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FOREWORD — AVANT-PROPOS — IIPEAUCJIOBHUE — PREFACIO

In 1958, at the Second United Nations Conference on the Peaceful Uses of Atomic Energy, the results of
research on controlled nuclear fusion obtained in a few technically advanced countries were first disclosed to the
world at large. Since then, it has become more and more evident that a better understanding of fundamental
phenomena is needed before the goal of energy extraction from nuclear fusion may be reached. Consequently,
the intensive research undertaken in recent years has been primarily basic research in plasma physics.

The fact that such research is most complex and costly has enhanced the desirability of co-operation and
exchange of information and experience between all those engaged in this field of nuclear science and technology.
It has become obvious that the International Atomic Energy Agency can play an important part in promoting
such co-operation on a world-wide scale.

After consultation with a number of leading scientists, the Agency convened an international conference on
Plasma Physics and Controlled Nuclear Fusion Research. The extent of the interest shown by Member States
did not merely confirm that such a conference was actually needed at the present time, but greatly exceeded
expectations. The quality and volume of the papers submitted, the number of participants and of countries
represented, all bore witness to this interest.

Today, plasma physics and controlled thermonuclear fusion research is a more-or-less academic study.
All that can be said at this stage is that it should eventually lead to a practical energy source. The day
may come when the energy from nuclear fusion will be needed and when the well-being of mankind may
depend on the ability to draw on this almost limitless reservoir.

The publication of the conference proceedings is intended to promote international co-operation and accel-
erate progress in this most important field of scientific endeavor.



INTRODUCTION — BBEJJEHHUE — INTRODUCCION

The Conference on Plasma Physics and Controlled Nuclear Fusion Research was held in Salzburg, Austria,
on4—9 September 1961. More than 500 scientists, representing 29 nations and 6 international organizations, parti-
cipated in the Conference. The Proceedings are published in three parts as a 1962 supplement to this journal.

Because of the many interconnections between the various problems of plasma physics, it was decided to
have no parallel plenary sessions. Accordingly, nine sessions were held during the six days of the Conference.
During these sessions, 111 papers were presented. The “‘free’ afternoons and evenings were devoted to at least four-
teen informal discussions of topics of special interest to the participants. The present Proceedings do not include the
records of these informal discussions (the discussions would have ceased to be ““informal’ if recorded), although it
seems certain that new ideas generated in these discussions will lead to publication of papers elsewhere.

“Part 1” contains the texts (in original language only) of all papers delivered in Sessions I, IT and IV of the
Conference, the records (in English) of the discussions of these papers, as well as the texts (in English and Russian)
of the two concluding speeches by Prof. Artsimovich and Dr. Rosenbluth summarizing the Conference. Translations
of the abstracts of each paper (Sessions I, II, IV) are given at the end of this part of the Proceedings. In
addition there is an author index.

The remainder of the Proceedings is published in “Part 2” (Sessions III, V, VI, VIII) and in “Part 3"
(Sessions VII, IX). The abstracts of those papers accepted but not presented to the Conference, a list of
participants, subject and author indexes for the entire Proceedings are included in the third part.

In preparing the Proceedings the Editor gratefully acknowledges the substantial help of B. Buras,
P. A. Davenport, C. Etievant, W. F. Gauster, W. A. Newcomb and E. V. Piskarev.
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COCTOSSHUE UCCIEJAOBAHUN MO YIMIPABJISEMOMY
ANEPHOMY CUHTE3Y HA CEHTSBPb 1961r. OB30P
PE3YJbTATOB 3KCINEPUMEHTAJIbHbIX PABOT#*

JI.‘A. APLIUMOBUY
AKAIEMUS HAVK CCCP,

MOCKBA, COr03 COBETCKUX COLIMAJTUCTUMYECKUX PECIVBIIUK

I'-n Ilpencenatens,

3akonuuBliasicss ceromHs KondepeHiys mpoae-
MOHCTpHpOBaja IUMPOKMHA pa3Max HCCIeIOBaHUM,
CBSI3aHHBIX ¢ NMpoO6JIEMOH YyNpaBJisieMOro TepMOsIep-
Horo cuHTe3a. bonee 250-TH sKkCepHMMEHTATIbHBIX U
TeOpeTHYECKUX paboT OBIIO MpeNCcCTaBIEHO B KaYeCcTBe
matepuayioB nis Kondepenuuu u 6osee 30-tu yacos
CTPEMUTEJIbHBIN NMOTOK HOBOW HAay4HOW MH(pOpMaumu
HHU3Beprajcsi ¢ 3Tod Kadenphl Ha TIOJIOBBI MHOTIO-
YUCJIEHHBIX CciyliaTeseii. OOMeH MHEHUSIMH M Pe3yJib-
TaTaMM Kak B paMKax Oo(GMIMaJIbHBIX 3aCeNaHUi, TaK
U BO BpeMs TaK Ha3bIBAEMBIX «HE(OPMAJIBHBIX» IUC-
KyCCHH M OTIENbHBIX Oecel ObUT OYeHb UHTEHCUBHBIM
U 0OCyXIeHHEe HAYYHBIX BOIPOCOB HOCHJIO IUJIOHO-
TBOPHBIH, XOTS HHOT 14, OBITH MOXET, U O4EHb I'OPSAYMii
XapaxkTep.

" Bce xe, nonBoas utord paborer KoHbepeHimu,
MBI BBIHYX/IEHBI IPU3HATH, YTO 32 MHOIO JIET UHTEH-
CHBHOTO TpPYy/Ja IPOMAEH JIUIIb NEPBbIi, CPABHUTEIILHO
HeOOJIBILION 3Tanm Ha MyTH K TOCTABJICHHOW BEJIMKOMN
LEJH U MBI elle TOJIbKO MpUOJImKaeMcsl K IJIaBHOMY
Oapbepy, nperpax/jarolieMy BXoa B 00JacTh CBepx-
BBICOKUX TeMIepaTyp.

Harpertas 0o BbICOKO# TeMnepaTyphl IJIa3Ma OY€Hb
JIeTKO O0CBOOOXIaeTcsi OT HAKOIJIEHHOM TEIUIOBOW
SHEPrMM IOCPEICTBOM pa3JIMYHBIX MEXaHU3MOB He-
YCTOHYUBOCTH. B akcniepuMeHTax, OCyIIeCTBIEHHBIX 10
CUX IIOp, IJIOTHYIO IUIa3My yJaBajloCh yAEPXKUBATH
NIPH OTHOCUTEJIBLHO BBICOKOHM TeMIlepaType B TeYeHHE
MPOMEXYTKOB BPEMEHH IO IOPSIAKY BEJIUYUHBI, He
NpPEBBIIAIOIIMX COTHU MUKpocekyHZ. o cux mop
MHTEHCUBHOCTh TaK HAa3bIBA€MBIX HACTOSIIUX TeEp-
MOSIICPHBIX peaklyii B IUIa3Me OKa3blBaeTCs Ha-
CTOJILKO MaJIOif, YTO OHH MOTYT GBITH MOJHOCTBLIO
3aMaCKUPOBAHbI Pa3JIMYHBIMU YCKOPUTEIbHBIMH TIPO-
neccamu. [loka emie He YCTAHOBJIEH [IOCTATOYHO
TECHBIH KOHTAKT MEXIY pe3yJbTaTaMU SKCIIEPUMEH-
TaJIbHBIX HCCJIEIOBAaHUN M TEOPETHYECKOTO aHaJIM3a.
B 0COOEHHOCTH 3TO OTHOCHUTCS K BaKHeHIreMy
BOIIPOCY 00 yCTOWYMBOCTH IIa3Mbl. BeieicTBHE 3TOrO
noka eue cyjabo nmpoABHHYTa pa3paboTka METOIOB
CTaOMIIN3aLUY TIa3MEHHBIX HeycTonunBocTeil. OTBET-
CTBEHHOCTh 3a TaKO€ IICJIOKEHHME BEIIeH JIOXHTCS,
KOHEYHO, TIPEeXJE BCErO0 Ha OKCIEPUMEHTATOPOB.
OnHako y HUX €CTh BCE € CEpbEe3HOE OINpaB/JaHHE.
OHo cienyeT U3 crenuUIECKUX CBOWCTB H3Y4aeMOIro
00BeKTa, KOTOPBIE KpaifHe OCIIOXHSIOT IIOCTAHOBKY U
MpOBEJIeHHE IKCIEPUMEHTOB.

ITosryyeHue HOCTATOYHO YMCTOM BOIOPOIHOM WM
JeHTepueBOi Ma3Mbl camMO MO cebe mpencTaBiseT
HEJIETKYIO 3ajJavy, T. K. M3-32 B3aUMOJIEHCTBHA CO
CTEHKAMHM BaKyyMHOM KaMephl CrYCTKH ToOpsyei
IJa3Mbl OYeHb OBICTPO 3arpsA3HAIOTCS ATOMaMH M
MOHAMH NIPUMECEH TeX BELIECTB, KOTOphIEe aAcopOupo-
BaHbI HA IOBEPXHOCTU CTEHOK, BCJIEACTBHE YEr0 BO3HH-
KaloT O4YeHb OOJIbIIME paJUanUOHHBIE NOTEPH. B
KayecTBE NpUMepa 3aMETHM, YTO B ONBITaX C TOPOM-
JaJIbHBIMH TUJIa3MEHHBIMHM ILIHYpaMH, [JOaXe II0oCJe
JUINTEIbHOM BaKyyMHOW TPEHHPOBKH, IIPH KaXIOM
pa3pslie BCIBIXHBAET MHTCHCHBHOE H3JIy4eHHE IIpH-
Mecel. 9TO OJIMH U3 OCHOBHEIX ()aKTOPOB, MEIIAKOLIUX
MOABEMY TEMIIEPATYPHI MJIA3MBI B ONIBITaX ITOO0OHOTO
pona. OueHb Goble TPYZHOCTH BO3HUKAKOT IIPU
caMOil TIONBITKE MCCJIEIOBAHUS CBOWCTB ILIA3MEI B
TaKUX KOJIbIIEBBIX LITHYPaX, TaK KaK 3/€Ch MPOSIBIISIETCS
cBOeOOpa3Hblii MPUHLIUII HEOMPEAETIEHHOCTH, COCTOS-
LM B TOM, YTO YUCTOTA YCJIIOBUH OMBITA HAXOIUTCS
B HENPHMMUPHMOM TNIPOTHBOPEYHUU C HCIIOJIb30BAHHEM
JUarHOCTHYECKOM METOIUKM.

