profile for different transition lengths Ay,
compared with undistorted Lorentz profile (dissected line). (—) for Ag =1000 A (solid line),
(—x —x) for Ag =10000 A, (+ — +—) for Ay =50000 A, (— x — x —) for Ay =100000 A.
AX expressed in Lorentz half-widths (Popovic et al. 1994a).

[n the case of the undeformed profile of the emission line being Lorentz one (S(A))
the analytical expression for the distorted profile (S'(A, 7, M)) due to the unequal
gravitational shift is (Popovid & Vince 1994, Popovié et al. 1994a)

S (A, M) = S(A) - ®(A, 7, M) .

where ®(A,r, M) is the corrective factor depending on the distance of the region
emitting the radiation from the black hole (#) and on the mass of the central object
(M).

In the case of the Voight profile (H(a,z)) the expression for the distorted profile
(H'(a,x,r, M)) s (Popovi¢ et al. 1995a)

Foo '
H'(a,z,r, M) = ¢ / e, z,y) - $la, z, y,r, M)dy (2)

™ J_co
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where h(a, z,y) 1s the integrand of the Voight profile

e~y

ha,z,y) = a?+ (z —y)?’

a is the relation of Lorentz and Doppler width and 2 = A— Ay is expressed in Doppler
Lialf-width. The corrective function ®{a, x,y,r, M) has the same analytical forni as in
the case of Lorentz profile.
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Fig. 2. The distorted Mg line in consequence of the gravitational effect (solid line) cown-
pared with the undistorted (dashed line). The model of an AGN is used, assuming the

existence of three emission regions (Popovic et al. 1995a).

The influence of the gravitational redshift effect on the spectral line shape was
considered for optically thin and thick regions. The conclusion has been derived this
effect to lead to the spectral line profile being distorted in such a way as to make
the line broader, of lower intensity and shifted toward the red (Fig. 1.). This eflect is
more pronounced in the optically thin mediuni, which in fact applies to the broad line
region situated closer to the black hole (Corbin 1997). In active galactic nuclei the
distortion of the emission lines should be noticeable in the broad component, while
this in the narrow component is not present. The investigations of other authors,
made later on, give similar results (Corbin 1995, 1997ab).

Relatively recently imvestigations were started connected with the gravitational
field effect on the atomic parameters of the emitter (Popovi¢ 1997, Popovié¢ 1999).
Namely, for an observer situated in a weak gravity field, the radiation of the emitter
will be shifted toward the red, i.e. the observer will find, by comparing the quantum
systemn within a strong gravity field with one within his own field, the energy levels
to differ according to

Ezl': E, + AFE;, (3)

where E; are quantum systemn levels energies in the observer’s medium and FE; are
epergies of the quantum system level whence the radiation 1s coming. AF; 1s the
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energy difference depending on the difference of Lhe gravitational Held strength. This
difference can bhe calculated for the active galactic nuclet knowing the value of the
gravitational recshift to obey (Popovié 1999ab)

M

AE; 8 ————
]-}-Z(;

E;, (4)
where ¢ 15 the gravitational shift. Actual caleulations of the oscillator strengths and
the transition probability were accomplished for the case of Ly, line and the resonant
C" TV lines (Popovié 1999a). These lines are intensive in the UV spectrum of the

AGNs.
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Fig. 3. Line strengths (in atomic units) for Ly, (solid line) and resonant (' TV lines
(dashed lines) (Popovi¢ 1999).

This effect ought to be taken mnto account at modelling the accretion disk and the
hroad line region i AGNs. This effect. can equally be hmportant in neutron stars.

3. ANALYSIS OF THE OBSERVED EMISSION LINE
PROFILES IN ACTIVE GALACTIC NUCLEI

Upon theoretical consideration of the gravity tield effects on the shapes and param-
eters of the spectral lines in active galaxies, it was natural to experimentally test
these results. For this purpose it was necessary to analyze the profiles of the ohserved
lines n the spectrum of Sy 1 galaxies or quasars in whose total line profile there is a
pronounced broad line region and/or accretion disk. The first such investigation was
the analysis of Ly, line in the spectrum of the Mkn 335 galaxy obtained with the
[Tubble space telescope (Popovié et al. 1995a). For that purpose the complex profile
ol Ly, was decomiposed into two Gauss components. [L appeared that the broad con-
ponent was shifted toward the blue part of the spectrum. On removing the narrow
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component from the observation a profile was obtained displaying red asymetry
(Fig. 4). In order to account for such profile a model was formed in which the cloud
radiations were suimmed, the clouds being situated in different gravitational fields.
Assumed thereby was very strong matter ejection, 1.e. the clouds moving toward the
observer. Such a model involving gravitational field effect, gave good agreement with
the profiles observed in the Mkn 335 galaxy (Popovié et al. 1995b).

N
T

Flux (*10 "3erg/(cm?sA)
o
T

I B |
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1220 1225 1230 1235 1240 1245
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Fig. 4. Broad line component of Ly, line in Mkn 335; the points represent the observations,
the solid line illustrates the syntetized profile for which use has been made of the Broad Line

Region model, with gravitational eflects taken into account (Popovié 1995h).

The need to acquire the observing material, i.e. the observations of larger nuwmber
ol galaxies in the Hy line in order to bring out this effect beyond doubt. through
analysis of the observed profiles, investigated the processing of a great number of
spectrograms of the Crimea Astrophysical Observatory (Popovié 1996). Out of this
material for the analysis were taken the spectra with the Hy lines of three Sy | galaxies
in order to establish the effects of the gravitational field on these lines. Why exactly
spectral region around Hy line was chosen” In the first place due to the fact that in
the narrow span of the wavelengths in the environs of the wide Hy line and two narrow
ones there are O I11 [4959.5007] lines coming almost exclusively from the Narrow Line
Region. This renders it possible to introduce into analysis of the observed profiles,
accomplished by fitting the observed lines by Giauss profiles, additional restrictions
s0 as to minimize the possibility of false conclusions on the emission rvegions.

The following assurnptions were introcduced in the analysis performed by (Gaussian
profiles (Popovié and Mediavilla 1997):
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In view of the fact that the emission region is composed of several parts, the Hpy
line was fitted using at least three (rauss components which, coming from different
parts, have different widths, shifts and intensities.

