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FOREWORD

The ultimate goal of controlled nuclear fusion research is to make a
new energy source available to mankind, a source that will be virtually un-
limited and that gives promise of being environmentally cleaner than the
sources currently exploited. This goal has stimulated research in plasma
physics over the past two decades, leading to significant advances in the
understanding of matter in its most common state as well as to progress
in the confinement and heating of plasma. An indication of this progress
is that in several countries considerable effort is being devoted to design
studies of fusion reactors and to the technological problems that will be en-
countered in realizing these reactors.

This range of research, from plasma physics to fusion reactor en-
gineering, is shown in the present three-volume publication of the Pro-
ceedings of the Fourth Conference on Plasma Physics and Controlled Nuclear
Fusion Research. The Conference was sponsored by the International Atomic
Energy Agencyand was held in Madison, Wisconsin, USA from 17 to 23 June
1971. The enthusiastic co-operation of the University of Wisconsin and of
the United States Atomic Energy Commission in the organization of the
Conference is gratefully acknowledged. The Conference was attended by
over 500 scientists from 24 countries and 3 international organizations,
and 143 papers were presented. These papers are published here in the
original language; English translations of the Russian papers will be pub-
lished in a Special Supplement to the journal Nuclear Fusion.

The series of conferences on Plasma Physics and Controlled Nuclear
Fusion Research has become a major international forum for the presenta-
tion and discussion of results in this important and challenging field. In
addition.to sponsoring these conferences, the International Atomic Energy
Agency supports controlled nuclear fusion research by publishing the journal
Nuclear Fusion, and has recently established an International Fusion Re-
search Council. The primary aim of this Council, which had its first
meeting in conjunction with the Madison Conference, is to promote inter-
national co-operationincontrolled nuclear fusion research and its applica-
tion. By these activities the International Atomic Energy Agency hopes to
contribute gignificantly to the attainment of controlled fusion power.



EDITORIAL NOTE

The papers and discussions incorporated in the proceedings published
by the International Atomic Energy Agency are edited by the Agency's edi-
torial staff to the extent considered necessary for the reader's assistance.
The views expressed and the general style adopted remain, however, the
responsibility of the named authors or participants. '

For the sake of speed of publication the present Proceedings have been
printed by composition typing and photo-offset lithography. Within the limi-
tations imposed by this method, every effort has been made to maintain a
high editorial standard; in particular. the units and symbols employed are
to the fullest practicable extent those standardized or recommended by the
competent international scientific bodies.

The affiliations of authors are those given at the time of nomination.

The use in these Proceedings of particular designations of countries or
territories does not imply any judgement by the Agency as to the legal status
of such countries or territories, of their authorities and institutions or of
the delimitation of their boundaries.

The mention of specific companies or of their products or brand-names
does not imply any endorsement or recommendation on the part of the
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/ IAEA-CN-28/H-1