CropsiTaHHBIM 32 MeTaJUIM4eCKMMH 060JI0YKAMH M’
CJIIOXHBIMH OOMOTKaMH, IUIa3MEHHbI IIIHYp, OKa3bl-
BAeTCs, BCJIEICTBHE CBOE HENOCTYMHOCTH M KpaWHei
4yBCTBUTEJIbHOCTH K JIFOOOMY IPUKOCHOBEHHIO, HCKJTIO-
YUTEJIbHO HEYNOOHBIM OOBEKTOM JUIS UCCJIeIOBaHMS.
B ycraHoBKax, NpUHIMI OEHCTBHSI KOTOPHIX OCHOBAH
Ha HMHXEKUUH OBICTPHIX YaCTUI] B MArHHUTHOE IIOJIE,
Hac BCTpeyaeT Jpyras TPYOHOCTh: WM3-3a MaJIOH
3(h(hEeKTUBHOCTH UCTOYHHKOB ITOTOKM YacTHI[ UMEIOT
CPaBHUTEJIbHO HEOOJIBIIYI0O MHTEHCUBHOCTb U IO3TO-
My [JIs 3alOJIHEHHS JIOBYLIEK TpeOyeTcs IIMTelb-
HOe BpeMmsl. 3a 3TO BpeMsl Jaxke CPaBHUTENLHO Cliabble
HEYCTOMYMBOCTH MJIM JX€ TakKue SBJICHHs, KaK Iiepe-
3apsKka Ha OCTaTOYHOM Tra3e, YCIEBAIOT YBECTH
YacTUIBI U3 00beMa U MO3TOMY HE yHAETCs MOJIy4aTh
njasMy C 3aMETHOW KOHIEHTpAIHEH.

Ecnu jxe MBI TIbITaeMCSl HHXXEKTHPOBATH B JIOBYILIKY
CTPYIO IJIa3MBl, TO BO3HHMKAET Cpa3y TPH O CHUX IOp
HE _pelleHHble NpobyeMbl: 1) kak HOOHMTBCSA, 4TOOBI
MPOM30LIESI 3aXBaT IUIa3Mbl, 2) KaKk IPEBpaTUTh
HalpaBJICHHbI TIOTOK YaCTUI[ CTPYH B CIyCTKH C
Ooyiee MJIX MeHee WM3OTPOIHBIM pacHpenesieHHeM
ckopocTed, U 3) kak U30aBUTHCS OT HEHTPAJIBLHOTO
rasa, KOTOpbli BMECTE C IUIAa3MEHHOH CTpyel BBIXOIUT
U3 MHXEKTOpaA.

ITocne 3TuX OOLIMX 3aMeYaHHi, KOTOpPbIE B KAKOK-TO
CTENECHU OIpaBJbIBAIOT CPAaBHHUTEJLHO MeEJIEHHOE

* Peup npod. n-pa ApuMMOBHMYA Ha 3aKJIIOYMTENBHOM ceccuH. 3anbubypr, 9 centsdps 1961 r.
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NpPOABMKEHHE BIEPe] MHTepecylolled Hac o6sacTu
HAYKH, 51 IepPeX0XYy K OYeHb KPaTKOMY M €CTECTBEHHO
TakXe OYeHb TIOBEPXHOCTHOMY 0030py OCHOBHBIX
pe3yJibTaTOB, YCTAHOBJEHHbIX B paboTax mocien-
HUX JIeT.

B uenoM B COCTOSAHMM NpoOJIEeMbl HECOMHEHHO
npou3olles O4eHb OONbLIOH COBUI TO CPAaBHEHHMIO
C TeM YpPOBHEM, KOTOpbId OblL1 NMPOAEMOHCTPUPOBAH
Ha JKenesckoii koHpepeHuun B 1958 roay. Torma
OCHOBHO# 00beM Hay4yHOH MH(pOPMALUU N0 CYLIECTBY
MpeJCTaBIIsI cOO0i HEYTO Takoe, YTO MOXKHO Ha3BaThb
BLICTABKOW uaei. DOTH HOeH B OOJIbIIMHCTBE CBOEM
ObLIM JIMILIb CJIETKa 3aApanupoBaHbl TpyOBIMU U
MJIOXO TNPOBEPEHHBIMM JKCMEPUMEHTAJIbHBIMU JaH-
HBIMH, MMEBLUMMH PEKOTHOCUMPOBOYHBIA XapakTep.
B npoTHBOMONOXHOCTH 3TOMY, ceW4ac MOHYTH IO
KaXIOMy pa3zeiy obuiei TepMosiAepHON MPOrpaMMbl
MOXHO Ha3BaTh OOJIbILIOE YUCIIO TLUATEJbHO BBIMNOJ-
HEHHBIX 3KCMEPUMEHTANIbHbIX pabOT U OYEeHb LEHHBIX
pe3yJibTaToB, 00pa3ylOLIMX B CBOEH COBOKYMHOCTH
JIOCTATOYHO HaNeXHbIH (yHAaMEHT, omupasch Ha
KOTOPBIH MOXHO OyneT B AajibHEHIleM 3HAYUTEIbHO
YCKOPUTb TE€MIl MCCJIeOBaHMA.

3HaMeHATeJIbHO, YTO NPH 3TOM 3andac OCHOBHbIX

¢)H3H‘lCCKHX uneu TIPAKTHYE€CKH OCTAJICd HEHW3MEHHBIM.

— 3a MOCJIeHHe TPU TroAa He OGBIIO NMPEMTOKEHO HH
OIHOTO CYLIECTBEHHO HOBOTO METOHAa TOJIyYeHHs
BBICOKOTEMIIEPATyPHOI T1a3Mel. BmecTe ¢ TeM npowu-
301110 3aMETHOE TEpEeMELLEHHE LIEHTPa TSXKECTH B
YCUIIUSIX, HanpaBJIEeHHbIX Ha pa3paboTKy OTIEeIbHBIX
HanpaBjeHuid oOwei nporpamMmel. B HayajgbHOH
cranMu pa3paboTku NpoOJeMbl YNpPaBisieMbIX Tep-
MOSIIEPHBIX peakuui GoJibllioe BHUMAHHUE YIEJsjioch
HCCNeIOBAHUIO TPOCTeiiiiero crnocoba mMosyueHHs
BBICOKUX TeMNepaTyp, B OCHOBE KOTOPOrO JI€XKHT
UCNOJIb30BAaHUE JIMHEHHBIX MMIYJbCHBIX pa3psiIoB
OYeHb OOJIbLIONW MOILHOCTH U OY€Hb MAJIOH IJIUTEsb-
HOCTM (3TO TaK Ha3blBaeMbId OBICTPBIN JIMHEHHBIN
NMUHY). YCUNKs, HaTpaBJ€HHble Ha HUCClel0BaHHE
6bicTporo nunu-3ddexra noszponuiu eue no JKeues-
CKOM KOH(EpEeHLUH NMOJYYUTh ICHYIO KAPTUHY SIBJICHUH,
NPOUCXOASALIMX TIPU pa3psiax TaKoro TUNa, U HaWTH
MEXaHW3M, JieXallMii B OCHOBE JWHAMHWKU TIjas3-
MEHHOTo uIHypa. Kax W3BEeCTHO, 3TOT MeXaHU3M
3aKJIFOYaeTCs B YCKOPEHHMU Ta3Mhbl NMOJ NEHCTBUEM
3NeKTpoauHaMuueckux cuil. OnHo#t U3 Hambosive WH-
TEPECHBIX YepT, XapaKTEPHBIX JIs TIPOLIECCOB yKa3aH-
HOTO poJia, sIBJISIeTCS BO3ZHUKHOBEHHE XXECTKHUX W3JLy-
YeHUi . HEUTPOHOB (B eHTepHeBOi NMIa3Me) U raMmma-
aydeit. B HacTosiliee BpeMsi Mbl 3HA€M, YTO B TH-
MUYHBIX YCJIOBUSAX IKCIMEPUMEHTA JKECTKHE M3JIyYyeHHs
00ycCIOBJIEHbl YCKOPUTEJBHBIMM TpoOLiecCAaMH, NpH-
YMHOW KOTOPBIX SIBJISIFOTCS oOnpejaesieHHble (Hopmbl
HEYCTOMHYUBOCTH, CBONCTBEHHBIC MJA3MEHHbIM IIHY-
paM ¢ Gousblok cuoi Toka. [ToBUAMMOMY, IJIaBHYIO
pOJb B BO3HUKHOBEHMM OBICTPBIX TOJIOKHUTEJIBHBIX
MOHOB, (a cjeIoBaTeIbHO M HEHTPOHOB), MIrparoT
HEYCTOWYMBOCTH THIA NMEPETSKEK, a 38 BOSHUKHOBEHHE
OBICTPHIX HEHTPOHOB OTBETCTBEHHA BHHTOBAsS HeEy-
CTOMYUBOCTD; CBSI3aHHASl C TEHACHLMEH IJIa3MEHHOTO
LIHypa K 0Opa30BaHUIO TaK Ha3bIBaeMbIX «Oeccuio-
BBIX KOHGUTypaLui».
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XoTs B ONbITax C JIMHEHHBIMHM INHHYAMHU 5/nanoca
MOJIyYUTh B TUJIa3Me TEMIEpaTypbl, NPEBbIIIAIOLIHE
1 MJIH. TpaaycoB, OJHAKO BCKODE BBISICHWIIOCH, 4TO
BpSI/1 JIM MOXeET OBITh cepbe3Has Halexaa Ha NMpaKTH-
4Yeckoe WUCMOJIb30BaHWE TAaKOro MeToja mJis TOJiy-
YeHWsl UHTEHCUBHBIX TEPMOSIEPHBIX peakuUuit B Mac-
wrabe, TpeACTABSIOLIEM TEXHUYECKOE 3HAYEHHE.
ITosTOMy HHTEpechl €CTeCTBEHHBIM 00pa3om mepe-
MECTHJINCh B OOPORY ‘U3yYeHHS CHUCTEM HECKOJbKO
MHOTO THNa, ‘B ‘KOTEpPHIX GBICTPOE CXKATHE ILIa3Mbl
MPOUCXOAMT TOJ [eHCTBHEM HApacTAIOLIEro BHEI-
Hero moJiss. Peub MOET O mpoleccax, IOJY4YUBIINHX
Ha3BaHWE TETa-NUHY.