Binding together was made of the narrow line components of the broad Hy line
and narrow O IT1 [4959,5007] lines. It was namely assumed, having regard to their
coming from the same region, that the narrow components have the same shifts
and that their half-widths (AW) are mutually related according to

AI/VHR(_‘\ILR) B AWaos9 _ AWsannz
4861 4959 5007

(onsicering that the two O 111 lines are within the same multiplet, it has been
assuimed their intensities to be mutually related as their strengths in the line

5007
~ 3.03
4959
=t -
~ 2
’ Ir(
f1
} 5o a | vad nil !
- . ¥ i {

Fig. 5. The profiles associated with Hg + O [l [4959,5007] {1l Zw 2 decomposed into

components. Clearly noticeable two peaks of H5 point to a disk radiating in the H 5 range.

Analysis has been made for three active galactic nuclel [T Zw 2, 3C120 and Mrk 817
(Popovic¢ 1997a). These three objects were chosen because no fast and great changes
in the line shapes have beeu noted. Besides, we deal here with Sy | galaxies and
quasars in which one may expect the gravity effect to be noticeable. Use was made
of the observations made at the Crimea Astrophysical Observatory covering a longer
time interval. The spectra have been meaned wherchy the spectra covering a shorter
tiine period were swmmed in order to neutralize the noise arising in consequence
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of short period changes. The spectra thus obtained were analyzed striving thereby
to decompose the Hy in all the spectra into the same number of components. The
analysis of the observed profiles of three active galactic nucler revealed the broad line
component to be generally shifted toward the red with respect to the component in
the narrow line region, which is in accordance with our theoretical investigations. This
is particularly evident in Mrk 817 and 111 Zw 2 (Popovid¢ 1997a, Popovic et al. 1998a,
1999¢). Tt 1s likewise interesting to indicate the existence in Mrk 817 of three emission
regions (Broad Line, Intermiedium Line. and Narrow Line Regions), while in I11 Zw 2
the effects in Hy line of a rotation disk was discernible, 1.e. two distinctly separatec
broad line components are noticeable.

4. INVESTIGATION OF CHANGES IN THE LINE PROFILES

In view of the extensive observing material at the Belgrade Observatory acquired with
the 2.6 m telescope of the Crimean Astrophysical Observatory by N.IX. Chuvaev, the
investigations of the spectral lmes were extended to include the changes of the line
shapes over a longer time interval. Aun analysis was namely made of the Hj, profile
associated with Akn 120 (Popovié et al. 19981). The line profile m this galaxy are
very variable, an indication of the stormy reactions in the BLR. It proved that the
Hy profile 1 this galaxy is well described by a three region model. One of them 1s
narrow line and two broad line ones.

In the Hy line of Akn 120 in the red portion there is a very broad cotnponent which
varies considerably, probably belonging to the iron lines and to the broad O 111 lines
(the broadest component m Fig. 6).

g
:”3‘9“.,
I
- 'K’ X &
/ !
i
g
k, mfg—%w% .&}(
& 5 _W
\
| v
1 | v R
4 ) B ".
°s o |
’ 7% 3 f |
| T L B T T
A0 9] 1)
| "W | IR ] /

Fig. 6. The Hp profile in Akn 120 contains two broad line components. The circles
represent the observed values. The solid line is the best fit. The dashed lines are Gaunss

components.
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These 1nvestigations of the long period and the short period changes turned the
attention toward the type 3C390.3 objects, interesting because of the possibility of
existence in their centers of a twin black hole (Gaskell 1996). Having at our disposal
the observations of the Hy line of 3(:390.3 quasar, covering a longer time interval, led
us to start developing a theoretical inodel of a close twin black hole or, more exactly,
ol the close twin broad line regions (Popovi¢ et al. 1998¢). These investigations are
made for the purpose of accounting for the complex lines observed in 3(:390.3 quasar
and the objects emitting lines similar to those of this object.

c

I(rel) '

v C. NLR
" BLR@ - BLR(p): 0a

9=0.48 o1}
| un}
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Fig. 7. The model of close twin broad line region (on the left) and shapes of the Hg line
raciated by such a systew (on the right). Labels: BLR{p), BLR(s) are broad line regions of
the primary and the secondary, respectively; NLR - narrow line region. The narrow line peak
steams from the NLR (Popovié et al. 199&c).

The rescarches will be continued 1 the forthcoming period. First of all a developed
theoretical inodel will be applied to Hy line of the 3C390.3 quasar whose observations
cover a period of about twenty years (Popovi¢ 1996). On the other hand the Hy line
shape of Akn 120 also points to the existence of two broad line regions, calling for
further mvestigations.

Equally, the Hyg hine shape in I Zw 2 stimulated studies concerning the disk in this
galaxy. For the purpose of determining the pararueters of this cisk the observations of
this galaxy were made, according to our proposal, with the Isaac Newton Telescope
(INT) 1n the Canary lslands. The processing of these observations, as well as the
observations of the C IV and Ly, lines of this galaxy, will provide more information
on the nature of these objects.
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PLASMA FOCUS EXPERIMENT IN YUGOSLAVIA

Puri¢ J., Antanasijevi¢ R. and Cuk M.
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Belgrade, Yugoslavia
Institute of Physic, P.O.Box 55, 11084 Zemun, Yugoslavia

1. INTRODUCTION

Getting energy from the fission and fusion was achieved immediately after the II
World War in destructive purposes (“atomic and hydrogen bomb”) through the
uncontrollable spreading of fission and fusion reactions. Controlled fission was achieved in
nuclear reactors and the same is trying with thermonuclear reaction. Medium in which it
can be realized is plasma, the fourth state of the matter in which 99,99% of the substances
in Cosmos are created. The Sun, our nearest star, as well as all the other stars, is also in this
state. As is known, in classic fuel, energy received from the Sun is synthesized through the
energy that all living beings on our planet were sustained. With civilization development
the reserves of that classic fuel will be spent (coal, oil, land gas, wood ...) faster then they
will be repaired on natural way. Because of that it was necessary to find some more
reliable source of energy. Electric energy from the hydrosystem is not enough for the
energy derivation in quantity that human race needs today and it specially will not be
enough in the imminent future.

Nuclear centers took very important part in one period. But keeping in mind
limited reserves of uranium 235, and specially the coastlines of the method for natural
uranium enriching with uranium 235, and the risk of radioactive residues from the exploited
nuclear power stations, necessity for contrivance of more suitable energy resource was
imposed. The chosen way was constructing of fusion machines where the fusion of light
elements such as deuterium and tritium, deuterium and helium, hydrogen and boron etc.
would be controlled in the plasma as a medium.

Today in the world prevails intention to chasten thermonuclear fusion in
laboratory because it is considered for the basic energy creation process in all stars.