NOBEILEHUE MNJIA3MbBI B CTEJIJAPATOPE
IIPU BOJBIUX NJIUHAX CBOBOIHOI'O
IIPOBET' A 2JIEKTPOHOB

B.H.BOYAPOB, B.U.BOJOCOB, A.B.KOMHH,
B.M.ITAHACKK, 10.H .I0fHH

HucTuTyT sanepHod Puanxku CHOMPCKOro OTAENEHUSR
Axanemuu Hayk CCCP, Hosocubupck,

Cowoa CoseTckux ConuaancTHyeckux Pecny6auk

Abstract— AHnoTaIMS

BEHAVIOUR OF A PLASMA IN A STELLARATOR FOR THE CASE OF LARGE ELECTRON FREE-PATH LENGTHS.
A study has been carried out of the characteristics of plasma behaviour in a stellarator under conditions
where the electron free=-path length is larger than or of the order of the longitudinal wavelength of drift oscil-
lations. A study has been made of the relationship between the plasma decay process (decay time, density
profile, etc.) and the main parameters of the experiment (magnetic field, ratio of the currents in the hetical
and toroidal windings, collision frequency of the plasma radius, electron temperatute, etc.). An investi-
gation has likewise been made of the structure of the oscillations (wavelength, frequency and correlative
di fons) panying pl decay; have dlso been made of the radial plasma flows
caused by these oscillations. The characteristic oscillation frequencies of the potentials, electric fields and
density of the plasma are close 1o the drift frequency, and their depend on the magneric field, electron
temperature and other parameters coincides with drift theory predictions. Experiments have shown that
plasma decay is determined by drift oscillations, while the plasma decay time i with an i
in the size of the magnetic field, the plasma dimensions and the parameter €. At a quite small value of
the magnetic field a quadratic relationship is observed between the plasma decay time and the field strength;
as the field increases the relationship becomes linear, the absolute decay time being 5 to 10 times greater
than the Bohm time. The results obtained may be explained quantitatively if an analysis is made of the
radial plasma flows caused by azimuthal drift electric fields. This process giwes the characteristic time for
plasma losses T, > y1(a/x,). Here y is the increment in the drift-collisionless oscillations, & the plasma
dimensions and x, the amplitude of the radial oscillations of the plasma, The expression for Tp coincides
with the empirical formulae for that value obtained experimentally.

NOBELEHHE NJIA3MBI B CTEAJAPATOPE ITPH BEOJBIHX JIHHAX CBOBOILHCOIC ITPO-
BET'A DJEKTPOHOB. ; .

Nposoannocs uayuenue ocoGeHHOCTeH NMOBEACHUR NAa3Mbl B CTEANAPATOPE B Pe XHMaxX, KOr-~
za cpoboaubift NPo6er 1eKTPOHOB 60ABME WM NUPAAKA NMPOACABHON ANMHK ApPeR$GOBMX Kone6a-
suk. HMayuanach 3aBHCHMOCTH MPONECCa pacnaja NAa3MH (BpeMs pacnaia, NPoPHAb NIOTHOCTH
B T.Z) OT OCHOBHHX MaPaMeTPOB PKCNEPUMEHTA (MAaTHHTHOTO MO/, OTHOMEHHK TOKOB B BMHTQBOH
¥ TOpOMAaNEHOR O6MOTKAX, YaCTOTH CTOJAKHOBEHHA PaAHyCa IIa3Mbl, TEMIIEPaTypH 3N1€KTPOHOB
# Ap.). OaHOBpeMeHMO HCCREROBANACEH CTPYKTypa Xonebauui (ANHHM BOAHM, 4aCTOTH, Koppensi-
UHOHHBIE Da3Mepl), CONPOBOXAADINKX PAcTial NAa3Mil, a8 TAKXe [IPOBOARAKCEH H3MePeHHS PagHans-
HBIX MOTOKOB NAa3Mbl, BH3IBAHHNX ITHMH KoNeGannAMHu. XapakrepHhe 4acTOTM xoneGauui no-
TeHUHA/NOB, 31eKTPHYECKUX NONeR X MIOTHOCTH NIA3MH NexaT GAM3KO K ApeHPOBMM, a UX da-
BHCHMOCTL OT MarHUTHOTO [.ONS, TEMNEPATypPhl 3IEKTPOHOB H APYTHX NapaMeTpoB COBNAaXaeT C
npeAcKalaHHAMH APedPOBOd TeopHH. DKCMEPHMEHTH MOKA3AMK, YTO PACTIAN MAA3MEl OfpeAeNTeT-
cft apeAiGoBLIMY KONE6aHHAMMU, BpeMs pacliaAa Ma3MK BO3PACTAET C yBEAUYOHHEM MATHHTHOTO
TNoAA, pa3MepoB MJIa3MH U NapaMeTpa €. IIpH AOCTAaTOYHO MAAOM 3HAaYeHHHM MATHHTHOTO NOJA
uabnonaeTCA KBaAPAaTHYHAs 3aBHCHMOCTD BpeMEeHH pacnazia NAa3Mi OT BENUUHHM MON; MO Me-
Pe yBeaHueHUs [I0/I% OHA NEepexXOAHT B JHHelHyD, NpH 3TOM aGCoADTHOEe BpeMsa pacnaza B 5-10 pas
6onpme GomoBckOro BpeMeHH. IJo/MyueHHble Pe3y/IBTATH MOXHO KAYeCTBEHHO OGBACHHUTD,
€CN¥ MPOBeCTH 2HA/NU3 PaAHANBHBIX NOTOKOB MJAa3MBbl, BH3BAHHEX a3HMYTANBHMMH APeR(GOBMMN
IN@KTPUIECKHMH MOAAMH . DTOT NPOUECC AAET XapaKTepHOe BPeMS NOTEpb NAa3MHl T 1’1(3/::0 ).
3mecr v — HHKpeMeHT ApefidoBO-6€CCTONKHOBHTENBHMX KaneGaHuit, a — pa3mep NNa3Mu, X, — aM-
NAMTYAA PAAMANLHEIX KONeGaHuik nahsMsl. BupaxeHue ans Tp COBNanaeTr ¢ 3MNUPHUYECKUMH
bopmynamu ans T, , NOAYHEHHMMH IKCIIEPHMEHTANBHO . '



