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OT PEJAKTOPA

B Hacrosfilliee BpeMs HCC/EIOBaHHS TI0 YNPaBJAEMOMY TEPMO-.
axepHoMy cuHTedy (YTC) Ha OcHOBe MAarHHTHOTO yHepXKaHHUSA BH-
COKOTeMMNepaTypHO# NJia3Mbl NOAOULIH K HOBOMy 3tamy. On xapax-
TEePH3yeTcs, Tpexkje BCer0, HalpaBJEHHOCTbIO Ha CO3JaHHE OMBIT-
HOro peakropa-rokamaka. COOTBETCTBEHHO, HCC/IEIOBaHuA Mo u-
3HKe ILIa3MbHl B TOKaMaKax CTaJid NpeoGiaiamlmuMd B obmeh
nporpamme YTC. 3HaunTesbHO BO3POC TeMI Habopa HHDOPMAIHH
B 9THX TEPMOSIEPHBIX CHCTEMAaX, TPHYEM [VIABHHIM HCTOYHHKOM ee
CTANH KPYIHEHIIHe TOKaMakH C 00BEeMOM TWIa3Mbl B AECATKH H
coTHH KyGomerpos (150 M3 ma ycranoke JET). Ha stux toxama-
Xax moJydeHa iJjasMa C TepMosIepHHM napaMerpoM nltg (n—
MJIOTHOCTB, T — TeMOepaTypa, a Ty — 9HEPreTHYECKOe BpeMS KH3-
HA JIa3MBI) BCEro Ha MOPANOK MEHBIIEM, YéM 3T0 Heo6XONHMO
Anst peakropa. B 3Tofi cHTyamuu Tepe DYTHMH HaNpaBJieHHAMH
MarHHTHOTO YJePKaHWS MJIasMBl BCTajla Cepbe3Has 3ajaya onpe-
JeNuTh CBoe Mecto B mporpamMMe YTC, BHABHTL Te HX LOCTOHH-
CTBa, KOTOpHIE, TIO KpakiHel Mepe, B GyAylieM MOIVIH O obecme-
HHTb pellleHHe TeX 32124, KOTODhe HeBO3MOXHO WiIH Hed(hGheKTHB- .
HO peiiaTh Ha ToKaMakax. C 3THM cBfi3aHa BTOpas XapakTepHas
YyepPTa HOBOMO 3Tamna — aKTHBH3AUHA Ha JIOCTHTHYTOM ypOBHe 3Ha-
HHH TOHCKa W Pa3spaGoTOK yCOBEPIIEHCTBOBAHHHIX <«aJbTEPHATHB-
HBIX> CHCTEM MAarHHTHOTO yjepXaHHs, YIOBJETBOPSIOUIWX, HAalpH-
Mep, BaXKHOMY HHXEHEDHOMY TPE6OBAHHIO CTALHOHAPHOCTH H Ha-.
AEXHOCTH pexuMma pabor peaxkropa. [lomumo mpobaeMn  cTa-
IHOHAPHOCTH PeaxTopa B NocHAeHee BPeMs Bce iGoJbllle BHAMAaHUS
YIeJSeTC MCCHEHOBAHHAM BO3MOXKHOCTH  HCIOJBL3OBAHUA B Mar-

HHTHBHIX CHCTeMax BMECTO NEHTEDHH-TDHTHEBOTO  TEpMOSAEPHOTO

TONJIHBA JAPYTHX, C IMEHbIUEH KOHEUHOH PaXHOAKTHBHOCTBIO, B TOM
YHCJIe, NPaKTHYECKH Ge3HeATPOHHOrO «9K30THUECKOTO» TOIJIHBA
D3He. Cio3XHOCTb COCTOHT B TOM, YTO HEOGXONHMAa  MArHHTHAS
CHCTeMa C OTHOIUEHHEM [1aBiIeHHs IVIa3Mbl K J2BJEHHIO yAepXHBa-
IOIEr0 ManHATHOTO MOJA GNHSKHM K eNMHALE. 3aMETHM, 4TO pe-
KOpIHOe 3HAYEHHE STOTO MapaMeTpa Ha TOKaMake (NOJyJYeHHOE-Ha3
ycranoske D III-D B CIIIA) cocrasaser okoao 7Y%.

IIpAMEIX OrpaHuveHuii Ha NaBleHHe MJa3MB HET B TIPAMONH-
HeHHBIX JIOBYUIKAX € MaCHHTHEIMH Tpo6KaMu. OJHaKO 31eCkh. MMe-
orcst npyrue mpoGeMH, NMHAMHYHOMY TOHCKY NyTell penjeHus
KOTOPHX M OBUIH MOCBALEHE HCCJEIOBaHHA MOC/AENHAX HEeQKOMNbe

1* ) s




e v & ‘H H)M
gux Jer. O mporpecce B HCCJIELOBAHUAX TO OTKPHITHM el;a(ari;g)}; -
JIOBYIIKAM € NPOGOUHOH reoMETpHEH Hier peub B TP
cTaThbAX AAHHOTO BHUTYCKa. | | Hatio-

B craThe JOKTOPA (PH3MKO-MATeMaTHUeCKHX HayK D,;of; nnc-cne-
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remaTHueckux Hayk B. B. Apc ! e
B Y(LIT raeTcd wies CTaOHIU3ANHH

OTKpHITHIE JIOBYLIKH» H3Ja My o

' LIeHHsi CUMMETpHH, YXYA
OTKDHITHIX JIOByLIKax 0e3 Hapy XyJuLaomtero
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AH CCCP B. 1. UladpaHoBbiM, mocasileHad cpam;el‘::; o 'r}c;po-

KaMa - ‘ : mo PasHLIM VIMHHSA T

foKaMaKa W DOJCTBEHHHIX €My ot (por-
~ THHTHOTO YUePXKaHus — CTeJ1apaTopo:
HAANbHBIX CHCTEM MAarHHT 1apaTOPOr (oA
' 10 EUIH TOPOHAAJILHOTO M
BEHHHEX TIO HAJHYHIO BHELIHETO , HOrO MO~
?11;8). ‘H TuHYeHd ¢ OOpalleHHHEM MaTHUTHBIM {OJIEM, TIiQMHI)"I H(C%?I;é_
M IaNbHOrO TOKA B IWlasMe). KX HO
CTBEHHBIX MO HAJHYHIO TOPOHA . e Cnam
3aMm THBU3APOBAJNOCh B TOCIEN peMs.
A o araTean: mpobJjeM TOKaMaKa
Tb YHTE sii COBPEMEHHHX Mp
HafOMHHTb UMTaTeAAM, YTO D Me _
6bi1 ocBellled B NpeAblAYMHX, 6-M u 7-M, maycxax( lcggi»mr )Cren
napatopaM Obli NMOCBAUIEH 0630p BO 2-M BEINyCKe T

"Kak # mpeAHAyIlHe BHIMYCKH CepHH HUHT «dusuxa B >

— JETAH HA DIHPOKHHA KDYr JIBI, 32aHHMA s -

aHHB TOM paccyuTaH Ha W 1xXes #
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1. BBEAEHHE

i

Ilporpamma paspaGoTkH yNpaBJAsfeMOro TePMOSAEPHOTO peaks
TOpPa OTKPHITOrO THIA, 3aPOAUBLIAsgcAd MOC/E H3BECTHHIX NpejJ1o-
xennii Bynkepa [1] u ITocra {2] B mauane 50-x rogos, mpomaa
HECKOJIBKO BaXKHBIX 9ranoB. B Hawasne 60-x rogos paspaborka
NPHHUMNA MHHHMyMa B MosBOJHI2 OCYIIeCTBHTb MAaKDOCKOIHUEes
CKH ycToHunBOe ynepxkande muasmbl {3]. B navase 70-x Gbulia 06-
HapykeHa [4] HambGosiee omacHas JApelipOBO-KOHyCHasi  HOHHO-
IHKJIOTPOHHAA HEyCTOHYHBOCT, M OhI HalXeH onocolb ee mMoOXaBJie-
Hus i[5, 6]. IIpomonkasiieecs Bce 3TH TOAH YCOBEPUIEHCTBOBaHHE
TeXHOJIOTHH HHXeKUHH OBHICTPHX aTOMOB B cepeiHHe 70-X roxoB
NO3BOJHJIO BMeCTe C HCMOJNb30BaHHeM pa3paGoOTaHHHIX paHee Me-
TOJOB NOAaBJeHHs HeyCcTOHUHBOCTEH  MPOAEMOHCTPHPOBATH  HA
ycranoBke 2XIIB kBasucrainHoHapHOe ylepxkKaHHe MJIa3MH C KHHe-
THYECKHM [IaBJeHHeM, paBHBHIM  MarHHTHOMY, T. € ¢ B~1 [7].
IMocsie THX MOCTHTHYTHX YCHeXOB JadibHelillee MPOSBHKEHHE K
OCYIUECTBJI€HHIO SKOHOMHYECKH INPHEMJEMOro YIpasjsieMoro CHH-
Te3a B MAarHHTHHIX CHCTEMaX OTKPHITOTO THIIA CAEPXKHBAJOCh Ma-
JBIM BPEMEHeM IIPOAOJILHOTO YAePXKAHHA MJA23MH  MADMHATHHMH
npoOKaMH, onpeiejsieMHiM KYJOHOBCKHM paccesHHEM HOHOB B KO-
Hyc morepb. Cpeau PasJHYHEIX METOAOB TPEOXOJEHHS 3TONO MPHH-
QHNHAJbHOTO HEAOCTATKA JIOBYIISK € MarHHTHHIMH [IPOOGKaMH H
anMabaTHYeCKHM YlepiKaHHeM 3apsDKEHHBIX . JacTHI (HauGosbilee
NpH3HaHHE BO BTOPOH MoJoBHHe 70-X roZOB TMOJYHHJO TIPEAJONKe-
HHe yAepiKHBATH [1a3My B aMOHMOJSPHBIX, WJIH TaHAEMHHX JO-
Bylrkax, B KOTOPHIX yJydUIeHHOe MPOJOJBHOE YAEpKAHHE HLOCTH-
PaJloCh CO3JlaHHEM Ha TOPUAX JIOBYUIKH ¢ NPOGKaMH JOMOJHHTEN b
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HHX NOJMOXUTENbHHX MOTEHLHANbHHX GapbepoB. BmepksmeK 3Ta
unes 6buia chopmyanpoana JLHMOBHIM, 3akaifilakoBHIM, Mmuey;
HeBOKHM [8] M, HE3aBMCHMO, HECKOJBKO MO3XKE— cI)atyJI‘epoJI o
Jlorasom [[9]] Bckope, B Komue 70-X TOLOB, Boaaynn ¥ ‘Kg t
NPENJIOMKUAN YJNyIIeHHBIA BapHAAHT aMGUTION APHOH Jlo;y;nb-l &
repmobapbepamu {10], pacuerHbie 3HepreTHYECKHE Napa .nee é)aq\enb-
TOpOli B PeaKTOPHOM pexXuMe BHITJALCHH Gosee  IFPUB
HH‘MHP?(‘}CJI'elICMBanHHﬂ MOCIeYIOMKX JIeT, € OLHOH CTOPOHEL, rrxosno;nn-
AR TPONEMOHCTPHPOBATL CO3AAHME TOJIOKATEbHBIX anorerg;a&;
HEX GapbepoB W TepMoGaphepoB € COOTBETCTBYIONIAM yaIyd ;; e
NPOOJBHOTO yACPKAHHs MIIA3MEL, HO C APYrOoH _.BH”BHMngs ‘llalOJI\ﬂ-
JIeHRA#, MPENSTCTBYOUIMX MPOJBHMKEHHIO K IUIOTHOCTH, i i
oliefi MOAVIHPOBATH MJa3My € PEAKTOPHLIMA mapamMeTpamu. JHa
OCHOBE HAKOIJIGHHOTO IKCIEPHMEHTAJNBHOTO Mareépuala A Te(?'p‘eT
4eCKOro aHasim3a TOoJyuyeHo TpeicTaBjeHne o PH3HUCCKOM ,ugexa:
HU3Me IIPOIeCCOB, MPENATCTBYIOIMX yASPKAHHKIO TUA3MBL € onTx;H
lfofi MIOTHOCTBIO B AMOHIOAAPHBIX JIOBYWIKAX, HO MOAHOW SICHOC
B 2TOM BONpOCE He AOCTHIHYTO. BHIIBAHYTH .\rrp»e;muooxemzm,6 ga}f
oGOHTH BO3HHKIIHE TPYILHOCTH, HO OHHM MKAYT CBOGH anpoOalHy.
B uactosmem 0630pe Hajlaraiorcs (H3HUECKHE anP%HIlI/II‘IbI n
pe3yNbTATH HCCJIEL0BaHHM aMOunoNspHEIX JoBymek. 110 c:ge}:{»;;é
cozepanuio 0630p MOXKeT PaccMaTpHBATLCA Kak nponomMH : e
o6sopa [11], oxsaTHBUIero HCCISLOBAHNA ytnepx;gnmlx .nfz:;s L
OTKPHITBIX CHCTEMax ¢ 'KOHUA 60-x no konma -§2po;1191‘ﬂ. e
Gosiee paHHHe HCCHIEIOBaHHA OTpaXeHH B 063ope [13].14 {gp y
JOIEXCs uHTaTesiell OTChIaeM TaK¥e K obsopam |13, 14, 15].

2. PU3UUECKUE NPUHIUIIDI AMBHIOJAPHBIX JIOBYHEK

B mocnenyomeM H3JNOKEHHH HaM HacTo noTpebyercsd HCIOJb-
30BaTh CTAHAAPTHHIE O6O3HAYEHHsI W MPOCThIE COOTHOMICHHA. s
yOGCTBA OHM OMpejie/ieHbl B BBIHCAHb HHAXKE:

m, e — macca 1 3apsii YacTHILb,

B, B— BeKTOp W MOJLYJ/ib MarHHTHOTO MO, o

@ — MOTEHIHAJ NIEKTPOCTATAYECKOTO MOJIA B miasMe;

v, U, Uy — MOJLYJib CKOPOCTH g;';c'mu, monepeyHasi H MPOLOJIBHAS
‘ COCTaBJSAOILNE CKOPOCTH;

K‘ng)'}:gf?B??:cr ?E \ILH‘KI?I-‘IE)TPOHH;a,H MacToTa 3apsKEHHON YaCTHILBL;

p=0,/0 — PARKYC JAPMOPOBCKOH opouTH; . o
. w=\(1/c)IS=muv,?/2B — MaTHATHEIA MOMCHT JlapMorpOB;an-
OpOHUTH, SBJAIOMHAC monmepedHBM anuabarTHyeckHM — MHBAp
roM. | — OOTeKaomuil TOK B S—IJIOWalb JapMOPOBCKOI0
xpy;x : ?"mv“ds — TPOJAOJIbHBIA agnabaTHueckuil HMHBAPHAHT. XI:IH-
Terpaj BHMHCASETCA BAOND JHHHH noJis «Ty;a H oOpaTHO» Me Ry
. OTpaxeHHH, '
mq;i“}w ;“ —O—T \?IOIIEPG“{H’Oe # TPOMOJBHOE JaBjieHHe MJa3MH,

p=p,/(B?/8n) — oTHOIIEHHe MOMEPEUHOTO JAaBJEHUA [IaBMH
K JIaBJIEHHIO MarHUTHOrO moJis 63 IJasMbl.

Hness ambunonsipsoro 6aprepa M tepmobapbepa B aMOHNOJAD-
HO# JIoBylIKe 6asHpyerncs Ha psade (PyHAaMEHTAJbHBIX TOJOXKEHHH
(GH3AKY MUIa3Mbl, AOCTATOMHO XOPOUIO OOOCHOBAaHHBIX Ha MpejHl-
IyIHX 9Tanax HoCWefoBaHui yAePIKaHHS [Ja3Mbl B JIOBYIIKax C
MarduTHEIME Mpo6KaMu. Bpuly MX BaKHOCTH I NOHHMaHHA
TIpUHIHNA aMOHNOJNSAPHON JOBYWIKA H (GH3MYECKOd TPHPOABI SB-
JIeHHH, 0OHApyXKeHHBIX IIPH HCCJASNOBAaHHAX YAePXaHHA IJIa3MH,
1esecoo6pasHo HANOMHATh HEKOTODHle HCXONHBIE MOJIOKEHHS.

XapakTep MPOMOVILHOrO ABUKEHHS  JIADMOPOBCKOH  OPOUTH
BAOJDb JMHHHA NOJS ompemessercs moreHunanom lOmmanosa [16]

Up=e9(s)+1B (s), W

rie §—KOOpAMHATA BAOJb CHJIOBO JuHuM. Tlpomosbhas cdaa, Aei-
CTBYIOILAsl HA JIAPMOPOBCKY10 op6uty, F|= —v Uy= —ey 9 (s)—
/—wy B (S) ckaaabiBaeTcd u3 ABYX KOMIIOHEHT, 3JEKTPOCTaTHyeC-
xoit eE; u MmarmutHOft — Py B (S). locaenusa aAsaseTca cperHUM

3HaueHHeM TPOeKUHH Ccuabl JIopeHma Ha CHJIOBYIO JHHHIO, IPOXO-
JSILYI0 Yepe3 LEeHTP JIapMOPOBCKOH OKPYKHOCTH. B mpubimxeHuu
MaJloro ‘Gera TPOCTPAHCTBOHHOE paclpelesieHHe MaIMHHTHOH  CoO-
CcTaBJsoue#l moreHnuana IOuMaHoBa He B3aBHCHT OT  CBOWCTB
nnasMel. B To e BpeMs 9UIeKTPOCTATHYECKAs  COCTABJAIONIAs
e (s) olpelensercs napaMerpaMy MJa3Mbl, yAOBJETBODSAS MPHH-
HHUNYy KBa3WHEHTPaJLHOCTH, COMIACHO KOTOPOMY IJIOTHOCTH 3apf-
OB Pa3HOID 3HAKA, T. €. WIeKTPOHOB H HOHOB, JOJDKHBI OHTH PaB-
Hbl Jpyr Apyry ¢ GoJblioi TouHocTbio. Co3laHue HeOOXOJAKMOro,
3apaHee MPeANHCAHHOTO pacHpellelleHUsl IeKTPOCTATHUCKOTO IO-
TeHIHada @(s) sIBASETCS, KaK MBI yBHIHM HuxXe, OJHOH M3 TJaB-
HBIX NpoGJeM pa3paGoTKH aMOUNONAPHBIX JoByulek. O6paTiM BHH-
MaHue Ha TO, 4TO TpobdHAH moTeHuuana lOummanoBa AJf 3JIEKTPO-
HOB M HMOHOB BJOJIb OJHOH K TOH e CHJIOBOH JHHHH KapAHHAJbHO
pasiuyHBl H3-32 PA3IMYHOrO 3HAaKa 2JeKTPOCTaTHYeCKOH COCTaBJIsA-
oumell ep(s). Bonee Toro, s wactum OZHOTO M TOTO Xe 3HAKa,
HO ¢ Pa3HEIMH 3HaYeHHSMM MaTHHTHOTO MOMeHTa W, TMpOodHIR TO-
TeHUHaNa IOuManoBa OTJIMUAIOTCSA He TOJNBKO MO CBOeMy abcoJioT-
HOMY 3HaueHHIO, HO ¥ To «bopme. B wacTHOCTH, MONOKEHHe MaK-
cuMyMoB moreHuuana lOmManosa, coBnagamouiee Npd JAOCTATOYHO
OOJILIIOM | C TOJNOKEHHeM MakcuMymoB B(s), T. €. ¢ MarHWTHBHI-
MH NPOOKaMH, IPH yMEHBIIEHHH p MOXKET CMELIaThCs, COBMANAs B
mpefevie p—0 ¢ [ONTOKEHAAME MaKCHMYMOB pachpeieJieHHs e (s).

3apsikeHHas YaCcTHLA OKA3bBAETCA 3anepTofl B 30HE YyAepXaHus
JIOBYILKH, € ee mo/Has sHeprus E=mv3 (s)/2-+eq(s)+pB(s)

He TpeBbIIa@T MaKCHMyMoB morenuuasta [OmmanoBa Uy (S,)=
« =e@(Sy)+nB(Sy), T. €. NpH yCAOBHH

mv} (8)/2+ e@ (s)+ PB (5) < €9 (Sm) + 1B (Sm), )
7




. TOUKe ST

e Sm— TOJIOIKEHHE MaKcuMyMa, BoobuLe roBOPA sammﬁm;:;mg?:
rMedajioch Bllle, OT 3HaKa e 7 peqmumHE p. Bcan 3 cate
npeneizHoe yicJIOBHE yAepK aHus (2) nad ufac'nm, .Ha;;?r;::;ué 7 B
MHHAMyME MarHATHOTO nons s=0, U BHPA3HTL Ma.rHa‘B\HeHﬂe
MeHT p 1Uepes monepeyHyio CKOpoCTD, TO TOJYYHM Ypa

o3 J2-+ egyk mog/2= €@ (sn) + (m¥el?) BB, @

onpejesionLee rpanuiy 00nacTH yLepKaHHA B npocTpaHCTBE uc;{o;
pocredt U0, Uio- (Unpexcom 0 Ml oTMETHJIH 3HaueHHe BeaHd
0 ma cunoBOH JuHHH). BBHLY 32BHCHMOCTH 3
=sm (1 (vi0)) B oflieM cJiyyae BHIIACATD peueHne ypa@nﬂgnng ( )_
8. IBHOM BHAEe HE npejIcT aBaseTcs BO3MOMKHEIM, B wacTHOM CI1y
yae, KOU/a MOJIOXKEHHE MaKCHMyMOB (TOTEHIHANA JOmmManoBa MOXK-
HO CUMTATh He 3aBHCAILLAM OT v .0, PeILEHHE HMEET BAL
1 %e [go—@ (sm)1 \ /2 4

V0= + (R___l)l/z {"’2“0“‘ —_—m } , )]
rae R=B(sm) /By — npoborxoe oTHONIeHHe. BHIHO, WTO IPH (pf—‘O
370 MOBEPXHOCTb KOHYCA, Ha3LBAEMOT0 KOHYCOM mmepbé npH
e(tpoF—(p(sm)) < () — MOBEPXHOCTD OJUHOIIOJIOCTHOTO rHISp omomla-
n mpH e(go—® (sm))>0——moavepxmcm- ABYXNONIOCTHOTO mnelp“
Gostona. 11oBepXHOCTH KoHyCa norepb ABJAETCA ACHMIITOTHYESCKOH
HOBEPXHOCTHIO 000X runep6oOMLOB. YnomsiHyTHE TIOBEPXHOCTH
[OKasaHH Ha DHC. 1.

sm:'—-‘.

N

Yy

— Vit

Puc. 1. Ceuenme xoHyca 1 runepGONOH/0B WOTEPD nao-
CKOCTBIO U1, Uy B pOCTPAHCTBE CKOPOCTEH

Eeau B muia3me OTCYTCTBYET nonepeyHbiit NepeHoc yacTul U OT-
CYTCTBYIOT TMOTEPH, 06si3aHHBe KOJIEKTHBHEIM npoueccam (ﬂapyx:‘le!;
HHe paBHOBeCHS, Heycroﬁqnaocm), TO CKOPOCTH NOTepb SJAEKTPO )

" W HOHOB ONpEeAeATCA KyJIOHOBCKHM paccesinfieM Ha Manjbe yriist
¥ Hocsit AnQQy3HOHHBIR xapakrep. B ofleM cayuae OHH Haxonmcsx.
pellleHHeM ypaBHEHH dokkepa—Ili1aHKa. [lpn HeKOTOPHIX yNpo
ulenusix ynaeTca HafTH apa/HTHUECKHE pellleHus RiH onucaTbh 4HC-
Jiennbie pelleHH npuGuKeHHBIMH BHIpAXKeHUAMH. Hexkoropsie
ofmue 3aKJAI0UeHHsT MOXKHO clenartb H3 comocTapjiesus 4acToT

s

CTOJIKHOBEHH{ HOHOB M 3JeKTPOHOB. B 4acTHOCTH, H3  TOTO ¢axra,
4TO OTHOILEHHE HACTOT CTOIKHOBEHHH S/EKTPOHOB Ve, M HOHOB Y
naetcst cootromenneM [17] -

'Vee/vil"’(Milme)lm (Ti/Te)alzv (5)

C/eLyeT, uTo CKOPOCTb AHQQY3HOHHEIX KYJIOHOBCKHX [OTePDb /IEKT-
POHOB IIPH HyJIEBOM NOTEeHIKA/e IIaSMEL IpHMepHO Ha ABA MOpsAKA
fpeBHILaeT CKOPOCTh NOTEPh HOHOB. CoOTBeTCTBEHHO, AJf BhIpABHH-
paHH NOTeph B I1a3Me aBTOMATHYECKH yCTaHOBHTCA NONOXKHTeJb-
HHi Mepenaj NOTeHIHa a OT UEeHTpa JOBYIIKH K MaTHHTHEIM 1po6-
KaM, KOTOpblii YCTAHOBHT TPaHHIY 06J1acTH yAepKaHHs 3JIeKTPOHOB
B NPOCTPaHCTBE CKOPOCTE, CHHKAIOILYIO audy3nonHBE NOTEPH
57eKTPOHOB 0 CKOPOCTH NOTEpDh HOHOB. B noBylIKe ¢ MarHHTHHIMH
NpPOGKaMH BpeMs yAEpXKaHH: S/ICKTPOHOB OKa3HBaeTcs Ha Asa Io-
psiiKa 6oJbilie XapaKTepHOro BPEMEHH HX KYJOHOBCKOLO pacCesHHsl.
9To NPUBONKT K TOMY, YTO QYyHKUHA pacrpe/ie/ieHHs] 3/IeKTPOHOB B
BLICOKOJi CTENeHH MAKCBeJVIH3HpOBAaHA H H30TPOINHA. Hs »storo
06CTOATENLCTBA BHITEKaeT BaXKHOe C/IEACTBHE, obneruapoiee Kaue-
CTBEHHOe H3yueHHe pacnpejesieHus 2JIeKTPOCTATHIECKOro MOTeHIH-
afia B OTKPHTHIX MarHHTHHIX CHCTEMAX. EcJsin H3BeCTEH 3apaHee WA
W3MepeH NPOQHIb MJIOTHOCTH IJ1a3MBL BAOID MaTHATHOM CHJIOBOH
JAHHHUHA JOBYIIKH, TO TpPH H30TPONHON MAaKCBEeJNJIOBCKOH (QyHKUHH
pacipejie/ienrisi 3EKTPOHOB npodHab 5JeKTPOCTATHYECKOro NOTEH-
LMaja BAOJb JHHUH Jaercs pacnpeie/ieHueM BoabuMaHa

¢ (s2) =g (s1) + (TJe) In[n(s5) [ (s0)}; (6)

rpe s, Sg — JB¢E HpOHBBOJIbeIe KOOpPJUHATH BAOJbL JIHHHH noJs.

‘3aMeTHM, 4TO POJOJIbHEIH npodu/Ib MOTEHIHANA @ ABHO OT npodu-

Jst MaradrHoro noJsi B(s) He 3aBHCHT (cm., HampuMmep, [181).
BepHeMcsi K BONpocy O NPOAOJILHEIX norepax yacTul. [Ipu TIy-
GoKOM 3aMUPAHAH 4ACTHI, SJHEKTPOTTATHUECKHM norennuajsom Ila-
CTyXOB Halle/] aHANHTHUECKOE PEleHHE zajauu 0 ckopocTH AHbY-
sonHHX notepb [19] ‘

dne . 4n 2Rm Te
dat = <t Va (+2R) (4R +2) [Po— (sm)]
% exp [__ e'((Po-;:P (sm)) ], )
rae —ae
rm Y e Te ®

= ———
€ ny2etnigh
W3 (7) canenyer, uTo BpeMs yIepKaHUs 3NEKTPOHOB Tq npH BaNHYHH

3leKTpPOCTaTHIECKOro 6apbepa 1o [OpSAAKY BeMYHHB B SKCIOHEH-
uuanpusi MEoXHTeIb eXp{e(Qo—e (sm)/T<} pas Oosblue BpeMeHH
paccesinns T.. 3aMeTHM, YTO B JOBYLIKE C MATHATHREIMH TPOOKaMH
pu paccMaTpUBaeMoOi MOAe]H TOJbKO  KyJOHOBCKHX  IOTepb
elpo— (Sm) YT} ~4=5 1, cOOTBETCTBEHHO,  (To/Te) ~ exp{elpo—

@ (Sm) YT e} ~ 50--150.
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W3 paccMOTpeHHOro Bhillle BUAHO, YTO AJA 3HAYHTEJHHOIO yBe-
JIMYEHH5 BPEMEHH NPOJOJBHOTO YAEPKAHHA HOHOB HEOGXOAHMO,
YTOGBl B NPOCTPAHCTBE CKOPOCTEHl TpaHHIA 06JacTH yAepXKaHus
HOHOB NpHOGpeJia BHJ IPaHHUbl OGNACTH yNePXKaHHA 3JeKTPOHOB,
NOKA3aHHOH Ha pHC. ], NIPH HeNPeMEeHHOM YCJIOBHH, YTO6H TIpaHHNa
06/1aCTH ynepXaHHs 3JEeKTPOHOB COXPaHHIACh. BO3MOKHO JH 5To?
Kak nokasano B pa6orax [8, 9], 310 BosamoxHo. [asi 5Toro npodpuan
IJIOTHOCTH IJIa3MBl JIOJKEH HMETb MAKCHMYyMbl HA TOPLAaX MAaTHHT-
HOW CHCTeMBI, IOKa3aHHble Ha pHc. 2. Toraa npu moTeHLHase $o B
CpelHeM CEYeHHH JIOBYWIKH B COOTBETCTBHH C pachpejesieHHeM
Bonbumana ycranosurcs pacnpepesende moTenmHaga

9(8) =@o+ (T./e)In[n (s) /nJ], - (9)

n, n(s)

Ym

$o
/;/\m,
s

Puc. 2. Pacrpenenenne mioTmocts mnJazmul BJIOJIb OCH

JOBYIIKH, OCECNeYHBalOLee TeHEpPAUHI0 AKCHAJbHOIO

IPOGHIS NOTEHUHAJNA ¢ NOJOMKHTENbHBIMA MaKCHMyMa-
MH OOTEHIHAJa Ha TOpIax

_YypaBhHBauee o0liHe MOTEPH IEKTPOHOB H HOHOB H3 JIOBYIIKH
yepes Topubl. IloTeHuHanpHbIA Gapbep A@=@Qn—@o TPH YCJIOBHH
eA@>T,; yBeMuNT, TaK XKe Kak B cjydyae 3JIEKTPOHOB, COTJIacHO

¢opmyase IlacryxoBa (7), Bpemst yAepXKaHHs HOHOB B expleAq/T)]
pas. Ha sto#t craguu paccyxaenus npo¢uIb MAarHHTHOTO MHOJS He |
HrpaeT HEKaKo# posi. Bompoc o pacnpenenenuu nons B(s) Bosuu- K

K2eT NpH 06CYXAeHHH NPOGJEMbl, KaK CO31aTh HeOGXOLHMble Mak- B

CHMYMBI INIOTHOCTH MJIa3MBl Ha TOPIAX CHCTEMH. AsToph pabor |
I8, 9 NPEJJIOKHIH CO3aTh HA TOPLAX AJHHHOTO COJEHOHAA - JOMOJI- -

HHTEeJbHBIE KODOTKHE MArHHUTHBIE JIOBYWIKH C HpOﬁKaMﬂ H yIepKH-

BATb B HUX HOHBI C SHEprHel, ropasno GoJblled, YeM SHePrHs HoHOB I
B IIJ1a3Me IJIHHHOTO coJieHoHAa. JJifg HOHOB ¢ 6oJbiuef 9Heprueil B |

KOPOTKHX TOpUEBbIX JIOBYLUKAaX 3JEKTPOCTATHYECKAs COCTABJISIONAS |

e noreHuxasna lOmmanosa Mala Mo CpaBHEHHIO C MAarHHTHOH pnB,
61arofaps yemy xapakTep ABHXKEHUs 9THX GHCTPHIX HOHOB He omnpe-

AeNSETCH pacHpe/iefCHHEM 3JIEKTPOCTATHYECKOTO NOTEHIHANA, T. e, |
HX yAepkaHHE ONDENeNAeTCs TONKO MATHHTHHIMH NPOBGKaMH.
Ha puc. 3 nokasaus nponombuse npoduau MarHHTHOroO NOJis, MJIOT- |

"HOCTH HOHOB B Kpa#iHHX NPOGKOTPOHaX,

CYMMapHOH IUIOTHOCTH |

NJa3MH H 3JIEKTPOCTAaTHUECKOI0 INOTeHInaaa. 3a1v1e‘mM, 4YTO noTen-
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Puc. 3. Pacnpenenenne BROJAb OCH aMGHUIIOJSPHON JOBYIKH MOLYJS

MarHUTHOTQ MNOJSt B, 'INIOTHOCTH G6LICTPHIX HOHOB n B GapbepHBIX

JIOBYHIKAX, MOJHOA IJIOTHOCTH IJIa3MBl A H 3JEKTPOCTATHYECKOTO
NOTEeHIHa a ¢

AAN
]
I

uuan lOmmanoBa A/ HOHOB B AJAMHHOM COJIEHOHAE MPAKTHYECKH
coBHanaer ¢ NpoduaeM 3JEKTPOCTATHYECKOrO MOTEHLHaka, NI
HOHOB B KPaWHUX KaTyUIKax — ¢ nMpoduseM MarHHTHOTO MOJs, a
npo¢gusab notennuana IOummMaHoBa A 9JeKTPOHOB COBIafaer ¢ Ie-
PeBEepHYTHIM HpodueM 3/71eKTPOCTATHUECKOTO mNoTeHuHasa. s
HaIJISIAHOCTH Ha3BaHHbe MoTeHnHasnl IOmMaHOBa MokasaHw Kaue-
CTBEHHO Ha puc. 4. IloguepkHeM, 4TO pacCMOTpeHHAs] MOJEJb aM6u-
HOJIIPHOR JIOBYUIKM C II1a3Mo#l KpafiHe HIeafH3HpPOBaHA, B HeH He
YUYTeHE BO3MOXHBEIE OTKJIOHEHHS OT H30TPONHH (GYHKUHH pacmpeje-
JIGHHSI HOHOB B JUIMHHOM COJIEHOHJE, XapaKTePHCTHKH TMOMNepPeyHOro
ycpeaHeHHOro Apefida miaasMbl, BAHSHHE CPEJCTB HATPeBa 3JEKTPOH-
HOA M MOHHOH KOMIIOHEHT IJIa3Mbi, YTO 3HAYHTEJNLHO YCIOKHSAET Me-
XaHH3M yCTaHOBJIEHHSI CaMOCOIVIACOBAHHOTO pacHpeleseHHs MOTeH-
HHaxa.