IIpu Tera-nuHY-3hpexTe AOCTUTAETCS MAKCUMAJlb-
Hasl KOHUEHTpPalUMs MarHUTHONH 3HEPrUHd B MaJIbIX
obbemax. [ToaToMy cxkaTHe NiIa3Mbl BHELTHUM II0JIEM
NpeACTaBiseT 3HA4YUTENbHO Oosee 3 deKTUBHBIN
METOJ CO30aHUs BHICOKUX TEMIIEPATYp, YeEM JIMHEHHBIN
pa3psia. CpaBHUTeNIbHAsE NMPOCTOTA IKCIIEPHMMEHTAJIb-
HO¥ annapaTy pbl ¥ 3aMaH4YMBbIe IEPCIEKTHBLI UCCIIE10-
BaHUI B 3TON 00,1aCTH NPUBEJIH K TOMY, YTO U3yYEHHUE
CBOMCTB TeTa-NMHY CTAJIO 3a MOCJEIHHE TOABI OOHON
U3 HauboJiee MOMyYJIIPHBIX TEM B peNepTyape UCCIIeno-
BaHMil mo ynpasisemMoMy cuHTe3y. OO0 uHTepece K
3TOMY HamnpaBJIEHUIO TOBOPUT C NOCTATOYHOM SICHO-
CTbI0 OOJIBILIOE KOJMYECTBO HOKJIAN0B, MPENCTaBJICH-
HBIX Ha koH(epeHunro, — 20 nmo cpaBHeHHIO C 2—3
B XeneBe. Ecnu nesio Tak moiaeT ¥ Oasblie, TO Mbl
CKOpPO TIpUOJIM3UMCSH K OCYILECTBJICHHIO JIO3YHra:
«KaxJas JOMAaUIHSs XO3siKa [10JDKHA HMETb CBOM
cobcTBeHHBIH TeTa-nuHY». OCHOBHBIE (aKThl, ycTa-
HOBJIEHHBIE TIPH UCCJIEIOBAHUN YCTPOMCTB, B KOTOPBIX
obpa3syeTcs TeTa-IMHY, CBOISTCS K CIICAYIOLIEMY:
00BIYHO B TaKMX MPOLECCAX BHYTPH IJIOTHOTO LIMJIHH-
JIPUYECKOTO CJIOSI COKUMAIOLLeHcs TIa3Mbl COXpaHs-
eTCsl 3aXBaY€HHOE MAarHUTHOE IOJie, TI0 HANpaBJEeHUIO
TIPOTUBOIIOJIOXHOE TOMY, KOTOpPO€ HABUT HAa BHELl-
HIOIO NMOBEPXHOCTh IIa3Mbl. PaboTa cu1 MarHUTHOIO
CXKaTUsl pacxodyeTcsl B HA4aJbHOW CTaIuH Ipolecca
IJ1aBHbIM 00pa30M Ha YCKOpEHUE MOHOB, a peJiaKcallus
3aXBaYEHHOTO BHYTPEHHET0 MAarHUTHOIO TIOJS MOXET
BHOCHTb CYLIECTBEHHbI BKJal B HarpeBaHHE O3JIEK-
TPOHHOM KOMNOHEHThI. TeTa-nuHY He SBJISETCS YCTOM-
YUBBIM IJIa3MEHHBIM OOpa3oBaHUeM. DTO OOHApYXH-
BaeTCsl 0COOEHHO OTHEeT/IMBO Ha (oTorpadusx cpeue-
HMS TUTa3MBl, TOJIy4eHHbIX ¢ nomouibio CDP.

_B mulockocTy, neprneHANKyJISPHON CHIIOBBIM JIMHU-
SIM TI0JIs1, C)KUMAIOLLIMICS KOMOK IIa3Mbl HATIOMHHAET
YEPHUJIBHYIO KJISIKCY MJIK OT/BIXaIOIEro OCMHHOTA C
NbIPOi TocpeauHe. MBI HMeeM 37eCh HeJI0 C THIIHWY-
HBIM CJly4YaeM MarHUTOTMAPOJNHAMMHYECKOH HEYCTOMH-
YHUBOCTH, TaK Ha3bIBaeMOro >xenobkoBoro tuna. OHa
oOycnoByieHa, BO-TIEPBBIX, TeM, YTO B IIpolecce
OBICTPOrO CXaTWsi U TOCJIEAYHIUUX paJHalibHbIX
nyJjbCalliii MJja3Ma UCMBITHIBAET CUJIBHOE YCKOpPEHHE
U, BO-BTOPBIX, TEM, YTO JIMHUM MOJSI UMEIOT HebJaro-
npusTHYIO popMy (BBIMYKJIOCTEIO Hapyxy). HecMoTpst
Ha HEJOCTATOYHYIO COIJIACOBAHHOCTh HAaHHBIX, KO-
TOpble NMPUBOISTCS PA3UYHBIMU aBTOPaMH, MOXHO
BCE X€ NPHHSATh, YTO HA YCTAHOBKAaX C MpeaebHBIMH
napamMeTpaMH, TOCTpOeHHbIX B Baumurrone u Jloc-
AnamMoce, ypnaeTcs Ha BpeMs NOpPSAKA HECKOJIbKHX



MHKPOCEKYHI TOJIy4aTh CIYCTKH IIa3Mbl KOHIIEH-
Tpauuu 101® u Temnepatypoit mopsaka 10® 3B. S ne
XO4y 311eCh 3aTparuBaTh BONPOC O MPUPOJE HEHTPOH-
HOTO W3JIy4eHus, HabronaeMoro B HEKOTOPBIX CIy-
Yasix OBICTPOTO CXaTHsl NEHTepHUEeBOH TMIa3Mbl, TaK
KaK 3TOT BONPOC UMEET YHMCTO CIOPTHUBHEIN MHTEpEC.

3amMeTuM, YTO e€cyid OBl KTO-THOO M3 CHACTIIMBBIX
HabmrogaTeneil 3toro 3ddekta mpusBe3 ¢ coboit B
3anbubypr TOPCTOYKY YUCTBHIX HEHTPOHOB, 0Opa3yro-
LIMXCS B CpPeIHEM 3a OOWH pa3psid, TO €€ BpAL JIM
XBATHUJIO OBl IUIS ‘TOTO, YTOOBI MONApUTH B KayecTBE
CyBeHUpa BCErO IO OJHOMY HEHTPOHY KaXAOMy
TPaXIAHWHY TOCTENPHUMHOM ABCTpHH.

CrnenyeT npu3HaTh, YTO HECMOTPSI HA MHOTOYHUCJIEH-
Hble IEHHBIE WMCCIEIOBAaHUS CBOWCTB TeTa-NIMHY, BBI-
nosnnexHuste B Aurnuu, CCCP, CIIA u aopyrux crpa-
Hax, TIpKpoJa 3THUX TNPOIECCOB OCTAEeTCs B HOCTa-
TOYHON CTENEHM TEMHOW BO MHOTMX OTHOILEHHUAX
(croma OTHOCHUTCS BOTIPOC O MeEXaHW3Me peJlaKCaluu
3aXBAYEHHOTO TOJS, O NMPUYMHAX BPAILEHUS IIJIa3MeH-
HOTO CrycTka, o6 yTeuke yacTun u T. I.). HensBectHo
TakXe, MOXHO JIH PAacCYUTHIBATH Ha TO, YTO C TO-
MOILBIO OBICTPOro CXaTHsl yHacTCs B HalbHEHLIEM
6e3 CyIIeCTBEHHBIX M3MEHeHUH (OPMBI MarHUTHOTO
NOJISI TOJY4YUTh [JOCTATOYHO YCTOHYMBBIH KOMOK
ropsiueit mia3sMel. AHaJIM3UPYs BONPOC O OaJIbHEHIIEH
cynpbe 3TOTO HampaBJIeHUs UCCIEIOBaHU, MBI IOJIK-
Hbl NIPUHATH BO BHMMAaHHE, YTO B HACTOAIIEE BpeMs
HET crocoboB, KOTOpPBIE MO3BOJNSIM ObI cO3maBaTh
fosee TUIOTHBIE CTYCTKM ropsiyed TJIa3Mbl, YeM Te,
KOTOpBIE TIOJIy4aroTCS B YCTpPOHCTBE THNA TeTa-
nvHY. [To3TOMy MOXHO INPEANOJIOKUTH, YTO Ha Npo-
TSKEHUM OJIMXKAWIUNX JIET SKCIIepUMEHTAJIBHbIE UCCITe-
IOBaHUS CBEPXOBICTPOTO CXATHUS TUIa3MbI HapacTalo-
UM TioNieM OymyT NPOJOJIKATHCS, XOTS, MO-BUIM-
MOMY, MaJIO BEpOSITHO, YTOOBI OHM MMENN CaMOCTO-
ITENbHBIE TIPAKTHYECKHE TEPCHEKTUBHI B paMKax
TEPMOSIIEpHOIf TTPOrpaMMBI.

TpanuIMOHHBIM pa3eioM TEPMOSIAEPHOH Tpo-
rpamMMBl SIBISIETCS HCCIENOBAaHME TaK Ha3bIBaeMBIX
KBa3WCTALMOHAPHBIX MJIM MEIJICHHBIX pa3psioB B
TOpOMOAJIBHBIX kKamMepax. B aTom pa3nene mo cux nop
ObIIO Ba OCHOBHBIX Hampapyienus. IlepBoe U3 HHX
MPOUCXOOUT OT UAEH CO3JaHUS TAapaMarHUTHOTO
TIa3MEHHOTO LIHYPa C TOKOM, BIIUTBHIBAIOLIETO B ceOsi
ITPOJOJIEHOE MarHMUTHOE TI0JIE CPaBHUTEJILHO HEOOJIb-
LIOH HaNpsOXKEHHOCTH. OTa MIes, Kak W3BECTHO,
peanu3oBaHa B YCTaHOBKe «3eTa», B YCTaHOBKaX
«Anpdpa» u «Ckentp». Bropoe HampasieHue OCHO-
BaHO Ha Hzee CTabWIM3aUKU TOPOUAANBHOTO pa3psaa
MPOJOJBHBIM TOJIEM, BO MHOTO pa3 TMPEeBBIIIAFOLIMM
MAarHUTHOE TOJIe TOKa. YCTaHOBKH, IpHUHAJIeXAllHe
K ceMeitcTBy « Tokamak», SBJISIFOTCS MaTepHAIbHBIM
BOIUIOLLIEHMEM 3Toro mnpuHnumna. ITo cyuecTBy,
TOMY € THIY MOXXHO OTHECTH CTeJIJIapaTop, €CIIK OH
paboTaeT B peXHME OMHYECKOTO HArpeBa.