4 BOYAFPOB u 1p.

MTpoaonxanock u3yyeHne Naa3Mul Ha cTe/vlaparope HHCTUTYyTa saepuoi u-
3uxu Cubupckoro oTaesnenus Akazemnu Hayk CCCP. Iloapobuoe onucanue axkcne -
PHMEHTanbHO#l yCTAHOBKH 6bUJIO puBeaeHo B paboTax [1-3] . OcuosHBle mapa-
MeTpHl cTennaparopa: Gonpmo# paauyc Topa — 50 cM, mansifi paauyc — 5 cM,
MmarauTHoe nojae H — no 3-3,5 ka, TpexsaxoAHas BHHTOBasA o6MOTKa, € — o
0,2. INnasma cosaasajach METOAOM CTOXaCTHYECKOro Harpesa [4-5], kak u
B onyG/IMKOBaHHBIX paHee SKCIIepUMEeHTaXx .

B oTnnuHe OT NpeXHHX SKCIEPHMEHTOB, NPOBOAWIOCH Gosee TmaTeapHOe
H3MepeHHe TeMnepaTyphl 3JIEKTPOHOB B Npoijecce BCEro pacnajga, 4To MO3BO~
JINJIO YTOYHHTH 3@BHCHMOCTE BPeMEHH pacnaja OT pa3jIHYHMX napaMeTpos. C
[IOMOII b0 KOPPEJIIHHOHHBIX METONOB H3y4a/MCh NPOCTPAaHCTBEHHEIE XapaKTe=
PHMCTHMKH KoJieGaHUli U u3MepeHH! pajHalibHble MOTOKH Naa3Mhl, o6ycnoBneHHse
KosebaHUAMH .

MAKPOCKOIIHYECKHE XAPAKTEPUCTUKH PACITATA ITAA3MEI

Hsyyajsachk 3aBHCUMOCTb CKOPOCTH pacnaja I/Ia3Mbl OT OCHOBHHIX napa-
MEeTpPOB 3KCITepHMEHTAa. MAaTr'HHTHOTO NoiAs H, OTHOmeEeHHs TOKOB B BHHTOROM M
TOPOHAANbHON 06MOTKaX cTe/Ulaparopa (apaMeTp €), TeMNepaTypH 3JeKTPo-
HOB Te , AAB/IEHMSA HEHTPANBHOTO Ta3a P.