/ M e e \
Vi N

a \
! \ U
,,L \ YcoA
I !

8

b Uve

Puc. 4a, 6, 6. [Torennnans IOmmanopa (a) GHICTPHIX HOHOB B 6aphepHHX JOBYII-
Kax, (6) HOHOB HEHTPaJLHOH JIOBYWKH H (8) 3/]€KTPOHOB
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Bckope nocse ny6ankauus B paborax [8, 9] paccMmorpennoro Ba-
pHaHTa aMOHNOJAPHOMN. JOBYIUKH OblJI NpeNJOoXKeH YyCOBEepPUIEHCTBO-
BaHHBIH BapHaHT JIOBYIUIKH ¢ TepMo6Gaprepom [10]. Ilpenmnaranocs
MeXAy AJIHHHBIM COJIEHOHJOM C OCHOBHOH yAepXKHBaeMOH IJa3Moit
U 06JacTbi0, Te GOpPMHpYeTCs MAaKCHMYM IOJIOXKHTEJbHOTO TOTEH-
IHaJbHOTrO 6apbepa, 06pa3oBaTh 3HAYHTENbHOE NOHHXKEHHE 3JIEKTPO-

CTAaTHYECKOro IIOTeHUHasa, KOTOpoe Ha MpodHJe NOTeHHHaJa

IOwmMaHoBa A5 3JeKTPOHOB (pHc. 4B) co3pano 6b 3 deKTHBHEE
6apbepsl, pasfensioline o6yiactb ABHXKEHHS 3JeKTPOHOB B JJAHHHOM
COJICHOHJie H MOTeHIHaJbHbIX GapbepHbIX Adelikax (puc. 5). Ilpu
3TOM 3aTpyAHEHHH I 3HEProoGMeH MeXy NONYJsANHAMH 3JEeKTPOHOB
B JJIHHHOM COJIEHOHJe H KOHIeBHIX siuefikax (ob6mactu I u 2 Ha
PHC. 5) MO3BOJNHT MOAAEPXKHUBATH 3a CYeT AOMOJIHHTEIbHOTO Harpesa
TeMIlepaTypy 3JeKTPOHOB B aMOuNoJsspHOM 6apbepe Ha GoJjiee BLICO-
KOM ypOBHe, YeM B JJIHHHOM cosieHomnze [20, 21]. Dto, B cBOIO OUe-
pelb, JaeT BO3MOXHOCTb TOJJEpPKHBATh HEOOXONZHUMBIH BHICOKHH
TIOJIOKUTEJIbHBIH NTOTeHNHaa aMGUnoJisipHOTO 6apbepa, MpPONOPIHO-
HaJbHEIA TeMIepaType 3/1eKTPOHOB, IPH IVIOTHOCTH IJa3Mbl B aMOH-
nosnsipHoM Gapbepe AaKe HHKe, yeM INIOTHOCTb HJa3Mbl B JNJAMHHOM
coneHonjie. Cpefn pas/iuuHbIX cOCO60OB CO34aHHA TepMobapbepa,
no-BHAHMOMY, HaHOoJee NPOAYKTHBHEIA, peaJbHO HCNOJb30BaBLIHI-
csl B 5KCIEepHMEHTANbHHX YCTAHOBKAaX, — 3TO CO3/aHHe yiepiKHBae-
MOH MarHHTHBIM I10JIeM NONYJISAIHA CHJIBHO TeperpeTex 3JeKTPOHOB
C aHH3OTPONHOH (YHKIHeH pacnpefeleHHs H IJOTHOCTbIO, CPaBHH-

MO# C IJIOTHOCTBIO [LIa3MEL, ¥ CJOBHE KBaSHHeﬁTpaJIbHOCTH IIJIa3Mbhl |

NPHBOJUT K aBTOMaTHUECKOH TeHepalldH NPOBaJa 3JeKTpPOCTaTHYe-
CKOrO DOTeHIHaJa, NPensTCTBYIOIero Monajasuio 3j7eKTPOHOB H3
IasMBl B 06J1aCTh, 3aHATYI0O I[eperpeThiMH 3JEKTPOHAaMH, 4TO #
03HayaeT reHepauHio TepmoGapoepa. TepMoGapbep fBAsieTCA. B TO
JKe BpeMs 5JIeKTPOCTATHUECKOH JIOBYIUKOH [JIs1 HOHOB, MO3TOMY [Jis
CTallMOHapHOrO MNOAJepXKaHusA TepMobapbepa HeOOXOJHMO IIpe-
AyCMaTPHBATb €r0 OYHCTKY OT 3aXBaueHHHIX HOHOB. [IpeinoxeHsl
U YacCTHYHO peasH30BaHH pa3Hble METONBl OYHCTKH, HO HM B 3KCIe-
pHMeHTaxX MHOTO BHHMAaHHS He yAeJAJOCh, MOCKOJbKY Ha TeKylled
CTaJuH HCC/IellOBaHHH 0Ka3ajoch AOCTaTOUYHBIM JHOBOJbCTBOBATHCH
ero CyHleCTBOBAHHEM B TeUeHHe BpeMeHH MOPSJKa BPeMeHH 3amoJj-
HeHusi 6apbepa HOHAMH IOCJe ero reHepanuy. '

© MBI paccMOTpeNid Tpynny npo6JeM, CBI3aHHHX C «IPOAOJbHOH»
Gbu3HKOH aMOHIIONAPHON JIOBYLIKH, BKJIOYasl Cnoco6 reHepanuu Io-
JIOXKHTENbHEIX aMOHNOJNAPHBIX GapbepoB # TepMobapbepoB. [lonyuu-

A

Uy,

Puc. 5. TMorenunas IOwmanoBa A4A 3JEKTPOHOB B aMOHIONsSPEOA
JIOBYHIKE ¢ TepMoGapbepaMu
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¥ i npejcTaBieHHe O NPOAOJBHBIX NPOGHJIAX IUIOTHOCTH Pa3/MUHEIX
' KOMIOHEHT MIa3Mb. PaccMOTpHM Tenepb «IHONEPeyHyio»  (HIMKY,

T. €. ApYyryio Ipynny npobieM, CBA3aHHYIO C a3HMY[TaJbHON CTPYKTY-
poit KOH(Hrypauud aMOHMONAPHOK JOBYIIKH H HonepeYHLIMH ApeH-
damu. ;

VYcioBHe MaKpOCKONHUECKOH yCTOHYMBOCTH —IJIA3MBL Tpebyer,
uTOGH B3BELIEHHHIH N0 AJHHEe CHJIOBOH JHHHH C yYETOM pacupejeJe-
HHSl IUIOTHOCTH CPEJHHH Pajuyc KPHBH3HB CHJIOBOHM UIHHHH ORI
HanpasJ/eH HapyXy. DTOT TaK HasbiBaeMbli MPHHIHI CPEIHETO MH-
HHMyMa B 3ameHsieT NPHHUHI MHHEMYyMa B B npoGouHO# JIOBYIIKE
¢ MaruuTHOl siMoii. TouHOe BHIpaXkeHHe, Olpejesmiee MPeLesH
MaKpOCKOIHYeCKOH yCTOHYHBOCTH, Aa€TCs 4acTo Hcnosab3yeMo# ¢op-
myJoi Kpyckana—OGepmana [22], a BuTekalolllee H3 Hee olLeHOY-
HOE yCJIOBHE yCTOHYHBOCTH MMeeT BH

Bu-c./Lu.c.) < (BalLa), (10)

rjie HHAEKC «II. C.» OTHOCHTCA K 1LleHTpaJbHOMY COJIEHOH Y, «ﬂ»;—K
KOHIIeBHIM JOBYIIKaM, Ha3BIBAaeMEIM SIKODAMH B KouTekcte M ﬂ.-

. cTabuau3anuH, ﬂ-—'OTHOLUeHPIe KHHeTHYEeCKOro AaBJIeHHS NJIa3Mbl K

AaBJIEHHIO BAKYyMHOrO MarduTHOTro noJis, L——-xapaKTepHaﬁ AJinHa
yABOEHHSA I0JA BJ0J1b CHJIOBOM JIMHHH. Hpelmo.narae'rcsl, 4YTO B KOH-

_leBoit siueiike, sBasomeficss MIJl-AkopeM, cpellHil pajiuyC KPHBH3-

HBl JMHHI [OJS HampapjeH Hapyxy, a B AJMHHHOM comenon,c;\if—n
cTopoHy ocd. B Hacrosimee BpeMs 06CyKAAIOTCA BAapHAHTHI -
AKOpell aKCHaJbHO-CHMMETPHYHOro THNA [23, 24, 25], no B mpeJio-

" JEeHHBIX BapHaHTaX aMGHUIOJAPHBIX JOBYLIEK [8, 9, 10] u coopyxkeH-

HHX 9KCIepHMEHTAJbHHX YCTaHOBOK B KadecTse MT I-skopeil
MCI0JIb30BANHCH JOBYIIKH KBaJPYyNOJbHOTO THIA C  MHHHMYyMOM
(puc. 6), B Takux cucreMax HapylueHa aKcHaJbHas CUMMETpHS Mar-
HHTHOH KoH(urypauus. [Toc/IeNCTBUS 5TOr0 BEChMa CEPHESHH H, Ka;
Telepb BHAHO, He B MOJIHOA Mepe YUHTHIBAIKCH NPH Q)Op}n/;uposaﬂgm
OCyILIeCTBIEHHBIX SKCIEpPHMEHTANbHBIX NPOrpaMM. Eume Hoptpon
6eu10 mOKasaHo [26], 6TO B OGIIeM ciydae Yepes Oy CHJIOBYIO JIH-
HHIO MATHHTHON JOBYUIKH TIPOXOLUT GeCKOHeYHOe MHOMXeCTBO JpeH-
(OBEIX TOBEPXHOCTEH, 3alaBAEMbIX yC/IOBHEM cOXpaHeHHs MPOJAOJbr
HOro afdabaTHYeCKOro BapHaHTa

J=r§> muv, ds = const,

TpHyeM NapaMerpoM 3THX noBepxHOCTe#H ABNACTCA OTHOILIeHHEe ;{(ar:
HUTHOTO MOMeHTa K SHePruy 4acCTHILH p/e, HIH PACCTOSHHE MeXIy

TOYKAMH OTpaXKeHHH J1apMODPOBCKOH Op614;l‘bl, ynepmnsaem::c’?ﬂ n]({)e-
pyuke. TeM caMHM B o61ue1v1 caydae npemposbze XHOBepoaxHama-
.06pa3yoT BJOXKEHHOro CEMEHCTBA [IOBEPXHOCTEH. o.g.;]n aKHama-
pa Ha3BajH TakHe KOHQHUIypalHd HEOMHHIEHHBIMH [27], B €
OT OMHHUTEHHBIX, HIH BJIOXKEHHHX, TI€ npel@oable noaep)érslocz-rg

-06pasyior BJIOKEHHOe CeMef/'ICTBUO TIOBEPXHOCTEH. B pa60Taé(ﬂ[ cir[en!
NOKa3aHo, 4TO HapylleHHe CBOMCTBA BJIOXKEHHOCTH SABJSCTCS e
.CTBHeM He HapyIIeHHs aKCHaJbHOH CHMMETPHH KaK TaKOBOH, 2
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Puc. 6. MarunTHas KOHHrypauns aMmOGHIOJSIpHON JIOBYWIKH C KBaAPYHOJbHOMH
cHMMeTpHeH

pyUIeHHs OPTOTOHAJBHOCTH F€OMeTPHH noJis. TaM XKe HalaeHO yCJo-
BHE OPTOrOHAJIbHOCTH B OOllleM BHAE H aJrOpPHTM KOHCTPYHPOBAHHA
noJisg C OPTOrOHaJbHOH reoMeTpHell B IepBOM IOpSIKE Pa3joXeHHS
CKaJIipHOTO MarHHTHOTrO MOTeHIHaJ a2 0 pafHyCy OKOJIO OCH JIOBYHI-
KH. YCJI0BHE OPTOTOHAJbHOCTH T€OMETPHH II0JIS, Ha3HBaeMoe TaKxe
yCIOBHEM «JOKaJbHOH OMHHTEHHOCTH» HJIM <JOKaJbHOH BJIOXKEH-
HOCTH», NOJIyyeHO pasHbIMH MeTojaMu B pa6orax [30, 31, 32, 33].
PaccMoTpuM CyLIecTBO 3TOro CTPYKTYPHOTO CBOHCTBA MAarHUTHOLO
NoJIs Ha [IPHMepe JIOBYIIKH KBaZPYNOJbLHOTO THIA ¢ MHHHMyMOM B.
B rakoii oByLIKe Bcerna MOXKHO NPOBECTH NOBEPXHOCTb, 0Gpa3oBaH-
HYIO MHOXECTBOM TOYEK, JIeXXaIUHX B MUHHMyMe B Ha MarHMTHBIX
CHJIOBHIX JIHHHsX. B o6meM ciyuae 3Ta noBepXHOCTb He HJIOCKas.
ITockonbKy MarHHTHOe MoOJie B KBaAPYNOJbHOH JIOBYLIKE C MarHHT-
HOH SIMO}i MOHOTOHHO pacTeT K nepHdepun, Ha MOBEPXHOCTH MHHH-
MyMoB B Bcerja MOXHO TOCTPOHTb HelepeceKaloWHecs KOHTYpHE
B=const, oxBartrBalouiue ocb joBylIKH. COBOKYIHOCTb BCEX CHJIO-
BHIX JIMHUH, DPOXOASIIUX 4Yepe3 KaKOH-HUOYAb H3 KOHTypoB, obpa-
3yeT KBaSHUNJHHAPHYECKYIO NOBEPXHOCTb, OXBATHIBAIOIIYIO OCb JIO-
BYIIKH, KOTOPYIO Ha30BeM MArHUTHOH MOBepPXHOCTHIO JIOBYIIKH. [lo
€rnoco6y NOCTPOeHHS MarHUTHEE NOBEPXHOCTH, POBEJEHHBE uepe3
JApyrue KOHTYpH B==const, o6pasyloT BJOXeHHOEe HeHepeceKkaio-
meecsi ceMefcTBO noBepxHocrefl. PaccMOTpUM OJHY H3 TaKHX 1i0-
BepxHOcTed H KOHTYp By==const, Ha KOTOPOM MarHHTHOe TIIoJle Ha
NOBEpPXHOCTH AOCTHraeT MHHHMyMa. BBHAYy MOHOTOHHOTO pOCTa MOJS
Ha CHJIOBBIX JIMHHAX, YXOASILIHX B CTOPOHY NMPOOOK, MBI BCEra MO-
JXeM HNOCTPOHTh Ha MOBEPXHOCTH ceMeliCTBO KOHTypoB B==const ¢
B> B,. 3aMeTuM, uTO 3TH KOHTYpH SBJSIOTCA B TO XKe BpeMs JiH-
HHSIMH NepeceyeHHss MATHUTHOH NOBEPXHOCTH C'NOBEPXHOCTAMH B=
=const MarduTHO# MoByIIKH. KOoHTypH B=const u CHJIOBbIE JIHHHH
Ha MarHdTHOH NMOBEePXHOCTH 00PasyloT HEKOTOPYio CHCTEMY KOOpu-
HaT (puc. 7). [lo BHINOJHEHHOMY' IIOCTPOEHHI0 BHIHO, YTO OHA
ABJISIETCS OJHO3HAYHON — 3ajaeTcst TONBKO I0JleM eIHHHYHHIX Bek-
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Puc. 7. MarHuTHasi TOBEpXHOCTh OJHOK INOJOBHHH OJMHOYHON NPOGOUHON JiO+
BYIUKH C MarHMTHOM $IMOHM, ¢ KOODAHMHATHOH ceTkoff, 06pa30BaHHOH JHHHSIMH
nois W KOHTYpamu B==const. 8§ — yros Mexay KOODAHHATHHIMH JHHHAMH

TOPOB CHJOBHIX JuHUH b(r) =B (r)/B(r) u pacnpenenenreM MOAYJs
nods B(r). MaeiMu cioBaMu, 3TO — (U3NYECKH BHIJEJeHHAS CHCTe-
Ma KOOpIAHHAT, /ISl ONpe/ieleHHsl KOTOPOH HeT HeoOXoauMocTH ofpa-
LIATHCSA K OCOGEHHOCTSM ABHIKEHHs 3apSXKEeHHBIX dYacTul. MOoXHO
10Ka3aTh (3[eChb MBI 3TOro jAeJaTh He GyleM, OTChlIas YHTaTesed
K pabore [29]), uTo ecnu KOOpAHHATHAS CeTKa HAa MarHHTHOH IIO-
BEPXHOCTH OPTOrOHaJ/bHA, TO PAAHyC KDHBH3HBI CHJIOBHIX JHHHH Ha
MAarHMTHO!N MOBEPXHOCTH B JI0OOH ee TOUKe HOpMaJjeH K 3ToH mo-
BepxHOCcTH. B mpoTHBHOM cayuae, Koraa JuHHM B==const u aunud
[0Jisi B3AHMHO He OPTOrOHAJbHBI, pajUyC KpPHBHM3HH HJH BEKTOP
KDHBH3HBI HEe NepneHANKyaspeH K MOBEPXHOCTH H, COOTBETCTBEHHO,
€ro cocTasJsIONlafA, KacaTeJbHad K MardHUTHOH IOBEPXHOCTH, TakK
HasblBaeMas regjie3HyecKasi KpHBH3HA, He paBHa HyJi0. B mepsoM
cilyuae reOMeTPHIO MAaTHHUTHOTO [10J1s1 . Ha30BeM OPTOTOHaJjIbHOM, a BO
BTOPOM — HEOPTOrOHaJIbHOM.

Kak u3BecTHO, HalpaBJieHHe MaTHHTHOrO NolepeyHoro ape#da
JlADMOPOBCKHX OPGHT B BaKyyMHOM MarHHTHOM IloJie COBMajaeT ¢
HanpapJeHHeM BEKTOpHoro npoussenenus [B, k], rme’ k — BekTop
KPHBH3HH CHJOBOH JIMHHM. B MarHuTHOM THoOJe C OPTOrOHaJbHOH
reoMeTpueil, B COOTBETCTBHH CO CKa3aHHBIM BHILIE, 3TO HAaNmpaBJeHue
KacaTeJbHO K MATHHTHOH MOBEPXHOCTH, 4 B IOJIe C HEOPTOroHajb-
HOHl reoMeTpHeli — nepecekaer ee. .

Takum 06pasoM, B JOByIUKe ¢ OPTOrOHAJILHOH reoMerpHen IoJs
JapMOpOBCKasl op6HTa, cOBepIlalollasi TNepHOAHYecKOoe JBHKEHHE
BJOJIb JIHEHA NOJS MeXAy TOYKAMH OTpaxKeHHi M Apeidylomas no-
TNepeK MoJs MO KacaTeJbHOH K MarHMTHOH MOBEPXHOCTH, HAKOTAA He
nokuAaer nociefniow. [10cKoNbKY CKasaHHoe CNPaBeAJHBO Ha JIIO-

i - 60/ MarHMTHOH TOBEPXHOCTH, ApefiQoBHE MOBEPXHOCTH JapMODOB-

CKHX OpOMT, COBNAaJAlOllHe ¢ MAarHHUTHLIME TOBEPXHOCTAMH, obpa-
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3YIOT BJIOXKEHHOe C€MeHCTBO MOBepXHOCTEH, T. €. MarHHTHas KOHbH-
Typauusi ¢ OPTOroHaJnbHOH reoMerpHeil noas 10 TepMHHOJOTHH
Xonna—Maxknamapn [27] omuHrenHas. B JoBymKe ¢ HeopToro-
HAJILHOR reoMeTpHell NOJSA HMEETCA COCTABJAIINASl MNOMEePEeYHOro
Apedda,  HopMajbHas K  MarHHTHOH  TIOBEPXHOCTH, T. €.
JlapMOpOBCKass  opbura  of6s3aTeJbHO MepeMeHiaeTc® C  Of-
HOH MarHMTHOH  TNOBEepXHOCTH Ha  Apyrylo. M3  yciosmit
KBaJApPYMOJbHOH CHMMETPHH JIOBYHIKH CJeldyeT, 4TO Hampas-
JieHHs 3Toro JApefia mo HOPMaJAH K MarHHTHOH IIOBEPXHOCTH
B ABYX [OJIOBHHAX JIOBYLIKH, pa3JeJleHHHX MeJHaHHOH NOBepx-
HOCTbI), IPOTHBONOJIOXKHBEI Mo 3HaKy., I[lo sTol mpuuuHe ApelpH
10 HOpMAaJIM 3a NMEPHOJ NPOJOJNBHOrO ABHXKEHHS MEXJAy TOYKaMH
OTpaxKeHH# B OCHOBHOM B3aHMHO KoMmmeHcHpyworcs. OfHaKO BBHIY
OTCYTCTBHS CUMMETDHH CHJIOBOH JIHHHH OTHOCHTEJIbHO TOYKH C MH-
HUMYMOM B Ha HeH, yKa3aHHAs KOMIIeHCAUUs HE OCYUIECTBIASETCH
noJsiHocTblo. OcTaTouHble cMelleHdsl B NOCJAeA0BaTENbHBIX HepHOAaX
NPOROJBLHOTO NBHXKEHHS HAKaILUIMBAIOTCH, YTO IPHUBOAUT K Hapa-
CTalolleMy CMeIeHHIO JJapMOPOBCKOR OPGHTH OTHOCHTEbHO HayaJb-
HOH MarHuTHoOj noBepxHocTH. [To Mepe cMellleHHS JapMOPOBCKOH
OpPOHTHL [0 a3HMyTY JIOBYUIKH B pe3yJibTarTe YCPeJHEHHOTO ToOIe-
peuHoro npefipa OCTaTOUYHHE HAKAIJIHBAIOUIHECS CMEINEHHS HO HOp-
MaJii MEHAIOT 3HaK, H JJapMOpoBCKas opOHTa BO3Bpamaercd Ha Ha-
4a/JbHYI0 MAaTHHTHYIO NOBepXHOCTb. Mcnonrp3ysa ToabKO coobpaxeHus
CHMMeTPHH, HeTpyAHO y6eAHTbCs, YTO 32 OJHH NEPHOA a3HMYTaJb-
Horo japefida BOKPYr OCH JIOBYWIKH C KBaJAPYMOJbHOH cHMMeTpHed
JlapMOpPOBCKasi op6HTa coBepllaeT yeThipe nepHoAa KoseGaHUH OKoO-
JIO Ha9aJIbHOH MarHMTHOH NMoBepXHOCTH. HacTHUa ¢ HyJeBO#l mpo-
JIOJILHOH CKOPOCThIO Uyo=0 H KOHeuHOH nmomnepeuHOH v, 50, mome-
lieHHass B MHHHMyM B Ha cuioBOH JIHHMH, ApefdyeT No asuMyTy,
HO He NOKHAAaeT MarHuTHOH nmoBepxHoctH. Iloc/ieHee MOXKHO InOKa-
3aTb, HaNpUMep, ciaeayowuM obpasoM. U3 Toro, uto npu vyp==0 no-
nepeuHas CKOPOCTb U,o PaBHA NOJHOM CKODOCTH U, MarHHTHHIH Mo-
MEHT 3alHChIBaeTcs B BHAe W=mv,*/2By=mv?/2By=¢/By, rne
e =mv?/2==const — sHeprus yactuus. Ho H3 coXpaHeHUS MarHHT-
HOTO MOMeHTa p=muv?/2B,==const, sBasgoulerocs ainaGaTHIeCKHM
HHBapHAHTOM, U COXPaHeHHs 3HepruH e=muv%/2=const cxexnyer,
4TO Ha TPaeKTOpHH Apelida moas Bo==const, a, KaKk MH IOMHHM,
KOHTYp Bo==const, m0 mocTpoeHHI0, NPHHANJEKHUT MarHHATHOR 1IO-
BEpXHOCTH.

W3 kauecTBeHHBIX cooGpakeHHH, NIpUBeJEHHBIX BHIIE, MH YBHIE-
JIH, YTO 32 MNePHOJ NPOJOJbHOTO NBHKEHHs MEXKAY TOYKaMH OTpa-
JKeHH#l JapMopoBckas op6GHTA coBepLIAeT OAHH HHUKJ 3HAKOIepeMeH-
HBIX CMEIEeHHH OTHOCHTEJIHHO MArHMTHOH IIOBEPXHOCTH, a HeTOYHas
KOMIIeHCAIHS 3THX CMelleHHH MPHUBOAHT K IJIOOAJbHBIM CMEINeHHSM
JIAPMOPOBCKO[! OpGUTH OTHOCHTEIbHO MAarHUTHOH NMOBePXHOCTH, 4a-
CTOTa KOTOPLIX paBHA yuyeTBePeHHOH 4acTOTe YCPEAHEHHOro Ipelf-
¢a no asumyry. CkasaHHOe MOXKHO HHTEPIPETHPOBATb KaK pac-
uenjense ApefipoBoil IOBEPXHOCTH H aCHMIITOTHYECKOE MPHOJIHKe-
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¢ HHe Jpeii(oBOll NMOBEPXHOCTH K MarHuTHOR npH v—0. Kauecrsen-
b HO TIonepeuHoe- ceueHHe Apei(OBLIX MOBEPXHOCTEH YacTHL C U=
¥ 1 0,70 B JIOByllIKe ¢ HEOPTOrOHaJbHOH reoMeTpHeH IoJsi NoKa-
b 3aHo Ha pHC. 8. 3aMeTHM, uyTo pacilenJjeHnue ApeiidoBoi mosepx-
. HOCTH B OTKDHITOH MariMTHO#H JIOBylIKe C HeOPTOMOHaJbHOH reo-
. MeTpHeH NO0Js 3KBHBaJeHTHo 06pa30BaHHIO TPAaeKTOpHH THma Ga-
| ‘HaHa, MPUCYILIMX 3alepTHIM YacTHHAM B TOKaMaKax, a riaoGajibHbie
| cMellleHust ApeiOBEIX IOBEPXHOCTEH OTHOCHTENbHO MAaTHHTHBIX
b 9KBHBAJICHTHBl CyliepOaHaHOBEIM TPAEKTOPHAM 3aNepTHIX yacTHL B
- cTeJiiapaTopax.

Puc. 8. Ceuenne npefi)oBOfl MOBEPXHOCTH 3apSKEHHBIX TACTHIL C PO~
IoNbHOA cKopocTeio vy=0 H pacmiensieHHol JpefihoBOA NOBEPXHOCTH
gactHr ¢ vy7=0

CrencrsueM paciuen/ieHHs npeiiOBHIX NMOBEPXHOCTEH M MX Jie-
¢dopmannn, 3aBHCsALIEH OT PAaCCTOSIHUS MeXKJy TOUKAaMH OTPaKeHHH,

aHAJIOTHYHBIH HEOKJaCCHYECKOMY MONEepEeyHOMY I[epeHocy B TOPO-

i upanbubix cucTeMax [37]. KauecTBeHHO renepanuio IPOLOJLHOTO

TOKa MOXKHO IIPOC/JeIHTb Ha NMpHMepe IJIa3MHB C NPAMOYFOJbLHBIM,
' pe3ko OOpHIBalOIIUMcs NpodHu/ieM AaBleHHsA. BBuAy paciienJieHHs

. 1pefidoBOH MOBEPXHOCTH Ha IMOBEPXHOCTH TAKO M1a3Mbl OKAKyTCs
f UOHBI TOJBKO C OAHMM HJIH JAPYTHM HampapjeHHeM HPOLOJbHOH
- CKOPOCTH. JJIeKTPOHH, 006JafalHe INPOTHBOMOJNOXHEIM [0 OTHO-

IIeHHI0 K HOHAM 3HAKOM MarHuTHoro jpefda H, COOTBETCTBEHHO,
NPOTHBOMOJIOXKHBIM 3HAKOM pacllel/ieHHs Ape#(OBHX MOBEPXHO-
| cTel,~B Tex e TOYKAax MOBEPXHOCTH MIa3Mbel OyAyT HMeTb IpO-
- IOJbHYI0O CKOPOCTb, NPOTHBONOJIOKHYIO NPOAOJLHOH CKOPOCTH
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- SABJISIOTCS PeHepanysl NPOROJIbHEX TOKOB NpPH KoHeuHoM § [34] u mo- .
. BLILIEHHBIHl HEOK/ACCHYeCKHl NMONepedHH nepeHoc miasMsl [35, 36},
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HoHOB. B pesyabrare 3TOrO Ha MOBEPXHOCTH NJa3MH BO3-
HHKHET  NPOJOJIbHBIA TOK. 3HAKH NPOAONBHOTO TOKa OyayT
YepefloBATBCA  OT  OJHOTO  CeKTOpa  JIOBYWIKH ¢ KBajpy-

noAbHOH cHMMeTpHel k apyromy. B ycaosuax MI'J] pasHoBecus
yKasanHbie TOKH 3aMBIKaIOTCS BHYTPH IJIa3MH, NlepeTeKas H3 OfHOTO
CEKTOpa JIOBYIIKH, 06Pa30BaHHOrO IVIOCKOCTSMH 3epKaJbHOH CHM-
MeTpHH, B cocelHHH [34]. PaccmoTpeHHBIi MeXaHH3M BO3HHKHOBEHHS
OPOAOALHOTO TOKA COXPAHHTCA H B MJa3Me C KOHEYHHM TONepPeuHbIM
rpagueHTOM AaBaeHHs. HexenaTtelbHOe BO3NeHCTBHE TIPOAOJbHHIX
TOKOB COCTOHT B reHEpPaHHH NONepeyHoil pajHaJNbHON cocTaBsomed
MarHiTHOTO IOJIfA, KOTOpasi B AJHHHOM LEHTPAJTbHOM COJIEHOHAE Bhl-
BOAHT MarHHTHYI0 CHJIOBYIO JIHHHIO Ha CTeHKy KaMepHl, YTO IpPHBO-
JUT X paspyuleHNI0 MAarHHTHOH KOH(QHrypauHH, yJepxuBaoulef
nJa3My.