PaccMoTpuM cHawana Ty cHTyalMro, KoTopas cJio-
KHJIaChb Ha TNEPBOM M3 YKAa3aHHBIX 3/€Ch OCHOBHBIX
HanpasJeHuii. Yxke u3 noxiaga paboTHukos Xapyasia
u OnnepmactoHa Ha JKeHeBckoil KOH(pepeHnWH BHI-
ACHWIOCH, YTO TApaMarHUTHBINA MNa3MEHHBIH 1UHYpP
CTAHOBUTCS XEPTBOI HeycToWuuBOCTH. [Tocnenyrolme

OB30P PE3VJILTATOB 3KCIIEPUMEHTAJIBHBIX PABOT

paboThl, BHINOJIHEHHBIE Kak B AHIMH, Tak © B CCCP
Ha ycTaHOBKe «AJnbday», NMOATBEPOHIA 3TH IEPBO-
HavajbHBle 3akiroueHHs. OOHAKO 3TO HE HOJIKHO
OBLIO TIPUBECTH, U B NEHCTBUTEJILHOCTH HE INIPHBEJIO
K TIpeKpallieHut0 paboT. DKCIepUMEHTHI MPOI0JIXKa-
JIMCh M IaJIU PSII NEHHBIX CBEJICHUMI O MOBENECHUH Napa-
MATHUTHBIX IIHYpOB M CBoOiicTBax oOpa3syromed Hx
a3sMbl. MBI yKaxeM 30ech TOJILKO HauboJjiee 3Ha-
YHUTEJIbHbIE Pe3yJIbTAaThl 3THX MCCIIEIOBAHHH.

M3-3a Mayioif BeJITMYMHBI Ta30KUHETUYECKOTO JaBJIe-
HUS B IUIa3MEHHOM IUHype coszaercs Oeccuio-
Basi TeOMeTpUs MarHUTHOIO TIIOJIA, T.e. TOK Be3le
TEeYeT MOYTH TOYHO BIOJE JMHUU DPe3yIbTUPYIOLIErO
MarHUTHOTO TNOJSA. 3aMEeTHM, MeXJy NPOYUM, 4TO B
KBa3MCTALIMOHAPDHOM DeXHMe Takas KOHQHIrypauus
mnoJjis U Toka (GOPMaJIbHO 3KBHBAJIEHTHA COCTOSTHHMIO
C NpelebHOW aHM30TOPONHEH 3JIEKTPONIPOBOTHOCTH.
OHeprus, BBOOMMAs B IUIa3My OT MCTOYHHKA 3JIeK-
TPUYECKOIO IHTaHMUS, B PEXKUMaX C OTHOCHUTEJIBHO
HeOOJIBLIOH MOILHOCTBIO YXOOMT B BHAE M3NY4YEHHs
npuMeceil, a B 60oJiee HaNpsHKEHHBIX peXXUMax BhIOpa-
CHIBAa€TCSl Ha CTEHKY IOTOKaMH YacTHII.

CneKTpOCKOTIMYECKHE W3MEPEHHUS, BBHINOJIHEHHbIE
Ha BCEX TpeX IEpPEYUCIIEHHBIX BBILIE YCTaHOBKaXx,
0OHapyXMBaKOT IOJIHOE COIJIacHe B OIHOM ITyHKTE.
W3 Hux ciedyeT, YTO CpexHssl SHEPIUs MOHOB B pas-
psile 3HAYMTEIBHO BBILLIE, YeM TEIUIOBas JHEPIHs
371eKTpoHOB. ITo MoBOAYy 3aBUCUMOCTH IHEPIMM HOHOB
oT 3apsga Z U Macchl M eIMHOTO MHEHHs, MO-BUOM-
MOMY, He cyuiecTByeT. I3 u3MepeHu#, BHIIOJTHEHHBIX
B Xapyajuie, kak OyaTto Owl ciemyeT, 4TO 3HEpPrus
HOHOB pacTeT JIMHENHHO ¢ M U IPaKTUYECKH HE 3aBUCUT
oT 3apsiga. OnbITHL Ha « AJbGe» NAKT CYLIECTBEHHO
MHOH pe3yJbTaT, yKa3biBasg Ha TO, YTO IHEPTHS MHO-
ro3apsigHbIX MOHOB INPUOJIU3UTENLHO TPOMOPLHO-
HallbHa Z M HE OYeHb CWIbHO 3aBUCHT OT MAacChlL
ITpoucxoxaeHne OBICTPHIX MOHOB IIOKA €le He BBIAC-
HeHo. OyeHb MHTEPECHBIM 3 dekTOM siBiIsIeTCS 0OHa-
pyXeHHOe Ha «3eTe» aHOMAaJIbHOE CONPOTUBJICHHE
TJIa3Mbl, KOTOPOE MWIpaeT CYLIECTBEHHYIO pOJIb B
obmeM Xxome Tmpolecca INPH HU3KOM HAaYaJdbHOM
JIaBJICHWH Ta3a B kKaMmepe. AIpDHODH OTBETCTBEHHOCTb
3a pe3KOe YBEJIIMUEHHE CONTPOTHUBIICHUS MJIa3MBI MOXHO
BO3JIaTaTh Ha CaMble pa3jiMyHble GOPMBI HEYCTOHYH-
BocTd. O@HaKO OT 3TOro eule OYeHb JaJieKo M0
HacTosimero obbsacHenus. HecMmoTps Ha 6oJbloe
KOJIM4YECTBO BAaXXHOM M HUHTEPECHOW HAy4YHOH HH-
(opmanuu, NpencTaBIeHHOW Ha KOH(EpeHUHUIO pa3-
JINYHBIMU J1aOOPaTOPUSIMHU, B KOTOPHIX BEOYTCS HC-
CIEeOBAaHMs TIApDaMAarHUTHBIX IUIA3MEHHBIX LIHYDOB,
BCE XK€ CKJIaJbIBAETCs BIEYaTJIEHHE, YTO 3TO HaIlpas-
JleHWe TIpUOIMKaeTcs K TOMY MOMEHTY, Koria
MCTOYHHUK CBEXUX NaHHbIX OydeT McYepraH.

T'oBopst o pe3ysabTaTax paboT, BBHINOJHEHHBIX Ha
yCTaHOBKax Tuma «3eTa», Helb3si HE OTMETUTh, YTO
3TH paboTHI CTMMYJIMPOBAJIM Pa3BUTHE LEJIOTO psja
HOBBIX METOJOB MAMArHOCTMKM IUIa3Mbl. OOHUM K3
CaMbIX OJIECTALIMX METOIMYECKMX INOCTHXKEHMH Ioc-
JIEAHEro BpeMeHU siBisieTcsl pa3paboTaHHblii B Xap-
yaJule CIMoco0 M3MepeHMs H3JIyYeHUs TIJIa3Mbl Ha
JUIMHaX BOJIH CyOMMWJUTMMETpoBOro nuama3ona. He-
COMHEHHBIM METOJMYECKUM [OCTIXKEHUEM SBJISETCS
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TakXe TOHKas TEXHUKAa M3MEPEHUS SHEPIreTHYECKOro
CIEKTpa 4YacTHI[ TUIa3Mmbl, paspaboTanHas B JleHuH-
rpajle M MCIOJIb30BaHHAsi Ha YCTaHOBKEe «Aubdar.

W3yyeHue INpOLECCOB OMHYECKOTO HArpeBaHMs
MJIa3Mbl, HAXOMASILENWCS B CHJIBHOM MarHMTHOM IOJIE,
MoKa MpPOILIO TOJBKO HAYalbHYIO CTalMio. YcCTa-
HOBJIEHO, 4TO TIPH OOCTATOYHO OOJBILOH BEJIMYHHE
otHowenuna Hz H, (Hz — Hanpsi)eHHOCTb MPOHOJIb-
HOro mousi, a H, — HaNpsHKEHHOCTh TOJSA TOKa)
BHEIHWE TIPU3HAKM TIpyOOH HeCTaOMIBHOCTH Kak
Oynro 6bl ucye3aroT. BMecTe ¢ TeM 0OHapyXeHO, 4TO
muddy3us mwiasMbl IONEPEK CUIOBBIX JMHUM B TaKUX
CHCTEMaX HMeEeT aHOMalbHbIH XapakxTtep. Koaddu-
nueHT aupdy3ur HA MHOTO TOPSIKOB IIPEBBIIIAET
3HAYEeHHEe, BBITEKAIOIee M3 KJIACCHYECKOH TEOpUM
M mpubikaeTcs K TOH TpeNeNbHOH BeJIHYMHE,
KOTOpPYIO naeT 3BpucTHyeckas popmyna boma. Ano-
ManpHas oudy3us TPHBOOUT K OYEHb OBICTPOMY
yXOJy 4YacTHI[ U3 TUIa3MEHHOIO IIHypa M B CYLIECT-
BYIOIIMX YCTAHOBKAaX OTPaHUYMBAET BpeMs €ro cy-
LIECTBOBAHHMS B JIyYIIIEM CJIy4Yae HECKOJILKMMH COTHIMHU
MHKpocekyHI. OIHAKO MMEIOTCSI HEKOTOPBIE 3KCIEpH-
MeHTaJIbHble (PAaKTHI, yKa3bIBAIOLIUE, YTO H3MEpEHHUE
CKOPOCTH YXOJa YacCTHI[ XapaKTepH3yeT TOJbKO IIO-
BeneHue mnepudepuueckux o6gacTed IUTA3MEHHOIO
KOJIblla B TOPOHAAJILHON Kamepe, B TO BpeMs Kak
BHYTPHM 3TOTO KOJibl[a CYLIECTBYeT OoJjiee IIOTHBIH
CTBOJI, B KOTOPOM KOHILEHTpAUMs YacTHI yIEPXHU-
BA€TCS HAa [OBOJIBHO BBICOKOM YpoBHe (1012—10'3)
B TEYeHHWe [UIMTEIbHBIX IIPOMEXYTKOB BPEMEHH.
VICTUHHBIN MeXaHU3M TIPOLECCOB, SIBJISIOLIMXCS IIPU-
YHHOW aHOMaJbHOW nubdy3un, B cCUCTEMAX THIA
«Toxamak» u «CreslapaTop» B HACTOSILEE BpEMs
SBJISETCA TIPEAMETOM OOCYXIECHHUS.