To obtain impacts in the plasma, leading to the fusion of light elements (e.g.
deuterium and tritium), plasma must be heated over 100 000 000 K so that nucleus of light
particles could be close enough to allow attraction prevailing the force of rejection. In this
attraction the first creating intermediate state is one unstable nucleus and after that, in
example of deuterium and tritium, there is an o particle and one neutron of high energy
emitted, with releasing energy of 17,6 MeV:

D+ T—*He + n+ 17,6 MeV (1)

This kind of plasma should be confined on high temperatures long enough to give
more energy from the nuclear fusion than it is spent on the nuclear fusion. It is possible to
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be done with a fusion reactor that use deuterium from natural water as a fuel. Tritium will
be created in reactor coating made of lithium after the neutron being captured from D,D
reaction according to the following way:

SLi+n—*He + T + 4,8 MeV
"Li+n—>*He + T-2,5MeV (2)

Returning the tritium created in a such way, the cycle has been closed and we can
write it symbolically as a reaction:

D + °Li—>2*He + energy 3

The plasma can be confined in three ways, as it is known: gravitational, magnetic
and inertial. Plasma in stars is confined by gravitational field. In laboratory conditions
plasma is confined by magnetic field or inertialy. So far it has found that a most successful
devices for magnetic confinement of plasma were tokamaks, stelerator and inverse pinches
(so called closed systems), and magnetic mirrors and plasma focuses (open systems).
Among all these devices, the best results achieved until now with different kinds of
tokamaks are (JET in Culham, PLT and TFTR in Prinston, T-20 in Russia, JT-60 in Japan
and ASDEX in Garhing). In experiments with inertial plasma confinement the most
successful devices are those in which with laser radiation shaped deuterium “ball” is
irradiated homogeneously and symmetrically by all sides (up to 1% asymmetric radiation)
so that reached e densities of D, are big enough to overcome Columb’s barrier for starting
their fusion. The best known experiments in USA are NOVA in LLNL, and in Russia
“Dolphin” in FIAN. Several years ago in USA have started the building of the latest device
under the name NIF (National Ignition Facility). That device will use 1,8 MJ, 500 tW, 0,35-
um laser system for investigation of possibility of economical inertial fusion reactor
exploitation.

Joining to these researches, the Faculty of Physics and Institute of Physics with
mutual efforts built deuterium plasma focus, that gives high value of neutron contribution,
the positive charged particles, X-rays, optical and electromagnetic radiation, in impulsive
mode.

2. EXPERIMENTAL SET UP AND RESULTS

The first experiment with a modified plasma focus device up to 2kI input energy
was performed in the Laboratory for plasma spectroscopy at Faculty of Physics, University
of Belgrade, in 1985. Analysis of the propagation of the current sheet and collapse of the
plasma was studied. (Fig.1.) (Puri¢ et al., 1986).

The experiments on the model of plasma focus device in the connection with
nuclear aspects, in 1989 were provided when D" ions of the energy about 1 MeV were
detected using the NTD (CR-39) detectors. (Antanasijevié et al., 1991).

During the next several years the new plasma focus device was built and is given
in Fig 2.
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Fig. i. p=1 Tor, time between snapshot 2 and 5 ns; /22
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Fig. 2. Schematic sectional view of the plasma focus device. (1) Inner electrode; (2) outer
electrode; (3) interelectrode gap; (4) breech wall; (5), (6) muzzle ends; (7) insulator sleeve;
(8) field distortion element; (9) cylindrical brass knife edge; (10), (11) breech brass plates;
(12) insulator layer; (13) switch; (14) power supply; (15) optical window flanges; (16)
pressure control; (17) vacuum pump flange; (18) CR-39 or CA 80-15 with Al pinhole
(diameter 1 mm); (19) optic cables, proportion: 1:3.

The plasma focus chamber is the Mather type and consist of two brass coaxial
electrodes (the outer electrode consist of 9-18 cylindrically positioned brass roads). The
chamber has been designed for current up to 1| MA and 10" n/pulse.

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

The voltage measurement was performed with high voltage probes. A Rogovski
coil monitoring the variations with time of electrode current was used.
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Acceleration of the plasma focus current sheet has been measured using an
appropriate photodiode with optic cables “looking™ at certain spots inside the chamber (the
item 19. on the Fig. 2).
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Fig. 3. PF current and photodiode signals (8 and 11 c¢m signals).
V=92kV, P,=13 mbar, V. =2 cm/us.

In Fig. 3 the corresponding current and photodiode signals at 8 and 11cm position
on the length of the inner electrode are given. The time of reaching the maximal value of
the current has to correspond to the time of the current sheet coming to the top of the
electrode.

For neutron yield measurements a large (600 /) liquid scinttilator (NE 343)
surrounded with 12 photomultipliers with efficiency of 80% for unique neutron was used.
(Fig. 4). (Antanasijevi¢, R., et al., 1993).
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Ozzzzz,

Fig. 4. The large volume gadolinium loaded liquid scintillator detector: 1 — plasma focus
chamber, 2 ~ electromagnetic shield, (3 — 8) — photomultipliers and 9 — expansion tank.

Calibration of the detector using the **Cf placed in the center of the detector is shown on
the Fig.5.
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Fig. 5. Calibration of the scintilation detector with *Cf.
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Plasma focus current and neutron yield are shown on the Fig. 6.

PLASMA FOCUS CURRENT AND NEUTRON YELD
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Fig.6. Plasma focus current and neutron yield.

Comparison of the neutron yield on the our PF with corresponding value obtained in the
other laboratories is given in Fig.7.
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Fig.7. Our results on international scale. (1) Bucharest; (2) Darmstadt; (3) Disseldorf; (4)
El Sequndo; (5) Frascati; (6) Hoboken; (7) Jiilich; (8) Langley; (9) Livermore; (10) Limeil;
(11) Los Alamos; (12) Moscow; (13) Osaka; (14) Sandia; (15) Stuttgart; (16) Sukhurni;
(17) Tokio; (18) Urbana; (19) Warsaw; (20) Zemun.
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Device is designed so that we have 8 windows on the plasma focus chamber and

we can investigate different processes during the single shot. Namely we can measure the
number density of the:

a)

b)

30

positive particles produced from D-D reactions and its discrimination using the NTD
(NC and CR-39), (Antanasijevi¢ et al., 1997) and Al foil of different thickness,
(Vukovi¢ and Antanasijevi¢, 1995). In the D-D fusion reactions He, *H and 'H as well
as the neutrons are emitted. In the case of the appearance of the secondary reactions
D+3He, *He ions are also produced;

produced X-ray using appropriate “optics” based on the mica sheet where it was found
that in the case of the used gases with low Z (‘H, *H) only the soft X-rays are emitted
and it was found that the X-ray energy emitted from the PF depends only on the Z of
the working gas (Fig.8.);
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Fig.8. X-ray energy dependence on the gas atomic number Z.