[TponcxoxneHHe yBeJIHUYEHHOrO HEOKJACCHUECKOTO IIONePedyHOro
neperoca mJaasMsl B aMOHNOJSPHOR JOByLIKe, 06dg3aHHOe YyBeJaHye-
HHIO XapaKTepHOro nonepeyHoro mara gugysHH, KAYeCTBEHHO He
OTJIHYaeTcs OT CJyuasl TOPOHAAJAbHOH JOBYIIKH. B aMGunoasipHeIx
JIOBYLIKAaX HEOKJIaCCHUEeCKHH MOIEpPEYHBIH MepeHOC CTAHOBHTCA CY-
IIeCTBEHHHIM MOTOMY, YTO CTaBHTCSA 3a/Jaua NOJYYHTH C ' MOMOILBIO
MOJIOXKHTENbHBIX aMOHIOJNAPHBIX 6apbepoB BpeMsi yaepkKaHHus HOHOB,
CyLIeCTBEHHO HpeBhHILIAKIIee XapaKTepHOe BpeMs KyJOHOBCKOTO pac-
cesiHUSl HOHOB Ha GoablioH yroJ. Cpeln pasjHyHBIX BAPDHAHTOB Me-
XaHH3Ma HeOKJACCHYECKOTO [OllePEYHOTo mepeHoca B aMOHIoasAp-
HBIX JIOBYIHKaX HauOoJiee OMAcCHBIM SBJASIETCH TaK ° HasbiBaeMHui
pesonancHbifl. OH peasnH3yercsl IPH HAJHYHH PAJAHAIBHOTO JIEKTPO_
CTaTHYeCKOro noisi (TPYAHO YCTPaHHMOrO MPH CO3JLAHHH NOTeH-
LuanpHOro G6apnepa u TepMoGapbepa), BHI3BIBAIOIIEr0 a3UMyTalib-
HelfA gpefid naasmel. Econ asumyranbunii EXB apefip 3a Bpems
OMHOro NpoJieTa MeXJAy TOUKaMH OTpaXeHHsi CTAHOBHTCS ~ m/2, TO
noc/ieoBaTesIbHble CMEIleHHsI HOHOB N0 HOPMAJIH K MarduTHOH Imo-
BEDXHOCTH, KOTOpble OLIJIH OTBETCTBEHHBI 3a pacluenjieHue apekdo-
BHIX TOBEPXHOCTel, B3AHMHO He KOMIEHCHPYIOTCS, a CKJIAABIBAIOTCS.
B atuX ycnoBHsIX pafiHaJjibHHE CMEILEHHST M, COOTBETCTBEHHO, pa-
AHaJbHHH mar audQy3HH cTaHOBATCA ropasno GoJibilie pPacCMOTpeH-
HBIX paHee, a MONEPEUHBIi NepeHOC CTAHOBUTCA GOJNBLIINM.

Eue onun HexenatenbHbill 3 (eKT, - ABIAIOMMACA C/AEACTBHEM
- HapylleHHs] OPTOTOHAJbHOCTH T'eOMETDHH ItoJisk B aMOHIIONISIPHEIX JIO-
BYIUKaX, CBA3aH C XapaKrepoM JpefipoBHX TPaeKTOpHH HOHOB ¥
3JeKTPOHOB NPH HaJHYMH CTALUHOHADHHX 3JIeKTPHUECKHX IoJedl B
naasme [29]. Kak usBeerno, nanpasaenue EXB npeiida ve 3asucur
OT 3HakKa 3apsja, B TO BpeMsl KaK HanpasJieHHe monepeuynoro BX
XVB ppeiipa zaBucut oT Hero. B akcHa/JbHO-CHMMETPHUHBIX JIO-

Bymkax nosisjenune EXB gpefida npu HaJAHYHH DpajMaNbLHOIQ Cra-

HHOHADHOIO 3JIEKTPHYECKOTrO HOJs MO YCIOBHAM CHMMETPHH He
HCKaxaeT GpopMbl ApeH(oBLHIX TOBEPXHOCTE! U CaMO 1o cebe He NpH-
BOJHT K pa3jieieHHIO 3apANOB pa3Horo sHaka. B nomyuike c Heopro-
TOHAJIbHO# reoMeTpHell MarHMTHOrO MOJA, rjie 6e3 3JeKTPHUECKOro
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o/t ycpeAHeHHble NeOPMHDPOBAaHHEIE MOBEPXHOCTH Apefipa 3JeKT-
POHOB M HOHOB, HMEIOIHX OJHHAKOBbIE TOUKH OTPaXeHHs, COBHA-
JAI0T, HaJIOXKeHHe 3JIeKTPHYECKOTO NOJIsi NPHBOJHT K HAONOJHHTENb-
HoO¥ nedopMauuu ApelidOBHX NOBepXHOCTEH, HO, MO NPHYHHE, YKa-
3aHHON BbIlle, Pa3JHYHON JJIsl HOHOB H 3/1eKTPOHOB. CyLleCTBEHHHM
06CTOATEALCTBOM fBJSIETCA TO, UTO HH HPH KAaKOM pacipele/iCHHH
9JIeKTPOCTATHYECKOTO MOTeHHHana ¢(r) He ymaercs ChenaTb Ape-
¢oBHE MOBEPXHOCTH COBNAaAAIOIHMA. ITO NPOCTPAHCTBEHHOE pa3je-
Jenye pefidOBHIX MOBEPXHOCTEH 4aCTHL C pa3HbHIM 3HAKOM 3apsija
MOXKeT CONPOBOXAATHCS MAaKPOCKONHYECKH 3HAYMMBIM- pasfic/ieHueM
06beMHBIX 3aPSA0B YaCTHIL pa3HOro 3Haka H, COOTBETCTBEHHO, BO3-
HHKHOBEHHEM 3JIEKTPHUECKHX N0Jell HeaMOHUMO/IAPHOrO NPOHCXOXK -
HUSI, CTECTBEHHBII MeXaHH3M OTPAHHUEHHS KOTOPHIX He sceH. [e-
TaJbpHOe M3yueHHe 5Toro 3¢pdexra 40 HACTOSUIEro BpeMEeHH He TpPO:
BOJHJIOCH. o

COBOKYIHOCTb HauboJiee CyIeCTBeHHBIX, NepeyHC/IeHHbX Bbillle,
HeXKeJlaTebHBX C TOUKHM 3PEHHS o6ecneyeHns NJHTENbHOrO yaepka-
HES IUIa3ME IIPOLECCOB TOKA3HBAET, YTO HApyIIEHHe OPTOroHaAB:
HOCTH TeOMEeTPHH NOJisi aMOUNOJNIAPHOM JIOBYHIKH MOXKET HMeTb BeChb-
Ma HeraTHBHBle HocaeAcTBHS. K coXajeHuio, B peajH30BaHHBIX,
BOOGIIe TOBOPSI HEMHOTOYHCJ/IEHHBIX, KCIEePHMEHTAJbHBIX yCTaHOB+
Kax BONpPOCY CO3LaHHS MAarHHTHOH KOHOQHIypalHH C OpPTOTOHAJIbHOf
reoMeTpHell MarHUTHOTO NOJISl HE YAeJNeHO NOJIKHOTO BHHMaHHA, B
pesysbTaTe Yero Bce HMEIOIUIHECs SKCIePHMeHTaJbHble JaHHble 06
yIepXaHHH [J1a3Mbl NPH HANHYMH aMOHUNOJSPHBIX 6apbepoB mOJy-
YeHhl B MArHMTHHX KOHOHIYpalUHsAX C HEOPTOTOHAJbHOK reoMerpueli
AOJIfi, XOTA CTeNeHb HApYUIEHHs OPTOTOHAJIBLHOCTH MOJs Gbua pas-
JIUYHOH.

Kak y>e ynoMHHaJOCh paHee, B psife paGoT [28—33] monyueHsr
ypaBHeHHs], N103BOJIAIOLINE L5l 3aaHHOTO HAa OCH DpacnpejesienHs
POJOLHOTO MarHHTHOTO Nojsi B(z) Ha#iTH 3aBHCHMOCTL KBaApy-
HOJBbHOM cocTaBisowed OT 2, ofecneynBanes nojJyyernde MartHur-
HOM KOH(HUrypauu, o6Jajamuell OpTOroHaIbHOR reoMeTpHe Mar-
HATHOTO IOJIl B NEPBOM MOPfAAKe PA3JOKEHHs CKaJfpPHOro Maraut-
HOrO TMOTEHIHAaJa 10 pajuycy. Bo3MOXKHOCTb HaXOXJEHHS TaKHX
pelllenuil B cielyiouieM H 6oJiee BEICOKHX TIOpAAKax OCTaeTcsa He
BhisicHenHofi. C TMpaKTHYeCKO#H TOUYKH 3peHHsl MOUCK Gosee TOUHHIX
pellleHuil, NO-BHAUMOMY, HECYLIECTBEHEH, IOCKOIbKY OCTAaTOYHDIE ad-
(eKTH HapyIIeHHUs: OPTOTOHAJbLHOCTH FEOMETPHH, KaK MOKa3hBAIOT
YHCJeHHBIE PacyeTH, KpaliHe HE3HAUMTE/bHEI (B THNHMYHDBIX CaAydasx
nan6oJibuiee pacilenjenne ApeipoBbIX TOBEPXHOCTEH HE MPEBLILIACT
OLHOl JecATOl 1apMOPOBCKOro paauyca). O6muil Xapakrep HauAeH-
HBIX pelleHHii CBOAUTCS K TOMY, YTO B JIOBYUIKaX C KBaApyNoJbHOW
CHMMeTpHell co3falHe OPTOTOHAJIbHOH reoMeTpHH NOJ TpeGyeT Ha-
JINUMS He PaBHOH HY/JIIO NMOMepedyHOH KBaApymnoJbHOH cocraBJsgome
B CpelHeM CeueHHH aMGHNOJISpHOH JIOBYIIKH, KOTOpasd, OCTaBasch
He paBHO# HYJIO, MOHOTOHHO H3MeHeTCs NPH CMEIICHHH B CTOPOHY
Topuos. Takas KOHQHrypauusi He sBJfeTCs HEOCYLECTBHMOH, HO
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nonepeyHoe ceyeHHe 06GJacCTH YAePXKAHHA B TakKol AJAMHHOH LEHT-
pafbHOH siuelike aMGHIIONSIPHOH JIOBYIIKH 3aBHCHT OT 2, UTO C HHXKe-
HepHO# TOYKH 3peHHSl KpalHe HeXeJlaTelbHO.

- - B pa6ore [38] BMecTo moucKa KOHGMHIypallud C OpPTOrOHAJIbHOMN
reoMeTrpHell nosns craBuiach 3ajaya MOHCKA MArHHTHOH KoHGHrypa-
I[HH- ¢ MHHHMAaJbHHM OTKJIOHEHHEM yCpeNHeHHOH IO AJHHe aMGHIIo-
JISIPHO# JIOBYIUKH reoJe3HyecKOoil KPHBH3HBI CHJOBBIX JIHHHA OT HY-
Jasi. brlio mokasano, 4To UHCNEHHOE pelleHHe 3ajaud NO3BOJISET
HafTH HHXeHePHO NPHEMJIEMYI0 MarHHTHYIO KOH(HIypaLHIO CO cpel-
HHM 3HaueHHeM re0Jile3H4eCKOH KPHBH3HH, B JECSATKH Pa3 MeHbIIHM,
YeM Ha PeaJpHO CKOHCTPYHPOBAHHBEIX 3KCIEpHMEHTAJbHBIX aMOHIIO-
JISADHHIX JioBylIKax. be3 pomosHHTe/bHBIX HcclefOBaHHA (H3H-
YeCKasd 3HaYHMOCTb YKa3aHHOTO MOJXOA2 OcTaeTcd COMHHTEJLHOH,
HOCKOJIbKY JIOKaJIbHBIe 3HAUeHHS reoJe3HYecKOd KDHBH3HBI OCTaIOT-
Cs ropaszio GoJiblle cpefHel, H, COOTBETCTBEHHO, 3apsIKEHHBIE ya-
CTHHE MJIa3Mbl, JBHTalOlHecs: B OrPaHHYeHHOH 06/1aCTH BIOJb CHJIO-
BBIX JIMHHH, HO-peXXKHeMy, HMeIOT OoJbliHe npeHdbl O HOpMaJH c
BHITEKAIOIHMH HeXeJaTeNbHEIMH MOCAEACTBHAMH. '

B pa6orte [39] noka3aHO, 4TO yNOBJETBOPHTENbHOE C IMpaKTHYE-
CKOft TOUKH 3peHHs aHaJHTHYECKOe pelleHHe 3aJa4d O IIOHCKe Mar-
HHTHOH KOH(QHIypauuH aMOHINOJNSPHOH JIOBYLUIKH ¢ OpPTOrOHAJIBHO#
reoMeTrpuel MAarHHTHOTO NOJISI MOXKHO MOJYYHThH IPH OTKa3e OT KBa-
ApymnoJibHOH reOMeTPHH aMOGHIOJNAPHOH JOBYIIKH B LedoM. Hccaeno-
Baviacb MarHuTHasi KOH(QHIypanus, 0 THIY cOBHajaioumas ¢ KOH-
durypauuneii ambunoasipioii Josymka GAMMA-6 [40]. OcoGen-
HOCTbIO 3TOi# JIOBYIIKH, OTJIHHAIOImeH ee OT BceX IOCJAeLYIOIHX
3KCHePUMEHTAJbHEX YCTaHOBOK, GblJIa 3epKasbHast CHMMETpUs Mar-
HHTHOTO I0JIS1 OTHOCHTEJNBHO CPEJHEro MOIepeYHOro CeYeHHs LeHT-
paabHoro cojeHounza (puc. 9). B GAMMA-6 njockoCcTH BeepoB pac-
XOASAUIMXCSl CHJIOBLIX JIHHHH Ha TOpLAXx [JHHHOIO COJIeHOHJA COBIa-

Pué. 9. AxcuannbHO-HecHMMeTpHUHAsl MarHWTHas kondurypanus, o6nafaromas
CBOHCTBOM 3epKasibHOH CHMMETDHH OTHOCHTEJbHO MEAHAHHOIO CEYEHHS

20

NaJH, TOrAa Kak B ‘CTaHRapTHO# aMOHNOJAPHOA JIOByIIKE OHH
B3aHMHO NEpNeHAHKYJAspHH. KPyNmHBIA HEAOCTAaTOK TaKOH MarHHT:
HOH KOH(HUTypallHH NpH HEOPTOTOHAJLHOH TFEeOMETPHH MATrHUTHOFO
N0JI COCTOMT B TOM, YTO NOCJefOBaTeJbHBE CMEIIEHHs O HOpMaaH
B KaX/JOM MOJylepHoJe IBHXKeHHs YaCTHIbI MEXAy TOYKaMH OTpa-
JKeHHH He KOMNEHCHPYIOTCS, a CKJAaJABIBAIOTCH, UYTO INPHBOAHT K
HCKJIIOUHTEJbHO CHJbHON jAedopMauun Jpeii(poBOH MOBEPXHOCTH.
Ecan xe reoMeTpusi MArHHTHOTO MOJISi OPTOrOHaJbHA, TO CMeLIEHHS
OTCYTCTBYIOT H Apefi(poBbe NOBEPXHOCTH 00J1afaloT CBOHCTBOM BJIO-
xkeHHocTH. CylnecTBeHHOEe NPEMMYUIECTBO TAKO! JIOBYIIKH C 3€pKaJib-
HO#l CHMMeTpHeH COCTOHT B TOM, UTO, KaK IIOKa3aHo B [39], ocyme:
CTBJIEHHe OPTOTOHAJbHON FeOMETPHH NOJisl AONYCKaeT ofpalleHHe B
HOJIb KBaJAPyHOJbHOH COCTaBJSIOIEH B MJIOCKOCTH 3€PKaJbHON CHM»
MeTpHH, HOPMaJIbHOK K OCH. B CBOIO O4epe/b, 3TO MO3BO/MACT KOHCT-
PYMPOBATH AMMHHBIA IEHTPAJbHBIA COJEHOHA CO 3HAYHTEJbHHM
JYaCTKOM OXHOPOJHOTO MOJIsA, UTO IPHEMJIEMO C HHXKEHEDHOH TOUKR
3peHHS. S

BaXHBIM BOIPOCOM AJisi OUEHKH MPAKTHYECKUX MEDPCHEKTHB aM-
GUMONAPHEIX JOBYIIEK ¢ OPTOrOHaJbHOM T€OMETpPHEH MarHuTHOrG
IOJIs SIBJISIETCSl COXPAHSeMOCTh OPTOFOHAJbHOCTH TFE€OMeTPHH HOJA
npu KoHeunom Gera. JleTanpbHOoe PaccMOTPeHHe 3TOH 3aAaun 6rL10
npeanpunsTo s padore [41], rae meromom I'pena—Illagpanosa
[42] wmsyuanoce paBHOBeCHe MJIasMbl B AKCHAJbHO-HECHMMETpHH-
HOH JIOBYIIIKe, BaKyyMHoOe Iose Koropofi oG.iafaer opToronanbang
reomerpHeil. B pesyibraTe NPOBeJAeHHOr0 aHajH3a MOKa3aHO, HTO
B npubamxennn B<<R/L, rae R — pamuyc nnasmel # L —Xapak-
TepHas AJMHA YABOCHHS MArHHTHOrO MOJs, BJIOXKEHHOCTb Kpefidpo-
BEIX NOBEPXHOCTeH 3apsMKEHHBIX YacTHL I1a3Mbl COXpaHACTCHA.
B apyroit pa6ote [43], rae paccMaTpPHBaJOCh paBHOBecHe N/IA3MEL
C MOJEJbHBIM IPSIMOYTOJNbHbIM PafHaJbHBIM NPOQHIeM KaBJIEHHS,
IOJIyUeH HHOH PE3y/bTar, OTIHYAIOMWAACSH OT YyNOMSHYTOTO BBILE;-&
KMEHHO, NOKA3aHO, YTO OPTOTOHAJbHOCTh T'€OMeTpPHM Tojas OPH
KOHeyHOM Oera Hapyuaercd. IIpuyMHa B3aHMHOrO  HECOrJACHA
3THX pe3y/ibTaTop TpeGyeT HOMOJHHTENBHOTO BBISCHEHHS. o

Kax u aas J060ro SHEPreTHUecKOro peakTopa ¢ yAEpXKaHHeM
IL1a3Mbi, ONHON M3 HamGOJee KPHTHUECKHX Npobaem Ajas aMGHAO-
JIAPHBIX JIOBYLIEK siBjisieTcs mpoGJeMa yCTOHYMBOCTH IIA3MEL Ho-
MHMO OGBIYHOTO BONPOCA O HOBLILIEHHOM ypOBHE NOTEph 3apiAXeH-
HBIX YaCTHIL M 9HepruH H3 IJIa3Mbl MPU Pa3BHTHH HeycToHuHBOCTeH,
HeraTHBHO BJHSIONIMX HA 3JHEpreTHYeckHd OasiaHc TeépMoOsiep-
HO#l NJa3Mbl, B Clyuae aMOHNONSPHEX JIOBYLIEK BO3HHKaer . elie
OMMH acHeKT NMPO6JeMbl NOBHIUEHHHX NOTepb, CBS3aHHBIA C Gop-
MupoBaHueM NPOQHUIs 3/1€KTPOCTATHYECKOro MOTeHIHana. Kak My
BHIeJM Bolle, (POPMHDOBAHHe NOTEHIHAJbHEIX GapbepoB ompeXe-
JANOCH YCJAOBHSIMH aMOHMNOJSPHOTO BbHIPABHHBAHHSA KYJIOHOBCKUX
noTepb 3/€KTPOHOB H HOHOB BJOJb MarHHTHOTO nona.ul’lpn nosB<
JleHMH B TUIa3Me NepeMeHHHX JeKTPOMarHHTHEIX NOJefl B PesyJb-
TaTe PasBUTHS HeYCTOHYHBOCTeH BO3HHKAIOT AOTIONHHTE/bHBEIE nepe<




'/ HOCHl NOMepex MarHuTHoro noJs [44, 45] wau Aedpopmauvn GyHK-

LM pacnpefesenns YacTHL B NPOCTPAHCTBe ckopocTedt. M 10 M« |

ApyToe Ja)ke IPH HE3HAYHTENLHOM TIJobajbHOM yMEHbIEHHH Bpe-
MEHH YJepKaHHs 4acTHI B JMOBYIIKe MOXKeT KapAHHAJBHO H3Me-
HHTh YPOBEHb H NPOodUJIbL NOTEHIHAJa TasMbl, Kak 310 Habmolda-
A0oCh, HanpHMep, SKCepuMeHTaibio Ha ycranoske 'OTFPA-3B [45].
Takne HeKOHTpoJIMpyeMble BO3JAeHCTBHA HeycTOHUMBOCTER Ha MpO_
$HJb 371€KTPOCTATHYUECKOTO NOTEHIHANa B aMOGUMOMsIpHON JIOBYLIKe
MOTYT HMeTb B BBICUlefi CTeneHH HexeJaTeJbHbe IOCAeICTBHA.

Mul yxe 3aTpar#Baju Bhillie BOIPOC 06 obecnedeHHH . MAKPO-
ckonnueckoii MI'JI-HeycTOHYHBOCTH B aMOMNOJSDHBIX CHCTeMax.
Kax 6u10 Buano, MI'JI-ycTofiuMBOCTS XKeNOGKOBOTO THMA FapaHTH-
pyercss cozlaHHeM CpeiHero MHHHMyMa B B LeaoM no Bcefd Jo-
Bylike myTeM BKJIOYeHHs B ee cocraB MI'Jl-akope# — MarHuTHBIX
fiYeeK ¢ MHHHMyMoM B. DKCIepHMeHTAJbHO M3yyaBllHecss amOHIO-
JApHBE JIOBYIIKH HMenu B cBoeM coctase MI'[l-skopu B BHAe
KBaJpYNOJbHEIX AueeK ¢ MaruuTHof simol. HabulofaBuuiics noBH-
LU{EHHBIH HONEPEUHLIl NepeHoc, CBS3LIBAIOWIHACA ¢ HapylleHHeM
aKCHAJbHOR CHMMETDHH MAarHHTHHX KOHQUIypamu#, CTHMYJHPOBAJ
npopaloTKy BapHAHTOB aKCHaJbHO-cHMMeTpHuHnXx MI'[l-skopeil.
BapuaHThl yCTaHOBOK C SIKOPSIMH TaKOIO THOa NpelsoKeHH [46,
47], HO 3KCNEPUMEHTAJIbHO AC HACTOSIIEr0 BPeMeHH He H3y4a/HCh.

B QJMHHBIX MarHUTHBIX JOBYLIKaX, KAKOBHIMH SBJASIOTCH aMOH-
HOJAPHble, BO3MOXHO pa3BHTHe OGaajioHHON MI'Jl-HeycToliunBOCTH
NPy NIpeBHILEHHH HEKOTOPOro KOHEYHOro ypoBHst GeTa (OTHOLICHHE
KMHETHYeCKOr0O H MAarHMTHOro JAaBJjeHHiH). UYHcaeHHble pacuyeTH,
npoBelleHHble AJIT HEKOTODHX KOHKPETHHIXx cHcteM [48], mokashi-
BalOT, YTOo KPHTHYecKHe Oera Moryrt mocturath 0,5-+-0,7, uto yaoB-
JIETBOPHUTENBHO ¢ NPAKTHYECKO# TOYKH 3pEHHS.

HauGosbuiee 6eCOKONCTBO NPEACTABJASIIOT  Pa3jIH4HBlE He-
YCTOHYHBOCTH KHHETHUECKOr'O THNA, 00fi3aHHblE aHH30TPONHH (YyHK-
UMl pacnpefesleHHst YacTHI, H IONEPeYHOMY IpalHeHTy IJ1a3MBl.
Ha pocTuriyrom ypoBHEe TEOpETHYECKHX [MPEACTaBJEHHH M MOJY-
HEeHHBIX JKCIEPUMEHTAbHHX HAHHHX MOXHO 3aKJIYHTh, yTO HaM-
60/bLIYIO ONACHOCTh NMPEJACTABJSIOT KOHYCHBlE H HOHHO-IIHKJIOTPOH-
Hasi anb(BEHOBCKAasA HEYCTOHYHBOCTH, 0OS3aHHBIE aHH30TPOIHH
¢yHKUHE pacHpefeleHHs HOHOB B KOHIEBHRIX fuefkax ¢ aMmGumo-
JSPHBIMH GapbepaMH; HeYCTOMYHBOCTH HA 3aHePTHIX UACTHIAX, CIO-
cobHaa PasBUTbCA NPH yAePKaHHH B aMGUNONSAPHOH JIOBYIUIKe JO-
€cTaToYHO OO/BILOHA FPYNNn YacTHI, He IPOHHKAIOUWEN B SYeHKH C
MArHuTHOR sIMOH; HEYCTOHYHMBOCTH BCTPEUHBIX IOTOKOB B 006JacTH
TepMob6aprLepoB; ApefioBrie HEYCTOHYHBOCTH MNJaaMb B AJHHHOM
HEHTPaJbHOM COJIeHOMAe AaMOHNOJAPHOH JIOBYywWKHM, 0Os3aHHHIE
fonepeyHOMYy TpajueHTy AaBJjeHHs ILIA3MBl; HEYCTOHYHBOCTL AHH-
30TPONIHOTO pacnpefieieHHs IIePerpeTHXx 3AeKTPOHOB B  TepMO-
6apsepe. '

ITo Bcefi COBOKYNHOCTH YNOMSIHYTHX HEYCTOHYMBOCTEl HMEeTCS
o6lHpHas JHTEPATypa, OTPaXkalollas Pe3yAbTaTH TEOPeTHYECKHX

22

| ¥ BO MHOTHX CJyYasix SKCIEeDHMEHTAJbHHX HCCleloBaHHM, NeTalb-

HOe 06CYyXAeHHe KOTODHX OYEBHAHBIM 06pasoM BHXOAHMT 3a Npeje-

' JBl JaHHoro o63opa. OOuiyio CHTyanuio MOXHO Oblno 6b Pe3lOMH-

poBaTp caenyomum o6pasom. Ilo KaxioMy THRY YNOMSAHYTHIX He-

L yCTOMYMBOCTei TEOPETHYEeCKHe HCCJENOBaHHA  Jaad  [AOCTaTOYHO

SICHOE IIpEACTaBJE€HHEe O MeXaHH3ME M YCJIOBHSAX HX Pa3BHTHI. Onun

' M3 THIOB KOHYCHOfi HEYCTOHYHBOCTH, a MMEHHO, ApeidoBO-KOHyC-

Has HOHHO-IHKJOTPOHHAsA, HabJiofanach sKcnepHMentanbuo [4], u
6l paspaboTan MeToj ee NojaBienus [5]. OKcrepHMeHTaJbHO
Ha6mofanack anb(BeHOBCKAs HOHHO-UMKJIOTPOHHAs  HEyCTOHYH-
BOCTb M MOK232aHO, 4TO NOPOr ee Pa3BHUTHs MOXKeT ObTb CABHHYT B
ob6nacts GosabliMX GeTa, NPEeBHILIAIIKX HeOOXONHMble NpH peasiH-
3a0HH SHEPreTHYECKOro peakTopa. JKCIepHMeHTasnbHO HabJI0Aal-
csi HeGOJbILUCHT yPOBeHb HEYCTOMUHBBLIX KOJe6aHHH aHH3OTPONHO
TeperpeTHix 3JE€KTPOHOB, KOTOPHE He NPHBOAHJA K NPaKTHYECKH
3HAYHMBIM NOTepsM. PasBuTHe HeYCTOHYHBOCTEH 3ameprhix YacTHIL
H BCTpeuyHblx NOTOKOB HOHOB B TepMoOapbepax SKCNEPUMEHTAJNbHO
OOGHAPYXHUTh He YAABaJoCh, XOTSl YCJOBHs HX Packayku COIJIACHO
YNpPOLIEHHHIM TEOPETHYECKHM MOAEJISIM 0GecrednBajHuch. Cuenas-
Hble KpaTKHe 3aMeyaHHs NOKa3hlBalOT, YTO A0 HACTOSMIEro BpeEMe-
HH KUHETHYeCKHe HeyCTOHUHMBOCTH He NpOABHAH ce0s B KauecTse
(akTopa, OrpaHHYMBAIOLIEr0 yAepXKaHue NIasMbl. B To xe BpeM#
Heslb3si IOJHOCTBIO HCKJIOUHTb POJb HEYCTOWUHBOCTEH B paspyuie-
HHM aMOHNOJNSPHOTrO ylepkaHHs, HAOJIOAaBUIETOCH NPH NMONBITKAX
YBeJIMUHTh 3HEProcojepkaHue MIasMbpl B aMéqno.f’mpHoﬁ JOBYUIKE
TMX-U, MexaHH3M KOTOPOre OCTajics He HOHSATHIM. Huxe npH
PAacCMOTPEHHH Pe3yJbTaTOB 3KCIEPHMEHTaJbHBIX HCCIEAOBaHHH
aMOHIOJSPHBIX JIOBYIUEK MEL €lile Pa3 BepPHEMCs K OOCYXKACHHIO KH-
HETHYECKHX HeyCTONHYHBOCTEH.

B 3akiioueHHe JAHHOrO pasjiesia 3aTpoOHeM Bompoc 06 sHepre-
THYECKOM OajlaHCe TEPMOSIAEPHOH IJIasMbl B aMOWMIOJSIPHBIX JIO-
Bywwkax. OGo6IiaomuM [apaMeTpoM 3HepreTHYecKoro 6asnaHca
SIBJISIeTCs OTHOIICHHe fAJEPHOTO 3HEProBHIAENEHHS K 3HEPruH, BBO-
IMMoO# B Nyia3My, o6o3Hauaemoe OOBLIYHO CHMBOJIOM Q. B gosyu-
Kax ¢ MarHMTHBIMM NPOGKaMM Majioe BpeMs YAepKaHus I/1a3MH,
HMelolliee MOPSAOK BPeMeHH KyJOHOBCKOTO PacCesHHs Ha GOJbIIOH
yroJ, He NMO3BOJSET PACCUATHIBATL Ha INOJyYeHHE Q>1, uto 3KO-
HOMHYEeCKH He NmpHeMjeMo. B aMOumossipHoj JIOBYIIKe NO-TpPEeKHE-
My BeJHKH 3HepProsaTpaTel Ha MOAAePKaHHe IJasMbl B KOHIEBHIX
GapbepHEIX AUeiiKax, HO SHEProBHUIE/]EHHe 32 CUeT TEPMOAACPHOTO.
CHHTe3a B mJa3Me LEHTPAJbHOro COJIEHOMJa B AECATKH pas NPeBhl-
maeT 3HeProBbilie/IeHHe JIOBYIIEK € MarHHTHBHIMH npo6kaMu IpPH
OTHOCHTEJIbHO HeGOJBIIOM YBEJHYEHHH 3aTPaT MOILHOCTH, YTO
103BOJIET COTJiacHO pacueraM mofHsTh Q po 5-+10. Ipu takom Q
NPOH3BOACTBO 3HEPrHH CTAHOBHTCS SKOHOMHUECKH ONPAaBlAHHAIM.
B aM6unonsipHOfi JIOBYIIKe, KaK ¥ B TOKaMaKe, COracHO pacderaM
B NMpHHUHNe JOCTHIAETCS PEXHUM CaMONOJLEPKHBAKOUIErocs rope-
HHS TIa3Mbl B LEHTpalbHOM coeHonge [49], Ho Q He craHOBHTCSA
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PaBHEIM GeCKOHEYHOCTH, IIOCKOJbKY B PeXHMe CaMONOALEPKUBAIO-,
Ierocsl CHHTe3a COXPaHSIOTCH 3aTpaThl 3HEPTHH Ha NOAAepXKaHHe.