Teopusi MOXET MpPeNIOXKHTh HECKOJBKO BO3MOX-
HbIX OOBSICHEHWH 3TOTO SBJICHHSI — MarHUTOTHIPO-
JIMHAMHYECKHEe HEYCTOMYMBOCTM BBICIUMX MOI, HEy-
CTONYMBOCTh, XapaKTepHas IJIs MJIa3Mbl C HEOOHOPO-
HBIM pacnpefiesieHueM TeMIepaTypsl, TeHepauusi HOH-
HOrO 3ByKa U T. O., OMHAKO MUMEIOIIUXCS IKCIEepHMEH-
TaJIbHBIX NaHHBIX IIOKA €lLle HeIOCTaTOYHO IUIS TOTO,
4100BI TIPOU3BECTH OKOHYATENIbHBIA BBIOOp MeXIy
3TUMH BO3MoOXHocTAMHU. Ilyck B xom «Cremnapa-
Topa C», C KOTOpBIM MBI BCE€ IOJDKHBI IO3pa-
BUTb Y4€HBIX U HMHXeHepoB, paboTaroumx B IIpunuc-
TOHE, BEPOSTHO, IO3BOJIUT 3HAYUTEJIBLHO YCKOPHTH
noJsiydeHne HHGOpPMAaNUK, HeOOXOOUMOH IS OKOH-
4aTeJIbHOTO Ppa3bSICHEHMS MeEXaHW3Ma aHOMAaJbHOM
mpdy3nH mpu OMHYECKOM HArpeBe ILIa3MbI.

Bpsn iu MOTYT CylIIeCTBOBAaTh KaKue-THOO Haaexk Ibl
Ha TO, YTO C IOMOUIbIO OJHOIO JIHMIUIb OMMYECKOIO
Harpesa Ijia3Mmy B cucreMax «Toxamak» wim B «Cre-
JlapaTopax» yHacTrcs JMJOBECTU IO TEPMOSAEPHBIX
TeMIIepaTyp, OJHAKO HE UCKJIIOYEHO, YTO 3TOT METOM
CO3MaHMs Topsyel IIa3Mbl MOXET OBITH O4YEHb
MoJIe3eH Ha TIEPBOM CTaguM, KOrjJa TeMIepaTrypa
TNOJAHUMAETCS O HECKOJBKUX COTEH 3JIEKTPOHBOJIBT.

HccnenoBaHus KBa3MCTAMOHAPHBIX Pa3psioB B
CHJIBHOM MAarHUTHOM TIOJie TIPEACTaBJISIOT HECOM-
HEHHYIO IIEHHOCTb TakXe C TOYKM 3PEHHs (U3UKH
nia3mel. B Takux paspsimax 1iasma ¢ BBICOKOM KOH-
LEeHTpaluueil 3apsHKeHHbIX YaCTHI[ BIIEpBEIE MPEACTAET
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nepel HaMH KaK OOBEKT C [JOCTATOYHO XOpOILIO
OYepYeHHOM reoMeTpudeckoil Gpopmoii, ocBoOOXIEH-
HbI OT TeX KaTacTpoduyeckux nehopmanmi, KoTopbie
3a HECKOJIbKO MHMKPOCEKYHH MEHSIOT BCE IapaMeTphl
B MOIIHBIX pa3psigax Majo MJIMTEIbHOCTH.
HaubGomnee mmMpoxkui pa3Max 3a IIOCJIEOHHE TIOJbI
npuoOpena pa3paboTka WUIMPOKOIO KJjacca CHCTEM,
KOTOpBIE MOXHO OOBEIUHUTH NOJ OOLIMM Ha3BaHHEM
MAarHuTHeIX JoByluek. Croga OTHOCATCS pa3JIMvHBIE
THITBI TAK HA3bIBAEMBbIX «3€PKaJIbHBIX» MALIIUH, MATHUT-
HblE CHCTEMBI C OCTPOKOHEYHOH TIeOMETpHEH,
«ACTpPOH» M CHUCTEMBI, B KOTOPBHIX IUIa3Ma JOJIXKHA
yAEPXUBATHCS: BHICOKOYACTOTHEIM mojieM. K 3Toi
Xe KaTeropuM CjeayeT OTHECTH M CTeJUIapaTop, Tak
Kak 110 OCHOBHOMY TIpHHIIMIIy NEWCTBHS OH HE CBSI3aH
C XBa3WCTAIIMOHAPHBIMH pa3psgaMH. B MarHuMTHBIX
JIOBYIIKaX (YHKIMM yIepXKaHUs IUIa3Mbl BO3JIAraloTCs
HA BHEIIHUE TIOJIs, U BEJIMYHHA P, MoXeT OBITH B
MIPMHIUIIE CKOJIb YTOIHO MaJia 1o CpaBHEeHHUIo ¢ H2/8.
Ilpu majoit BenuunHe 8w P/H? mnasma He oka3bl-
BaeT CYIIECTBEHHOTO BJIMSIHAS Ha CHJIBHOE BHEIIIHEe
moje, U 310 oOJyeryaer 3amavy crabwiuM3auuu He-
KOTOPBIX OTIACHBIX (OPM IIa3MEHHO HEYCTOWYHBOCTH.
PaccMOTpuM cHavajia COCTOSIHUE 3KCIIEPHMMEHTAIb-
HBIX HCCJIEOBAHMH «IO 3epKAJIbHBIM)» MAIIHHAM.
CucteMsl, B KOTOpPBIX IUIa3Ma oOpa3yeTcs HyTeM
MHKEKIUH U IOCIIeIyIOLIEero 3axBaTa OBICTPBIX YacTHIl,
npencTaBiieHbl B HacTosee BpeMs « Orpoi» u DCX
(s TOBOPIO TOJIBKO O NEWCTBYOIIMX ycTaHOBKax). Ha
Orpe B TeueHHE IIOCIEOHUX JET H3YYaJiCI METOJ
00pa30oBaHUs TUIA3MBI, OCHOBAHHBIA HA WHXXEKIUH
MOJIEKYJISIDHBIX HMOHOB, KOTOpbIE 3aTe€M HHUCCOLHMHU-
PYIOT TIpH CTOJIKHOBEHHH C MOJIEKYJaMH OCTaTOY-
HOTO ra3a B kamepe. OGHapyXeHO, YTO IOJIy4aroiascs
TakuM TyTeM IUIa3Ma C HU3KOM KOHIEHTpalueid moa-
BEpXE€HAa IEHCTBUIO XapakTepHOM HEYCTOMYMBOCTH,
KOTOPYIO, IO-BUAMMOMY, MOXHO paccMaTpHBaTh Kak
NpelebHBIA Clayvyaid XKeJO0OKOBOW HEYCTOHYHBOCTH
MarHUTOTMJAPOAHMHAMHYECKOIO THIA. DTy HEYCTOH-
YUBOCTH MOXHO PE3KO OCNaOMTh C MOMOIIBIO 3JIEK-
Tpudyeckoro mojsA. OmHAKO MOaxe TIIpH HAJIHYUM
Takol cTabWIM3alMK ¥ TpU GOJBIION BEIMYMHE HH-
XKEKTHPYEMOr0 MOHHOIO TOKa KOHIEHTpauuio Obl-
CTPBIX MOHOB IOKa YAAJIOCh TONHATH TOJBKO MO0
ypoBHsa mopsimka 107 cm®. Ha ycranoBke DCX, B
KOTOpO# AMCCOIMALUS MOJIEKYJISIPHBIX HOHOB IIPOMC-
XOOUT Ha [Oyre, TakXe HaONIOmaroTCs SBJICHUS,
CBUIETEJILCTBYIOIINE O HAJIMYMH HEYCTOWYNBOCTH (M3-
MEHEHHe 3HEepreTHYecKOro CHeKTpa M paclyXaHHUe
obsactu, 3aHaTON MmnasmMoit). OgHako B 3TOM cilydae
MeXaHH3M NPOIIECCOB, MIPUBOAAIINX K IOTEPE YCTOWYH-
BOCTH, MOXET HOCHTh COBEPIICHHO HHOH XapakTep,
4YeM B JPYTMX MAarHUTHBIX JIOBYIIKax, TaK Kak B
DCX MBI UMeeM JIeJI0 C COBEPLIEHHO CBOE0Opa3HbIM
KOJUIEKTUBOM dacTull (6oJplias HOHHAS Kapycelb B
aTMochepe IPHUBS3aHHOTO K HEH 3JIEKTPOHHOTO ra3a).
V Tex, XTO B HacTosliee BpeMs H3y4yaeT CBOHCTBO
JIOBYIIIEK pacCMaTpHUBAaeMOIO THIA, 3a00THI CBS3aHBI
HE TOJILKO C IIOMCKAaMH METOIOB IOAABJICHUS HEY-
CTOMYMBOCTH, HO elle B OoJblleil creneHu ¢ paspa-
60TKOH HOBBIX METOOB HHXXEKLIWH M 3aXBaTa 4acCTHII,
TaK XKaK MeTOJ MHXEKIUH, OCHOBAHHBIH Ha HUCCOIHA-



LMK MOJIEKYJIIPHBIX MOHOB, HE NPEACTaBJIAETCS 0CO-
6eHHO 3¢ ¢eKTHBHBIM. B CBA3M € 3TUM IOJIE3HYIO
POJIb MOTYT CHITPaTh MHTEPECHBIE OIBITHI, CAEJaHHbIE
B OnngepMactoHne. Peusr unet 06 o6pa3oBaHuM aTOMOB
C BBICIIMMH BO30Y)XIEHHBIMH YPOBHSIMH B IIpOIeCCe
JIMCCOIMAIIMA MOJIEKYJIIPHBIX MOHOB BOJOPOZA.

Honu3anusi MOTOKa TaKHUX BO30YXIEHHBIX aTOMOB
MAarHUTHBIM TIOJIEM OaeT HOBBIH MEXaHM3M 3axBaTa
3apsDKEHHBIX YacTHLl B JIOBYWIKY. OIHaKo ycCIOBHUs
IUISL TOTO, 4TOOBI Takoi MeTOH-3axBaTa GBI JOCTa-
TOYHO 3((EKTHBHBIM, OYEHb KPUTHYECKHE, TaK Kak
BEPOSATHOCTh MOHHM3ALiMM MOJDKHA 3KCIOHEHIMAJIBHO
3aBuceTh OT BeJuuHHbI V X H.