OcHOBHbIE 9KCNIEPHMEHTH GHUIM BHITOAHEHH Ha aproHe; NAs CPaBHeHMs
HEKOTOphle 3aBHCHMOCTH 6b/IH u3MepeHs! Takxe Ha He u Xe. Ymucrora Hc-
MOAB30BAHHIIX ra3oB 6p1a AOCTATOYHO Bmcoxoﬁ KOHUEeHTpauus npuMecei
MOJIeKyJSPHEIX ra3oB He npesmmana 10 2107 %. aBNeHKe HeHTpaNBHOTO
rasa B 3KCNepUMeHTaX MeHsaAoch OT 510 -6 no 510 TOp, NpH AaBJXeHUH ocTa-
TowHoTO Tasa 2-3-1077 Top. Ilepen H3MEPEHHAMH NOBEPXHOCTH KaMepH nox-
Bepranachk TPEHHPOBKE pPa3psiioM B paboyeM rase.

IInoTHOCTE MIA3ME onpelensnack ¢ NOMOMED OTKpHTOro CBU-peso-
HaTopa (f = 1830 MI'ny); ‘TemmepaTypa 3JIEKTPOHOB, MOTEHUHANE H JIOKaNb-
Has TJIOTHOCTD MJIa3Mbl H3MEPAIHCH ISHT MIOPOBCKHMH 30HAAMH, YCTAHOBNIEH=
HEIMHM, KaK H Pe30HaTOp, Ha NMPAMOJHHEeHHEIX MPOME XyTKaX KaMeps. Makcu-:
MajbHas NAOTHOCTD NMJAa3Mbl B pa3psie noc’mrana 1,5 101° cm78 , B ripouecce
pacnaja H3MepeHHsI BEJIMCh A0 MVIOTHOCTH ~ 2- 10% ouM -3 . Hnasg uaMepenus rem-
nepaTyph 3/1eKTPOHOB HUCMONB3IOBAICH ONMH H3 BapHaHTOB 30HAOBOTO MeTO-
na {6], xoropuit nosponsn 6ricTpo, 6e3 RoromHuTEN bHOH obpaborku, onpene-
naTh Te B oboit Touke BAOAL pacnazna. Pasmepn 3oHaa: auamerp — 0,035 MM,
AauHa — 5-7 MM; TNpH 9TOM NPaKTHYECKH BCETAa JapPMOPOBCKHMIt pafMycC 3/leK-
TPOHOB 6 Gonrme paauyca 3oHza (cM.[7]). OcTHBanMe nna3Mu B npouec-
Ce pacnaza ONnpeAensnoch, B OCHOBHOM; IOTEPAMH 3HEPTHH 3/I€KTPOHOB H3
"xBocTa" MakCBEJ/UIOBCKOro pacnpezneneHus Ha Bo3byxneHue HeNTpanbHEX
aTomoB. Ha puc.l npuBeAeHH THNHYHbIE 3aBHCHMOCTH TeMIlepaTypH 3jeK-
TPOHOB H MNJIOTHOCTH I/Ia3MEl OT BPEMEHH .

Paauansusie npopunu TemnepaTypsl Te H NJIOTHOCTH NAA3MBI n (CM.
PHC.2) HECKONBKO MEHADT cBOL GOpMy B HauanbHOM cTaxuu pacnaga. Jan-
Te/JIPHOCTH 3TOT0 NIePeXOAHOTO nponecca Ha Ar 6m1a o6ruio < 0,5 Mcek; u3-
MepeHHe BPEeMEHH pacrnaja IJ1a3Mbl NPOBOAHIOCE JHIE NOC/Ie yc'rauonnemu
npoduas NAOTHOCTH .

ITpu ypennueHun naBjeHHA HeATPaNbHOTO ra3a M BeJHYHHB MarHHTHOrQ
nojis HabAwAANOCh HEKOTOpOe YMJIOMEHHe BePMHUHE PaiHanbHOro npoduns
MJIOTHOCTH H, COOTBETCTBEHHO, yMEeHbII€HHe I'DafHEeHTHOrO pa3Mepa. Cre-