IJ1a3MBl B TOPLEBbIX GapeepHBIX sTUeHKaXx.

Ha 3toM Mb 3aBepuinm o6cCy:xIeHHe OOLIMX NPHHUMIOB amObH-.
NOJIAPHEIX JIOBYLIEK M HepeiiieM K PacCMOTPeHHI0 pe3yJbTaToB

IKCHEepHMEHTAJNbHBIX HCCJeI0BaHU,

3. 9KCNNEPUMEHTAJIbHBIE HUCCJENOBAHHUS YIEP)XKAHMA l'lJIAS.Mbl

B AMBHNOJAPHLIX JIOBYIIKAX

YcI0BHO MOXKHO BHIAEHTb ABA NOKOJEHHs dKCIEePHMEHTAJbHBIX
aMOHNOJIAAPHEIX JIOBYIIEK: NepBoe, Ha KOTOPOM IPOBEPSJIHCh OCHOB-
HBle IPHHIMNB, — QOpMHpOBaHHE aMOHNOJASIpPHOTO Oaprepa H
yBeJIHYeHHe NPOJOJBHOTO ylep:KaHHs, H BTOPOe MOKOJeHHe, B KOTO-
pOM TNpelyCMaTPHBAJOCh CO3/laHHe TepMobapbepa K OBbIIH NPHHA-
THl MEpHl yBeJHUYeHHs] SHePrOCOAEPIKAHHSA [J1a3Mbl MyTeM HHTEHCHB-
HOI'0 HCIIOJb30BaHHsi METOMOB AONOJHUTEJbHOTO HarpeBa, TVIAaBHEIM
00pa3oM HMOHHOTO W 3JEKTPOHHOTO IHKJIOTPOHHOLO PE30HAHCHOTO
Harpesa.

K gncny ycranHoBox HepBOro IOKOJEHHS MOXKHO OTHeCTH aMGH-
nonapabie JoBymkn GAMMA-6 B ynusepcureTe Tuyky6a (fno-
Huga) [40], TMX B JIuBepMOpcKoil HaUHOHAABHOH JabopaTOpHH
(CHIA) [50], AMBAJI B HUHucruryre ¢usuku B HoBocHGHpCKe
(CCCP) [51], PHAEDRUS B Menucounckom yuupepcurere (CUIA)
[62], cxembr koToprix mokasae ma puc. 10, 11, 12, 13 (a,6).

™

Puc. 10. Cxema amGunonspuoft josyuiku GAMMA-6

I — neHTpasbHBIE  CONEHOHA, 2 — TOpIEBHIE JIOBYIIKH - THNMA  «RHHC-SIHT»,

3 ~~HHKEKTOPW
ORICTPHIX aTOMOB, 4 — IJa3MeHHblE NYHMIKH . L
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Puc. 11. Cxema am6unossipuo#i oBymks TMX. I-—

«rasoBas Kopoéxa» ——- HCTOYHHK

KOHTPOJIHPYEMOTO

33—

Geiic6o», 4 — C-o6pas-

COJICHOHA,
HIKH, 6 — OKTY-

8 — HHXKEKTOPH

6GHCTPHX aTOMOB, 9 — NuIa3MeHHble MYLIKH

JILHEIH
5 — nepexoJHbie Katy
7 — nJjasMma,

IUKa THIOA <«

rasza, 2 — neHrpa
0o6MOTKa,

TOpLieBast JIOBY
Had KaTyllKa,

Hanycka
HOJbHAS



LeHTpanbHO

— NpHeMHHK MOTOK2 MNJIasMH H3 JIO-
, 4 — TOpLeBHEe JIOBYHIKH THNA <«HHHI-SHTY,

JIOBYIUKH
— mepexoAnble OGMOTKH, 6 — NJlasMeHHHe Nyll-
KH

OpH GHICTPHX 4ATOMOB C 3a-
DX3BYKOBHX CTPyH I1apOB MarHug,

— HHIKEKTODH GHCTPHX aTOMOB

JIOBYILKH, 3
gymxu

i

aMOHIOJISPHO

CxeMma

12.
AMBAJI. [ — uHXeKT
BECaMH H3 CcBe

Puc.
2

Prc. 13a, 6. Cxembl HBYX MozpudHKauuii aMOHIOJSPHOH JOBYKH PHAEDRUS
(a) AKCHAJIBHO-HECHMMETPHUHON € KBaADPYNOJbHHMH SKODSMH H (6) akcHaiabHO-
CHMMETDHYHOH MArHMTHOH CHCTEMOH

B uncio aMOGHMONAPHEIX JOBYUIEK BTOPOrO MOKOJEHHS C TepPMO-
Gapbepamu Bxogsat TMX-U B JIuBepMOPCKOH HaIMOHAJIBHOH nabo-
paropun (CLIA} [53, 54}, GAMMA-10 s yHuBepcurere Tuyky6a
(sInonmst) [55] m TARA B MaccauyceTcKoM TeXHOJOTHYECKOM HH-
criryte (CIITA) [56}. Heckoabko OCOGHAKOM CTOHT Gonpliasi am-
Gunonsipuas qosymka MFTF-B [b7], coopyxeHuas B Jlusepmop-
" ckoit saGopatopun CLIA. Ha Heli na1aHHpOBasHCh HCCAeNOBAHHSA
yAepKaHus NJasMH C TEPMOAAEPHHIMH napaMmerpami, HO ¢uHaH-
COBLie OrpaHHYeHHs NpepEajii PaGoTH nocie 33BepUICHUSA MOHTaXa
PaKTHUECKH BCEr0 OGOPYAOBAHMA H YCNEIHOr0 HCRHTAHHA €Bepx-
npoBoJsule MarHHTHOR CHCTEMH. He npoBojuJjHCh HCCACAOBAHHA
#a ycramoske AMBAJL, B KoTOpO# Ha CTajuu HaJalKH BHIMA H3
CTpost ©GMOTKA ORHOH M3 TOPHOBHIX OapbepHHX sdeex.
Brepphie 06pa30BaBle MOJNOKHTEIbHEX MOTEHNHAABHLIX ambH-
noasipunx 0apbepos B yBCARUCHHE BpeMeHH NPOJObLHOTO yAepxa-
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SHJ0 NPOAEMOHCTPHPOBaHO Ha ycraHoBKe GAMMA-6,
‘ARTaN “HcclleloBaHus GOPMHPOBaHHS 6apbepoB W yhep-
8HHs 1A8sMu: nposenenn Ha ycraHoBke TMX. Bnuto [IOKAa3aHo,

B INasme yETanap/HBaeTcs NPOAOJBHBIA OPOGH/IL NOTEHIHANa
€OOTBeTCTBHH ¢ pacnpefeneHHeM Bosmbumana, Bpemss npomosbHo-
‘7O yAEpXKaHHs HOHOB B HEHTPAJbHOM COJIEHOMJEe BO3PAcCTa€T B CO-
OTBeTCTBHHM ¢ (popmysoii [lactyxoBa, T. e. oxHIaBmeecs yBesuye-
HHe BPEMEHH NPONOJBHOIO YAEePXKAHHS yHaeTcs PeasH3oBaTh. Bri-
TeKaHHe nnasMbl U3 IICHTPAILHOTO COJEHOHAA uepe3 GapbepHbie
AYelikH 0GecneunBajo CTabHIH3ALHIO ApeiihoBO-KOHYCHOH HOHHO-
IHKJIOTPOHHOH HEYCTOHYHBOCTH MJasMbl ¢ FOpPSAYHMH - HOHamMH B
GapbepHbix JOBymKax. Ha puc. 14 noxasaum IKCNEPHMEHTAaJbHO

Vak ) !

P;Iac. 14. Dxcnepumenranbuo H3MepeHHEle B ycraHoBke TMX akcmaibHoe m pa-
113 JIbHOE * paclipefie/IeHHs IIOTHOCTH MJIa3MbL (1, 2), Temneparypu SJIEKTPOHOB
1(1031 M SJIEKTPOCTATHYECKOro moTeHnHana (5). Hpyree o6osnauenns: 4 — woayan
Hoﬁﬂ Ka1‘< ¢dyHKUEg 2, 6, {3—— MarHuTHHIE CHJIOBHe JHHHM. [lIkaaw Ha BEPTHKAJb-
OCH: IIOTHOCTb — 103 cy—3, TEMIEpATYpa 3/eKTpoHOB — 10? 3B, sxexrpo-
CTaTHYECKHH NOTeHNHAN — KB, MarnutHOe mose — Ta ’

H3Mepennrie g TMX pacnpenesnerus mo. NONePeYHoOn B NMPOAOJIBLHON
KOOpAHHATaM . MJIOTHOCTH, TIOTEHIHAJA,. TeMIepaTyphl 3J€KTPOHOB. "
B pexumax ¢ noBmmenHof IJIOTHOCTBIO MJIa3Mbl B GapbepHBIX .no:v
Byun_(axu Pa3BHBaJMCh KONEOAaHHs B. OKPECTHOCTH HOHHOWN OHKJIO-
TPOHHOH YaCTOTHI, KOTOPbIE COKpAILaJy BpeMsi MPOAOJBHOro ynep-'
XaHHA [J1a3MBl  NOTEHLHAMbHLIMH aMOHIIONAPHBIMH 6apbepaMu
(puc. 15). Ha6monaBmnecs kone6anusg OBIJIH OTOXIECTBJIEHH ci
PasBuTHeM auab(BEHOBCKO HOHHO-UMKJIOTPDOHHOH HeyCTOHYHBOCTH
[58,.‘59]. AHanus Heycro#unsocty, OPOBENEHHHH B -YKa3aHHBIX.
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Puc. 15, 1 — srcnepuMeHTANbHO H3MEDEHHHE (TOUKH) H

2 — paccuATaHHHE N0 H3MEDEHHOMY YPOBHIO KoJeGaHHi

napaMeTpH yAepXKaHHA HOHOB (7nT) B LEHTPajbHOM JO-
Bymke TMX

paborax, nmokasaJj, 4T0 IOPOr ee Pa3BHTHS MOXeT OHITb CABHHYT K
cyliecTBeHHO GoJiee BHICOKHM IJIOTHOCTSIM, €CJHH HHXKEKIHIO OmiCT-
PHIX aTOMOB 110 HOPMAaJH K OCH B CPelHEM CEUeHHH JIOBYLIKH, KakK
6b10 clenaHo B TMX, 3aMeHHATb HA HMHXKEKLUHIO [0 HODMaJH B
CABHHYTOM CEeYeHHH HJM Ha HHXKeKLHIO noj yrioM ~45° B cpel-
HeM CeueHHH. JTa DeKOMeHAauus Onia peajH30oBaHa B aMOHIO-
JIAPHBIX JIOBYyWIKax BTOporo mokosewns TMX-U, GAMMA-I10,
TARA, rze pa3BuTHe a/b()BEHOBCKOH HOHHO-IHKJIOTPOHHO# Heyc-
TOHYHBOCTH AeHCTBHTEJbHO He HaGJIOAAIOCh.

IIporpaMma wuccienoBaHuiit Ha  aMOUNOJASIPHOH  JIOBYILIKE
PHAEDRUS, noBOJbHO CKPOMHOiH IO CBOMM XapaKTepHCTHKaM IO
cpaBgennio ¢ TMX, ¢ caMoro Hauaja OBlJa OpPHEHTHpPOBaHa Ha
IpeHMylIecCTBEHHOe HCIOJNb30BaHHe B KayecTBe CpeicTBAa Harpepa -
HOHHO-IHKJOTPOHHOrO pe3oHaHca. B 3rToji ycraHOoBKe OmlJIO - IpPO-
JAEMOHCTPHPOBAHO CTAllHOHADHOE yAEepXKAaHHE MJAA3MBl aMOHIOJsIp-
HBIMU 6appepaMH NPH HCHOJAB30BaHMM ToJabko BY-MeTonoB Harpe-
Ba [60]. OGsajzass BO3MOMKHOCTbI0O HE3aBHCHMO KOHTPOJIHPOBATb
laBJeHHe NJIasMbl B LEHTpanbHOM coseHonge W MIJL-siKOpAX, . aB-
Toph HcedefoBaHuii Ha PHAEDRUS sxcnepuMeHTaJbHO —mpole-
MOHCTPHPOBaJIH OCYIeCTBUMOCTb MaKpockomuyeckoii MIJL-craGu-
JIM3alHMK IJIa3MEl B COOTBETCTBHH C HPHMHIIHIOOM CpelHEro MHHHMY-
ma B [61]. Ha puc. 16 moxasaHa sKcnepHMeHTa/JbHO HafjleHHas
3aBHCHMOCTbh NIPEJEJBHOrG yCcTOHuHBOro GeTa-miasMhl B IEHTpaJb-
HOM coJieHoule oT Gera-maasmel B MIJI-AKOpAX, - KOTOpas - Haxo-
AUTCA B XOPOHIEM COIJIaCHH C TEOpPEeTHUeCKHMH pacueramu. [pyrok
MHTEDECHBIHi Pe3y/bTaT, BHXOASAIMA 3a Ipedeinl cneuHpHKH yaep-
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Puc. 16. DxcnepuMeHTaNbHO M3MepeHHHE HpefiebHbe B, Ia3Mbl B HEHTP aJIbHOM
JnoBylike kak oyHknus f, naasMel B kBaApynoasHex MIJl sfKopAX JoBYLIKH
. PHAEDRUS # Ta xXe 3aBHCHMOCTb, PACCYHTAHHAH TEOPETHUECKH

Puc. 17a, b, ¢, d, e. Akcnanvubifi npoduab noist B aMGHIONAPHOH JOBYLIKEe C

repmobapbepoM TMX-U (a) u kauectBennsie npoduau (b) «NAeniyimHXcs) HOHOB

H [-3JeKTPOHOB B 6apbepHoil JOBYLIKe, (C) TeMIiepaTyphl 37eKTPOHOB, (d) 2JekT-

pOCTATHYECKOrO NOTeHHMAaNa H () NJOTHOCTe#i 3JEKTPOHOB HEHTDPANLHOH flec
H 6apbepHON n.p JOBYLIEK, pa3fielicHHBIX TepMOGaphepoM

XKaHHA Na3Mbl B aMOUNONSAPHBIX JIOBYMIKaX, NOJydYeHHH{l HAa ycTa-
Hoske PHAEDRUS, jpeMoncrpauus  BO3MOXKHOCTH “ofecneue
HHsi Makpockonmuueckod MI'Jl-ycTofiuBocTH IJia3MBl B JIOBYHIKE
¢ MakcuMymoM B nongepoMoTOpHEIM  BO3ZAeficTBHEM  Ha
nnasmy BU-mosnem Ha wactore, 6/aH3KO#i K HOHHOH UHKJOTPOH-
Hoit [62].

Hawn6oabmuit o6bem ucenenoBanuit yaepkaHus NJIa3Mbl B aM-
OHNOANPHOA JIOBYmiKe OB BHIMOJHEH Ha ycraHoBke TMX-U.
ITocne yenemmnoro sapepiuenys SKcIepAMEHTANbHOR NPOTPAMMEL HA.
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ycranoske TMX, NOATBEpAHBIIEH OCHOBHBIE TOVIOXEHHS TEODHH
aMOHNOAADHOTO YAEPIKAHHS, KOJMJIEKTHB HCClefosaTesefl mocra-
BUJ 3a/layy, C OJHOK CTOPOHH, TOBBICHTb 3HEpreTHYECKHE Napa-
MeTpH YyAepXHBaeMoji B aMOHNOJADHOfl JIOBYyLUKe NJAasMb, a C
Apyro#i — cllenaTh KayeCTBEHHHH IMar H BK/AIOYATL B MAarHHTHYIO
cucremy HoBOf jioBymkH TMX-U noMHMO NOJOXKHTEJNbHOro aMGH-
noaspHoro 6apnepa TakXe M TepMoOapbep. CpelH MHOTHX BO3-
MOJKHBIX Pa3JIHYHHX BapHAHTOB KOHCTPYHPOBAaHHS MAarHHTHOH KOH-
GHurypanMn aMGunonapHO¥ JIOBYWIKH ¢ TepMoGapnepoM Obln Bbi-
6paH, no-BHAMMOMY, Han6oJ/iee KOMNAKTHELA, B KOTOPOM TepMOGaph-
ep, amGunoaspuuifi 6apeep u MI'[-aKOphL coBMewjanHch B OJHOM
MaTHHTHO# sdeiike, npeicTasiafolliefi coboil JOBYLIKY ¢ MHHHMY-
Mom B kBaapynosnbHoro THna. IlpexnoxeHHsiit asropamu TMX
TPMHIHI KOMIIOHOBKH TOPIIOBOH CHCTeMHl NOsiCHAeTCs Ha puc. 17.
Ha puc. 17(a) nokasaHo pacmpeleseHHe MOIyJd HO0Js BLOJbL OCH
(3mech M Jnasee B ONHOH IOJNOBHHe ycTaHOBKH). [Ipeanmonarasocs,
4TO JABa COPTa 4YacTHIL — GBICTPhle IUIelIyLIHecs HOHBbL, obpasyio-
OIHecs NPH KOCO# HHMKEKIHMH NYYKOB HeHTPanoB, H aHH3O0TPOHHO
neperpereie 3JaeKTPOHH OYAyT TeMH YacTHIAMH IIasMbl, KOTOPHIe
ONpeAeAsOT NPHBA3KY HAPOAOJBHOIO TPOGHIS 37AEKTPOCTATHYECKOTO
NOTEeHUHAJa K MAarHHTHOMY NOJIIO JIOBYILKH, T. €. OTHOCHTE/IbHHI
BKJlaJ 3JeKTPOCTATHYECKOH COCTABJAOUIEH B pacipefeseHHH HX
noreHuxasoB IOmManoBa Maj, U TeM caMbiM 00JaCTb IPOAOJIBHO-
ro JABHKeHHA 3ajaercs pacnpeienenueMm B(s). Pacnpeienennsa
IVIOTHOCTH OBICTPLIX HOHOB g U AHM30TPONHO HePEerpeTHx 3JEKT-
POHOB n, MOKa3aHw Ha puc. 17(b). Ilpu 3amonHennu naasmo#l c
H30TPONHEIMM (YHKUHSAMH paclpefiesieHHss HOHOB M  3JEKTPOHOB
IEHTPAJBHOTO COJIEHOMJAA B HEM YCTAaHOBUTCH GOJBIMAaHOBCKOE
pacmnpefiesieHHe INOTEHLUHAJOB, COOTBETCTBYIOLIEE MJOTHOCTH 3JIEKT-
DOHOB M, ¢ TeMnepatypoi e, a B MpaBoii Ha puc. 17 moJOBHHE
6apbepHOil JIOBYIIKH COOTBETCTBYIOHIEe DacIipefiejieHHe fp C TEM-
nepatypoit Tep. :

Ha puc. 17(c¢) nokasaHo pacnpefeseHHe TeMIEPaTypH 3JEKT-
poHOB, a Ha puc. 17(e) pacnpefleeHHe NOJNHOH NJOTHOCTH 3JIEKT-
POHOB fig; H 3JEKTPOHOB flee, Hep C TEMIIEPATYPAMH COOTBETCTBEHHO
Tec u Tep. CraunoHapHOe pacnpefiesieHHe NOTEHIMAaja MOKA3aHO Ha
puc. 17 (d). Odas toro, uTo6B MaKCHMyM MOTeHIHala B aMOHIO-
JspHOM OGapbepe NpEBHIAJ] yPOBeHb MNOTEHUMAJa B HEHTPAJbHOM
cojeHoHfie (IpH NJIOTHOCTH MJAa3Mbl B Gapbepe HUXKe, ueM B LEHT-
paJibHOM COJIeHOMJe), MpelloJiarajoch NOANepKUBATH TeMIepary-
py aaextpoHos. T.p, B amOunonsipaomM Oapbepe Ha ypOBHe, CyLIeCT-
BEHHO NpEBHUIAIOIIEM TEMIEPATyPy SJIEKTPOHOB T.. B LEHTPAJLHOM
coneHonne. IIpH Ky/JoHOBCKOM XapaKrepe HPOAOJbHBIX IOTEPH H
OTCYTCTBHHM 3aMeTHOI'O BKJaJa IONEPeuyHOro mepeHoca HOHOB MJIH
3JIeKTPOHOB mnpeljoxeHHast aBropamMu TMX-U KoHuenuus cospia-
HHsa OapbepoB He sBJsieTCs NPOTHBOPeyHBOH. B cranuoHapHOH
yaepxusaeMofi B TMX-U njazme MOXKHO BBLIACJAHTb INECTh IOMY-
JAUMEA 3apPAXKEHHBIX YacTHL, 9TO ABe IPyNnsl C AHM3OTPONHBIMH
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QyHKUMAME - pacnpelieseHHst — GHCTPble HOHH f;p M AHH3OTPOIHO
NEPErpeThie JEKTPOHH N, B 0apbepHbIX AvefiKax, TPH TPYMNH ¢
M30TPONHBIMH (YHKUUSMH DAcCIpeNe/NeHHs — HOHH H 3JeKTPOHH B
LEHTPAJIbHOM COJIEHOH[E flic, Mec, NEKTPOHHI B - aMOHIOJSPHOM
TIOJIOKUTENbHOM 6aphepe flep M Ipynna OGILIMX 3JeKTPOHOB, CBO-
6oAHO NMepeMellalIUXCs H3 IIeHTPaJIbHON B GaphepHble MarHHTHble
s4eiiku o6paTHO. BooGie roBops, uMeercs U celApMas BHAeJNeHHAS
IOmy/Silus YACTHI, — 3TO HOHBI, 3anepThie B TepMoGapbepe, AJS
KOTODBIX JOJIKeH OBITh NPELYCMOTPeH CIOCO6 YAAJEHHS OT JOBYII-
ku. Iofnep:xanue CTaUHOHAPHOTO COCTOSHUS INIA3MHE ¢ YKA3aHHEIM
MHOTOKOMIIOHEHTHEIM COCTaBOM INIPEACTaBJsieT cOGOM CIOKHYIO Ha-
YYHO-TEXHHUYECKYI0 3ajady, PelleHHe KOTOPOfi 3aBeIOMO HE OMHO-
3HaYHO. TPYAHOCTH OCYIIECTBJIEHHS IKCIEPHMEHTANBHOMN NPOrPaMMH
TMX-U ycyry6nsnace TeM, 4To NpeABapHTEIbHbHE AAHHHE O ¢u-
BHYECKHX CBOHCTBAX I/Ia3MBl B aMOHNOJIAPHLIX JIOBYIIKAX B NEPHOL
cozpannss TMX-U 6bu1H KpaiiHe OrpaHHYeHH. ‘

HAns cospanus u NMOANepXKAHHS CTAMOHADHOTO YPOBHS MHOIO-
KOMNOHeHTHO¥ MuiasMpl B TMX-U wucnosnb3oBafuch HHMKEKIHS
GLICTPHIX aTOMOB B GapbepHEIE JIOBYLUIKH M HEHTPAJbHH{ CONEHOML,
HOHHO-IMKJIOTPOHHBIA pesoHaHcHu# (MLIP) wnarpeB nmasMer B
LEHTPAJILHOM COJIEHOHMJEe M 3JIEKTPOHHHI} IHKJIOTPOHHHI pe3OHaHC-
Hpiil (DL1P) Harpes 9JIeKTPOHOB Ha OCHOBHOM H YABOEHHOH acTo-
Tax B GappepHHIX AyeiikaX. MaccoBuil Gananc MIasMH NOMIEPKH-
BaJICsi NO3MPOBAHHBIM HANYCKOM rasa B UEHTPAJbHOM COJEHOHIE.
Puc. 18 [63] naer ofuiee mpeAcTaBienHe 0 Pa3MEIIEHHH HHXEKTO-
POB OLICTPLIX aTOMOB, JoKaauzanmud HIIP- u OLIP-uarpesa u go-
BHPOBAHHOTO HaNyCKa rasa. Mcmosp3oBaHHe CHPOTPOHOB MO3BOJIHJIO

Puc. 18. Cxema u ofmuil BHA aMOGHOONAPHON JOBYLIKH TMXU

1 — topnesne JIOBYIUKH, 2 — LEHTPAJbHBI COJIEHOHST, 3 — myuxku GBHICTPBIX. aTOMOB, 4 —
JIOKRJIM3aUHA SJEKTPOHHOIO LHKJIOTPOHHOTO pPe30HaHCHOTO Harpesa, § — JIOKQJIH3alUsl HOH-
HOTO LMKJOTPOHHOro pe30HAHCHOrO Harpepa
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 OCYLLECTBJSATS CTAPTOBLI DPEXHM CO3[aHHsl IVIa3MbB 6€3 HCIOMh-
¥ '30BaHUS ITa3MEHHBIX NYIIEK. :
[, MakcumanbHble JOCTHTHYTHIE NapaMeTphl IJIa3Mbl B LEHTPasib-
b wom coserousie TMX-U npusenenst B Tabauue [63].

NapameTpsl nAasMel B LEHTPaIbHOM cojeHoupe TMX-U

' ‘MakcuMasbHasT TIOTHOCTD 1018 cM—3
t. MaxcuMaJbHag NJOTHOCTb € YJYYIIEHHHM TPOAOJb-
¥ HHIM yJepxKaHHeM (1+8)-10'2 cm—3
b MakcuMaJjibHasi TeMIepaTtypa VIGKTDOHOB 280 sB -
b Cpelnss TeMmmepatypa HOHOB:
i IlpopoanHas 400 5B
I Tlonepeunas 2500 sB
" YiepxuBaiowlHi NOTEHHHAA aMOHIIONAPHOro Gapb-
epa 1 xB
[apametp NPONOJBLHOrO YyIAep:KaHHS HacTHl NT 2.101 cu-3¢
OTHOCHTEIbHOE YBEJHYEHHE NPONOJILHOrO YAepKa-
HHSl aMGHUIOMAPHEM GapbepoM 50

HauGoubiinii uHTEpeC cpelu Gosbllloro o0beMa 3KCIepHUMeEH-
TarbHO# HH(OpManuu, nosydeHHoll Ha ycranoBke TMX-U, mpez-
CTaBJSIIOT AaHHble 0 (POPMHDPOBAHHH TNOJOXKHTEJbHLIX NOTEHIHAJNb-
HEIX H TepMoGapbepoB, 06 yBeJHYeHHH BpeMeHH NPOJOJILHOTO YAep-
XKAHHUs [J1a3Mbl, POJM H MeXaHH3Me IIONlepeyHOro mnepeHoca.

COBOKYMHOCTb MHOTHX 3KCIHEDHMEHTAJbHBIX [JAHHBIX, NOAy4eH-
HEIX Ha ycraHoBke TMX-U, nokasbiBaeT, 4To NpH IWIOTHOCTH IJa3-
MH B ILEHTPaJbHOM COJIeHOWJe, He mnpeBmunampmei 3-107 em~3,
TIOJIHOCTBIO KOHTPOJHDYyeMHIM 06pasoM yJaeTcd TFeHepPHpOBaTh Tep-
Mo6Gaprep H YAepKUBAIOIIWHA HOHE amMOumonsipHeiit Gapbep. B ka-
qyecTBe mpuMepa Ha puc. 19 [64] noxasaHo M3MepeHHOe paclpefe-
JeHHe MOTeHIMWasa IJIa3Mbl BAOJbL OCH YCTAHOBKH IIpH CO3JaHHH
aM6unossipHoro 6apbepa ¥ TepMobapbepa Ha OJHOM TOpHe JIOBYLI-
x#. IlocrognHass BpeMeHH NPOAOJNBHOTO YAepXKaHHs HOHOB BHIYHC-
Jsiiack ¥3 mpoctoro 6asiaHCOBOro cooTHOomeHHss +t;=N/[;,, TrAe
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Puc. 19. 3kcnepuMeHTAJbHO H3MeDEHHOE pPACHpefielieHHe NOTeHLHala BAOL OCH
sopywrn TMX-U mpu remepanyy TOJOMXKHTEJIBHOTO NOTEHUHAJBHOrO Gapbepa H
‘ TepmoGapbepa HAa OJHOM KOHIE MATHUTHOH JOBYLIKH
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N — nojiHOe YHC/IO HOHOB B UEHTPAJIbHOM COJIEHOHAe H I;, — To-
TOK HOHOB, NPEON0JIeBIIHX Gapbep, M3MePSEeMHBIi Ha TOpLe ycTa-
HoBKH. Ha puc. 20 [63] npHBenenn aKcmepHMeHTaJbHblE 3HAYCHHs
Ty, IPEACTaBJeHHbE KaK (QYHKUHMS NPOLOJBLHOIO BPEMEHH YAepika-
HHSl, PacCUHTaHHOro no ¢opmyse INacryxoBa mo skcnepuMeHTanbHO
H3MepEHHOMY nepenafy NOTeHUHaka MeX1y aMGHNONSAPHEIM Gapbe-
poM H IUIa3MOii IEHTPAJbHOTO COMEHOHLA W TeMNepaType HOHOB B
IIeHTPA/IbHOM co/leHoHAe. BuaHo, 4TO coryacue 3KCHepHMEHTaNbHBIX
M TEOPETHYeCKHX AAHHBIX NOCTATOYHO XOpOlliee.
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Prc. 20. Conocrasienue sKcmepHMEHTaNbHO H3MEpEeHHOTO H Teope-

THUECKH DACCUNTAHHOTO IO BEJIHYHHE MOJIOXHTENBEHOTO aMOHMOJSID-

HOro Gapbepa BpEeMeHH MPOJOJBHOTO YAEPIKAHHS HOHOB B ambu-
nosspuo# Josymge TMX-U

Ilo mprummam, KoTophie OCTaJNHCh HEBHSCHEHHEIMH, IpU TOBHI-
WIEHHH TJIOTHOCTH  IJIa3MBl B LEHTPAJbHOM  COJEHOHZe  Bhillle
(2+3)-10'2 cM~® mpopoNBHOE 9JIEKTPOCTATHIECKOR yAepxKanue
nnasmel B TMX-U paspymasnocs. Her JaHHBEIX, 3aCTaB/AIONIAX CUl-
TaTb 3TO0 sBJEHHE yHHBepcaJbHbiM. Hanpumep, B ycTaHoBke
GAMMA-10, KaK Mbl yBHIHM HH}Ke, MOBBILICHHOE IpOLOJbHOE
YAepXaHHe COXPaHA/IOCh N0 MAKCHMaJbHO AOCTHTHYTON MJIOTHOCTH
8-10% cm~3.