CyllilecTBeHHOE 3HA4Y€HHME IUISl BBICHEHMS BaKHEH-
11ero Bormpoca 06 YCTOWYMBOCTH IJIa3Mbl B 3€pKaJjib-
HBIX JIOBYIIKAX HMEIOT THIATEJbHbIE MHCCIEIOBaHHS
CBOMCTB IUIa3MbI, KOTOpble B TEYEHHE psAa JeT
NpoBOAMANCh, B VIHCTHTyTe aTOMHOW 3Hepruu Axa-
nmemun Hayk CCCP Ha ycTaHOBKe, IIOJIyYMBILUEH
Ha3BaHWE MOHHOTO MarHeTpoHa. Ilja3ma ¢ KOHIEH-
Tpauuei OBICTpbIX HOHOB mopsigmka 109—10%0, 3a-
NOJIHSIFOLAsT KaMepy MOHHOTO MarHeTpoHa, OOHapy-
KHMBAET XapaKTePHYIO HEYCTOHYUBOCTh, KOTOpas orpa-
HUYHMBAET JUTUTEILHOCTD YIEPXKAHUSA YACTUI] B MArHUT-
HOM II0JIE TIPOMEXYTKaMH BpEMEHHM MOpsIKa CcTa
MHUKDOCEKYHI. AHaJM3 CHEKTpa M I'€OMETPHYECKOIO
pacmpenesieHuss BBICOKOYaCTOTHBIX KoJieOaHMH Iuia3-
MBI ITOKa3bIBAET, YTO B IAHHOM ClIyyae MMEET MECTO
TUIMYHBIA CJly4ail pa3BUTHS XKeJIOOKOBOH HEYCTOHYM-
BOCTH. BMecTe ¢ TeM 3TOT pe3ysibTaT - UHTEPECEH eLle
B OZJTHOM OTHOLIEHHU — OH JEMOHCTPHUPYET, YTO rpydas
OLIEHKa BpPEMEHHM pacnajia HeyCTOMYMBOM ILUIa3MEHHOMN
KOHGUTypanuu, B KOTOPOH HEe YYUTHIBAeTCS CTaOWIH-
3UpyIolllee NEHCTBHE CTEHKM W CKOPOCTb Pa3BUTHS
nepopmanuu omnpenenseTcs B JIMHEHHOM TIPHOJIM-
KEHVH, MOXET HaBaTh DPe3yJbTaT, HA ABAa MOPSIKa
OTJMYAIOUIMICS OT IIOJyYEHHOTO HA OIbITe. ITO
03HAYaeT, YTO K MHTEPNPETALUN U3MEPEHUNH BPEMEHU
yoepXaHus IUIa3Mbl HYXHO TOIXOAUTH C OYEHb
060MBbIIOH OCTOPOXKHOCTBIO *— OJaromaps OEHCTBHIO
LeJIoro psiga crabunusupyroumux ¢akTopoB OypHas
HEYCTOWYHMBOCTb, pa30pBI3rUBatONIasi CryCTKH IJIa3Mbl
3a BpeMs, U3MepsieMoe HOJIAMH MMKPOCEKYHHBI, MO-
XKeT TIPeBpAaTHThCSI B MEIUIGHHOE paccachlBaHHUe
NJa3Mbl, TPOJOJDKAIOLIEeCS NECATBIE OO0 MMJLIH-
CeKYHBI.

HecoMHeHHBIH WHTEpeC NPeNCTaBISIOT HCCIEno-
BaHUSl MAarHUTHBIX JIOBYLIEK C JUHAMMYECKMMH TIOJIS-
MM, KOTOpBIE yXKe B T€U€HHE MHOTHUX JIET TPOBOISATCS
B JluBepmopckoi sabopatopun. B aToii sabopa-
TOpHM pa3paboTaHa OCTpOyMHasi TeXHMKa obpaiie-
HHSI C TIJIa3MOM, C IOMOILbIO KOTOPO# CryCTOK IJIa3MBbI
B HECKOJIbKO OJTamnoB TEpPENBUTraeTCsi M3 OJHOTO
y4yacTKa JIOBYIIKM B APYTOM, IIOCTENEHHO CXHMAasCh
1 HarpeBasicb. TakuM IyTeM, MOBUOAUMOMY, yIOaeTcs
MOJIy4aTh TJIa3My C OSHEPrHed HOHOB B HECKOJIBKO
KHJIOBOJIBT M KOHLEHTpAlMed YacTULl NOpSIOKa
1012—10'3, CyILIeCTBYIOLIYIO B TEYECHHE HECKOJBKHX
JIECATKOB MHKDPOCEKYHA. OTo0, Oe3yclIoBHO, OYeHb
LEHHBIA pe3yJIbTarT.

Bomnpoc 06 ycTOWYMBOCTH TJIa3MBI B 3THX OMNBITax
TIOKa OCTA€TCA OTKPBITBIM.

OB30P PE3VJIBTATOB OKCITEPMMEHTAJIBHBIX PABOT

3a mocneaHHe TOMBI NMOSBHICS P IKCIIEPHMEH-
TaJbHBIX paboT, MOCBSAILEHHBIX MCCICIOBAHUIO yHAEp-
KaHWs IUIa3Mbl B JIOBYLUKaX C TaK Ha3blBAEMOM
OCTPOKOHEYHOH reomeTpued. MarHuTHas cHCTeMa
TaKO# JIOBYIIKH CO3JAET IOJIE C CUJIOBBIMHU JIMHUSIMH,
HMeINUMH THnepbonuyeckyro ¢opmy. Hanpsken-
HOCTb 3TOTO TIOJISI BO3PAacTaeT BO BCE CTOPOHBI OT
LIEHTPaJIbHOM 061aCTH, B HEKOTOPOH TOYKE, B KOTOPO#
H=0. CornacHo mnpencka3aHHsM TEOPHH, IUIa3Ma,
HaNOJIHSIOIIAs TaKyo JIOBYIIKY, NOJHA OBITH Ma-
THUTOTUOPOAMHAMMYECKH YCTOH4MBO#H. OmHAKO 3TO
NMPEMMYILECTBO II0 CPaBHEHHIO C CHCTEMaMH THOa
OOBIYHBIX 3€pKaJIbHBIX MAllIWH TIOKYNaeTcs IOpOToi
neHoil. IlpocThle cooOpakeHHs TOKa3BIBAIOT, HTO
3apsKEHHbIE YACTHIBI MOTYT YCKOAb3aTh U3 JIOBYIIKH,
NMOAXO0Hs IOCTaTO4YHO O6iHu3k0o k OOkoBOMYy Kparo
obyactd, 3aHATOH TIUIa3Moil (OHa wuMmeeT ¢opmy
JeTckoro BoJruka). ITonacyeT yMcia YacTHil, YXOOAIIMX
U3 MJa3Mbl TakMM IyTeM (Yepe3 KOJIbIEBYHO LIEJb),
OYEHb CHJIBHO 3aBHCUT OT KOHKDETHBIX IPEIOJIO-
JKEHUH, KOTOpBIE NEJIarOTCS NMPH TEOPETUYECKOM aHa-
sm3e. ITosToMy OLieHKa BPEMEHH yIepXXKaHHUs IJIa3Mbl
B JIOBYIIIKE C OCTPOKOHEYHOH reOMEeTPHEN OISt MOXET
OBITH IOJIyYeHa TOJIBKO M3 NPSIMBIX 3KCIEPAMEHTOB.

Nmerommecs no cux nop B CCCP, B AHrimu u
CIIIA skcnepuMMEHTajJbHblE [JaHHbIE IIO JIOBYIIKAM
¢ runepbOoJHYECKHM TOJIEM HOCAT JIHIIb IPeBapH-
TEJbHBIM XapakTep. MeTon 3amoJIHEHUS JIOBYLUKH
IUTA3MOMN B OOJIBIIMHCTBE SKCIIEPUMEHTOB OOHH M TOT
xe. CTpys IU1a3MBbl U3 HHXXEKTOPA IMIPOXOJUT JIOBYUIKY
U 4YaCTHYHO 3aXBaThIBACTCI B HEH NON NEHCTBUEM
MPOLIECCOB, MEXAHHU3M KOTOPBIX €IlIe HE OYEHb SICEH.
B cornacuu ¢ npeanonoxe-usMa IPOCTENIIIMX TEOPHI,
OKa3bIBAETCS, YTO YaCTUIBl YXOAST U3 MarHUTHOH
CHCTEMBl B paJuajbHOM HAMpPaBJIEHUU 4Yepe3 KOJib-
LEBYIO «LIeJib». Bpems ynepkaHus Iuia3mbl B TaKHX
YCTaHOBKaX COCTaBJISieT HECKOJIbKO NECATKOB MHKPO-
ceKyHA. BOJIBIIMHCTBO ONBITOB AG CHX IOp ObLIO
NPOJAEAHO CO CPABHUTENBHO XOJIOJAHOW TIUIa3MOM
Tg~10 3B, U MO3TOMY B MeXaHHM3ME yXOJa 4acTHI
MOTJIH MIpaTh OIpPENEJIEHHYIO PpOJib KYyJIOHOBCKHE
cTosikHOBeHUsl. ClenyeT OTMETHTh, 4TO IIOBEHEHHE
MJIa3Mbl B JIOBYLIKE MOJDKHO CYIIECTBEHHO 3aBHCETh
OT XapakTepa €e paclpe/elieHHs B TPOCTPAaHCTBE.
MexaHu3M yxo/1a YaCTHUL[ MOXET MMETh COBEpPILIEHHO
Pa3iuyHBIA XapakTep B ciydae, KOrja Iuia3ma co-
cpenoToyeHa B 06beMe, U3 KOTOPOTO I0JI€ BEITECHEHO,
M B CllyYae, KOT[a Ija3Ma M IoJjie epeMelIanbl apyr
¢ Apyrom. B mpoenaHHbBIX 10 CHX MOP IKCIEPHMEHTAaX
HMeJI MECTO BTOPOW M3 YKa3aHHBIX CJIy4YaeB.

IlepBbie OOBITHEL, B KOTOPBIX IUIa3MEHHBIN CT'YCTOK,
BIIyILEHHBIA B JIOBYIIKY PacCMaTpHUBA€MOIO THIIA,
NOZABEPraeTcsi OBICTPOMY CXATHIO B HapacTaIOIIEM
MariMTHOM IIOJie, MOKa elle He JaJii HOCTaTOYHO
ONPEJIEJIEHHBIX PE3yJIbTATOB, HO 3aTO MPOJAEMOHCTPH-
pOBaJIL XOPOUIYIO 3KCIIEPUMEHTAJIbHYIO TEXHHUKY.