angular distribution of deuterons and products of the D-D reactions (Antanasijevié et
al., 1996.), and was found that the angular distributions of the *He and X-ray are the
isotopic; only the ’H have the maximum distribution above the central electrode and,

to study the electromagnetic interference influence on the current profile; the
maximum discharging current up to 640 rA was achieved so far, although using the
same condenser battery was possible to achieve the current up to 1 MA; it was shown
that there was no current interrupting, but electromagnetic interference influence on the
current profile during the plasma focus collapse phase (Sevic, et al., 1998), (Fig.9.)
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Fig.9.  PF Current Signal

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

Although the plasma focus experiment can be regarded as the simplest of all the
fusion approaches based on self-magnetic field confinement there are a lot of unresolved
problems intrinsic to such an approach. For instance, the plasma focus is considered as an
impedance converter, which gives a fast rising high current at the final pinch phase. In
spite of this, it is questionable whether the plasma focus depends or whether the leakage
current, which increases with he discharge energy, is intrinsic in the plasma focus device.
We have tried to analyze the process of selforganisation in the collapse phase of the
plasma focus operation in which the neutrons begin to be emitted if the working gas is
deuterium. Therefore the role of the radiation collapse in the plasma focus device and
theoretical explanations to the scaling law obtained experimentally is still very important
subjects to be studied (Miyamoto, 1996).
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LASER-INDUCED FLUORESCENCE AND TIME-RESOLVED
EMISSION SPECTROSCOPY OF LASER ABLATION PLASMA

N.V. Tarasenko
Institute of Molecular and Atomic Physics National Academy of Sciences of
Belarus, 70 Scaryna Ave., 220072 Minsk, Belarus
E mail. lldp@imaph.bas-net. by

Abstract. Based on the results of quantitative spectroscopic diagnostics the
character of relaxation of parameters (n, 7, n,) of recombining laser
produced plasma and processes (recombination, chemical reactions, cluster
formation) which determine the plasma composition evolution were
analyzed and the correlation of these processes with initial conditions of
plasma creation were established.

Pulsed laser ablation plasmas produced by high power laser radiation
near a solid target have numerous applications. These include deposition of
thin lavers, vaporization of sample material for spectrochemical analysis,
formation of atomic, molecular and cluster beams. In the recombination
phase such plasmas are attractive for generation of laser oscillations and as
X-ray and vacuum ultraviolet sources. (Schriever et af, 1998, Ohyanagi et
al, 1996). For optimization of these applications and refined management of
ablation plume characteristics it is of great importance the understanding the
basic physical and chemical processes governing the plasma composition at
the various stages of its evolution.

The distinctive feature of pulsed laser ablation plasma 1s a complex
spatio-temporal structure and a wide range of varying of plasma parameters
during the plasma existence time. The plasma parameters arc heavily
dependent on irradiation conditions such as incident laser fluence,
irradiation spot dimension, environment atmosphere composition and
pressure. In a study of such plasmas one has to cope with a combination of
short time scales (ns), small spatial dimensions (mm) and consequently
strong plasma density gradients and the low density of the active species. In
order to obtain the quantitative information on plasma parameters, like
electron temperature, clectron density, spatial and temporal evolution of
transient species the currently available techniques should be adopted and
laser aided diagnostics must be developed, which combine high sensitivity
with a good spatial and temporal resolution.
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. In the present paper the laser-induced fluorescence method (LIF)
combined with the time reselved emission spectroscopy was adopted to
measure the spatial and temporal distributions of ions, atoms, and
molecules, electron temperature and density in the laser ablation plasma.
Based on the obtained results of diagnostics of plasma composition and its
spatial-temporal changes at different irradiation conditions relaxation
aspects of laser-produced plasma dynamics have been analyzed.

Details of the experimental apparatus employed in studies of laser-
produced plasma composition have been described elsewhere (Burakov ef
al, 1997). Briefly, plasma was produced by focusing of a Nd:YAG (1064nm,
10ns, 10%-10' W/em?) or XeCl (308nm,10ns,10%-10° W/em?) laser radiation
on the surface of the metallic (Al, Ti) and graphite samples in the helium
(air) atmosphere at pressures of 10-500 Torr. The densities, temperatures,
time-space distributions of various ablated species (Al, Al', Ti, Ti", AlO,
Ti0, C,) were obtained.

Optical observation of the plasma emission was performed by
imaging the section of the plasma plume onto the entrance slit of
monochromator equipped by the fast photomultiplier. The emission spectra
of plasma were recorded in the UV and visible region (spectral resolution of
AX 2 310™nm) at different distances from the target surface. The detection
of the photomultiplier signals was accomplished by a transient digitizer,
connected to a personal computer for data processing, storage and analysis.

For LIF measurements a tunable dye laser radiation at the
fundamental wavelength (560 - 630 nm) or its second harmonic was used to
probe the ground state atoms and 1ons with the difterent delays after ablating
laser pulse. 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 temporal shape of the excitation
laser pulse and the temporal variation of the absorption linewidth. The
fluorescence signals were calibrated against the fluorescence of dye
solutions with known quantum yield (Burakov ef a/, 1989, Burakov er al,
1992). The final expression for the LIF measurements of absolute
concentrations of atoms, (molecules) could be written as:

N =aS, I S,.
where a = f(Byu, A, Q). 4 is the Einstein coefficient for spontaneous
emission, Byu, Bju are the coefficients for laser stimulated processes, O;; is
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the collisional quenching rate,; u is the laser spectral intensity, and S; Sy are
the LIF and calibration signals, respectively.

The electron density (n,) was determined from the emission
linewidth measurements according to the Stark broadening theory. The
shapes of some selected lines were analyzed at different delay times (with
respect to the leading edge of the laser pulse) in order to obtain the temporal
evolution of n, The choice of the emission lines for the n, measurements
was made according to the following rules: (1) the emission linewidth had to
be sensitive enough to the Stark effect to ensure that this was the main
broadening process under typical experimental conditions; (ii) the emission
had to remain strong even at large distances from the target in order to
permit time and space resolved measurements; (iil) self-absorption of the
emission line had to be negligible.

The full width at half maximum intensity (FWHM) of the Stark
broadened line (AL) and its Stark shift (O4) are related to the electron density
1, by the expressions (Griem H.R.,1974).

AAA) = 2[1-1.750107n,  5(1-0.068n. T ") Jol 0 Cn,, (2)
OA(A) = [drw+2e107n" v 1-0.068n," "T, %) Jo10  Cn,, (3)

where w is the electron impact width parameter and y is the ion-broadening
parameter; both weak functions of temperature.