O6patumes kK HaGmonasmeMycsi SKCHEPHMEHTANBHO SBICHHIO
fonepeyHoro neperoca. Ha Topuessix CTeHKaX BaKyyMmHOH KaMepsl
TMX-U OmuIH ycTaHOBJEHE! H30JHPOBAHHblE 3JIeKTPOAH, THepece-
Kajoue BeCb NOTOK MArHHTHOTO NOJIsA, IPOXOASIIETO yepe3 JIOBYIL-
Ky. PaguanbHoe CeKUHOHHPOBaHHWe 3JEKTPOXOB MO ¢dopme pacuer-
HBIX NOBEpXHOCTeH Apefi¢a yacTHI[ NOSBOJHJIO NPOBOAUTEH H3Mepe-
HUsl BEITEKAIOWEr0 M3 IVIa3MEI TOKa B NpeJelax HHTEpeCyoILed
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TPYOKH MAarHHTHOTO NOTOKa. IlepBHE Xe H3MEPEHHs MOKA3anH, Yyto

- 4epe3 Topel, BhiTeKaeT H3OLITOYHBIA OTPHUATENbHBI 3apsi, uTo

O3Hayaer MNONEPEYHHi IepeHoc MNONOMHTENbHBX HOHOB. H3amepse-
MBI OTPHLATENbHHIN TOK Ha TOpPIlaX PaBeH NMOJHOMY IOTOKY HOHOB,
BHIHOCHMOMY M3 NJIa3Mbl MOMNEPEK MAarHATHOTO TOJBKO B TOM CJy-
yae, ecJH OTCyTCTByeT NONEpeuHbId IIePeHoC 3JeKTPOHOB. Ecin
HOC/Ie/lHH HMEeeT MeCTO, TO H3MePseMufi SJEeKTPOHHHH TOK Ha TOp-
lle N0 MOAYJIO MeHblle IONepeYyHOro mepeHoca HoHOB. Ha ycra-
HoBke TMX-U 6nuta pa3paboraHa MeTOLMKAa OINpPENENCHHs HOJHOH
HHTEHCHBHOCTH [, 00pa3oBaHHs MOHOB 10 HHTEHCHBHOCTH H3Jy4e-
Hus JauHEn H, (6561 A), usmepsBuiefics KanauGpoBaHHON BHEEO-
KaMepoif ¢ udacTtoroif caeqoBaHHa Kajnpoe 2000 c~!, 3amHineHHOi
¢uabTpoM ¢ mwHpHHOH nosocki 30 A. C noMouibio ypaBHeHHs GajiaH-
ca puaa

Iy=dN/dt-+1, 41, 1, - (11)

.rie dN/dt— cKopocTb H3MeHeHHs YHC/JA YaCTHL, B JIOBYUIKe, H3-

mepsemas CBY-untepbepomerpamu, I, ;— HOTOK HOHOB, BHITE-
Kalollui gyepes o0a TOpLa JIOBYIIKH, [, ; — NMONHBIH HONepeuHn
notok HoHOB. [lo HM3BeCTHHIM H3 3KCNePpUMEHTa BeJHUUHAM 4,
dN/dt, I,,; naxonunace BeanuuHa I, ;. TlokasaHo, yTo B GOJbIIHH-
CTBE PeXHMOB yAepxkaHua miaasMbl B TMX-U mnonepeyHblii mepe-
HOC 3JIEKTPOHOB [, . ropasfo MeHblle BBIYHCASEMOrO ¢ IHOMOLIBIO
coorHomenys (11) I, ; uyto no3Boasyno Ges GOJMBIIOH MOrPEIIHOCTH
cyHTaTh I, ; PaBHEIM H3OHITOYHOMY NOTOKY 3JIeKTPOHOB, BLITEKalO-
ileMy dYepe3 TOPLH JOBYIIKH, [TonuiTkH o0OBACHUTL T06aJbHLA
TONEPEYHHIl NEPEHOC HOHOB C XapDaKTepHBIM BpeMeHeM Ty i=
=N/I,; MexaHu3MOM HEOKJaCCHYECKOH pe3oHaHCHOH Juddysuu
ProtoBa—Crynakosa okasajuch HeyaauHnMH. OrtmeyaJocs [65]
Hecorjiacie Ho KpafiHefi mepe mo TpeM NyHKTam: (1) u3MepeHHas
CKODOCTb IlepeHoCa NMPAaKTHUeCKH Ha NOPSOK IpeBhlllaja pacyer-
Hyl0; (2) moJyueHHOe M3 IKCIIEDHMEHTOB T, {OXQ. %, TAe ¢, — MO~
TEHIMaJ IJa3Mbl B IIeHTpe JIOBYLIKM, TOTJa KaK PacueTHOE T, 4K
o<@.! u (3) mpu Heokjnaccuueckot AMdEys3Hu B mose ¢ KBaApy-
HOJIbHOK CHMMeTpHelt T, ; JOJXKHO OBlJIO Obi GbITE NPONOPLHOHAJLe
HBIM 772, a SKCIepHMEHTa/JbHO HalileHHoe T, ; NPAKTHUECKH He
3aBHCeJO OT pajauyca. ABTropom pabotel [66] Oblsia BEIABHHYTA THIIO-
Te3a, YTO HNOMHMO Pe30HAaHCHOH HEOKJaCCHYecKOH AH(DPY3HH, CKO-
POCTh KOTOpO# NPONOPIHOHANbLHA IOTEHIHAy NJIasMbl, 32 HOOepey-
HEIf{ TlepeHOC OTBETCTBEHHHI aKCHaJbHO-HECHMMETPHUHAS HHKEKLUs
6eicTpeix atomMoB M JLIPH B 6aprepusix noByumikax. OnHpasick Ha
HEKOTOpble KauecTBeHHble COOOpaxKeHUs, GblI0 NPEATIONONKEHO, YTO
ONHASA HHTEHCHBHOCTb INONEPEYHOrO NEPeHOCa MOXKEeT GHITh Npef-
CTaBJieHA MOJAENHPYIOUIHMM COOTHOUIEHHEM

I,,=aP"*N*P 4 bn@,+ cl,9,+ f1,, (12

rie a, b, ¢, [ — HeH3BeCTHEe KO3(P(DHUIHEHTH NPH SKCHEPHMEHTA/b-
HO H3MepAeMblx BeqnuHHax, P — momrocts IUPH, N — uncao
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§acTHI, B JIOBYINKE, N, @.— IVIOTHOCTb H NOTEHUHAJ B LEHTPaJb-
HOM cosieHouzle, I — 3aXBaTHIBae€MbIi TOK GHICTPHX aTOMOB. Bce
nepeutCieHHbE BeJHYHHBl BJASAIOTCA QyHKuuej pazuyca. [lo naH-
HHM 382 H3MEDEeHHH MeTOAOM PerpecCHOHHOro aHaju3a ObLIH IO-
JAYy4eHbH 3HaueHHs Ko3¢p¢uumenroB a, b, ¢, f. [Ipu stom 6bLIO 06-
HapyX€HO, YTO BKJajJ B NONeDeUHHI NepeHoc wieHa ¢ KO3PPHUIH-
€HTOM b, KOTODHIi HHTEPHNPETHPOBAJCS KAaK WieH, OIHCHIBAIOIIHH
HeOKJaccuueckyo nuddysHio, ropasfo HHXKe IIONEPEYHOTO IepeHo-
€a, BusniBaeMoro uuxekuueni H JLIPH. B kauvectBe npuMepa Ha
puc. 21 [66] nokasaHH SKCHEPHMEHTAJIbHO H3MEPEHHBIH NONEped-
HHA TOK HMOHOB (CIJIOLIHAs JIMHMS), pacCyutaH#bii mo (opmyie
(12) tok ¢ mcmonb3oBaHHeM HafJeHHHX Ko3(@HIHEHTOB @, b, c,f
(rodeuHas KpuBasi) M TOK NOMEPEYHOTO HEOKJACCHUECKOTO IIepPeHO-
ca (myHKTMpHAas KpHBasi). BHIHO, YTO TOK HEOK/ACCHUECKOTo Iepe-
HOCa MaJl Mo CPaBHEHMIO C IIOJHBIM TOKOM IOINEPEYHOro IepeHoca,
06s13aHHOTO ApyruM MeXanusMaM. Hefinennas us SKCrepHMeHTaJIb-
HHX JaHHBIX METOJOM DETPECCHOHHOro aHajiu3a INOCTOSHHAas Bpe-
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Puc, 21. OxemepumeHTa bHO H3MepeHHHE (CIVIOIIHHE KPHBHE) 3aBHCHMOCTH OT
BpeMeHH TOKa IOLePEeYHOro NepeHoca HOHOB Yepe3 IOBEPXHOCTH C paanycom
65 n 19 cM, a TakkKe BOCCTAHOBJEHHHE IO PE3YJbTATAM PETPECCHOHHOTO aHa/IH3a
NOJHble TOKH IMONEPEYHOro IepéHoca (TOUEUHHe KDHBBIE) M NAPHHAJbHHE TOKH
. neokaaccuyeckolt auddysun (mysktp). (Ycranoska TMX-U)
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MEHH HEOKJIaCCHYECKOro NomepeyHoro mneperoca T mx. =N/l gx
XOpoWoO corJiacyercs, Kak IOKasaHo Ha puc. 22 [67], ¢ mocross-
HOfi BpeMeHH, PACCUHTAHHOH TeopeTHueckH. MexaHH3M HONEPEYHO-
ro HepeHoca, 3aBHCAINEro OT HHXeKTHpyeMoro Toka u OJUPH,
OCTa/ICs HE BhIABJEHHBIM.
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Puc. 22. TlocTosiHHas BPEMEHH MOIEPEYHOM HeokJaccHyecKolt aubdy-
3HH KaK (YHKUHS NOTEHIHaJa IJIasMbl B ILEHTPAJbHOH JIOBYIIKe
T

Hccaenosauusa konebGaHMii B PA3JHYHOM JAHANa30He HacTOT H
pasauyHBIX 06JACTAX WAa3MEl He BHABUJIM AaKTHBHHIX IIPOLECCOB
pasBuTHs HeycToliunBocTell. '‘OTMeuaeTcst OTCYTCTBHE B COOTBETCT-
BHH C TEOPeTHYCCKHMH BHBOAAMH aJb(pBEHOBCKOH HOHHO-IHKJIO-
TPOHHOHM HEYCTOHYHMBOCTH, MOCTOSAHHO HabJloAaBllelicss Ha NpeAHAy-
el jgosymke TMX, B HeKOTOpDHIX peXHMax ¢ MOHHXKEHHOH HJOT-
Hoctoio npu WIIPH Ha6aiomanach packauyka HH3KOYAaCTOTHHX
Kosne6aHu# Kej0OKOBOro THIa B AHANAa30He €AMHHMIL-AECATKOB KHJO-
repy, [68]. IlponcxoxieHHe STHX KojebGaHHH OCTaJoCh He BIOJIHE
scHEIM. Ilpu Hanuuuu KoJeOGaHHit HabJiofaJjcsl NONEPEYHH nepe-
HOC 3JIeKTPOHOB, 4 TaKXe B HEKOTOPHIX clyyasix IJIy6oKHe KOpoOT-
KHe CpBIBH IIJIOTHOCTH IJIa3Mbl Ha BpeMsl HOpsifiKa HeCKOJbKHX
MHATHCEeKYHA. Bo BHemrHe#l noJjioBMHe 6aphepHO sfiuefikH B MecTe
JIOKAMH3ALHH MAaKCHMyMa IIOTHOCTH IIEl[yLIHXCS HOHOB B HEKO-
TOPHIX DPEXHMax [eHepallid NOJOXKHTEJbHOT0 NOTEHIHAJbHOTO aM-
6unoispHoro Gaprepa Hab/104asoCh Da3BHTHe KojeOaHHWiT Ha 4dac-
ToTe 7,5 MI'L, 4to coBnajaer ¢ HOHHOH IHKJOTPOHHOH 4aCTOTOH B
aToM ceuennu [69]. KoneGanusi xapakrepH3yloTcsi BHICOKO# MOAO-
BOjfi CTPYKTypoli ¢ m=42, unn kp;~3,2 ¥ pacnpocTpaHsaloTca B
CTOPOHY AHaMarTHHTHOro Apefiga HOHOB. Ilo 3TuM NpH3HAKaAM KO-
JebaHHs OTOXKAECTBJAIOTCA ¢ pas3ButHeM JApefioBo-KOHYCHOR
HOHHO-IIUKJOTPOHHOH HeyCTOHYHMBOCTH. Packauka Koje6aHHH Ha-
GalogaeTcs NpH TeHepaLHH BHICOKHX IOTEHIHa/bHHX 6apbepos,
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3 — TopuOBHE

COJIEHOH I,

PHOrO H TepMHYECKOro

i puseprop

f

Puc. 23. Cxema aMm6unoaspuoi nosymku TARA, I —
HHS TOJIOXKHUTENLHOrO MOTEHIHANBLHOTO aMOUIOJs

JIOBYIIKH THNA «Gelic6oa», 4 — MATHUTHLL

2 — o6aacts co3

6aprepos,

HEHTP aNnbHBI

' 3 (EeKTHBHO OTCeKAIOWIMX NOCTYIJIeHHE Temabix HOHOB B Gapbep-

Hyio maasMy. . Kakux-i1u6o raoGaibHbiX  addeKroB, o0093aHHBIX
packayke 3THX KojeOaHHil, He HabJ101aJ10Ch.

YcranoBka TARA, cxema KoTopoii mokasana Ha puc. 23 [56],
10 CyIIecTBy He Oblia BBeJeHa B PeXxHM aMOHIOJNADHOTO yAepiKa-
HHUS NJ1a3Mbl. B Hefl OBIM moJydYeHbl HHTePECHHE Pe3ysibTaThl, elle
pas NoATBepAMBINHe NpPHHUMN cpexHero MuHuMyma B. Ilpu cospa-
HYHY B LEeHTPaJbHOH JOBYIIKe nnasMel, Harperoit MILP, B Helt pas-

BUBAJach XeloOKOBas HeyCTOHUHBOCTh ¢ MoAOH m=1. Hakomienue

B MI'[l-sikope 3jeKTponHo-ropsiuefi miasmul ¢ T,~300 k3B u p=
=15%, kak u mpeicrasassioch Teoperuuecku [70], ne obGecneun-
BaJIO MaKDOCKOIHYECKOj crabunusanum. Ilpu Bxiouenwu HMIIP-
Harpesa B MI'/l-akope, npeicraBasiomero co6oii MarHuTHyo siuei-
Ky THna Gefic6os, Habulofasoch mojaBieHue KojeGanufl, Onpefle-
JIEHHBI/ MHTepec HMeJo DPa3BHTHe HOBOH KOHIENUUH MAaKPOCKOIH-
4eCKOfl CTaOH/HM3aLUH NJa3Mbl C NOMOMUIbI0 AMBEePTOPHOH fUEHKH C
HyJieM 110/ BOJIH3H NOBEPXHOCTH mJ1asMel [71].

PaccmorpuM BecbMa HHTepecHBIE pPe3yabTaThl, NOJYUYeHHBle Ha
ambunosnsipHoi jJoBymke GAMMA-10 [B5, 72] (puc. 24). B sro#t
ycraHoBke aBa MI'[l-saikopss ¢ KBajapyIOJbHOH MarHHTHOH fMOI,
BCTaBJICHHBIE B [JJIMHHBIA LEHTPAJbHBIH COJEHOHMJ, He BHI3HIBAIOT
CTOIb OOJIbLIOr0 HCKaKeHHs JApeldOBHIX NOBEPXHOCTEd 3apsKeH-
HBIX YaCTHI[, YAEPKHBAEMBIX MEX/y IOJIOXKHUTEJIbHEIMH aMOuIo-
JspHBIMH GapbepaMu Kak B Ciaydae coBMemieHuss MT [I-sikopeii ¢
HapbepHBIMH fyeKaMu. DTo CBA3aHO C TeM, 4TO HaHbo./buIHe NO-
Ir'epeuHble CMelleHHs], OTBETCTBEHHbIe 32 HeokJaccuyeckylo auddy-
3M10, BO3HUKAIOT B TOYKAax OTPaKeHHs YacTHl, rie BpeMsa mnpebni-
BaHHS YaCTHILI OTHOCUTEJIbHO BeJHMKO H3-3a v,—~-0. B GAMMA-10
obacTy ¢ HapyLIeHHOH OPTOIOHAJNBHOCTBLIO MOJIs 3apSxKeHHbe dac-
THIBI NPOJIETAIOT C KOHEYHOH CKOPOCTBIO, H K TOMY Ke 3a OJAHH
TIpoJieT OT ULEHTpa JOBYWKH Ko aMOumosspHoro Oaprepa apefido-
BHIe CMELIEHHsI 110 HOpMaJjii B ONpeNeNeHHOH CTeNeHH KOMIEHCH-
pylotes, elile yMeHblas sddexr Aedopmauuun apeiidoBoi noBepx-
HOCTH.  YKasaHHhle  OOCTOATe]bCTBA  NO3BOJAIOT aBTOpaM

- - GAMMA-10 _HashiBaTh €e JOBYLIKOf € CHMMETPH30BAaHHHIM IOJIEM

[73]. Buiaenenue MI'JI-9KOpsi B OTAeNbHYW siuefiKy, BCTaBJEHHYIO
B YYaCTOK MarHUTHOH CHCTeMbl MeXAy aMOunoJsapHuiMu Gapbepa-
MM, MO3BOJILJIO HCIOJBb30BATh AaKCHAJIbHO-CHMMETPHUHBlEe Gapbep-
Hole syeikd. B mux, kak ¥ 8 TMX-U npoussBopuiace Kocas, NOX
yriom 45°, HMHXeKlMs OBICTPBIX ATOMOB, CONPOBOXKAAIOILASCA Ha-
KOIJIEHHEeM IJIeUlylIMXCd HOHOB C JByMS MaKCHMyMa IUIOT-
HOCTH B OKPECTHOCTH TOuYeK oTpaxernus (puc. 25). C nmomompio ru-
POTPOHOB Ha YABOEHHOH 3JIeKTPOHHOM IMKJOTPOHHOH dYacToTe re-
HEPHUPOBAJIHCh MOMYJIAUMH aHH30TPOIHO IepPerpeThix JeKTPOHOB B
MuHUMyMe B OappepHBIX siueek, CO3[aiOllHe NPOBAJ NOTEHIHAJa,
T. e. TepMoOapbep, a THPOTPOHAMH Ha OCHOBHOH 4acToTe 3J1eKTPOH-
HOr0 HYKJOTPOHHOIO pPe30HaHca BO BHCIIHHX MaKCHMyMax mJoT-
HOCTH OBICTPBIX HOHOB OapbepHBIX fideek NPOU3BOAHICH JOMOJHH-
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6 — NoKasH3auus

2 — xBafApynoabHeIE MI'J] — SKOpe 3 — LeH-

pHOTO M TEpMHUYeckoro 6Gapbepos,
— JIOKAJH3alHA 3JeKTPOHHOFO LMKJOTDPOHHOTO DE3OHAHCHOIO Harpesa,

5
° HOHHOrO UHKJOTPOHHOro Pe3OHAaHCHOro Harpesa, 7 — naasMeHHbIe NyWKH

PHc. 24. MarHuTHass cHCTemMa H MAarHHTHas KOHGHrypanmusi ¢ aKcHaJbHHIMH paclpefeseHHAMH MOAYJAs nois B, sjgekrpocrard-
4 -~ HHXKEKTODBl GBICTPBIX aTOMOB,

ueckKoro INOTEHNHana p, NJIOTHOCTH IJIa3MEl 7 U TeMIepaTypH sJjekTpoHoB T, amGunoaspuoit sosymka GAMMA-10.

1 — 061acTh CO3JAaHHS MNOJOKHTEABHOIO NOTEHUHAJAbHOrO aMOGHIONA

TpaJbHLIX COJNEHOMNZ,
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2 Puc. 25. AxcuaJbHEe pacupefefeHHs MOLy/i noas B;
- M IUIOTHOCTH GHICTPHIX HOHOB B GapbepHOH JIOBYIIK
YCTaHOBKH GAMMA-10 .
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Puc. 26 AxcuanpHOe pacnpefe/ieHHe MOAYJST NOJA B u nT auuso-
TPONHO NeperpeTHX 3JEKTPOHOB B 6apbepHOf JIOBYIIKE YCTaHOBKH
GAMMA-10

TeJIbHbIfI HaTpeB 3JEKTPOHOB, COMPOBOXKAAIONIHACA JOKAIbHHM pOC-
TOM NOTEHIHaja MJAa3Mbl H, COOTBETCTBEHHO, 00pa3oBaHMEM 3alH-
PAOIUX TONONKHTENbHEX aMOHIONADHEIX Gapbepos. [las Harpe-
Ba IJIa3Mbl B LEHTPAJbHOM COJIEHOH[e HCMOJ/b30BAJHCh ABE -
CHCTeME, BO306YX/4BlIHe MeNJEHHYI BOJHY, IOT/IOIAILIYIOCH B
Inja3Me B TOYkKe ®/we;=1. Ilpn MOLIHOCTH HArpesa 400 xBr u
IIOTHOCTH IuiasaMur 2-102cM~3 TemmepaTypy HOHOB yAaBaloCh IMOA-
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HuMaTb 0 1,4 k3B. DlIP-Harpes Ha yABOEHHOH 3JEKTPOHHOH MHHK-
JOTPOHHOH YAaCTOTE, OCYILECTBJASIEMHBIH THDOTPOHAMH ¢ YacTOTOH
28 I'Tu u MomHocThio 140 kBT, Mo3BoJsn co3laBaTh MNOMYJSIHIO
AHM30TPONMHO NEepPEerpeThix 3JeKTPOHOB cO cpedHefi sHeprueh 50 k3B
H IUVIOTHOCTBIO B MakcuMmyme, Jocturatwomei 80% nuaoTHOCTH
maasMel GapbepHoii siuefiku (puc. 26). DPDHeKTHBHOCTH TEPMOU30-
JSUHY 3JIEKTPOHOB WEHTPAJbHOTO COJIEHOMJA H = aMOHNOJSPHOTO
6apbepa IEMOHCTPHDPYIOT AaHHbIE, NPHBEJEHHBle HAa pHc. 27, Iie
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Prc. 27. Temneparypn axaekTpoHos B Puc. 28. 3amuparomuifi ajekTpocTaTHde-

TOJIOKHTENbHOM aMOunosspHoM Oapbe- CKHA MOTEHUHAJ] MNOJOXHTEJbHOIO aM-

pe H NaasMe UEHTPATbHOH JIOBYIUKH OGHmossipHOro Gapbepa noBymikn GAM-

Kak QyHKUHH noTeHuuada tepmobGapbe- MA-10 kak (QyHKIMA NOTEHUHANA Tep-
pa B8 GAMMA-10 moGapbepa

II0Ka3aHbl 3JKCHEPHMEHTAJbHO H3MepDeHHble 3aBUCHMOCTH TeMIepa-
TYPHl 3JIEKTPOHOB B LEHTPA/JbHOM COJIEHOHAE H aMOHIOJSPHOM
G6apbepe OoT ray6uHbl TepMoGapbepa. Bo BceM AManasoHe H3MeHe-
HHsl ryOHHBI TepMobapbepa ¢, M yAepXKHBamLlero aMOHIOJsIPHO-
ro moTeHIMana . HabjaiojAanach WX B3aMMHas IPONOPUHOHAJD-
HOCTb (pHc. 28), corsacyolliasics ¢ oueHKaMH, 6a3upyloulMMucA Ha
KJIaCCHYECKUX KYJOHOBCKHX CTOJIKHOBEHHSX.

. Ha ycranoske GAMMA-10 He NpHHHMAJIMCh CNENHAJbHBIE Me-
PH N0 yAaJeHHIO HOHOB, 3aXBaueHHHIX B NMOTEHIHAJbHYI0 MYy Tep-
mob6apbepa. COOTBETCTBEHHO BpeMsi CylUeCTBOBaHHs TepMobapbepa
AOJIXKHO - ONIPeieNIAThCS BPeMeHeM KYJOHOBCKOTO 3axBaTa HOHOB
ueHTpasibHoro npobkorpoHa. MaMepeHus HoKasaJH, 4To 3TO BpeMd
X0OpouIo annpOKCHMHPYETCs BBIpaxKeHHeM

©=1.7-109T}¢/n, | (13)
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OTMEUEHHBIM TYHKTHDOM HA pHC.

corJacyetcsd C BpEMEHEM, Haii 1 eHHb

dokxepa — [nanka [74]

7, =2.6- 1043} [ n,.

Bpems NPOJOJLHOTO yACpKAHHSA Ho

b5t HSMepeH

Horo Gapbepa, Kak moKasal o BT o
myse Iactyxosa (puc. 30). B K M
OprYy y MMA

PACCYMTAHHBIM TIO ]

pBl UHTEHCHBHOCTH nomepeutofi AupdysuH HOHOB B G

-1
15,0.1

500}

300

100"/
/

0 1,0 2,0
ng, 10" cm3

Puc. 29. XapakrtepHoe BpeMs 3amnoJgHe-

HHSL TepMoGapbepa HOHAMH KaKk (QyHK-

LMS MJOTHOCTH TJIA3MBl B LEHTPAJTbLHOH

nosymke GAMMA-10 npx npoaoJbHoH

temneparype wonoB 1--0.05 k3B u
2—0.1 k3B

99, KOTOpOE YMOBJETBODHUT EJBHO

M NyTEM pemem«m ypaBHEHHﬂ

(14)

HOB IpH HaJHUHK ambunoJuap-

us, Xopoulo cosnajaer C
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Puc. 30. DKcrepHMEHTaJbHO H3MEPEH-
pas B GAMMA-10 3aBHCHMOCTH BpE-
MEHH TIPOAOJILHOTO Y/epHKaHHA HOHOB
7) OT OTHOIUEHHS 3aMHPAIOUIero IOTEH-
n@ana K TpOLOJBHONH  Temmepatype
HOHOB H TeOpeTHYeckas 3aBHCHMOCTD,
paccunTaEHas no dopmyie IlactyxoBa

NPHHHMAJICS H3OBITOUHBIN JIeKTPOHHEL TOK, H3MEPAEMHIL H30JIHPO-

BAHHBIMH TOPUEBBIMH 3JIEKTD

onamu, kak 1 8 TMX-U, mepexsarhi-

BawoUIMMHU BECb MArdUTHEIH IIOTOK, HpOHHBbIBaIOHLHH 30Hy yAepxKa-

HUd IJ1a3Mbl B JIOBYILIKE. bulsio no
HEeOKJaCCHUECKHM IonepeuyHbiM nep

Ka3aHo, 4TO B COOTBETCTBHH C
eHOCOM TIOCTOAHHAasA BpeMEHH

-1
nonepeuHoit Juddysnu v, NPONOPUHOHAJBHA Qc Tlpu 3a3emMyeHHH

YIOMSAHYTHIX 3JICKTPOAOB yepes KOHEYHOE

CONPOTHUBJIEHHE Ha HHX

aBTOMATHYECKH YCTAHaBJHBaJCA OTpPIIJ,aTeJIbeIﬁ norenyynajg, 9410

IIPHBOJAMJIO K CHHXKEHHIO MOJIOXKUTENLHOTO noTeHUHa A
yIepKMBAEMOH B LEHTPATbLHOM COJICHOHAL, OTHOCHTE/IbHO

N1a3MBl,
CTEHOK
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KAMEPLL M B COOTBETCTBHH C TeOPHell Pe30HAHCHOH HeoKJaccHuec-
KOi IuQdysHH x CHHXKeHHIO nonepeunoro nepexoca. Ha puec. 31
NOKA3AHEl IKCIEPUMEHTA/IbHAS M TEOPETHUECKH pacc'qmaHHaa.sa-
BHCHMOCTH T, OT CONDOTHBJICHHS, 323eMJSIOMIEro 3JICKTPOIbI, CBH-
ACTEJLCTBYIOMHEE 06 HX HKOCTATOYHO XOPOIIEM COIIACHH Caenyer
OTMETHTH, YTO B LEJOM HCCIELOBAHUS (dopMHpOBaHus I'IO:I‘EHIJ.Ha?TIIb-
HOTO NPOGHIS M YHepXKaHHS MIa3Mbl B GAMMA-10 He BHIABHIH
CEIBAIOLIUXCS B HC -
LHI0 aMOHIOJSIPHOTO YAEDPKAHAA NIa3ML npu Hﬁﬁiﬁi}: Kgé{;nig-
6apbepoB. 10T pesyabrar PE3KO KOHTPACTHPYET ¢ pe3y/bTaTaMH

KaKux-nubo npoileccos, He BNOH

HCC/lIenoBanuK Ha ycranoBke TMX-U, rae Guia O0HapyXeH HHTeH-
CHBHLIH NEPEHOC IIA3MBI, SIBHEIM 06pasoM He CBI3aHHHIH ¢ HaJH-
YHEM aMOHIONAPHEIX 6apbepop W TepMmobapbepos. B To xe BpeMA
HYMXHO NOAYEPKHYTb, Y4TO MJOTHOCTH NJA3ME B GAMMA-10 B 3k-
CICPHMEHTAX € YJAYYYLIEHHBIM NPOAOJbHLIM YAepKaHHeM He mpe-
BhIIIaNa HECKOJbKHX eIHHUL, 10'? cq—3, y BOIIPOC, HACKOJABLKO yCTOI)ﬁ-

UHBBIMH OKaXYTCst NOTEHUHANbHbIE Gapbeph IPH NOBHILEHHH NJOT-
HOCTH MJIa3MEI, OCTAeTCs OTKPHITHIM,

TiyC
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N Puc. 31. Okcnepumerransuo H3MEepeHHAs 3aBHCHMOCTD

BPEMEHH  HEOKNACCHYECKOTO IIONEPEYHOrO  meperoca

HOHOB OT CONpPOTHBJCHUS 3a3eMJEHHA TODPHOBHX m/ia-

CTHH ycTaHOBKH GAMMA-10 u Ta xe 33aBHCHMOCTS,
PAacUHTaHHAs TeopeTHUECKH

4. 3AKJIIOYEHHE

Paccmorpenntie B 0630pe PEe3y/IbTaTel HCCJAENOBAaHHA yjepxa-
HHf [Ia3MBl B aMOHNOJISDHEIX JIOBYIIKAX NOKAa3HBAIT, 410 B
OrpaHHYCHHOM RHANA30HE IJIOTHOCTel IJIA3Mbl HCXOJHEIE ’npnmmm,l
aMOHIONAPHEIX JIOBYWIEK HAILIY IKCIIEPHMEHTAJbHOe HNOATBEpKIe-
‘HHe. Ha Bcex 3KcHepHMeHTalbHEIX YCTaHOBKax YyAaJoch IPOAEMOH-
CTPHDPOBATL CO3/laHHe aMOHNONADHEIX Gapbepos u COOTBETCTBYIO-
lliee yBeqMYEHHe BpPeMeHH NPOJOJBHOTO yAepKauug. I eHepauua
TepMoGapbepos u sbdeKTHBHAS NPOJOJIbHAST B3aHMHAsi TEPMOH30-
JIALHA  SMEKTPOHOB aMOHMONsAPHOrO Gapbepa H LEHTPAJIbHOK JI0-

4

BYWIKH, CO 3HAYHTENbHO OTJHYAIOUIMMHUCH TeMIepaTypaMmH, Npoxe-
MOHCTpHpOBaHa Ha ycraHoBkax TMX-U u GAMMA-10. Ilokasano,
4TQ HapylleHHe OPTOTOHAJBLHOCTH TeOMETpPHH IOJs, KaK H Inpefi-
CKa3bIBAaJIOCh TEeOPETHYECKH, INPHUBOAHT K INOBHILEHHOH HEOKJAacCH-
YeCKo# rnonepeyHo AM(PY3uH HOHOB. DKCIEPHMEHTAJbHO H3Me-
peHHasi HHTEHCHBHOCTb HEOKJAaCCHYeCKOro MOIePeyHoro mnepeHoca
HAxXOJHUTCA B.XODOUIEM COIJacHu ¢ pe3y/JbTaTadMH TEOPETHUECKHX
pacueroB. B GAMMA-10 Bce HcclenoBaHHBie NPOLECCH HE BHXO-
JIAT 3a paMKH KJIaCCHUYECKOTO ONMCAHHsA, UTO MO3BOJAET NPH NJIaHH-
pOBaHHH CJEAYIOLIEro iara 6asupoBaThCs Ha NMPOrHO3aX, HMEIOUIHX
HaJleXHYyI0 TeopeTHUeckylo Gasy. PesyapraTe HcclledoBaHHA Ha
ycranoBke TMX-U, kak MB BHead, He JajT OCHOBaHHH JJd
CTOJIb K€ ONTHMHCTHYECKHX NPOTHO30B. Ha Helt o6HapykeHH HH-
TEHCHBHBIE NONepeuHble NePeHOCHl, 0653aHHble BO3AEHCTBHIO MHKEK-
UHH OBICTPHIX aTOMOB .H 3JIEKTPOHHOTO IHKJIOTPOHHOTO PEe30HAHC-
HOTO HarpeBa, MeXaHH3MEI KOTOPHIX OCTalOTCl He BHISICHCHHBIMH.
O6HapyKeHO sBJeHHE CPBHIBA IPOAOJBHOrO aMOHIOJSPHOTO yaep-
kaHHs Ha TMX-U, ¢usuueckuii MeXxaHH3M KOTOPOTO TaKXe He BHI-
sipjieH. MMeloTcsi yKasaHMs Ha pa3sBHTHe KOHYCHOfl HeyCTOHYHBOC-
TH B NOJIOXHTeJbHOM amOunonaspHom Gapbepe. VsBecTHass mpoTH-
BOPEUHBOCTh  pe3yJibTaTOB  HCCJAeJOBaHHH  Ha yCTaHOBKAx
GAMMA-10 u TMX-U He moaxem obeckypaxusath. Hccraenosa-
TeJH BbICOKOTEMIEPATYPHOH I1a3MBl HE pas CTAJKHMBAJHCh ¢ CH-
TyallHed, KOrja TPYAHO KOHTDoJupyeMble (aKTOPH, CHJABHO BO3-
JIeHCTBYIOIIHe Ha YyAePkKaHHe [1a3Mbl, BBISBJSJHCh JHIIb IOCTE
MHOTHX JieT HCCIEIOBAaHH# H CONOCTaB/EHHS Pesy/bTaToOB, NOJNY-
YeHHBIX Ha DAa3JIMYHbIX BAapHAHTaxX MAFHUTHHEIX JOBYLIEK OJHOTO
Kaacca. [o Hacrosiiero BpeMeHH KOMILJEKCHblE HCCJedOBaHHS
yAepxKaHHs IJa3MH TPOBefeHH N[O CYLIECTBY TOJbKO Ha ABYX
aMb6unoJgpHEIX JoBymKax ¢  Tepmobaprepamu TMX-U =
GAMMA-10. TIo omHTy paHee OCYIIECTBJCHHHIX IIPOTPaMM  3TO
CJIHIIKOM MaJjio AJisi OCHOBATEJbHBIX 3aKJIOUEHHH O KH3Hecnocol-
HOCTH HJH HeXH3HecnocoOHOCTH HampasieHus. BoJee 6GjaronpuHsr-
Hble TepPCNeKTHBH DPAa3BHUTHs HCCJIEJOBaHHI, BHITEKAIOIIHE H3 pe-
3yJbTAaTOB, NOJyYeHHBIXx Ha ycTaHOBKe GAMMA-10 mo cpaBHEeHHIO
¢ TMX-U, ectecTBeHHO CBfI3aTh C 3aMeTHEIM ocJyiabJeHuem 3dek-
TOB HapylleHAs OPTOrOHAJIBHOCTH reOMeTpHuM mnoias B mepsBod. He
BHI3BIBAET COMHEHHf, 4TO JajbHeHllas ONTHMH3AUHsi MarHHTHHX
KoHQurypauuii aMOHNOASIPHBIX JIOBYHIEK, HAWIydlluM o6pasom
YAOBJIETBOPAIOIIAA NPHUHLUUOY OPTOTOHAJBHOCTH T'€OMETPHH Mar-
HHUTHOTO MOJS, COAEPXKHT B cebe OOMblIHE pe3ePBH  YyJAydIIEHHS
KayecTBa yJAepIKaHHS NJa3MBL.