B cB#I3H C TeM, 4YTO KaK «3epKaJIbHbIe MALINHEI», TAK
¥ JIOBYLUKM C BCTPEYHBIMH MAarHMTHBIMH TIOJISIMH
obyagaroT (IO KpailHeit Mepe, TEOPETHYECKH) KpYII-
HBIMH Jie(peKTaMH 1, BEPOSTHO, HE MOTYT CIIYXUTh IS
JJUTEIbHOTO  yEpXaHUsT  BBICOKOTCMIIEPATYPHOM
IJ1a3Mbl, €CTECTBEHHO BO3HHKAET MBICIb O CO3/aHHUHU
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MArHUTHOM JIOBYIUKH C TOJISIMM KOMOMHMPOBAHHOIO
THIA, B KOTOPOM JOJDKHBI O0BEJMHHTHCS JOCTOMHCTBA
NPOCTHIX CHCTEM H HCYE3HYTh MX HENOCTAaTKu. Ilpo-
CTBIM IIPUMEPOM TAaKOH JIOBYLIKH MOXET CJYyXHTb
YCTpPOMCTBO, B KOTOPOM K IIOJIKO MarHMTHBIX 3€pKaJjl
[100GaBIAIOTCS IOJISI TOKOB, TEKYLIMX IO MeETaJUlM-
4ECKMM MPOBOJHUKAM, PACIOJIOXKEHHBIM BIOJIb JIMHUIA
MATHUTHOT'O 110JIS 3epKajIbHOH CUCTEMbI CHMMETPHYHO
OTHOCHUTEJIbHO ee OCH. IlepBble )K€ OIBITBI C 3TOH
KoMOMHaUMeHd DoJied, BBIMOJHEHHbIE B HMHCTUTYyTE
ATOMHOM 3HEPruH, MO3BOJIMIM OOHAPYXUTb MHTEpEC-
Hble ¢akThl. OKa3aa0ch, YTO C MOMOLUBIO IIPOBOJHH-
KOB C TaKUM pAacHOJIOKEHUEM MOXHO IIOBBICHTh
BpEMSsI )XU3HH OBICTPBIX YACTHUL, IPUMEPHO HA IOPAAOK
BEJIMYHMHBI.

OOHOBPEMEHHO C yBEJIMYEHHEM JJIUTEIbHOCTH yAEp-
JKaHUsI MIOHOB HAOJIFOJaeTCsad Pe3KOe CHUKEHHE aMILIU-
TyAbl BBICOKOYAaCTOTHBIX KosiebaHui B mia3me. Eciu
3TOT, cyry0o npeaBapUTe/bHbIH, Pe3y/bTaT IOJYy4UT
JajbHe#llee pa3BUTHE, TO 3TO OyAeT O3HAyaTb, YTO
nmeetcs 3G eKTUBHOE cpeacTBO OOpbOLI ¢ TOH (op-
MOM MarHMTOTUAPOJAMHAMUYECKOH HEYyCTOHYMBOCTH,
KOTOpasi MpeACTaBJISIET IJIaBHYIO OMNACHOCTb IS
CHUCTEMBI C MarHMTHbIMM NpPOOKaMH.

HawubGosiee cOBEpPILIEHHOM JIOBYLIKOW ¢ KOMOMHHpPO-
BAHHBIMH TOJISIMU, OYEBHMJIHO, SIBJISIETCS CTEJLIAPATOP.
OpaHako OH MpeAcTaBJIseT COOOH HACTOJIBLKO CIOXKHYIO
YCTAHOBKY, 4YTO TIPOBEJEHHME OSKCIEPUMEHTAJIbHBIX
paboT Ha HeM ABJAETCS OYEHb HEJIETKOM 3ajayei.
[ToaToMy HEoOXOAWMO MCKaTh TaKXe Apyrue INyTu
co3laHus moJied, obecnevyuBalOUMX YCTOHYUBOCTH
I1a3MEHHBIX KOHQHIypaLui.

CyienyeT cka3aThb HECKOJIBKO CJIOB O Tak Ha3bl-
BaeMoO#il npoOJieMe «yHMBEpPCAJbHOW aHOMAJIbHOM»
nupdy3um, KoTopas BpeMsi OT BPEMEHH MOSBJISETCS
Ha TOPU30HTE B KayeCTBE MPAYHOIO IpeABECTHHKA
rpsaayuMx OenctBui. B HacTosiuiee BpeMsi Mbl BpPSiZ
JIL MOXE€M COIJacHTbCsi € TEM, 4TO aHOMaJjbHas
nuddysus sBaseTcs HeU30EXKHBIM MOPOKOM ILIA3MBbI,
3amepTroil B MarHMTHOM moJjie. ['opa3no BeposiTHee,
YTO OHa CBA3aHA C XapaKTEPHbIMM CBOWCTBAMMU
MAarHMTHBIX JIOBYLLIEK Y 3aBHCUT OT TE€X MaHUIyJISLMH,
KOTOpble mpoBoAsTca ¢ miaa3smoil. Tak, Hanpumep,
co3JaeTcsl BIeyaTJeHUE, YTO IPY OMHYECKOM Harpese
aHoMasibHast Aupdy3us TpyaHo ycTpaHuma. Eciu
Xe IUla3Ma He TIIOJBEpraercs BO3AEHCTBHIO TOKa,
TEKyILLUero BJOJb JIMHUH MAarHUTHOTO - IOJiA, TO
aHoManbHast OU(Y3us MOXKET IOJHOCTbIO OTCYT-
CTBOBaThb MJIM XK€ IIPOSBJATLCS B CHJIbHO OcjabieH-
HO# dopme.

Paspewmute MHe nepedt k 3akiroueHuio. I1pobue-
Ma YHOpaBJIsieMOIO TEPMOSIIEPHOIO CHMHTE3a IO CBOEH
TPYAHOCTH OCTaBJIeT I03aAM BCE [pPYrMe HayyHO-
TeXHUYeCKME TPOOIeMbl, IOPOXAEHHbIE YCNeXamu
ecrecTBo3HaHus B 20 Beke. DTH TPyAHOCTH OCOOEHHO
Pe3KO 3aMETHBI MO KOHTPACTy C MNPOCTOTOH Tex
¢bu3MyeckuX MAeH, Ha KOTOPbIX OCHOBaHbl KOHKPET-
Hble METOIbl yAEpXKaHUs M HarpeBaHWs IUIa3Mbl.

ITpu oneHke JajibHEHILIMX NEPCNEKTHB HAUOOJILLIYIO
HEONpeeIEeHHOCTh TPEeACTaBJseT BONPOC O TOM,
KakKkas ONaCHOCTb CBsf3aHa C pa3JIMYMHbIMHU cbopmamu
HeycTOMYMBOCTH IUIa3Mbl. VI BMecTe ¢ TeM HMEHHO

14

TOT BOMPOC M €CTb €JUHCTBEHHOE II0-HACTOSILIEMY
0osbHOE MeCTO Bceil mpoOyieMbl. MbI BUAMM, 4TO
TEOpPEeTHYECKUE MCCIEeJ0BaHUs BCE BpeMsi OOHapyxu-
BalOT HOBbIE MEXaHU3Mbl BOZHMKHOBEHMSI HEYCTOHYH-
BOCTU. BmecTe ¢ TeM OHM OTHIOAb HE UAYT B CTOPOHY
[10Ka3aTejbCTBA  YHMBEPCAJIbHOM  HECTaOMJIBHOCTH
nja3mbl. Hy)HO Takxe MMeThb B BUAY, YTO CTENEHb
yOeqMTEeNIbHOCTH BCEX IPOTrHO30B HA YCTOMYMBOCTH
HE OYEeHb BeJMKAa, U MO3TOMY IPAKTUYECKOE IIpH-
MEHeHHMEe TEOPHH YCTOHYHMBOCTH JAaeT CKOpee OCTOPOX-
Hble PEKOMEHJALUH, YeM CTporue npasuia. XoTs 3TO
W HEBO3MOXHO J0Ka3aTh, HO BCE X€ CO3Aaercs
ybexaeHue, uTo NpHU fajbHENHIIeM pa3BUTHU CIIOCOO0B
HarpeBaHUsT U TEPMOM3OJSIMU IUIA3Mbl, HW3BECTHBIX
B HACTOsIlIEe BpPeMs, yAACTCs, UCTIOMb3Ysl AOCTATOYHO
CHJIbHBIE MarHUTHBIE [0JIS, CO3AAaTh BBLICOKOTEMIIEpa-
TYpHYIO TJIa3My C JOBOJIbHO BBICOKOM IJIOTHOCTBIO,
YCTOHYMBY1O, B IEPBOM NPHUOJIMKEHUH, U CIIOCOOHYIO
reHEPUPOBAaTh MHTEHCHBHBIE TEPMOSICPHbIE Peakitu.
ITpu aToMm, BeposITHO, BennuuHa =_8n P/H? Oynet He
BeJIMKA. DTO yJacTCsl BBIIOJHUTH, €CIIM pa3padaTkl-
BaeMble B HACTOSILEE BPeMs METOMAbl YCTpPAaHEHHS
HauboJiee ONacHOM MarHUTOTUAPOAMHAMUYECKOI (op-
MBIl HEYCTOMYMBOCTH IAAyT YCHELUHbIE Pe3yJIbTaThl.
Taxoit xon coOwITHit He OymeT, OIHAKO, O3HayaTh
JOCTHXKEHUSI OKOHYATEJbHOW INMPAKTUYECKOM LEIH, a
JIMIIB TIPEOJI0JIEHME IepBOro GoJbiioro Oapeepa Ha
IyTH K Hed. 3a 3TUM OapbepoM HAC MOTYT MOKHAATh
JIpyTHe HENpUSATHOCTH, pPOJIb KOTOPBIX CTAHET BHI-
pacTaTe IO Mepe TOro, kak Mbl OymeM Iuarat B
CcTOopoHy 0oJiee BBICOKMX TeMIepaTyp. 3aMeTHM, YTO
€C/M B IUJIa3M€ CyLUECTBYeT (DJIIOKTyaLusi 3JIEKTpH-
YECKOTr0 I10Jis, ¢ YacTOTOM mopsaka 1 merarepi mpu
HANpPsKEHHOCTH BCEro Jiuib nopsinka 10 BosbT/cM,
TO M 3TOrO MOXET OKa3aThCs JAOCTATOYHBLIM, YTOOBI
CBECTU BpeMsl KU3HU OBICTPBIX YACTHIL 10 HECKOJbKHX
MWLITUCEKYHI.

Ceifyac BceM S$ICHO, YTO IEPBOHAYaJIbHBIE IIPE.-
IIOJIOXKEHUSI O TOM, 4YTO [BEPH B KEJAHHYIO 00JIacTh
CBEPXBBICOKMX TEMIEPATYP OTKPOKOTCS 0e3 ckpuma
OpU MEPBOM € MOIIHOM HMIIYJbCE TBOPHYECKO
SHEpruM (GHU3MKOB, OKa3aJUChb CTOJIb € HeoOOCHO-
BaHHBIMM, KaK M HaJeXJa I'PelIHMKa BOWTH B LAPCTBO
HeOecHoe, MUHYS YIMCTHIIMLIE.