The electron temperature (7,) was deduced by the relative intensities
of lines from a given state of ionization. This is a standard approximation
for the determination of 7, needed in the Stark broadening measurements.
The validity of this approximation was confirmed by results of 7,
determination from relative populations of three levels »; n;, n; using
method developed by (Biberman L.M.and Vorob’ev V.S., 1982) for
nonequilibrium recombining plasmas.

n ; 1
g—exp[~(/ b E T vy - Xy} =

!

- LA —exp[-(/, - EN I T {X (y)- X (y)}+ X

!

——— xbl=(1 0 - £ 1T X000 - X, 00)]

*

where X . 4/J_Jz exp(-z)dz,y = (I, - E,)IT,,
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1., is the lonization potential, £, .and g; are the energy and degeneracy of the
state 7, respectively.

The emission spectra, electron temperature and density are found to
be influenced by the irradiation conditions and ambient atmosphere.

For example, the temporal evolution of electron density deduced
from Stark broadening of the All 396.15nm line in the aluminum/air plasma
and time dependence of electron temperature are shown in the Fig.1.
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Fig.1. (a) All 396.15nm line Stark profiles at delays 0,4(s), 0,7(}), 1,0(A),
and 2 us (V) after the ablating laser pulse and (b) time evolution of electron
density (n,) and temperature (7,) in aluminum/air plasma at distance of
0.5mm from the target and laser irradiance of 500 MW/cm®. The dotted
lines in Fig.1. (a) represent the Lorentzian fits.

The measured values of n, are in the range of 1.4¢10" -3.5¢10" cm™
in the time interval of 0.3 - 0.6us after the laser pulse, while the electron
temperature drops from 1.6 eV to 1 eV. The electron temperature rapidly
decreases in the time interval where maximal line emission is observed.
After this time 7, begins to decrease more slowly, showing that there is a
quasistationary equilibrium between the rates of cooling of electrons and
their recombination heating. The temporal evolution of »n, for each distance
can be characterized by an approximately biexponential decrease. The initial
more fast decay rate can be attributed to the propagation of the recombining
plasma, while the slow decay is preferably due to the recombination
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processes. The temporal evolution of densities of electrons and excited
atoms was explained in terms of three-body electron-ion recombination,
ionization and gasdynamical expansion (Burakov et al, 1997).

The similar behavior of recombination dynamics has been observed
in recombining titanium/air laser produced plasma. Fig.2,3 presents typical
temporal history of species-resolved structure of this plasma illustrating the
major periods where spectra of various species are usually observed.
Temporal behavior of Til 461,7 nm line emission indicates the rapid decay
of its intensity during several microseconds, but the excited Ti-atoms are
available to tens of microseconds. In this time interval the maximum of the
ground-state Ti-atoms and electronically excited TiO molecules were

observed.
—Til |
—TiO |

0 10 20 30 40 50
t us

and TiO molecules at 560,2 nm, (0-0)-band of B-system at the distance of 1

Fig.2. Temporal evolution of :Emission intensities of the Til 461.7 nm line
mm from the target and laser irradiance of 1010" W/em?,

molecules in laser ablation plasmas were performed by the LIF method. The
temporal profiles of atoms and ions in the plume have the form of curves
(Fig.3) with maxima whose value and position are dependent on the
conditions of focusing of radjation onto the target. In the vicinity of the
target surface the maximal denLity of ground-state atoms is reached at 15 us,

The absolute mcasuregents of concentrations of atoms, ions and
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ions - at 10 us after starting of laser action. The observed temporal profiles
are formed predominantly by recombination processes and cannot be
explained by only the time-of-flight characteristics of the plasma. The range
of the concentrations of Ti atoms of 2610"-1.110" c¢cm™ and ions of
2.5010'%4.5010" cm” 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 (Fig.3). With the plasma evolution the density decreases
up to 1 10" em? (60 ps) as well as with increasing of a distance from a
target. Noteworthy, the strong dependence of species densities on the laser
beam size was observed.

B T
. o TiO,v=0,a'a |
_ | B i
"’ .!-r“ fu o TiO v=0,c'o |
‘. —— -

Z 10" .
1012_ g’ e D\‘h\
Sg
10" , 2 ‘
20 40 60
t,us

Fig.3. Concentrations of the ground state Ti atoms and TiO molecules n
states a'A, v=0 (*) and clo, v =0 (L)) in the titanium/air plasma as a
function of the delay from the ablation laser pulse at the distance of 1 mm
from the target and laser irradiance of 1e] 0'" W/em®.

Dynamics of recombination indicated a slow recombination of ions
with electrons in the late stage of plasma decay. The characteristic
recombination time essentially exceeded the gasdynamical expansion one.
So, plasma has had time to fly apart without a complete recombination. It
was supported by the temporal dependence of relative concentrations of ions
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and atoms as determined by fluorescence measurements. Such situation in
recombination dynamics called "frozen" ionization is caused by decreasing
of electron density and delivering the Kkinetic energy to them in the
recombination process and as result there exist a tendency to maintain the
plasma temperature. The conservation of charged particles in the late stages
may be favourable to the intensification of clustering process because the
ions become the centres of condensation.

So, the investigations showed, that it possible to distinguish two
main stages in the time and space evolution of laser-induced plasma in gas
environment. The first stage is associated with an plasma expansion. Plasma
evolution 1in this stage is ruled mainly by processes with charged species
(1onization by electron impact, and three-body electron-ion recombination).
Al the end of this stage plasma involving electrons and multicharged ions is
turned to plasma consisting of atoms (molecules) and one-charged ions
(predominantly in ground states). The processes that govern the ablation
plume-gas dynamics in this stage are chemical kinetics of the ablated species
with background gas, for example oxidation reactions during laser ablation
in the oxidant atmosphere (air), material or thermal diffusion in background
gas, and cluster/particulate formation (condensation) as plasma cools
(Burakov V.S.. etal., 1995).

The formation of molecular carbon during laser ablation of graphite
target in helium atmosphere was investigated by LIF monitoring of the time-
space distributions of the C, and C; molecules in the ablated plasma. The
presence of C, and C; molecules in plasma was considered to be as a first
step in the formation of carbon clusters. The emission spectrum was
dominated by the C, Swan bands (d3Hg - 2’[1,) in the Av = -2; -1; 0; +1; +2
sequences. The emission spectra in the wavelength range 390 - 410 nm can
be identified as the C; bands. The C; high pressure bands in the spectra were
recorded including the (6 - 7) band at 543.4 nm and (6 - 8) band at 589.9
nm. These bands were thought to be either thermally excited or formed from
atomic carbon recombination. The high vibrational temperatures of C,
species (17800-12200K) estimated under various helium pressure support
that, the recombination of free carbon atoms is the most likely mechanism
for the production of C, molecules.