YcnelnHoe pa3BuTHe aMOUIOJSIPHEIX JIOBYIEK B OueHb GOJBLIOfN
CTENEHH 3aBHCHT OT PeUIeHHs CJIOXHBIX 3aJay IJIa3MeHHOH TEXHO-

JIOTHH, B NEPBYI0 OUepeib KOMILIEKCa BAaKYyMHBIX NpoGieM, BKJO-
9as B3aHMOAEHCTBHA IIa3MH CO CTEHKOH, a TakKXe Pa3paGoTKH
ONTHMAJIbHEIX METOZOB HarpeBa IIasMul. B 3toft  o6nactu sa
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pocjeflHee NECATHJIETHE HaKolJed GOJbIION ONHT, JAXOUIMA OCHO-
BaHME HaleATbCH HA 3HAUWTENbHBLIH Hporpecc B OyAyllem.

- CTpeMJieHHe COCPeJOTOYHTD YCHJIHs CIIELHAJHCTOB Ha pa3pabor-
Ke peaKTOpa-TOKaMaka, paccMaTpPHBAaeMOro B HacTosllee BpeMs
Kak HaHOOJlee NEPCNIEKTHBHOE CPEJACTBO OCYIIECTBJIEHHS yHpasJse-
MOTO TePMOSIIEPHOI'0 CHHTe3a, NPHBEJO K 3HAUYHTEJbHOMY COKpa-
LIeHHI0 (PPOHTA HCCJENOBAHHH AMOGHIOAAPHBIX JIOBYIIEK. 1eMI HX
HCCIIefloBaHHi B GauXajilline roJbl HECOMHEHHO 3aMeljutcsa. By-
JeM HaJesATbCHA, OKHAKO, YTO 3TO SBJEHHe BpPeMEHHOE, IOCKOJbLKY
pesyabTarh HCC/JAeA0BaHMH aMOHIOJSDHBIX JOBYIUEK ’ 06'bEKTHBHO
IIOKa He J3JOT OCHOBAaHHH AJ1s NMECCHMH3Ma DU OLEHKE HX TepMO-
ANEPHHIX [IEPCHEKTHB. "

B sakaioueHne o630pa Hesib3si He OTMETHTb YHHKAJIbHYIO BO3-
MOXKHOCTb OCYHIECTBJIEHHss B aMOHNOJNAPHBIX JIOBYIIKax TepMO-
AJEPHOrO CHHTE3A HA CMECH D—3He [75] ¢ aomuHHpYymolleil peak-
el ciausguus D+43He=*He-}p+18 MsB u BecbMa HH3KUM YypoOB-
Hem conytcrByomux peakuuii D+D=2H+n u D+D=T+p. Ha
NOPAAKH BeJHYHH Oojiee HH3KHH BHIXOX HEHTPOHOB H nosiBJIeRHe
TPHTHS JHIIb KaK NPOAYKTa CONMYTCTBYIOLIEH DEaKUHH, a He OCHOB-
HOTO KOMIOHEHTA TOIJIHBA, KapIHHA/IbHO YNPOMAeT KOMILIEKC Me-
ponpuATHii MO pajHanHOHHOH O6e30IaCHOCTH, 4TO IOCJe KaTacTpo-
¢uveckux aBapuii Ha A3C npuoGperaer 3HaUeHHe ONpeleNsOIIe-
ro anmopa. B pa6ore [75] mokasaHO, YTO Pa3BUTHE TEXHOJIOTHH
D—3He-cunre3a He Oyler OrpaHHYHBaThcA oTCyTcTBHeM 3He, Ho-
CKOJIbKY OOHapyXeHH HeHcueprnaeMble 3anachkl SHe Ha noaepxﬁocm
Jlyun, a oTHOcHTeNbHO He6GOJiblIHE, NPOrHO3HPYEMHE 3aTpaThl
3HePTHH Ha ero LO6bIuYy H NOCTABKY Ha 3eMJ0 He HCIOPTAT TJio-
6aJibHBI SHepreTHuecKHil OaJlaHC TepMOsiiepHOro ILHKJA.
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BBENEHHE

C nosiBjieHHeM KOHHeNUHH aMGumoasipHoli Jaosymka [1, 2]
oxuBuics HHTepec K MI'Jl-ycToAYHBOCTH OTKPHITRIX CHCTEM BOOG-
Ile M, B YaCTHOCTH, IIOHCK YCTOHYHBHIX aKCHaJbHO-CHMMETPHUHHIX
Koupurypauufi. AKcHaNbHO-CHMMETpHYHHE JIOBYIIKH IIpHBJEKa-
TeJIbHBI, BO-IEPBHIX, C HHXKEHEpHOH TOUKH 3peHHs M, BO-BTODHIX,
TeM, YTO B HHX OTCYTCTBYIOT YCHJEHHEIE HEOKJIacCHYeCKHe MNOTEpH
YaCTHL, NPHCYIIHE, KAaK NOKa3aHO B [3], AanHHHIM cHcTeMaM c
TpaAMIHOHHOH KBaApyHoOJLHOH TeoMmeTpHefi CTaGHIH3aTOPOB.

B OTKpHITHIX JOBylWIKax BO3MOXHH jABe MI'JI-HeycTOAYHBOCTH:
Xeq00KoBas, o06f3aHHasi HeOJaronpHATHOH KDHBH3He MAarHHTHOIO
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moJis, H 3€pKaJjibHasl, HCTOUHHKOM KOTOpOH fBJseTCS aHH30TPOIHs
nzapienus. I[Ipu mpo6oyHbix oTHOWEHHsIX R=>2 (TOJBKO TakKHe Be-
JUYHHE 00ecneyuBaloT Y/JOBJETBOPHTEJIbHOE MPOLOJbHOE YlepiKa-
HHe) 3epKaJibHas HeyCTOHAWHBOCTb pasBuBaeTcs npH P31, rae
ff ~— OTHOIeHYe NaB/JEHHS IJa3Mbl K NaBJEHUI) MaTHHTHOIO MOJs.
B nocrarouxo wHpoko#t obsactH B=<S1, KoTopas TpeACTaBJseT
peajbHEIE  HHTepec, 3ajaua nopgepxanuss MIJl-ycrofiuuBocTi
CBOMUTCS K OOECNEeYeHHIO YCTOMYHBOCTH OTHOCHTEJNBHO Kesno6Ko-
B0M MOMbI, OCAOKHEHHOH GaJJOHHBIMH 3(deKTaMH NPH KOHed-
HoM §.

Crabunusalust ATHHHONO aKCHAJIbHO-CHMMETPHYHOTO HPOGKOT-
poHa JoOCTHraeTcsl IPHCOEJMHEHHEM K HeMy JOIOJHHTEIbHBIX
YCTOHUMBHIX fiteeK — «siKope#i». B kiaccuyeckoM Bapuante aMOHIIO-
asgpuoit cucremsl {1, 2] uau Gosee mpocroi, 6es amMOGUNOASPHOTO
ylepXaHHus, JOBYUIKH B IPOeKTe HefITpOHHOTrO reHepartopa [4] artu
sfYedKH INPEACTaBJAAIOT cOG0H JIOBYIIKH C KBaJPyNOJbHBIM MHHH-
MyMoM B. Huxke GyAyT ONmHCaHBl aKCHaJbHO-CHMMETDPUYHBIE CTa-
6uiusupylomine ajgeMeHTol. Cralunuzauusi HPOHCXOAUT, €CJIH B
AKope BesqHuHHa P/l, Tae | — XxapakrepHad IJIMHA H3MeHEHHS Mar-
HHTHOTO II0Jis, OOJIblle, YeM AaHAJOTHYHOe OTHowenue Pofly nas
crabunusupyemoro npob6korpona (puc. 1). Ilpu [, keno6kosas
YCTOHYHBOCTb [NOCTHIAeTCs yKe IPH MaJsblX 3HaueHHax B B sKope,
f<l. Ecan B sxope B =2 pasa NmpeBOCXOAHT BEJHUHHY, HEOO-
XOAUMYI0 AJii NOJABJEHHs XeJOGKCB, TO onpejenseMoe 6asioH-
HHIMH 3(@deKTamu npefeibHoe Bo B CTAaGHAH3APyeMOH JIOBYIIKe
Oyner TMOpsAKa eIHHHUB (XOTS W MeEHblIe, 4YeM HPH <«IKECTKOH»
cTabuiu3auuu sxkopeM ¢ f~1). 1o onpasabBaeT HCIOJb30BAHHE
npubanxkenna f<1 Ha mepBoM mare aHaiau3a KoHQUrypauui
CTaGHIH3HPYIOLIHX 3JEMEHTOB.

Puc. 1. Jlaunnblf NpoOGKOTPOH, CTAGHIH3HPYEMHI KODOTKHMH
AKODSIMH (B J2HHOM CJyyae — KacllaMH)

CymecTByloT ABa KJacca aKCHaJbHO-CHMMETPHUHBIX OTKPHITHIX
JOBYIIEK, B KOTOPHIX BO3MOXKHa YCTOHUHBOCTb OTHOCHTENLHO JIO-
OBIX KeJOOKOBBIX BO3MYINEHHH: JIOBYLIKH ¢ abCOMIOTHOH MAariHut-
HOl siMOH H cHCTeMBl €O cpeiHed MarHuTHOH saMol. [Ilocaexnue
BKJIIOYAIOT OXHOJOBYylIeYHble, B KOTOPHIX HA KaXJ0H CHJOBOH JH-
HHH eCTb OJHH MHHHMYM NOJisl, H CHCTEMBl H3 JBYX HJH GoJee
CoefHHeHHbX JoByweK. OnpenejeHnbii HHTEpPeC MOTYT NpeACTaB-
AATh Takxe JoBymwKH, MIJ-ycToOH4HBEIE JHIIb OTHOCHTENBLHO
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KpynHOMacWITa6HBEIX BO3MYLIEHHH, HAalpHMEp, CMeLIeHHS IJIa3MeH-
HOro IIHypa KakK LeJgoro; MeakoMaciiTaOHBe e MOTyT OHITbL IIO-
JaBJIeHBl 3a cueT KuHeTHYeckHx 3(¢ekToB Bpoie 3¢dekTa KoHed-
HOro J1apMODOBCKOTO pajuyca.

1. KPUTEPUHN YCTONYHBOCTH ﬁJlASMbl HH3KOro nABJIEHHSA

Ipu B« 1 ycnosue MIJ-ycrofiunBoCTH GECCTOJKHOBHTENLHOM
IJIa3Mbl OTHOCHTEJHHO 3JEKTPOCTATHUECKHX 3KeJOGKOBHX BO3MY-
mennft E=—V (¢ ()exp(im0)), rae 6 — asumyThHuii  yroa, ¢ —
IOCTOSIHHO BJOJIb MAarHHTHO# CHJIOBO# JIHHHMH, HMeeT BHJ [5]

W={ 0|70 dp=

o{p Tr 1 0B 1 0B\

2

5‘02“+MB L 9B
——— — e
B OF 2(03)2_ vy B oy

Y
4 1
X e dy>0. (1)

3neck p, ¥ p —TONEpeuHoe H NPOAOJbHOE JaBJIEHHS, F —ueBos-
MyulenHas —(YHKUMS ~ paclpelesienus, —3aBHCAlas OT g=10%]2,
p=22 /2B 4 TIOTOKOBOX KOODRUHATHI 1 (dV=Brdn, r—paccros-
HHe OT OCH, dn— 3JIeMEeHT JJ/WHbl B HANPAB/JIEHUH TIONEpeK CHUJ/IOBOH
JUHAK); T, =V2(e—upB). Bemmunnl D, p, u p, ABIAOTCA yHK-
IHSIMH JIBYX KOOPAHHAT: ¥ H «IPOLOJIBHON» KOOPAHHATH X, IO-
BEDXHOCTH YPOBHsI KOTOPO§ MEepIeHAUKYJISPHEl NOBEPXHOCTAM =
=const, npuuem Vy=B, tak uro dx/B=ds, rne ds — 3JieMeHT
JUIMHBL CHJIOBOH JuHHHM. JJjisg omnpelefeHHOCTH rOpsiMed KOMIIOHEH-.
TOH CYMTAIOTCH HOHHL. .

Ecin |01nB/dInp| <1 u neppoe cJjaraemoe B JIeBOH YacTH
(1) He 61M3KO K HyJl0, 5TO yCJOBHE NpHHHMaer GoJee MPOCTOH

BUL (p=p.L+py)

, op 0B dy o :
W1=—S|CPIQSW'W'B3 dy>0 @

(npub/mixeHue TOHKOH JJIMHHOA N/Ia3Mbl), @ JJis1 BO3MYILEHUi, JIOKa~
JU30BAHHLIX TIO 1, MPOCTO
op 0B dy )
wl‘““SW"—ow‘Ba >0. 3)
Coraacuo (3), C/I0fi HEOLHOPOAHOR NJA3MBl YCTOHUMB, €C/ B CTO-
pOHy Cmaja JaBJeHA MATHATHOE NOJIE yBEJHYHBAETCH
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dp 0B
— 35 oy >0 @)

Buipaxenne (1) cymecrseHHo ynpomaeTcs B clyvyae, KOrja
Jla3Ma CHJIbHO @HH30TPONHA, p,>>py, H 3aHUMAaeT Ha KaXxAOH CH-
JIOBOH JIMHHH OTPE30K, MHOrO MEHbIUHHl XapaKTepHOH IJHHH H3-
MeHeHHs noas. Ilpu stom [6, 7]

w=—5 (%) 5 ®
rae ‘ '
P={piay \ 6)

H BeJIHYHHA B OTHOCHTCS K NOBEPXHOCTH MHHMMYMOB B Ha cHJo-
BHX JIHHHSIX. ITO BHIpaXK€HHE CJIYXKHT B CJydae CHJABHOH aHH30-
TPONHMH aHAaJOroM H3BECTHOI'O BHIPAXKEHHS HJS «CTOJKHOBHTEJb-
HOH» H30TPONMHON MJIa3MHbl

(2
dp dU d
w=2E. o - @)

rne U =jhds/B, y—nmokasatenh axaabate. Ms (5), B wacTHOCTH,

noJyyaercsi HedTpadbHO ycroiuuBmifi (0?=0) npoduns napaeHus
P/B3=const. Mozenb CHIBHO aHH30TPONHOH MJAa3MBl MOJe3Ha IpH
noucke MIJl-ycroituuBbix koHdurypanuit. Bo Muormx cayuasx
YCTOHYHBOCTb, CJEAYIOWAst H3 3TOH MOJeNH, MOATBEPKAAETCH MPH
d4Ha/JU3e Ha OCHOBE TOYHOTrO BHIpaxeHHs (l) ¢ HCMOAB3OBaHHEM
pasyMHbIX YHKUHEA pacnpefesneHus. [Ipn npo6GOYHBIX OTHOIIEHH-
Ax R<3 xopoulnM npHOJHXKXeHHeM K (yHKUHH, YCTaHABJIHBAIOLIeH-
Cs1 B pe3yJbTaTe CTOJIKHOBEHHH, CAYKHT

F= £ (&) & Bunae (1) — 1) e(i)- @)

(B npocrpaHcTBe cKopocTelf v, =uvSsina, U,=UCOS®t COOTBETCTBY-
olllee pacnpejesnenue umeer BuA 1—(cos?a/cos?a,), rie g — yrod
KOHyca morepb.) s Takoro pacmpepeseHns BelHuHH2 () B
(1) moxer 6niTh mpeicTaBieHa B ¢opMe, ykasanHoi K. M. Jlo6a-

HOBHIM,
= -4z (&) ©)
rje
A= n(ABar—1)dr X
% Bmax 7 5
o 1l
52 ‘

5 [0 (ABmax—1) 4
G(¢)=4V7'(Bmax(¢) l) (1 -Bmln(lll))a/z’ (11)
Bmln ("17) - 6 - Bmax ('\l’)
£ olnB 2—AB _ . —1/2d
=8 s ds, v="%@—2\B) ds,

MHTErpHpoBanue 1Mo A MpoBoauTcs OT 1/Bmax($) 20 1/Bmm($); p=

'«=pJ_+p,, B CE€UEHHH, NPOXOJAIIeM uepe3 MHHHMYMH IIOJis.

[TockonbKy, Kak GyAeT BUAHO HHKe, CTaOHIM3HPYIOLIHe 3Je-
MEHTH HMeIOT HepeAKo TpyGuaryio ¢opMy — IJa3Ma 3aHHMaeT He-
KOTOPHIA CJIO# OKOJIO TOBEPXHOCTH =1 — YAOOHO HCNOIB30BATh
pasJioXKeHHe TOJS B OKPECTHOCTH 3TOf noBepxHocTH. Ecnu 3apano

T wr

4
/ cons*«

\&// /1'4
377' ///

d
~A £,

/ >

©
o

N\

g

Puc. 2. KoopauHaTh, CBS3aHHHE C CHJO-

BOll TpyOKoO#l (MepHAHOHAJbHOE Ceuetine Jo-

Bymk#). CHJoIHBE JMHHH — IOBEPXHOCTH
Pp==const (cHIOBHIE JHHHH)

noae By(s) Ha cuioBofi JHHHH ro(S) (S — AMHHA BAOJDb JIMHHH,
ds=dy/By), npuHaajexamel MOBEPXHOCTH Y=1p, TO BOJIH3H 3TOH
II0BEPXHOCTH
Ko Vo %o 4”7\ (b—¥o)?

B=BO—70—(1p——np0)+7kv.o +- cos B+~ Bur? +....(12)
3mech %o(S) — KpUBH3HAa ONOPHOK NOBEPXHOCTH Y=1po, Op — yroa
MeXJy HOPMasbl0o K 5TOH IOBEPXHOCTH H PaAHAJIbHHIM HampabJje-
HueM, d= (ro(s)Bo(s))~! WMeeT CMBICJ TOJIIHHB CHJIOBOH TPYOKH
C eIMHHYHBIM HOTOKOM (pHC. 2).

2. JJOBYIIKM C MATHHTHOHN SIMOH
2.1. JIoByliKa co BCTpeYHBIMH NOJAMH (Kacm)

Dnarogapsa OoJbIIOH KPHBH3HE  CHJIOBBIX JUHHE, Kacho
(puc. 3a,6) Mor O6bl OHITH AOCTATOYHO «KECTKHM» SKOpDEM /A aM-
6unoaspHoit cucrembl. IIpo6seMa COCTOHT B TOM, KaK yMeHLIUHTHL
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MoTepH IJ1a3Mbl U3 o6JacTH BOJM3H HyJS NOJSA, TAe HeT afnabarH-
YECKOTro yAepXaHHs YACTHI, H BPeMS XKH3HH COCTABJSIET BCEro He-
CKOJIbKO NPOJIETHHIX BpeMeH. B ciyuae, Koria ropsiueil KOMIOHEH-
TOH SIBJSIIOTCS HOHBI, IIOTePH M3 objactTu HeaaHabaTHuHOCTH 6e3
CNELHAJNbHBIX Mep 110 HX YMEHbLIEHHIO CJAMIIKOM BEJHKH, NOCKOJb-
Ky o6bemM 3ToH 06J1aCTH COCTaBJISieT 3HAUHTEJNbHYIO AOJI0 06beMa
Bcero skops. [Ipeanoxen cnoco6 yMeHblIEHHS MOTEPb COEAHHEHHEM
Kacna ¢ JOIOJIHHTeIbHBIMH — aAuabaTHUeCKUMH — JIOBYILIKAMH, Tje
IJIOTHOCTh M CPENHAS 3HEPTHsi HOHOB OuLIM 66l Bhillle, YEM B Kac-
nme [8, 9]. Ilpm stoM, kak B aMOHNOJAPHOH IeNOYKe, BO3-
HHK2eT 3JeKTPOCTaTHYecKoe YAepxkaHHe HOHOB Kacma. Hemocrart-
KH 3TOH CXeMbl: JIONOJIHHTEJbHBIE SHEpPreTHUecKHe 3aTparhl Ha
NoJiepXKaHHe 3alUPAOUINX JOBYLIEK, yMeHblIeHHe 3amaca yCrol-
YHBOCTH (IIOCKOJIbKY MJa3Ma Kacma AOJXKHa CTaGHJAH3HPOBATh H
JOMNOJIHUTE/IbHbIE JIOBYIIKH), KOHCTPYKTHBHOE YCJIOXKHEHHE,

Ya Ymup Yo WV

Puc. 3a, 6. SIkoppb-kaci, UPHCOENHHEHHBI K OGHIKHOBEHHOMY HpPOGKOTPOHY:
a4 — KapTHHA CHJAOBBIX JHHHME (IIYHKTHp — rpaHHHa o06JacTH afAHabaTHYHOCTH); 6 — npodu-

N fAaBAeHHA KaK ¢YyHKUHE nOTOKOBOM KoopAMHaTthl (I — B Kacme, 2-— B OPOGKOTpOHE, !

OYHKTHP — HeATPaJbHO YCTORUYHBHIN NpodHAL B Kacme)

Ipyro#t moixox — HCMO/Ib30BaHHE B KACHE-SKOpe BMECTO Trops-
YHX HOHOB 3HEPTHYHBIX 3JeKTpOHOB. [IpH ToH Xe sHepruH oGbeM
o6nacty HeanuaGaTHYHOCTH IJIsi SJEKTPOHOB B (m;/m,)¥? pas
MeHbllle, 4yeM MAJs1 HOHOB. IIpuMepHO BO CTOJBKO XKe pa3 MeHblIe
H NOTepH H3 3TOH 06JacTH, IOCKOJbKY KaK H B ClIydae TrOpSUHX
HOHOB, BbIT€KaHHE NPOHCXOJHT CO CKOPOCTbIO IOPSJAKA 3BYKOBOH
i~pfm;n. Tlotepu B3 ocHOBHOH ajauabarHyecKoH YacTH Kachma 6Y-
ayt B (m;/m.,)"? pa3 GoJablle, yeM B HOHHOM CJy4ae, HO IIOCKOJIb-

. Ky o6bpeM sKOps MoXeT OHITb MHOro MeHblle o6beMa CTaGHJIH3H-

pyeMoro npoGKOTPOHA, TaKHE 3aTpaThl MOTYT OKa3aTbCs TepIU-
muMa [10].

Banaropapsa 6osbuiofi KpuBH3He CHJAOBHIX Jaunufi MII-ycrofiun-
BOCTb B Kacme HMeeT MeCTO He TOJLKO NPH HapacTamoleM K Hy-
JI0O moJisi AaBJIEHHH, HO H B CJydYae, KOrja JaBJeHHe chajaeT B
3ToM HamnpabJeHHH. [Togo6HBIH 3QdeKT xopollo H3BeCTeH A5
IJ1a3MBl H30TPONHOTO AaBJieHHs H, KakK cjeayer U3 (D), HMeercs
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Takxe B cJydyae CHIbHOA aHuszoTponuu. Ilpojenanbl 4YHC/IEHHBIE
pacueTsl NpelelbHBIX YCTOHUMBHIX Npoduiedt JaBjeHHs B Kacme
JJISl PA3JHYHBIX AHU30TPONHBIX (PYHKUHMH pacrnpeie/eHHs, MOAEIH-
pyIOIHX peaibHble pacnpenetenns [11, 12]. 9tu npodunu uMeT
BUI p=const-/* rxe ! — paccrosiHue OT CHJIOBOA JIMHHM 10 TOYKH
nyas nons, o~ 1. JIJIsi MaKcBeJVIOBCKOH —(YHKIHH, obpe3anHOH
Ha KOHyce NoTepb, MOKa3aresas o~ 1,3. ~

JlonycTHMOCTb CMaja AaBieHHs K HyJeBO# TOYKe NO3BOJSET
CHH3HTb 3aTPaTH JHEPTHH Ha TMOALepXKaHHe NJIa3Mbl B HeaxHaba-
THUECKOH O06JacTH. 3aMeTHM, OAHAKO, YTO HeoOXOAMMas BeJHTH-
Ha JaBJeHHs] B OKPECTHOCTH HyJsl IIOJIsi MOXET ONpeNeJiATbCs He
NOJIOKEHHeM TPaHHIB aanabaTHyHOCTH [,, a pasMepoM 06JacTH
lwra, BHYTpH KOTOpOH yIJIOBasi CKOPOCTb MarHuTHOro JApeiidpa
TpeBHIIaeT XapaKTEPHYIO 4acTOTY KeJOOKOBBHIX Ko/IeGaHuil, TaKk
YTO HapywWlalTcs ycaoBus npuMernMoctd MTI-npubiuxenus, u
npefe/bHBIE NpodHab He MOXKeT ObITb HaiJeH HCXOAS H3 3TOTD
npubikenns. BenuwuuHa [mrn 3aBHCHT — HM3-32  yMeEHbUICHHSH
yacToThl KoJebGanuii Omarofapss HMHEDUHH HOHOB «IIPHCOEAHHEH-
HOH» IJa3Mbl — OT TOFO, HMEeM JH MBI JIeJio ¢ OTAeJbHBIM Kac-
IOM HJH C K4acllOM BMecTe €O CTaGHJIM3HpPYeMOHR cHCTeMO¥; BO
BTOpOM cayuae [mrg  OoJbllie. YCTOHYUBOCTb, KOHEUHO, obecrie-
yeHa, ecan B obaactu [<Imrg  pacnpejesende OJH3KO K PaBHO-
BecHOMy, GOJIBIIMAHOBCKOMY. 3aTparThl Ha MNOAJePXKaHHe IJIa3Mbl
3aBHCAT NPH 3TOM OT TOTO, HA KAKOM DAaCCTOAHHMH OT HyJsA NOJs
IIPOMCXOJUT ITePeXof OT CIAJAalNero TpeleJbHOro Npoduas K
IIOCTOSIHHOMY 00JIBILMAHOBCKOMY. -

3aMeTHM TakKXe, yTo B Kacle, COeJHHEHHOM C JAPYro#l JIOBYII-
Kofl, Ipeje/bHBIH NPpoGHIbL NaBjenHs, BoOOLle roBops, OTIHYAETCH
OT NpeAesbHOro ‘mpoduas A OTAEJbHONO Kacla, HOCKOJBKY 4ac-
THIBI, 3alepThle B Kaclle, H 4acTHUb, NPOBOAsSIIHe B HeM JIHIIb
HEKOTOPYIO AOJI0 BPEMEHH, IO0-Pa3HOMY HCHOBITHIBAIOT [eHCTBHE
CHJbHOH KPHBH3HBL: JJISl 3THX ABYX THIIOB YaCTHI CYLIECTBEHHO
pasnuyaiorcsi GayHc-NepHOIb B 3HAMeHaTesle BTOPOTO C/araemoro
B KBajpaTHHIX cKoOKax B (1). ‘

2.2, JloBymiKa C KOJbLEBHIM MHHHMYMoOM B

IIpu xo=0 (Takas JOByLIKa NOKa3aHa Ha PHC. 4) AJasi yCTOH-

gupoctH, coriacHo (3), (I2), docraroyHo (mosaraeM ©o=m/2)
op d’ ds

W, = -qu o L >0, (13)
3aecs Bo(r) — mojie B 9KBAaTOPHAJIbHOH IJIOCKOCTH JIOBYIUKH, OT
KOTOpo# oTcuMThBaercs . [liasi ecTecTBeHHBIX pacnpeneeHui
NABJEHAS ¢ MAKCHMYMOM B 3TOH IJIOCKOCTH ((pOp/oyp=<C0). wuepa-
BenctBo (13) Tpebyer, uTo6bl mo KpadiHe# Mepe B 4acTH JIOBYLIKH
BBINOJIHSJIOCH YC/IOBHE

d”>0. (14)
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Pre. 4 Pue. 5

Pue. 4.
4. Jlosymka Auapeonertn-®ropTa, coeuneHHas c NPOCTHM NPOGKOTPOHOM:
I —minB; 2, 3 — npo6xu i