W Bce xe Bpsaa JiM MOTyT OBITb Kakue-HUOYAb
COMHEHHMSI B TOM, YTO B KOHEYHOM cueTe mnpobjiema
ynpasjisieMoro cuHreza Oyner peiueHa. HeussecTHo
TOJIbKO, HACKOJIbKO 3aTSIHETCSl Halle NnpeObIBaHHE B
ydctuamiue. M3 Hero Mbl JOJDKHBI OyaeM BBIMTHU C
UI€aJIbHOM BaKyyMHOMN TEXHOJIOr e, OTpaboTaHHBIMHK
MAarHMTHBIMM KOH(UrypauusiMi € TOYHO 3aJaHHOMN
reOMETpMEH CMJIOBBIX JIMHUH, C HPOrpamMMHUpPOBaH-
HbIMH PEXHMAMH 3JIEKTPUYECKMX KOHTYPOB, HECS B
pyKax CHOKOHHYIO, YCTOH4YMBYIO BBICOKOTEMIIEPATYP-
HbIM IUIa3My, YUCTYIO KaK MbIC/Ib (hH3HKA-TEOpeTHKa,
KOrJa OHa €lLIe He 3amnsiTHAaHa CONPUKOCHOBEHHEM C
9KCIIEPUMEHTAIbHBIMH (PaKTaMH.

OT uMeHM COBETCKOM Jejieraluuu si XO4y BbIpa3suTh
MCKPEHHIOIO TPHU3HATEJbHOCTh OYyproMucTpy ropona
3anbubypr, r-uy Beky 3a rocrenpunmctso u Cekpe-
Tapyaty MAIATD 3a XOopoulyl OpraHu3anuio
KOH(pEpEeHIUH.
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Mr. Chairman,

The Conference ending today has demonstrated
the wide scope of research connected with the problem
of controlled thermonuclear fusion. Over 250 ex-
perimental and theoretical papers have been presented
as material for the Conference and for more than
30 hours a mighty stream of new scientific information
has poured from this platform. The exchange of views
and of data on results obtained, both in the official
sessions and during the informal discussions and
private conversations, has been highly intensive and
the debates on scientific questions have borne a
fruitful, although at times perhaps, a very forceful,
character. And yet, when we assess the work of the
Conference, we are forced to admit that, after many
years of intensive work, all that emerges is a first,
initial step towards the great goal we have
set, ourselves, and that as yet we are only making
an approach to the main barrier blocking our entry
into the desired region of ultrahigh temperatures.

Plasma heated to a high temperature very readily
rids itself of accumulated heat energy by means of
various instability mechanisms. In the experiments
done thus far, dense plasma has been successfully
contained, at relatively high temperature, for time
intervals of an order of magnitude not exceeding
hundreds of microseconds. Thus far, the so-called
true thermonuclear reactions in plasma are still of
such low intensity that they can be completely
masked by various accelerating processes. As yet,
there has not been sufficiently close correlation
between the results of experimental research and
theoretical analysis. This is especially true with
respect to the extremely important subject of plasma
stability. Consequently, there has been very little
progress in the development of methods to over-
come plasma instabilities. The responsibility for
this state of affairs naturally lies primarily with
the experimenters, but there are serious arguments
in their defense. These are connected with the specific
characteristics of the subject under study, which
involves major complications in setting up and per-
forming experiments.

The production of a sufficiently pure hydrogen or
deuterium plasma is itself a difficult task since, due
to interaction with the walls of the vacuum chamber,
the bunches of hot plasma very rapidly become
contaminated with impurity atoms and ions which
are adsorbed on the surface of the walls —resulting

in very high radiation losses. For example, in experi-
ments with toroidal plasma rings, there are intense
flashes of radiation from impurities, even after
prolonged vacuum conditioning. This is one of the
basic factors preventing a rise in plasma temperature
in experiments of this kind. Very serious difficulties
arise merely in the attempt to study the properties
of the plasma in such annular columns, since in this
case we are confronted with a characteristic
uncertainty principle, by which the purity of the
experimental conditions is in irreconcilable opposition
to the use of diagnostic methods.

A column of plasma concealed behind metal sheaths
and complex windings is, by reason of its inaccessibility
and extreme sensitivity to any contact, an extremely
inconvenient subject for investigation. In apparatus
where the principle of operation is based on the
injection of fast particles into a magnetic field, we
encounter another difficulty: due to the low efficiency
of the sources, the streams of particles are of relatively
low intensity and therefore a very long time is required
for filling the traps. During this time even com-
paratively weak instabilities or such phenomena as
capture and loss charge-exchange in the residual gas
can carry off particles from the body of the plasma,
and for this reason a plasma of appreciable con-
centration cannot be obtained. If, however, we
attempt to inject a stream of plasma into a trap,
we are confronted with three problems which are as
yet unresolved. Firstly, how do we ensure that
trapping of the plasma takes place ? Secondly, how
do we transform a directed beam of particles into
bunches with more or less isotropic distribution of
velocities ? Thirdly, how do we eliminate the neutral
gas which emerges from the injector together with
the plasma stream ?

After these general observations, which afford some
justification for the comparatively slow progress in
the branch of science with which we are concerned,
I shall turn to a brief and, naturally, very superficial
survey of the main results achieved in the work
of the last years. On the whole, with respect
to the status of the problem, there can be no doubt
that very great progress has been made, by com-
parison with the situation which was revealed at
the 1958 Geneva Conference. At that time the main
body of scientific information was, essentially, some-
thing that might be called a display of ideas. Most
of these ideas were only thinly draped with rough

* Address (translated from Russian) given by Dr. Artsimovich at the Concluding Session, 9 September 1961.
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and insufficiently verified experimental data,
exploratory in character. By contrast, we can now
point in nearly every part of the general thermonuclear
program to a large number of carefully executed
experimental studies and to valuable and reliable
results which, in the aggregate, constitute a sufficiently
reliable foundation for a substantial acceleration in
the rate of research in the future.

It is significant in this connection that the stock
of fundamental physical conceptions has remained
practically unchanged. During the past three years
not one essentially new method for obtaining a high-
temperature plasma has been proposed. At the same
time there has been a noteworthy shift of emphasis
in the efforts to develop the various trends within
the overall program. In the initial stage of work on
the problem of controlled thermonuclearreactions, much
attention was paid to experimental investigation of the
simplest method of obtaining high temperatures. The
basis of this method is the use of linear impulse
discharges of very great magnitude and very short
duration. This is what is known as the fast linear
pinch. ' The efforts devoted to investigating
the fast pinch enabled all concerned even
before the Geneva Conference, to get a clear picture
of the phenomena taking place in discharges of this
type and to discover the basic mechanism underlying
the dynamics of a plasma column. As is known, this
mechanism consists in the acceleration of the plasma
under the action of electrodynamic forces. One of
the most interesting features characteristic of processes
of this type is the appearance of hard radiation,
consisting of neutrons in a deuterium plasma, and
of gamma rays. At present, we know that in typical
experimental conditions the hard radiation is due to
accelerating processes caused by a particular form
of instability characteristic for high intensity plasma
columns. The main role in the appearance of
fast positive ions, and therefore of neutrons as well,
is apparently played by instabilities of the ‘‘sausage”
type, whereas a helical instability, connected with
the tendency of a plasma column to form so-called
force-free configurations, is responsible for the
appearance of fast neutrons. Although plasma
temperatures of over one million degrees were obtained
in experiments with linear pinches, it soon became
clear that serious consideration could hardly be
given to this method as a practical means of obtaining
intensive thermonuclear reactions on a scale which
was of technological interest. For this reason,
interest naturally shifted to the study of systems
of a somewhat different type, in which a rapid
compression of plasma takes place under the
action of a rising external field. The processes
in question have been named theta pinch processes.

In the theta pinch effect, a maximum concentration
of magnetic energy is obtained in small volumes.
For this reason, the compression of the plasma by
an external field is a considerably more efficient
method than linear discharge for producing high
temperatures. In view of the comparative simplicity
of the experimental apparatus involved and the
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alluring prospects of research in this field, investigation
of the properties of the theta pinch effect has, during
recent years, become one of the most popular subjects
in the whole range of controlled fusion research.
Sufficient evidence of the interest in this trend is
provided by the number of papers presented at the
present Conference: i.e. twenty, as compared with
two or three at Geneva. If things go on this way,
we shall soon come nearer to the realization of
the slogan: “Every housewife should have her
own theta pinch”.

The basic facts established by research on theta
pinches can be summarized as follows. In processes
of this kind within a dense cylindrical layer of plasma

_~under compression, the trapped magnetic field is
“generally maintained in a direction opposite to that
“of the forces pressing against the external surface
of the plasma. The work of the forces of
magnetic compression is spent, in the initial
stage of the process, mainly in accelerating the ions,
and relaxation of the trapped internal magnetic
field can make a substantial contribution to
the heating of the electron component, although this
is not entirely clear to me personally. The theta
pinch is not a stable plasma process. This is especially
clear from photographs of plasma luminescence,
obtained by means of high-speed streak cameras.
In a plane perpendicular to the lines of force, the
lump of plasma undergoing compression resembles
an ink blot or a resting octopus with a hole in the
middle. We are dealing hzre with a typical case
of a magneto-hydrodynamic instability of the so-
called flute type. It is due, in the first place, to the
fact that in the processes of rapid compression and
of subsequent radial pulsations, the plasma undergoes
strong acceleration; and in the second place, to the
fact that, the lines of the field have an unfavorable
form which is convex. Despite the inadequate agreement
between the data cited by various authors, it can
nevertheless be assumed that, in the installations
with maximum parameters built at Washington,
D.C., and Los Alamos, plasma bunches having a
concentration of about 1016 cm—3 and a temperature
in the region of 1000 eV can be obtained for periods
of the order of a few microseconds. I do not wish
to deal here with the question of the nature of the
neutron radiation observed in some cases of fast
compression of a deuterium plasma because
this problem is of interest only as a sport.
I would point out that if any of the fortunate
persons who have observed this effect have brought
with them to Salzburg a small handful of pure neutrons
formed, on the average, during one discharge, there
would hardly be enough of them to give one neutron
apiece as a souvenir to the inhabitants of hospitable
Austria. . '

It must be recognized that in spite of the many
valuable studies on the properties of the theta pinch
which have been done in the United Kingdom, the
Soviet Union, the United States and elsewhere, the
nature of these processes continues to be rather
obscure in many respects. This applies to the