The experiments performed demonstrate the great diagnostic
capabilities of the LIF combined with the time resolved emission
spectroscopy for the analysis of plasma 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

81



N.V. TARASENKO

energies of various ablated species were obtained. The experimental results
show a rather complex evolution of plume particles. In the initial stage of
plasma decay the gasdynamical expansion and recombination processes play
a major role in plasma evolution. The results permitted to elucidate the
effects of oxidation kinetics and dimer (cluster) formations on the relative
concentrations in ablation plasmas at the late stages. The role of excited and
metastable reagents in oxidation kinetics has also been established (Burakov
V.S., etal.,1999).
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[MTPOMEHE TEOI'PACKE IIMPUHE ACTPOHOMCKE OIICEPBATOPUIE Y
BEOT'PALY O 1949.0 - 1957.0;

VARIATIONS DE LA LATITUDE DE L’OBSERVATOIRE ASTRONOMIQUE DE BEO-
GRAD DE 1949.0 - 1957.0

No. 9 (1961) Branislav M. Sevarli¢,
PRILOG ISPITIVANIU PROMENA GEOGRAFSKIH STRINA BEOGRADA;
CONTRIBUTION A ’ETUDE DES VARIATIONS DE LA LATITUDE DE BEOGRAD

No. 10 (1964) Vasilije Oskanjan,
THE UV CETI VARIABLE STARS

No. 11 (1965) P. M. Djurkovi¢, M. Proti¢, J. Arsenijevié, A. Kubicela, O. Kovacevié, R.
Gruji¢, Lj. Daci¢, M. Djoki¢, C. Cepinac,

OBSERVATIONS DU SOLEIL EN 1957, 1958 ET 1959 A L’OBSERVATOIRE AS-
TRONOMIQUE DE BEOGRAD

No. 12 (1968) Editor: P. M. Djurkovi¢,
SIMPOZIJUM ASTRONOMA JUGOSLAVIJE POVODOM 75. GODISNJICE OSNIVA-
NJA ASTRONOMSKE OPSERVATORIJE U BEOGRADU (1887 - 1962)

No. 13 (1967) G. Teleki,

A CONTRIBUTION INTO THE RESEARCH OF ASTRONOMICAL REFRACTION AND
ITS ANOMALIES ON THE BASIS OF AEROLOGICAL MEASUREMENTS CARRIED
OUT IN BEOGRAD
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No. 14 (1968)

RADOVI NA ISPITIVANJU FUNDAMENTALNIH ASTROMETRIJSKIH INSTRUME-
NATA, NJIHOVIH ORGANA 1 PRIBORA,;

TRAVAUX SUR L’EXAMEN DES INSTRUMENTS ASTROMETRIQUES FONDAMEN-
TAUX, DE LEUR ORGANES ET ACCESSOIRES

No. 15 (1968) Aleksandar Kubicela
UNE MODIFICATION DU SPECTROGRAPHE CHROMOSPHERIQUE A PLAQUE MO-

BILE

No. 16 (1969) Editor: P. M. Djurkovié,
RADOVI PRIKAZANI NA IV KONGRESU MATEMATICARA, FIZICARA I ASTRONO-
MA, OKTORRA 1965 U SARAJEVU

No. 17 (1972) Sofija N. Sadzakov, Dusan P. Saletié,
CATALOGUE OF DECLINATIONS OF THE LATITUDE PROGRAMME STARS (KSZ)

No. 18 (1974) Editor: G. Teleki,
THE PRESENT STATE AND FUTURE OF THE ASTRONOMICAL REFRACTION IN-

VESTIGATIONS,
Proceedings of the Study Group on Astronomical Refraction of the International Astronom-

ical Union Commission 8

No. 19 (1974) Georgije M. Popovi¢,
THE FIRST GENERAL CATALOGUE OF DOUBLLE-STAR OBSERVATIONS MADE IN
BELGRADE, 1951-1971

No. 20 (1975) Editor: Dj. Teleki,

ZBORNIK RADOVA NACIONALNE KONFERENCIJE JUGOSLOVENSKIH ASTRONO-
MA - 1973, BEOGRAD;

PROCEEDINGS OF THE NATIONAL CONFERENCE OF YUGOSLAV ASTRONOME-
RS - 1973, BELGRADE

No. 21 (1975) S. Sadzakov, D. Saletié,

DECLINATIONS AND THE PROPER MOTIONS OF THE STARS OF THE INTERNA-
TIONAL LATITUDE SERVICE ON THE BASIS OF MERIDIAN CATALOGUES FROM
1929 TO 1972.

No. 22 (1975) Ivan Pakvor,

ISPITIVANJE NAGLAVAKA VELIKOG PASAZNOG INSTRUMENTA ASTRONOMSKE
OPSERVATORIJE U BEOGRADU;

PIVOT-EXAMINATIONS OF BELGRADE OBSERVATORY’S LARGE TRANSIT IN-
STRUMENT

No. 23 (1975) Lj. A. Miti¢,
PRIPREMNI RADOVI NA VELIKOM PASAZNOM INSTRUMENTU BEOGRADSKE
OPSERVATORIJE;

PREPARATION OF THE LARGE TRANSIT INSTRUMENT OF THE BELGRADE OB-
SERVATORY FOR REGULAR OBSERVATION

No. 24 (1978) Sofija N. Sadzakov,
IZVEDENI KATALOG SIRINSKIH ZVEZDA (IKSZ);
GENERAL CATALOGUE OF LATITUDE STARS (IKSZ)

No. 25 (1978) Danilo J. Zulevi¢,

PRILOG STATISTICKOM ISPITIVANJU UTICAJA ODNOSA MASA KOMPONENATA
NA DINAMICKE PUTANJSKE ELEMENTE (e, P, a) KOD VIZUELNO DVOIJNIH
ZVEZDA;

STATISTICAL INVESTIGATION OF THE RELATION BETWEEN THE MASS RATIO
AND THE DYNAMICAL ORBITAL ELEMENTS e, P, a OF THE VISUAL BINARIES
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No. 26 (1979) ILditor: Dj. Teleki,