Puc. 5. HenyneBoft kounuesoit MHHHMYM B B kacne:

1 — copam
Xonan pnn;’;;!;ﬂa: ;(l:cnyeqacme, TAe¢ HaXOXUTCHA <«NPOJOJNbHBLIH» MHHUMYM moas (s=0), cm-
prom il B ec KOHHIECKHM - KOXYXOM (YaCTHYHO 3alITPHXOBAH); 2——cm’mnax
o oA, pasnomg}lmr;m UPH NDORO/IKEHHH TOJst HAaDYXKy uepes rpamuny I c mc-
SHBnBanenTamE | pooHi szano(l}l%{m(oronsmaﬂue KOXyXa); 3 — HaGop NPOBOAHUKOB
H - HTeJIbHbIE HNPOBONHHKH, obecneuy z
JIOCTb BHELIHHX CHJOBBIX JIHHHI K TOUKe s=,0, w=0 patoe  shiny-

OTO yciOBHe HMeeT HAMIAAHHIE CMBICJ: CHJIOBHIE JIHHHM JOJIKHBL
OHITH BOTHYTH B IJ1asMy. B cayuae, korna d”>0 BCIOAY B IJIazMe
MOXHO TOBODHTb, YTO HMeeTCsI MaTHHTHAst siMa. ITofo6HAs ORI
Ka C BOTHYTHIMH CHJIOBHIMHM JIHHHSIMH TOJYYH/Ia Ha3BaHHe JIOByHI
ki Anjpeonerrn—®iopra [13, 14]. e
Ycaosue cymecrtBOBaHHS MAaTHUTHOH SIMbI (1/rBg)”>0 uyscrt-
ggzsgzﬁg 1; brllggﬁganOMy MPOdHII0 MarHHTHOrO Noas By (s). Oto,
s , I€TCS 1151 GeCKOHeHO CJ1abbiX MPoGOK (Bo(s) =~
~ M HapyllaeTcst Opu JOCTATOYHO GOJBLIOM  MPOGOUHOM
OTHOLIEHHH R, KOTAa CHJIOBbIE JIHHHH B JIOBYLIKE CTAHOBSTCH BbI
TNy KJIBIMH. Kpuruueckas seanunna R, u ray6HHa NonepeyHol HMbI-
HMeEoIEeNHCss Ipy R<<R., 3aBHCAT OT NOBedeHHS IO MeKIv
npo6kamu. Ecan, B wactHoctH, npu @p=n/2 Bennuuna B () I/IMﬂe}-’
€T KBaJpaTHYHBIH XOA ¢ MHHHMYMOM B TOYKE fo, a pe;)ccmmme
Mexay npoGkamu 26r<ro, 10 u3 (14) nonyqaeTc’ﬂ OrpaHHYeHHe
Ha npoéuoqﬂoe oTHoumleHHe R<R,=1+ (8r/ry)2. Uncrennsie pacye-
THl yCTOMUMBOCTH IJIa3Mbl B JIOBYLIKE, B KOTOPOH 7, cocrapBJme
IpuMepHo 2,5 pajuyca TODJOBHHB, COEAHHAIOMEN JIOBVIIK cT
;T:é/}gxgssnpyeMbIM HIIé)O61KOTpOH;)M, a pacCTOsiHHe MeXIy ynpo%xa?
~0,0 ry, naior R—1'~10"2 [15]. 3amerum
KOJIbIEBOH MHHHMYM B npu cymtgcn];eﬂﬂo MeHbm’qu:OO HeH(})]J;Z:?Z;
}(ITz:; KaK mose B Kacle, Ha MepHpepHH KoToporo opMupyercs
yMHA7 JOByWIKa, NajaeT K HMRIOMEMYCS Ha OCH HyJIO), TaK YTo
KOHOUrypanuss AHAPeOJeTTH C TAKHMH napaMerpamu SBasercs
MakcuManpHO KomnakTHOH. IlockoJbKy w; yMemnbluaercs c yaa-
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JeHHeM MHHHUMyMa B or ocu (dbakTop r~% mOX HHTerpajoM), HMeH-
HOo KOMIAKTHBe KOH(Hrypauud OAOKHH ObUIH GH NpeiCTaBAATb
Han6oJblINi HHTEpeC KaK crabuamsaTopul. OnHako, KaK BHIHO,
OHH HEYyJO0BJETBOPHTEJNbHB C TOYKH 3PEHHs NPOAOJbHOrO yjaepxa-
HHS.
Ipu nepexofie K AMHHHBIM JOBYWIKaM C 6r.~ro, T. e. K JIOBYWI-
KaM, yAaJeHHBM OT OCH, CHelHaJbHHM BHGOPOM MOAS Bo(r) Be-
JHYHHA TPOGOYHOrO OTHOIUEHHsS, COBMECTHMOIO C YCTOHYHBOCTBIO,
MoxeT ,6bTh caeqaHa ==2. OxHako npu 3ToM, Gaarojapst ynoms-
HYTOMy MHOXHTeNIO0 ™2, BeqHuMHa w@; (3amac yCTOHYHBOCTH, KO-
TOpHIf MOXeT GbITh HMCIOJIB30BAH ISl CTAGH/IH3AUMH TNPHCOENH-
HeHHoro npo6koTpoHa) mana. Takum 006pasoM, JOBYIIKA C KOJb-
[(eBO MAaTHHTHOH MO MaJo NpPHrOZHA KaK CTaGHJIH3HPYIOUHHA
SKOPb /S UENOYKH NPOCTHIX MpoGOuHHX JosymeK. ONHako oOHA
MoxeT GBITh 3()GEeKTUBHBIM CTaGHJIH3aTOPOM MJIS NOJOH CHCTEMH,
B KOTOPOH OCHOBHAs CTabH/H3HpyeMas JOBYLIKa ylajleHa OT OCH
(6maronapsi ueMy ee OTPHLATEJbHBIA BK/IaX B W) yMeHbLIEH) .
YiajeHHOCTh MHHHEMyMa MOJsl OT OCH B JIOByIIKe AHApeoJser-
TH—®@I0pTa CcBSI3aHa C TeM, YTO 3Ta JOByUIKa (GOpMHpyeTcs Ha pa-
InasbHOM mnepudepud Kacna. MuHEMyM. B BO3MOXeH, OfH2KO, H B
€CTeCTBEHHOH TeOMETPHH, HANpHMep, «BHYTPH» Kacha, A0 KoJjbue-
Boil npo6ku [16]. Kakum o6pasom HyXHO nedpopMHPOBaTh OOHIU-
HyIO JIOBYUIKY-KacCll, 4TOGH NOJYYHTb B HeH HeHYJeBOH MHHHMYM
n0JIsl, MOKa3aHo Ha puc. 5. YIoOHO moJararb, 4TO NoJe 3ak/oue-
HO B MAeaJbHO HpoBoAsmuil Koxyx. IlycTe B uacrth, mnpHseraio-
el K TOBEPXHOCTH MHHHMyMOB IOJIi BJOJIb CHJIOBHX JHHHH, KO-
KYX ClefaH KOHHUECKMM, TaK uTO KpaifHsisi CHioBas JHHHA 1 B
OKPECTHOCTH MUHHMyMa noJds Ha Hedl mpamas. Ecan aunmsa 1
rJajxas, TO KOXyX MOXeT OBITb OTOJBMHYT OT OCH B TNOJIOXKeHHe
2 ¢ coXpaHeHHEM Ha JIMHHHM 1 1osisi, 6/IM3KOTO K TOMy, Kakoe GELUIO
J0 TepeMellleHust Koxyxa. Boamoxusl ase cutyaund. Ecau B Tou-
Ke «MPOJOJBLHOTO» MHHHMyMa (ro, 2o) Beaumumna 0°B[o¢?>0, T0
yXe ecTh MariuTHasi siMa. Eciu e B mmeer B 3TOH TOYKE Mak-
CHMyM TIO V), TOTAa HAJO MCHPaABHTH XOA4 MOJs MO Y, AOGaBHB MpO-
BOMHHKK 4. 3ajada 3aKjJI04aercs B TOM, UTOOH He Pas3pylinTh NpH
3TOM TpPOAO/bHBI MHHUMYM. Ilenb nocTHraetcs, ec/H MPOBOAHHKH

4 BAXOJAATCA Ha PACCTOSHHSAX ‘~Vero (e<1) or Touku (ro, 20) H

CO3LAIOT MeHsIOIleecs Ha AJHHe ~ Yery moje 8B, KoMmoHeHTa Ko-
TOPOro MO KacaTebHOH § K CHIOBOH JHHMM I OCHOBHOrO MOJSA

HMEET pAa3JjoxKeHnHne
8B, =08B{"+ - b (w?—s?), (15)

rae 6B ~eb, b—3mHauemdie OCHOBHOTO TOJA B TOuke (g Zp).
MarsuTHas sIMa BOSHMKA€T, €CJH

" 2 R bll
T—msm2®<c< 5 (16)

HITPHX O03HauaeT NPOU3BOILHYIO IO S.
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. Puc. 6. Cxemarnyeckoe H3oGpaxenue npo6-
KOTpoHAa (€3 3KBATODHAJbHOH CHMMETDHH,
B KOTOPOM BOJIM3H NOBEPXHOCTH HPOOJb-
HBIX MHHHMYMOB (OYHKTHP) BeJHYMHA
0B /3% <0 B npHOCeBo# yact u 6B/dp >

>0 na nepudepuy, naumnas ¢ Touku /

Pacuerop KOHKpeTHHIX KOH(HUrypamwii oNHCAHHOTO THIA C yKa-
3aHUEM NpeleJbHBIX NPOGOUHEIX OTHOWIEHHH M IJyGHHLI SIMBI NOKa
He BBITOJNHEHO. OueBHIHBIH ero HeZOCTaTOK, KaK M y JOBYLIKH
Anjgpeonertu—®iopra, — Majas TOMIMHA [uaasMbl. HaHG60MbIIHI
uHTepec mnpeicrasiasia Obl KOHHUrypanus, B KOTODOH HeHyJ/eBoi
MHHHMYM N0JIA BROJL CHJIOBOH JIMHHM €CTh M Ha ocH (pHc. 6).
Ilpu aToM ycrofuMBH HpoduAM KaBIEHHS C MaKCHMYMOM Ha JiH-
HHM KoJbleBOro min B. T'panuent naBjeHHsi, paccpeloTOYeHHHH B
MarHATHOM INOTOKe, KOTODBIA 3aKJ/JIOUYeH MeXAy 3TOH JdHHel H
OCbIO, MOXeT ObITb HCIOJb30OBAH IJs CTAaGWIM3aUuu TPOGKOTPOHA
C T€M e NOTOKOM M €CTeCTBEHHBIM, IJIaBHO CNaJalolHM IO paju-
yCy AaBJEeHHEM.

3. JIOBYWIKH CO CPEJHEM MATHUTHOM AMOon

Ecin npu ABHXKeHHH BIOJbL CHJIOBOM JIMHHH HA TPAHHALE IMJa3-
Mbl KDHBHSHA 3HaKONePeMeHHa, BKJAajbl y4acCTKOB I6J1arompHsSTHOMN
MJH HEGJarONPUATHON KDPHBH3HBl 33BUCAT OT DACHpeLe/IeHHS 1aB-
JIeHHS BJIOJIb IIOJIS. YCTOAUHBOCTh (B BTOM CJIydae TOBOPHT O CTa-
OHJM3alHH CPEHUM MUHHMyMOM B) novyuaencs TpH ZOCTATOU-
HO 6OVIbLIOM JaBJI€HHH Ha BOTHYTOM y4acTKe.

3.1, CrabuaM3anus 1ielyUMHUCH YaCTHIAMM

YCTOAMUBOCTL BO3MOXKHA yXKe B MPOCTOH JIOBYLIKE, Tie CHJIO-
BEIE JIMHHH MMEKT GJIArONPHATHYIO KPHBUIHY BOJH3H MPOBGOK, TPH
YCJIOBHH, UTO [aBJIeHHe HMEeT OKOJO MPOGOK JLOCTATOYHO OCTpHIE
MakcuMyMu (puc. 7). ITocKoubKy MOAAepXKaHHIO TaKOro pacmpe-
HesleHHs NpeNmATCTBYeT KyJOHOBCKOE DPacCesstHHe, TO HOHH B 3TOH
NOMyJIsiAd NOJKHEL HMETh SHEPTHI0 MHOrO Goubire (m,/m,)V/3T,,
rie T.—TemmepaTypa 3JeKTPOHOB, ¢ TeM YTOGH OXJaxKIeHHe Ha
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Puc. 7. MTJI ycroiuuBbifl IPOGKOTPOH ¢ IIEUIYIHMHCA YACTHUAMH!

HBIMH
1 — MepHIHOHANBbHOE CeueHUe (pasrpaHUueHbl yYaCTKH c-lld—.r_xi(_moﬂ JIMHHU C pa3
3HAKAMH KpUBH3HB); 2 — Npoduas AasieHas p=pL+tp |

‘ vxHoe otHowenue E;/T;
KTP Ao Guictpee paccesHus. HymxHO |
S AaenT o7 KO o BIOJab ocH. [lepBOoHAuaJIbHBIE

ABHCUT OT KOHKDETHOTO X0Ja TOJs ‘ |
;acq‘embr [17] naBanu mpu TemmepaType T.=50 «xs%o.ﬂﬁgggo‘ﬂwgﬁzi
AAs CTAGHIM3AUME SHEPTHI0 IIELTyLINXCA HOHOB | o o
Mu3anus NpodHas ManHHTHOrO MOJS mostB-onﬂgT nCHH3:§b6bL;DO pu
mepHo Basoe [18]. CyumiecTBeHHO yMEHBIIHTb L MOKHO & o Ou
kak mokasamo B [18], HCKyccTBEHHBIM OﬁOCTp‘Oe‘HHeM‘ y"OTKanKH
pacnpeeneHus [UIEIUYUIHXCS HOHOB MpH HCHOAL3OBAHHH

y2CTHIl, HCMbITABIIKX paccesHue.

3.2. JlanHHaA JOBYWIKA C HeMapaKCHaJbHbIMU npo6KaMu

Ecau mose B TpoOKe He HMeeT 3KBaTOPHAJbHOH ycnflngs;ggg,
TpUYeM MPOHCXOMHT OHICTPOE paclIMperie MOTOKA 3a rggﬂﬂyoﬁ H?:
TO TOBEPXHOCTb MAaKCHMYMOB IIOJIS" OKa3bIBACTCA cmeu;,I ol 1o
ropaoeuHs [19] (puc. 8a). B cuyuae, ecaH POPJIOBHHA a‘BI-LI:/I M -
ajbHafl, T. €. XapaKTepHbH pasMmep HiSMQH‘eHHH gonﬂ '(;pl o
pajMycoM, BeJHUHHA ITOTO CMeIleHnsl 'M‘O«)K'eT“ﬁl?ITb (m ‘%OJII)!IHOM
Ho# mepudepny) mnopsaKa paamyca. Iipu ILOCTaATOT‘llH'O‘ ME;I P,
JAABJICHHH 3a COPJOBWHOHA BHEIIHss  TpaHHNa gnas L PaI}ITLeH-
ycToRuMBOf. YCTOHYMBO, B MaCTHOCTH, pacnpeieesue, 0‘0 amer-
Hoe MJIellyIIAMHACS YaCTHILAMH HACTOJbKO, Wro AaBJCHHE é{é)x) g
HO BLOJDb CUJIOBOH JIMHHE BIJOTb Ao mpobku [19] (puc. 86).

s

]

Puc. 8a, 6. [Tpo6KOTPOH ¢ HemapakCHabHOH MPOCKOH. HyHKTnp—nor;gpxréggE
makcimyMoB noJs. [TokasaHo pacmpejefieHHe IaBJCHHS, rapanmpyrou:mnci of-
YHBOCTh (WITPHX-MYHKTHD —— €CTECTBEHHOE, He OCOTallleHHOe MIemyIy

CTHIAMH paclipejefieHne) -
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kazaHo Takxe {20], uro B cayuae, Komma KpHBH3HA BHemHed cH-
JIOBO# JIHHHH 33 rOPJIOBHHOM (yuacrok 2) mHoro Goubiue, ueM fme-
Pel ropnoBHHOH (y4acTok 1), 4TO  BO3MOKHO AAS JUIHHHOM
(L>r) noBymrkn, crabuiansauus BrelIHed FPAHHIBI AOCTHXKAMA H
A/ ©CTECTBEHHBIX (IIaBHO CNaJalOUIHX IO YTy B TIPOCTPaHCTBE
CKOPOCTeH K KOHyCy NOTepb) pacnpejeseHHi, Bosnukaer, oanako,
BONPOC 06 yCTOHYHBOCTH OOPAIIEHHOH K OCH TPaHHUK, 06pa3yeMoit
TTOBEPXHOCTbIO MAaKCHMyMOB B sa npo6ko#i. Kpususua moass Ha
3TOH rpaHuue He GaarompusTHa. Eé atbdeKrT MoXKer ObITb KOMIEH-
CHPOBaH, €C/H B OG/IaCTH MeXAY TOPJOBHHON H IOBEDXHOCTHIO
MAaKCHMYMOB B [aBjleHHe PacTeT K OCH HKOCTATOUHO guictpo. He

BLIICHEHO, CYMIECTBYIOT JIM YCTOHUMBBIE WPODHIH p 6e3 0COGeH-
HoCTef.

3.3. Koasueras JIOBYIIKA € MVICIYIHMHCS YaCTHHAMHU

Koupurypanus noxkaszana ma puc. 9. TlomoskuTensHBIH BRI
obsacTH 61arONPUATHON KDPHBH3HBI B mpHoceBO# MpoGKe B MOTEH-
LUHATLHYIO SHEPTHIO BOSMYUIEHAS W VCHJIEH (MHOXHTENb r-2 B HH-
Terpasie (13)). Ilostomy npn He caMmKOM MastoMm NaBJeHHH MJa3-
MBl B MDPHOCEBOH MPOOKe JOBYIIKA B IIEJOM OKAa3bIBAETCS yCTOH-

z

2 —_
S - \\\\
.L// ’\1 \\\
' ' S
a &

Prc. 9a, 6. Koabuesas MOBYIUKA, CTaOHIU3HPYeMasi HeGOMbIIMM KOJHIECTBOM MJje-

myuuxcsd 4acTHil:
Q— MepHAHOHaMbHOe CeueHHe; 6 — npodunn napAeHHs (I — ecrecTBeHHBIl, 2 — ¢ YBeNHYeH-
HbIM YHCJOM YacTHL, HCHBITHIBAIOM{HX OTpaXKeHHe OT HPHOCEBOH NpPOGKH)

auBOH. Kak mokasamo s [21], mocraTounoe mis YCTOHYHBOCTH OT-
HOUIEHHE N2BJCHHA OKONO MPOGKM W B OGJACTH MUHHAMAJIBHOTO
I0JIA ROCTUTAaeTCsi NPH HeGOJLIIOM 0OB6OrameHH €CTeCTBEeHHOTO,
YCTaHABJIHBAIOWEroCs B Pe3yJbTaTe  KyJOHOBCKHX COy.RapeHHn
pacnpelesienns HeGONBIUNM YHCAOM TUIEULYILHXCS MaCTHI, HOIbBI-
THBAIOWINX OTPaXKeHHe OKOJIO MpPOGKH.

HenocraTok nammod cxeMel — nasmmume CHJILHOTO, He HCHOJIb3y-
EMOTO JUISL yHAepXKaHHs TIa3MH MOV HA OCH, K KOTOPOi
PaeTcs BeCh MarHUTHHIA NOTOK, 3aKJIIOYEHHH B JIOBYIIKe,

3.4. JloBymka co SHAKONEepEeMEHHOH KPHBHU3HOM [14]

Iast Toro, wrobu BBUICINTL Kjace Mpoduiedl paBienns,  gis

KOTOPOTO BO3MOXKHA YCTOHYHBOCTD B KOHQHIypaLHusaX €O 3HaKOHe-
PEMEHHOH KPHBH3HOM, OrpaHHuMM:
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CA CMydaeM, KOrKa JIOBYIIKA BH-

CO6H-

f 'HOIO MEHDb-
TSHyTa BAOJb OCH, TaK 4TO KPHBH3HA CHJIOBHIX ;rln:lncm:i\s mz\cly) Jrem”
we r-1. Hienomayeu xpmepuh 12) nogg:: IfC)JIIIIé!I‘aeMHM'H, H pasio-
: ! ; KPHBH: :

A L U KBaApaTHYHBIMM TIO KP v ox

?eﬁrgn?eﬂ(m) ummp TOJis B OKPECTHOCTH HEKOTODOH —[OBEP HOCTH
p=1po. [Ipu 37OM (2) cBOAHUTCH K
%o 4 d"\ (p—1)] 45 < (17)
op u.___+_____2_ -
T ayeot reoyuice : IT GyeM, uTOOH
¢ cos 6,~1). TlorpedyeM,
0 B BHITHAHYTOH JIOByIIKE ot

S:y‘frz?{z%c::m A?[r2, rae A—Tomiuna fJa3Mbl, crapuufl, He coiep-

wamuii Y —,, wien B (17) sanyssics:

% PLt Py go_o. (18)
S'F." B,*
Toraa Aas ycrofuBocTd Gyaer AOCTATOHO )

0 "\ @ )- _.‘18___ < 0.
— ) _“_.+.-—-d ‘3% (pL—H’“ Bo'ro?
($—¥o S ( 7o ) ] anJieris, TAKAX UTO ($— o) X

JICHAAX )
Tlpd ecTecTBEHHbIX pacrpers 19) BunO/MAETCS, €CMM Y TPH

epaBeHcTBo (
X0(p, +p,)0p<0, nep
OCEBOr0 KOHLA
Fog 450
e MHOKHTEJIO
{BKaay yAaJeHHOTO OT OCH ‘KOHILA M@beﬂ{s 4?J1a\r0ﬂanpﬂ MH
;0—2 B o noByILIE Bmpci};{gt?;;logmg le)oénTucﬂ He yAaencd.
Ke Y ThCS . ercd.
B KOpOTKO# JIOBYILI e A
‘ XHOCTH HYJI€ ‘
. 0 C TEéM, YTO MOBEp puBH & o
o gigif Hrjn-mnmyn&os noJif He COBIMAAAIOT, TAK q‘z(l)B;: ynﬁamnuyu
g eDXHOCTH Y=1po, T/ie BHIIOJHEHO ycnosge 18]
na mélzmei Ha CHJOBOH JHMHHH cMemllaercs B O .uacrc; peGaaronps
ﬁ?ﬁgﬁ KPUBH3HB (CM. DHC. 10) u (17) mapymaercs.

(20)

§,X

Puc. 10. Konoxonooﬁpa:iﬂaﬁ JIOBYIIKA CO

cpenHer Mamnmoﬁ SAMOH: OZHOJI(I)).ITE:IP(I;E

MHHEMYMa TIOJI Ha JIMHHA =10,
BEpPXHOCTb MHHHMYMOB
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NOKA3bIBAIOT YHCJIEHHBIE DacUeThl C HCIOJb30BAHHEM IIOJHOLO KpH-
tepust (1), BoimosiHenHle K. M. JI06aHOBHIM, yCTOHUHBOCTB noﬁ -
YaeTCsl NPH OTHOLIEHHH JAJIMHBI JIOBYWIKH K CPeIHEMY pajuycy 60.713;
e necsATH. BBHAy MasocTn KpHBH3HBI, 3amac yCTOHYHBOCTH TakKOH

JIOBYIIKH MaJl.

3.5. Cpepnuit MUHMMYM B B CHCTEMe M3 ABYX JIOBYIIEK

Biuiax, XOTOPEIl BHOGHT B HHTEDpat. @ He BaBHCSIIEE OT Y—
.caaraemoe B 0B/0vy, MOXHO clesaTh DaBHBIM HYJIO H NpH 60.)1150
woit KpuBH3He (|x|r31), eciu Ha CHIOBOH JHHMH ecTb ABA Mn:
HHUMyMa [IOJI ¥ 3HAKH KPHBH3HEl B OKPECTHOCTSIX 3THX MHHHMYMOB

p2a2LaHbIe. [Tpamep ‘Taxofi cHcTeMBI,  icOCTOSIIeH M3 Josymek 1, 2
.[n mh ng}f Hg puc. 1la, a pacnpenencnne IaBIeHHS BIOJIb CHIOBOHN

HHH TioKasano Ha puc. 116. OrHoweHnHe naBIeHHN aHH30TPON-
HOH NJa3MBbl, 3alOJHAKIIER JOBYIWIKH 1, 2, SIBIsieTCS ,ZIOIIOJIH-I/I;
TeJIBHHM MapaMerpoM, MOAOOPOM KOTOPOTO YAA€TCA  y/AOBJIETBO
pHuTb paBeHcTBY THna (18). )

Puc. 11a, 6. Cucrema us JABYX JIOBYLIEK

. @ — KapTHHA CHJIOBbI
i OBBIX JUHHH (38 — cOeiMHUTebHAS

(1, 2) co cpepnnm muHUMYMOM B:

= kapruna ¢ i naasma, 4 — npu

pacnpex el-m: Kngnsu JaBJeHHs] BAOJb CHAOBOH Jurud. B gmcao;[il;xgeml-mﬁ poDkaTpo)
PUBH3HA %o DOJOXHTENbHH, B 3jeMeHTe 2 — ¥, COS O, <0 BETINA €05 O

» (]

Pacomorpum

A1 MPOCTOTHL CJAy4all  CH i '
! | CHJIBHOH ~ aHU30TpO!

g g:i c;g,, B}i?;ﬂa nmewur(xg;wmaa SHEPTHs KeoGKOBOrO 'Bosmyngegl:xg‘
it aXKeHHeM Torna B kaue ,
#ae 1 . YECTBE IOCTATOY CIT0-
BHH YCTOHMHBOCTH GyleM BMecto (18), (19) umers TR yeros
Aty P

—.==0

o @

1,2

C TOYHOCTBHIO He Xyxe A?/r 2 V
o> (3TO paBeHCTBO
HHe NaBJEHUA B JIOBYUIKAX) d b OHIpENCIRET oTHoue:.

i 1 i Hy
(P —y) 1}; _B?:z— (%— + - cos ©;F- x02) 'o%(B%) >0. (22)
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Tpu (w—mpo)-g%(P/BS)go BKJAaA JOBYWKd 1 wim 28 (22) mono-
JUTEJeH, ec1d B Hel ‘

______%”_ -]—-;:—COS @, -+ >0. (23)

Omnenpuble. ciaraeMie B Jesolt wactd /(21) xomyckaioT IPOCTYIO
dHTepnperanuio. Benmdrna d’/ MmOJIOXKHATENbHA, €C/IH cuJaoBas Tpyo-
Ka [pacuIppsiercsi K KOHHAM (9TO COBMECTHMO C CyL1eCTBOBAHHEM
npo6OK, €C/H KOHIBI OTOTHYTHI HOCTATOYHO KPYTO K ocu). Crabu-
NU3EpyOlIee BJAMSHHE PaCIUIMPeHHs QUI0BOH TPYOKH MOXKHO Ppac-
CMaTpUBATh KaK MPOSBJICHHE «CKPHITOH» BOTHYTOCTH, JieficTBHe XKe
obiero H3THGaHHs TPYOKH B JIOBYIIKe KOMIGHCHPYETCS NPH BBL-
nontendn (21) KpUBH3HOH NPOTHBONOJOXKHODO 3HaKa B Ipyro#
noByuke. Uaern (xo/ro)cos Oy obasan HAAHHIpHYecKo# PeOMeTPHA
(ncuesaer IpH mepexojie K reoMeTPHH MJIOCKOro (CJIos r—o0): GH-
rypupyionlas B @ BeJdUHHA 0B/0y=—x/r COAEPKHT SBHO pa-
AMYC, TaK 4YTo, Hamnpumep, IpH OJWHAKOBOH KDUBH3HE COCELHHX
CUTOBHIX JUHHH B sueiike 1 Ha puc. 11 mpousBoAHAsA 02B/0y*>0.
CaaraeMoe %o’ CYLLECTBEHHO TIPH 6oabIION KPUBH3HE xoroe=l H
He wCcuesaeT TPH Tepexojie K IIOCKOH TeOMeTpHH; B nocaexHe
er0 TIPOHMCXOXKIEHHE [POC/IeRHBaeTcd Kak pe3ysabTar yOBIBAHKS
KPHBM3HB 110JIsi MIPSIMOTO TOKa C yAajeHueM OT MPOBONHHKA.

B 32BHCMMOCTH OT TOTO, IOJIOXKHTeJNpHa JH BeaHYAHA g B
06enx JOBYIIKaX HJIH TONLKO B ONHOH, pasiudaiorcs /Be -
Tyanud. B nepBom cayyae o6e JIOBYLWIKH SIBJIAIOTCHA cTabuIn3Hupy-
JOIIMMU; BO BTOPOM pOJIb siUeHKH, B KOTOPO g<0, cBOAUTCS JHIIb
K KOMIIGHCAIMH 0Oliell KPHBH3HB JApyroro saementa. B komOHnHa-
LUK, MOKA3aHHOA Ha puc. 11, cTabuansupyouue obe JIOBYMIKH 1, 2,
NOCKOJBKY WIS KaK/IOH BCe TPH CjlaraeMbie B g MOJOKHTEIBHH.
CucreMa MOxerT OBITh YIpOlleHa 3aMeHol JIOBYLIKH 1 Ha mpocro#
POGKOTPOH, AJs KOTOPOro g1<<0, TaK WTO OH CHAYXHT  TOJbKO
KOMIEHCHPYIOIEM oJeMeHToM. [IpH 3TOM [mpy (GUKCHPOBAHHOH aM-
IUIETYIle BO3MyLLeHHs ¢ BenudnHa W (T. €. 3amac yCTONUMBOCTH)
GyneT MeHblIe, UeM JJif CHCTEMBI PHC. 11.

Uncsennble  pacuetsl  (mposepennbie K. M. JI0GaHOBHIM,
JI. B. Muxaiinoscko#t, A. A. Cxosopomoii u A. T. [Ilep6akoBHIM)
¢ HCIOJIb30BAHHEM HCXOIHOTO Kputepms (1) M pacmpeleseHH# (8)
I0ATBEPIKAAIOT CYILeCTBOBaHUE YCTOHUMBBIX (mpuueM ¢ moCTATOY-
HO GOJibLIMM 3amacoM), KOHGHTypauui, COCTOALIMX M3 0OBIKHO-
BEHHOTO NIPOGKOTPOHA H JIOBYUIKA THIA 2.