ZBORNIK RADOVA 1II NACIONALNE KONFERENCIJE JUGOSLOVENSKIH AS-
TRONOMA, BEOGRAD, 1977,

PROCEEDINGS OF THE I1l NATIONAL CONFERENCE OF YUGOSLAV ASTRONO-
MERS, BELGRADE, 1977,

No. 27 (1979) S. N. Sadzakov,

ISPITIVANJE SISTEMATSKIH GRESAKA TIPA Aé, SIRINSKIH POSMATRANIJA
RAZNIH OPSERVATORIJA NA OSNOVU NJIHOVOG UPOREDIJIVANJA SA BEO-
GRADSKIM IZVEDENIM KATALOGOM SIRINSKIH ZVEZDA I FOTOGRAFSKIM
KATALOGOM AGK3;

INVESTIGATION OT THE SYSTEMATIC Aé, - TYPE ERRORS IN LATITUDE OB-
SERVATIONS OF VARIOUS OBSERVATORIES BY THEIR COMPARISON WITH BEL-
GRADE GENERAL CATALOGUE OF LATITUDE STARS AND THE PHOTOGRAPHIC
CATALOGUE AGK3

No. 28 (1980) Jelisaveta Arsenijevié,
POLARIZACIJA ZRACENJA NEKIH HLADNIH SUPERDZINOVA

No. 29 (1982) Editors: G. Teleki, B. Sevarli¢,
EPITOME FUNDAMENTORUM ASTRONOMIAE, Pars II,
Photographic Catalogues and Charts of Star Positions

No. 30 (1981) S. N. Sadzakov, D. P. Saleti¢, M. D. Dagi¢,
KATALOG ZVEZDA PROGRAMA SFZT;
CATALOGUE OF NPZT PROGRAMME STARS

No. 31 (1981)

ASTROKLIMATSKA ISTRAZIVANIA ZA IZBOR MESTA VISINSKE STANICE AS-
TRONOMSKE OPSERVATORIJE U BEOGRADU;

ASTROCLIMATIC EXPLORATIONS IFOR SITE SELECTION OF THE HIGH ALTI-
TUDE STATION OF THE BELGRADE OBSERVATORY

No. 32 (1984) Vojislava Proti¢-Benisek,
MERKUROVI PROLAZI 1 PARALAKSA SUNCA;
TRANSITS OF MERCURY AND SOLAR PARALLAX

No. 33 (1985) Editor: G. M. Popovi¢,

ZBORNIK RADOVA VI NACIONALNE KONFERENCIJE JUGOSLOVENSKIH AS-
TRONOMA, HVAR, 1983.;

PROCEEDINGS OF THE VI NATIONAL CONFERENCE OFF YUGOSLAY ASTRONO-
MERS, HVAR, 1983

No. 34 (1986) Bozidar Popovié,
EQUATIONS DES PERTURBATIONS DES ELEMENTS HELIOCENTRIQUES VECTO-
RIELS DES ORBITES DES PETITES PLANETES ET COMETES

No. 35 (1987) Editor: G. Teleki,
PROCEEDINGS OF THE WORKSHOP ON REFRACTION DETERMINATION IN THE
OPTICAL AND RADIO ASTROMETRY, LENINGRAD, USSR, 1985

No. 36 (1989)
STO GODINA ASTRONOMSKE OPSERVATORIJE U BEOGRADU

No. 37 ( (1989) Vladimir Krsljanin,
STARKOV POMAK JONSKIH LINIJA KOD TOPLIH ZVEZDA;
ION LINES STARK SHIFTS IN SPECTRA OF HOT STARS

No. 38 (1990) S. N. Sadzakov, M. D. Da¢i¢,
BEOGRADSKI KATALOG DVOINIH ZVEZDA;
BELGRADE CATALOGUE OF DOUBLE STARS
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No. 39 (1990) Milan S. Dimitrijevié,

ISTRAZIVANJA OBLIKA SPEKTRALNIH LINIJA U JUGOSLAVIJI 1962 - 1985,
(Bibliografija i indeks citata);

LINE SHAPES INVESTIGATIONS IN YUGOSLAVIA 1962 - 1985,

(Bibliography and citation index)

No. 40 (1990) Editors: G. Teleki and B. Sevarli¢,
EPITOME FUNDAMENTORUM ASTRONOMIAE, Pars IT1,
Parallaxes, Proper Motions and Radial Velocities

No. 41 (1991) Milan S. Dimitrijevié,

ISTRAZIVANJE OBLIKA SPEKTRALNIH LINIJA U JUGOSLAVIJIII (1985 — 1989),
{Bibliografija i indeks citata);

LINE SHAPES INVESTIGATIONS IN YUGOSLAVIA II (1985 - 1989),

(Bibliography and Citation Index)

No. 42 (1991) Gojko Djurasevié,

[SPITIVANJE AKTIVNIH TESNIH DVOJNIH SISTEMA NA OSNOVU FOTOMETRI-
JSKIH MERENJA;

INVESTIGATION OF ACTIVE CLOSE BINARIES BASED ON PHOTOMETRIC MEA-
SUREMENTS

No. 43 (1992) Editors: O. Atanackovi¢-Vukmanovié and M. S. Dimitrijevi¢,
Astronomska opservatorija u Beogradu,

AKTIVNOSTII KRATKI SADRZAJI RADOVA 1980 - 1990;

Astronomical Observatory in Belgrade,

ACTIVITIES AND ABSTRACTS O PAPERS 1980 - 1990

No. 44 (1993) Lditors: M. S. Dimitrijevi¢ and D. Djurovi¢,

ZBORNIK RADOVA X NACIONALNE KONFERENCIJE JUGOSLOVENSKIH ASTRO-
NOMA, 22 - 24 SEPTEMBAR 1993,

PROCEEDINGS OF THE X NATIONAL CONFERENCE OF YUGOSLAV ASTRONO-
MERS, BELGRADE, SEPTEMBER 22 - 24, 1993

No. 45 (1993) B. Jovanovié, L. Djurovi¢, M. Jovanovié,
HOMOGENIZOVANI SISTEM UTgr; ZA PERIOD 1964 - 1986;
HOMOGENEOUS SYSTEM UTgyr FOR 1964 - 1986

No. 46 (1994) Luka C. Popovié,

STARKOVO SIRENJE SPEKTRALNIH LINIJA TESKIH JONA USPEKTRIMA TOPLIH
ZVEZDA;

STARK BROADENING OF HEAVY ION SPECTRAL LINES IN SPECTRA OF HOT
STARS

No. 47 (1994) Milan S. Dimitrijevi¢,

ISTRAZIVANJE OBLIKA SPEKTRALNIH LINIJA U JUGOSLAVIJIT SRBIJI ITI (1989
-~ 1993),

(Bibliografija i indeks citata);

LINE SHAPES INVESTIGATIONS IN YUGOSLAVIA AND SERBIA III (1989 - 1993),
(Bibliography and citation index)

No. 48 (1995) Editors: O. Atanackovi¢-Vukmanovié and M. S. Dimitrijevié,

ISTRAZIVANJA U ASTRONOMIII ;
RESEARCHES IN ASTRONOMY I

No. 49 (1995) Editors: I. Vince, M. S. Dimitrijevi¢ and L. Baldzs,

PROCEEDINGS OF THE T'IRST HUNGARIAN-YUGOSLAV ASTRONOMICAL CON-
FERENCE,

April 26-27, 1995, Baja Hungary
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No. 50 (1995) Editors: M. S. Dimitrijevié¢ and L. C. Popovié,

PROCEEDINGS OIF THE FIRST YUGOSLAV CONFERENCE ON SPECTRAL LINE
SHAPES,

September 11-14, 1995, Krivaja, Yugoslavia

No. 51 (1996) Editors: M. S. Dimitrijevi¢ and L. C. Popovié,
Acrponomcka Oncepsatopuja y Beorpany,

AKTUBHOCTU U KPATKHM CAIPHKAIJN PAIOBA (1991 - 1995);
Astronomical Observatory in Belgrade,

ACTIVITIES AND ABSTRACTS OF PAPLERS (1991 — 1995)

No. 52 (1996) Milan S. Dimitrijevié,
BEOTPAICKA ACTPOHOMCKA OIICEPBATOPMIA ¥ 1995,
BELGRADE ASTRONOMICAL OBSERVATORY IN 1995

No. 53 (1996) Editors: V. S. Burakov and M. S. Dimitrijevié,

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

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

No. 54 (1996) [ditors: M. Vuki¢evié-Karabin and Z. Knezevi¢,

3BOPHUK PAIOBA XI HAUMOHAJIHE KOH®EPEHUMNJIE JYTOCJIOBEHCKUX
ACTPOHOMA,

Beorpaxn, 9 — 11, oxkrobap 1996;

PROCEEDINGS OF THE XI NATIONAL CONFERENCE OF YUGOSLAV ASTRONO-
MERS,

Belgrade, October 9 - 11, 1996

No. 55 (1997) Milan S. Dimitrijevié,
BEOTPAICKA ACTPOHOMCKA OIICEPBATOPHWIA ¥ 1996,
BELGRADE ASTRONOMICAL OBSERVATORY IN 1996

No. 56 (1997) Editors: M. S. Dimitrijevié, J. Milogradev-Turin and L. C. Popovi¢,
PA3BOJ ACTPOHOMMUMIE KOI CPEBA;
DEVELOPMENT OF ASTRONOMY AMONG SERBS

No. 57 (1997) Editors: Luka C. Popovié¢ and Milivoje Cuk,

PROCEEDINGS OF THE SECOND YUGOSLAV CONFERENCE ON SPECTRAL LINE
SHAPES,

September 29 — October 2, 1997, Bela Crkva, Yugoslavia

No. 58 (1997) Milan S. Dimitrijevi¢,

LINE SHAPES INVESTIGATIONS IN YUGOSLAVIA AND SERBIA IV (1993 - 1997),
(Bibliography and citation index);

I[STRAZIVANJE OBLIKA SPEKTRALNIH LINIJA U JUGOSLAVIJI I SRBLII IV,

(1993 - 1997) (Bibliografija i indeks citata)

No. 59 (1998) Milan S. Dimitrijevié,
BEOTPAICKA ACTPOHOMCEKA OIICEPBATOPUIJA ¥ 1997;
BELGRADE ASTRONOMICAL OBSERVATORY IN 1997

No. 60 (1998) Editors: M. S. Dimitrijevié¢ and L. C. Popovié,
PROCEEDINGS OF THE 4" YUGOSLAV-ROMANIAN ASTRONOMICAL MEETING,
(4™ YuRoAM)
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No. 61 (1998) Editors: M. S. Dimitrijevi¢ and V. S. Burakov,

PROCEEDINGS OF THE 2" YUGOSLAV - BELARUSSIAN SYMPOSIUM ON PHYSI-
CS & DIAGNOSTICS OF LABORATORY & ASTROPHYSICAL PLASMAS,
September 5-6, 1998, Zlatibor, Yugoslavia

No. 62 (1998) M. S. Dimitrijevi¢,
ACTPOHOMCKA CIEKTPOCKOIINIA;
ASTRONOMICAL SPECTROSCOPY

No. 63 (1999) Milan S. Dimitrijevié,
BEOI'PAICKA ACTPOHOMCKA OIICEPBATOPUMIJA ¥ 1998,
BELGRADE ASTRONOMICAL OBSERVATORY IN 1998

No. 64 (1999) Editors: Milan S. Dimitrijevi¢, Luka C. Popovié¢ and Milcho Tsvetkov,
PROCEEDINGS OF THE FIRST BULGARIAN-YUGOSLAV ASTRONOMICAL MEET-
ING :

No. 65 (1999) Editors: L. C. Popovi¢ and Miodrag Dagié,

3BOPHUK PAIOBA XII HAUMOHAJIHE KOH®EPEHUMIE JYTOCJHIOBEHCK-
X ACTPOHOMA N MEBYHAPOILHOI' CKYNNTA O PA3BOJY ACTPOHOM-
CKUX BA3A TIOLATAKA;

PROCEEDINGS OF THE XIT NATIONAL CONFERENCE OF YUGOSLAV ASTRONO-
MERS AND INTERNATIONAL WORKSHOP ON THE DEVELOPMENT OF ASTRO-
NOMICAL DATABASES
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CIP - Karanoruszauuja y nybaukauuju
Hapoana 6u6Gnuorexka Cpbuje, Beorpan

533.9(063)(082)

YUGOSLAV-Belarussian Symposium on Physics and
Diagnostics of Laboratory and Astrophysical
Plasmas (2 ; 1998 ; Zlatibor)

Invited Lectures of the 2nd | .
Yugoslav-Belarussian Symposium on Physics and

Diagnostics of Laboratory and Astrophysical
Plasmas, September 5-6, 1998, Zlatibor,
Yugoslavia / edited by M.[Milan] S.
Dimitrijevi¢, Jagos Purié and V.S. Burakov.
- Beograd : Astronomical Observatory, 1999
(Belgrade : Portal Co.). - 98 str. : ilustr.

; 24 cm. - (Publikacije Astronomske
opservatorije u Beogradu = Publications of
the Astronomical Observatory of Belgrade ;
sv. 66 , ISSN 0373-3742)

Tekst na engl. i rus. jeziku. - Tiraz 500. -
Bibliografija uz svaki rad. - Abstracts.
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