Ha puc. 12 moka3aH mpAMep CHCTEMB CO CPeAHHAM min B, co-
CTOAIell M3 JIOBYINEK GOMbIIOH KPHBHIHBL |%o|ro>1 [23]. B atom
cayyae yCAOBHE MOJIOXKHTEJIbHOCTH g '(B KOTOpO#l  CyIlleCTBeHHH
TOJIbKO NIEPBOE H TPETbe CIaraeMble) CBOJHTCA K

%02+Bo(1/Bo)">0, (24)
njae WTpUX O3Hauaetr in‘O‘I/I‘SéBOJI'HyIO Tmo AJIUHEe S, O"UC’-IPITBYBaeMOI’I
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F‘ﬂc.i/i 12. Cucrema co cpepnesr MAarHaTHOM
AMOH H3 JBYX JIOBYIIEK GOMbIION KpH-
BH3HH

BIO/Ib CHJIGBOH JIMHHH =1

. | =1o. Hepasemcrso (24 Ha,

orpgﬂﬂqe}me Ha npob6ovYHOE OTHOMIEHHE., &4 rariaRsRact

W { J !
i éﬂggma.a prnﬂqc'rb B PeanH3auHu KOHQHTYPAUHH CO CPNHAM
beaers, gggxﬂs};{u@ex COCTOHT B HEOOXOJAHMOCTH NOANSPXKHUBATD
€T 0€ OTHOWIYHHE NaBJEHHH B JIOB ‘ ‘

0 . ywkax 1,2; ona cpsza-

q;lioc 0&21% UTO CKODOCTH MIOTepb 3apaHee He ,H'aBec"m;,I 3a-MeT;13

3o o yICTI((;?'iﬂ{EI’fBgZ/pI AOMyCKaeTcst TeM ‘GOJIbINAS, YeM Bhillle A/ro’
CTH TaKxKe pPacTer .

croncTon anmmer p ¢ A/ro, TaK 4TO BHINOLHO HMETh

3.6. Cpennnmit Munumym B B npoGKOTpoOHe
C HeNMapaKkCHaANbHOMA ropJOBHHO :

Omuc [ ‘
30ﬁBaHHbI:H’H(I:)Ie B I 5 KOHGUIYDauHu BRIOYANH S/eMeHTL obpa-
Sobamire © yjacTueM MpPOBOJHHKOB, KOTODBlE HaXOMSTCS ,MG)KLZI
HHM‘yMOM‘ " crjg). Ha-l puc. 13 mpuBesena crerema co CPeLHHM MH}j
i il )3 TAaKHX NPOBOXHHKOB. OHa MmpemcTasiaserT coboi
oo opon 1, B NOpPJIOBHHE KOTOPOrO, HAa ee paluajnHOl me noe-
e O é)é)ympuaéaﬂa HemapakcuanbHasi JoByIKa 2 ¢ g>0 d
nopaei 111](:)1;2 im.;({ a;g:?:ﬁmma YAOGHO MPOBOAHTD, <aHaL'rm3npyﬂ
TOJL JIGHHH TIONEPeK CHJIOBBIX JINHUN
n 15 : HHMH, -
Icloglzzrcwiﬂ’ SKBAaTOPHANLHYI0 CHMMETPHIO, MOXKHO 3alHCATS - .cgg;?
;.rﬁ .Bo,palmux B _IVIOCKOCTH CHUMMeETDHH 2=0 MHHHMyMa H); cHaT :
JHHAN ¥ TpeboBanHe 2B/0y?>>( (t. e. g>0) B lennlé [7 ng]
%(ﬁ)'—‘_i__l_ £<‘d23 2 (dB * 1 4B ’
i B(d; rdr ~qrf B 717) T Trar (25)
e ry)—mnose npu 2=0. B
e )~ p - D ciydae #ri>l nepasencrsa (25)
1 (a’B )2 &’B 2 (dB )2
3

Flay) <7 <w\% (26)
rne — 34

Y —SaMeHsiomas pajMaibHyio IeKapToBa KODPIHHATA
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Puc. 13. TIpo6koTpoH ¢ AOMOJHHTEJNbHOH JOBYLIKOA € MPOTHBOINO-

NIOKHLIM 3HAKOM KDHBH3HHL B TOpJOBHHe, | — clIOH IW1a3Mul B mpob-

KOTpOHe; 2 — JIOBYUIKA Ha pajHajbHOR mepudepHa TOPJOBHHEL

8 —KaTymkn moAst NpOGKOTPOHZ; 4 — MPOBOAHHKH, CO3RAMOMIHE JIO-
BYWIKY 2

Yicaosuam (26) yaoBieTBOpsieT, HaNpUMep, TPH MOAXOAAIIAX
OTHOWIEHHAX b1/bo ¥ b3/by cymMa modier

B= byt bie+ b2 () @7)

{oLHOpOIZHOE NJIOC TOJe NPOBOAHHKOB, PACHOJIOKEHHHX Ha pac-
CTOSHAH [<r OT HEeKOTOpPOH CHJIOBOH JIHHHH, KaK  MOKa3aHo Ha

puc. 13).

3.7. KomGunanust H3 HENAPAKCHANBHOIO
npo6KOTpOHA H Kacma

OCOGEHHOCTh 3TOH CHCTeMBI, COCTOSIIIEH H3 MPOCTEHIIHX oJe-
MeHTOB (pHC. 14 a,'6), B TOM, 4TO KaXIbH H3 HHX YCTOHYHB OTHO-
CHTeNbHO r0GajabHOR MoIH m=1, @ $!/2 (cM. caenylomui pas-
nen). TlokarxkeM, 4no u3 3TOTO (akTa BHTEKAET YCTOHYHBOCTH CO-
eIHHEHHHX JIOBYIWIEK OTHOCHTEJBHO BCEX XKeJOOKOBHX BO3MYyIle-
wuit [25].

s npocToTH GyAeM moJarath, yTo mpoduiu KaBleHHs B dJje-
Menrax [, 2 TAKOBH, YTO BHYTPH CJIOS TLIa3MH HMeeTCsi HeATpalslb-
Hag ycToHumBoCTh @?=0, T. €. w; H W; o0pamialTcs B  HyJb.
YV rpasun B y3KHX HHTepBaniax 8¢ JIMHEFHOro icraja JAaBJIeHHSH,
BEJHUHHE W;,970, MpHYeM B MPOOKOTPOHe Ha BHellHed (ex) rpa-
HHAIE ©@.x<<0, a Ha BHyTpeHHeH ®;:n>>0; B kacme, HampoTHB,
We >0, 2 Wy <0, U3 ycroiiuusocTn JoBymeK I, 2 OTHOCHTEJb-
HO mepBOl MOAH, B KOTOPOil @2 > ¢ cJexyer (mockoisky W=

= | |o|?w(P)dy), yro

"wlexl <’$—:'i‘ Wiin | Woin ‘ <%§f Waex. (28)
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Puc. 14a, 6. Cmcrema co CpenHell MAarHMTHOH sIMOA H3 KPYTOro NpOGKOTPOHA B
agnabaTHuyecKofl o6iacTd Kacma:

a— kﬁpmaa CHIOBEIX JHHHA, 6 — nonepeuHsle npoduad AaBieHds (MOZeJb C PE3KHMH FpaHuma-
i) . ITyHKTHp—npoduan D1 TNPH HCOOJML30BAHMM 3anaca YCTOHYHBOCTH CJ0% (‘l’ln’ “’ex) as

©, 3anoiHeHM CePAUEBHHH NOBYWKH-J -

NonGepeMm ornourenne xaBieHuss B sqefikax | ,2 taK, 4TOoOH
BHOIIHAS TPaHUUA MOJHOH CHCTEMB GBIa  €IBa  YCTOHGHBOM:
| w, ef.l‘z Wy ex. Torna us (28) HaxomuM, YTO BHYTpPEHHSS TpPaHHUA
YCTOHYHBA ¢ 3anacoM:

Wy intWs in>0. . (29)

Hlasee HEGONBUIEM yBeJHUEHHEM NABJICHHS B KACHE MOXKHO npH
COXPAHEHHH YCTOHYHBOCTH BHYTPeHHeH TpDaHMUB CAENATb @) ..+
‘+w2 ex>0- o

TlpuBesiesHEle NpHMEpH HE HCUEPHBLIBAIOT KAACC KOHDUTY pauHi
€O cpeanuM MHHAMYMOM B. Jl/si OTHICKaHHS TOLOGHEIX KOH(Hrypar

NOM€3HO UPEACTABJEeHHe W B BHIe W=— —2 A(w)-;‘% (pGJA)
1,2

(cnpaBeanuBOe, B YaCTHOCTH, A/ ¢yrKuuM pacnpenenenus (8)).
Ilpn sroM pewenne Bompoca 06 YCTOHUMBOCTH CBOJHTCS K CPaB-
HEHHIO HAKJIOHOB KPHBHX Ai2(YP) (IpHMep JOBymIeK € TakKHMH
SHAKAMH KPHBHM3HH, KaK Ha pHuc. 14, paso6paH Ha puc. 15a,6,8,r)

b

a ‘CorlaCoOBaHHHE np OQJHJI H JaBJEHHH MOJ yYaloTcsad TpHpaBHHBA-

HHEeM BeJHUHH pG/A.

A Az Ay 4 Az
1 2 2
1 1 § 1 ! 1+
2 1 1
j - A 4 |
a Y, ¢ 6 Y, ¢ § Yo ¥ 2 Y, ¥

Puc, 15. ToBenenue senmaun A;2(p) (kpupme 1 — JA1], 2— Az2) B cucTeme THna
mOKa3aHHOA Ha pHc. 14, rae 0B/0¢v<<0 B noBymke I u dB/0v>0 B sueiike 2:
@ ~— CpeaHHAt MUHHMYM B HelocTHXKHM (HeGaaronpusaTHas KpHBH3HA HA rpawMne V,, B J0BYwKe 7
HAH/H Ha rpaHune ¥, B 10BYUIKe 2 CIMIIKOM BeAHKA); 6 — YCTOMYMBOCTD Boaﬁgxma, npuyeM

OCHOBHOH BK.Jal B CPeNHIOI0 SMY AaeT JAOBymKa J, a JAORYmKa 2 H
, — KOMIEHCATOP; 8 — SJeMeHT
2 ~ cTabuanaaTop, AOBYyWKa / — KOMIeHcaTop; 2 — 0be IOBYWKH ZaOT BKJAal B CPEAHIOI MY
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4. NONABJIEHHE NEPBOH MOJbl

Ecan aanna. craGHIH3HDYeMOH NpPOCTO# (JAIO.iiBy‘III‘KM ly=a?/p,
TAe a-— paiHyc TJa3Mb, p— CPeAHHH  JIapDMODOBCKHH  pamsyc
HOHOB, TO MeJIKoMacliTaOHBE XKeJOOKOBHE MOJBL MOJaBJeHH 3¢-

~(peKTOM KOHEUHOro JapMopoBckoro panuyca.  IIpenorspamenne

PacKayKH OCTAIOIAXCH HECKOJIbKHX KPYIHOMAacIITAGHHX MOX (B
npenene [y a?/p — ofHO#) npeiacTaBasger.bosee TMPOCTYIO Sanadqy,
yem «modHas» MId-ctabunnsanus, H XOCTHXHMO € TOMOIIBI OT-
HOCHTEJIBHO MPOCTHIX YCTPOHCTB. .
ByneM paccMaTpHBATE M ONPELEJEHHOCTH «NEPBYIO» MOAY—
cMellleHHe IJIa3Mbl B CTaGHMJH3HpyeMOH NIPOCTOH JIOBYIUKE KaK Ie-
Jgoro. TakoMy CMeILIEHHIO OTBeYaeT BO3MYIIeHHe 3JIEKTPHYECKOTO
MOTeHnHaNa @ o r exp(i6), 6 — asuMyraabHbii yros. IlockonbKy B
IIPOCTOM NPOOGKOTPOHE 7 >0 P!/2, TI'lle P OTCUUTHBAETCH OT OCH, a
KeoGKOBOe BO3MYILIEHHEe IOTEHIHAJa TMOCTOSHHO BJOJb ManHHT-
HOrO TOJIf, TO HAa KakAod CHIOBOH JHHHH 9250y, H KDHTepHf
ycrofiumBocty (1) nmpuHUMaer A AAHHOH MOLBl BHI

[ bw () dp=>0. , : (30)
B ciyyae ToHKOH nsiasMel ycJosHe ycroiumsoctd (30) 3anumercs
KaK :

dp 0B dy,

—S¢S5E'FIF'§7 dy>0. ‘ (31)

B mHrerpanm (30), (31) BHocAT BKJAAJ, OpHUEM C ONpeleseH-
HHIM BECOM, DaBHHIM 1, BCE MaTHHTHBIE ITOBEPXHOCTH, Ha KOTOPHX
ecTb MmuasMa. Ecsin B HEKOTOpO# WacTH CHCOTEMH I1a3Ma HMeeT
JBe TPaHHUH MO VY, TO OJHA M3 HHX (BOrHyTas B MJasMy) Aaer
IIOJIOXKHTEbHE ‘BKIaA, MPOMOPUHOHANBHBHA B-30B/dy. [lawnas
BEeJHYHHA 3aBHCHT OT PaCIOJOXKeHHS MPOBOJIHHKOB C TOKAMH BHe
njaasmel. B cayvae ToHKOM mJyiagMbi, KOrga M3 ABYX COMHOMKHTeNMef
B B-30B/0¢y HaubGosiee CyLlecTBeHHO moBeneHHe O0B/0Y, MOXHO
yKa3artb, B YaOTHOCTH, [BE CX€Mbl TOL2BJEHHS ME€PBOH MOAH.

4.1. launxas JOBYIIKA C NOJOA NMJaa3MoH
H AONOJHHUTEJbHOA OGMOTKOA 0KOJIO OCH

B mpocroit (6e3 mpHOoceBOH OGMOTKH) JIOBYLIKE ¢ KOMIOHeHTa-
MH (QTOJIs :

B,=b—g b .., (39
Br= ——;—b’r—l- ey

rae b(z) —mone Ha OCH, MoJlas MJa3Ma He YCTOHYHBA OTHOCHTENb-
HO CMelleHHs KaK WeJoro, TaK Kak selnunHa |$dB/d¢p| Ha
BHyTDeHHe#l rpaHHile C OJaronpHATHOH KPUBH3HOW MeEHbINe, YeM
Ha BHemHe#d. Poab mpuocesoit o6MoTKH (pHc. 16) cocrout B coama-
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Puc. 16. TToauft npoGkoTpol ¢ nproceBofi 06MOTKORA

HAM LOMOJIHHTENILHOTO 1OJs, HAPaCTaloILero 3a BHyTPeHHed rpa-
HUllef NJIa3MH,

8B,= (@ +..., (33)
6B, =f @+

tA¢ f(2) —onpenensiercs CHJON TOKA M IIOTHOCTHIO '(MeHsIOIEH-
€5l Hd XapaKkTepHOM pasmepe L) HamoTtkH. IIpu mocratouno 6oup-
o f (cymecTBenHa senwuuna fZ, wepra O3HauaeT ycpeJHEHHe 1O
Mn%),q Korvia 6B, CTaHOBHTCS CPaBHAMOHN ¢ paXHaJbHON COCTaB-
JAS0eA N0/ OCHOBHHIX KaTyluek '(~ b’r), miasMa mpuoGperaer
YCTOHYHBOCTb OTHOCHT€JIBHO NEPBOA MOJbI: MarHATHHA  Oapbep
OKa3bIBaeTCA CTOJb KPYTHIM, 4TO i TOTO YTOGH  BHYTpPeHHHH
kpak miasMbl 3a0pavicss Ha Hero, Tpebyercs GoJbille SHEPTHH, YeM
?gﬁgfdéomnaemﬁ; MpH TOM Xe CMellleHHH Ha BHelrHed TpaHHUe

4.2. lannHas npocras JOBYIIKA,
CcOoeiHHEHHAsA C KOJOKOJ00GPA3HLIM 3JIeMEHTOM

o C'Taélfnnsnpylomee JNEACTBHE OKa3hiBaeT MAarHUTHHIH 6apbep 3a
¢BHelIHe#» TpaHHUeH KoJokomoo6paswofi murasMel.  IlpexcraBus
1oJie OKOJIO 3TOr0 MakcHMyMa (P=1.) ABYMS UYJEHaMH pa3JoxKe-
HHA MO P—1.:

0B 0B

% ou ,\p=w. (Y —p4), (34)
HaxoJHM, YTO WHTErpas (28) UOMOMKUTENEeH, ecaM TIpaHdlpl  CIoS
Pin <[2$<1pu<gp*, 33aHMMAEMOro IJIa3Mofl, yJIOBJeTBOpSET YCJ0-
BHIO o

Y (e —P) 55 >0. | (35)

OHO BHINOJIHSIETCS!, HANPHUMEP, €CHH Yex R Pu/2, 8 PinSipex/2. Cra-
GHJIH3AIMI0O MOMXKHO MOSICHHTh CJAeAyIOmHM ofpasoM. B xosaoxoso-
ob6pasHom sseMeHTe (puc. 17 a,6), TI€ CHJIOBHIE JHHHA OTOTHYTH
OT OcH, TaK 4TO NpH (GHKCHPOBAHHOM ) PacCTOSIHHE OT ManHHTHOH
fIOBEPXHOCTH JO OCH TIPAKTHYECKH HE 3aBHCHT OT 1, 'a3HMyTaJibHOE
3neKTpUYecKoe ToJe im@/r, m=1, B BO3MYIIEHHH € @ > Y2 mpo-
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A

nopuuonansno /2. Cmemenue Ey=cE/ioB Ha <«BHelrHeH» rpani-
He, Tie MJasMa BCTpeYaeT MarHHTHHE 6apbep, Gosibile, YeM  Ha
BHUTyKJIO# BHyTpenHei. [Ipu Bumonnenun (35) sra pasHHmA obec-

NeunBaeT TOMOKHTENbHOCTh MOTEHIHAJbHOH 2HepTHH W, HecMOTPsS
Ha TO, YTO Ha BHINYKJOH TPaHHMIE KPHBH3HA GOVIbILE.

Puc. 17. JlaunHb# 0pOGKOTPOH, COCNHMHCHHbIMA:

a —¢ auckooGpasHoff JoBymwKof (I — MOJOXKEHHE MaKCHMyMOB B), 6—c¢
annabarayeckofi o6aacTblo Kacma

BJaaromaps GoJblIo#l KPHBH3HE  MATHHTHOTO — MOJIHA (wr=>1)
YCTOHUHBHM OTHOCHTE/JBHO! NMepBof MOJBI MOXET CTaTth H caoft
Naa3MH B aa@abaTHueckofi o6sacTH kacna (Aaa  H3OTPOIHOTO
pacipeiesieHust 370 MoKasaHo B [28], Aas aHM30TPOWHOTO  THNA
(8) —B [25]).

4.3. KoabueBas JIOByIKAa B rOpJOBHHE MPOGKOTPOHA

B pasgene 3 Obwl NpuBeNeH NpHUMeD KOH(PHTypauHH CO Cpel-
HEM min B, BKJA0Uapllell TpocTofl MPOOKOTPOH H KOJBIEBYIO JIO-
BYIIKY Ha pajualbHOH NepH(pepHH ero ropJoBHHBI (puc. 13). Has-
Tpy6uaToli NIasdMBl HMEET MECTO YCTOMWYHBOCTb OTHOCHTEIBHO BCEX
HKeJOBKOBHX MOA. B caydae, KOria JIOBYIIKa 1 3amouHeRa mJas-
MOR IIeJJHKOM M jaBJeHHe Ciajaer OT OCH, 3Ta  KoHDHTypaunHs
ycTOHYMBA NPH JAOCTATOUHO GOJBIIOM AABJEHHH MJIa3MBEl B JOByI-
Ke 2 OTHOCHTEJIbHO MePBOA MObI.

Jlas 10Ka3aTenbCTBA PaACCMOTPHM BHPaXKeHHe IS
4ABHOH SHEPTHH CMELIeHHs MJ1a3MBl B KoJblle 2 TIpH

(cMm. (5)):
e o0

rie v—noJOXKdTeNbHAsT KOHCTAHTA. I/IHTEFPHPYH no 4acTtauv, NoaAy- .

NOTEHITH-
pPL> Py

2
yaem W=v Q (%g—l-\p‘%fg—)-g dp>0, nockoobKy B JIOBYIIKE 2
0B 0B )
BeNMUAHL 5o H Gum TIOJIOKUT €/IbHEL.
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4.4. HenapakcuaabHblii npo6KOTPOH

' I}gkx moKasauo B [29, 7], CYIIECTBYIOT KPYyThie MPOGKOTPOHBI
(pup. )3‘ B KOTODBIX HEKOTODHIH CJIOH Ay yCTOAUHB OTHOCHTEJD-
HO WepBo# MoAm. B ciywae cuibHOM aMusorponmu, Korza @ W

Puc. 18. Caoft, ycrofuurii npotus mep-
BOH MOJH, B KPYTOM HPOGKOTPOHe

ggg;cg{ ZBBI‘p‘ai}lK‘EHHEM (36), aTo osHauaer, uTo B  JAHHOM CJIOE
v‘ﬂp >¢~'|0B/d¢| (B oTmume OT mpexbiAyLIEro TMpuMepa,
fipousBopHan 0B/0¢p<<0, T. e. mose amamaer ¢ paxuycom). Tloxka-
3aHO, 4TO CJIOH YCTOHYMBOCTH MOXKET CYIIECTBOBATh H B CJaydae
HMBOTPOMHOTO pacupefeaeHHs.

4.5. KopoTkuii npoGKOTPOH ¢ miaa3moi c p~1

K“OH'e‘IvHO-CTb f zBoskuM o6pazoM Bauser Ha KeJOOKOBYIO
ycronunBoctb (puc. 19). Bo-nepBhHIX, NPOHCXOLUT H3MeHeHHe rpa-
AHEHTa DaBHOBECHOrO MAarHHTHOTO IOJIf — CaMOYTJy6JeHHe Mar-
HHTHOH sIMBI. BO-BTOpHIX, KOJeGaHHS yTpauyuBaioT 3JIEKTPOCTATH-
YecKuHd xapakrtep. B mapakcHaJsbHOH reomerpuu CTabHIH3HPYIOLHil

Prc. 19. BosMyluenHs MarHHTHOTO NOMA B IXeN0GKOBHX IBYKEHHSX IJIA3MH
S KOHEYHOTO /1ABJICHHS:

:o—n NapaKCHalbHOA reoMeTpud (MarHHTHOe BO3MYUIEHHEe OCTA€TCH B OCHOBHOM BHYTDH

KOBOro CONEHOMAA); 6— B KOPOTKOR maasMe (BBepXy — MeJKoMacmTaGHOe BO3M H

C€OCPeNOTOUEHHOe B <«IJIHHHOM®» TOKOBOM  COJIEHOHIE; m—msy—xpynﬂomacmratSHoew:gan?e:
UleHHe, BHXOAfLlee HAPYKY H B3aHMOJAEHCTBYIOLEE C KOXKYXOM) 4
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3¢ dekT U3MeHeHHsT PAaBHOBECHOTO IOJA ¥ Jecrabuiusupymnoinee
JeficTBHe HEMNOTEHIHAJbHOCTH B NMEPBOM INOPAAKe MHO [ KOMIICHCH-
pyoTcs.- B KOpoTKOH miasMe MeJKoMacliTaGHble BO3MYILEHHs Ae-
CTaBGUIU3HPYIOTCS, MOCKOJbKY NPH TOM XKe JaBJIeHHH pPaBHOBECHOE
MarHHTHOE TloJie U3MEHsieTcsl MeHblie, 4yeM JJIs AJIHHHOH IIa3sMBl, a
BO3MYILIeHHe MarHHTHOTe MOJs, ompejenseMoe JOKaJbHBIMH Tapa-
MeTpaMH, MaJO4yBCTBHTENbHO K 0Ope3aHHI0 MJa3MEHHOTO LMJIHHA-
pa. OgHako kKpynHomaciuTabHoe BO3MYILeHHE nepBod MOAB IpH
6oJbIIOM P, KOT[A ‘MAaTHHTHAas COCTABJAIOIIAs He Maja, MOXeT
6BITh NORABJAEHA MPUOHHKEHNEM K MIA3Me METaNIHIeCKOTO KOXYy-
xa. Crabunusauus nacrymaer npu p~0,5 [30]. Tlonasienne mep-
BOH MOABI OJH3KHM KOXyXoM mpu $==0,5 TpOHCXOZHT TaKke B
rodpupoBanHoit nosywmke [31].

5. <[IOYTH CUMMETPUYHBIH» AKOPb

BosMoOKHad CcxeMa CTafu/m3anud JJMHHON CHCTeMBl COCTOHT
B NPUCOEJMHEHHH K Heil MPOCTOH JOBYMIKH, 3anOJHEHHOR INJa3MOH
€ «moJeM»  mpodHaeM JaBleHus, C TeM 4YTOOH B fAKOpe BeJduMHA
g—é-%; OblIa OTPULATENbHOR HAa TeX CHJIOBHIX JIMHHSX, KOTOpHIE TpO-
XONAT uepe3 MJIa3My OCHOBHOH cucTeMbl. IIpm 3ToM BO3HHKaeT,
pasymeeTcsi, 3ajada CTa0MJIMSAlMK MJa3Mbl Ha nepudepan sKo-
pA, Tie AaBJeHue cnajgaer mo pajuycy. OGHaKo pemleHHe 3TOH 3a-
Jaun ofJjeryaeTcs, TeM, uTo nepudepuitHas maa3Ma MomxeT OHTH
He CBsi3aHa OOUIMMH CHJICBBIMH JHHHSMH € OCTaJbHBIMH JIOBYII-
KaMH, ¥ MO3TOMy RONYCTHMO ee yXyJIIEHHOe yAepiKaHue.

QOmuH 43 cnoco6oB crabuau3anuy mepubepraiiHOl HI23MBI —
3aKopoueHHe ee Ha NPOBoAsmHe Topubl. CraGuiauzanys MIasMbl
TPOCTOH JIOBYIWIKH NPH TeMIepaType HECKOJbKO 9JIeKTPOHBOJLT C
BHeLIHell 060JOYKOH («IJ1a3MeHHBIM GJaHKeTOM»), ONUpaloueics
Ha MeTa/NIHuecKHe TOPIE, OCyLIeCTBJIE€Ha B 3komepumente [32].
IMpakTuyecKyl0 ILeHHOCTb NOJOCHOro MOAX04a K BBICOKOTEMIepa-
TYpHOH MJa3Me TPYLHO OLEHHTh BBHJY HECHOCTH MEXaHM3MA 3a-
KODOUEHHS] M BO3MOXKHOCTH YXY/IIIEHHs IONEPEYUHOr0 yAepKaHHud
cTabUAH3HPYeMOii CepANeBHHbl H3-32 PACKayKH JApeipopo-Temite-
paTypHoli HeycroiiunBoctu®. Tak:ke HesicHB mepcrekTHBbl BY-me-
tona [35] (u3-3a Goabluofl Benmuunn TpeGyemoro BU-mouas, mpo-
nopunonaiabioro T/R, T —rtemueparypa, R— pajuyc XPHUBH3HHI
MarHHETHOTO NoJid) M Kogell Obictpo Apeiidyoomux wactan [36]
(u3-3a pasnuuus napaMeTpoB, TPEOYeMbIX IJs  CTAOHIH3ALMH
PasHBIX IIPOCTPAHCTBEHHBIX MOJ, CM. Hampumep [37], 1 BO3MOXK-
HOCTH PacKaukh KosieGaHHi HerHAPOMAarHHTHON MPHUPOMIH).

Boaee HamexHo#l mpepactasisercs ugucras MIJl-crabunusaims
¢ HCMOJb30BAHHEM MYJbTHIONbHOK OOMOTKH, CO3JAIOIIEeH B IEpH-
¢depuitnoit maasme min B. IlpaBma, sta o6MOTKa Hapymaer ak-

*) VlsyyaeTcs TaKXKe BJHMSHHe Ha YCTOMUHBOCTh BpAINEHHA INasMH (cM., Ha-
npumep, [33, 34])
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M, 4
gg cgﬁ:ﬂ);}g ipéi;;d}xerpeﬂklx;: waoaymx‘én; OLHAKO, €CJAH MYJIbTHNOJLHOCTE
, . eHHEe MOJIS BOJH3M OCH Ha MpHOCEB

, ‘ BIX JIHHHSAX
Ir;c;f;[opbcly% IPOXOJAT B MJAa3My OCTAJIBHBIX JIOBYIIEK, MaJo, H Ta-
KM .n%izgr, Igcxmaqa:emcx ONACHOCTh TIOBHIIEHHEX HEOKJIACCH-
i ‘43MBl ‘M3 9TUX JIOBYLIeK. Bri

‘ > eK. [IOJHEHBl . pacyer

OKTYII ‘ - o
0 '1};3; a(l)r.nbr;c:)n gorxgbwryp.aunn noxo6Horo tumna [38]. ITo cp‘zﬁmneﬂmo
¢ s ma If)y' em;x—mn OH2 HMeeT (OMHMO CHMMETDH3AUMH paboyel
nepexoﬁnoﬁmoé J?acicx)«l r;feenM.yunecmo, YTO YMEHBUIAIOTCS pagMephl
i - CTH 'MEeXAYy AKODeM H CCHOBHOH i
e o < ) : JIOBYIIKO#, B
pesy/ibTare 4ero AJHHA BCEH CHCTEMBl (CyIIeCTBEHHO oox};amae’r-eﬁ

6. BAJIJIOHHBIE 3®®EKTDI.
HEYCTOMYHBOCTb HA 3ANEPThIX YACTHLUAX

Baxn i / 7
b0 (%HHHEIQ(?%%?:;O H BOOOLIE YCTOHYHBOCTb BO3MYIIEHHH C
§ — €oC Hiasi BOJHOBONO BEKTOPA :
MarHHTHOrO MnoJsg) B o6cyx o eTatmdo o pac
JaeMBix Jio
o BYIIKax J[eTaJbHO He pac-
B 3aBucumocTn
: OT BEJHUHHEI [1POBOJHMOCTH '
. iCH! HHEL ] MJIa3Mbl B HaMpaB-
cm&ygmﬁini%ﬁmm nonst os,=(4mni) o (e,s—1), rue Sss—'ICOO"nI;eT‘
crayio) TIOHEHTA TEH30Pa AHIJIEKTPHYECKOH TPOHHIIAEMOCTH
pasauyaTcst mBe cuTyanuu. B cayuae '

l&:_: ‘&5 ,>>k3_’ (37)

KOT
maﬁaaf}{ilkllg g/k 1, TaK '-IT% CyLIeCTBEHHA NOMNepeyHasi COCTABJAIO-
» TposBisieTcss GalsoHHBIE 3}
ekT. B npotu
. POTHBOLOJIOK -
3}1:1Ecgzqaeéaz?éwﬂimeﬂneq)q)ﬂBJmerc;I 3/MeKTpocTaTuyeckuMm E =~
SRyl Ry, oro a¢derra Her, HO BO3M i
Boc:gb Ha 3amepThIX YacTHIaX. ’ e meyeroim-
i . o .
Kon¢u?~gg§1u}:1{§n§6§§:()ﬂ YCTOMYHBOCTH  aKCHAJbHO-CHMMETPHYHHEIX
: TIpeBAyIIHNX pasgeaax IIpo
e/aH B 3JIEKT -
THCTHYECKOM NPHOIHKEeHH P oton
| . das miasme ¢ <1
Hele 3¢ peKTh caabrr, ero Qv
, pesyJabTaTe MOTyT OBHITh pa
HBl U Ha cay4a# (37), mp P KAt ton
H 3TOM OrpaHHYeHHS
o 1o Sayaak , 151 Ha {3 OKa3HBaloTCs
AJIf JIOBYLIEK €O CPEIHUM
MEHHUMyMoM B, Pac-
CMOTDHM, HANpPHMeEp, yIAOBJ . atiE
» YAOBJeTBopsioltue (37), HO JO
OKOJIO HEKOTODOH TIOBEpXH ’ x| 9 1n By
OCTH ' BO3MYLIEHHS B TOHKOH, '
| ] HKOH, |0In B
[01np|'« 1, nasMe ¢ HEGOMBIIUM, OXHAKO KOHEWHEIM B b}iu OIIH/

d( 1 d(D) 4nnm;o?
d 4o 10 8n 0B dp
ds \r*B "ds +( r:B? B? 'd_q?'%)(p=o’ (38)
;ﬁiuifgpl;ﬁum, OTCUHThIBaeMasi BAOJIb CHJIOBOH JuHHH r(S), n
dg miaasme, O®=rE,, E, — azmu BastIO-
MyTaJbHasi COCTaBJSAIO-
ast 3JIEKTPUUECKOTO NOJS; BeJuuHHa @ YVAOBJIETBOPSIET Ha PK;
HALaX MJa3MEl C BAKyyMOM S==S yCj0BHAM pa
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do

ds iS=O. '(39)
B03MOXHOE UHCJO OTPHLATE/BHBX (OTBEUAIOMUX HEeyCTOMYHBOCTH)
coGCTBeRHbIX 3HAueHHft o 3afaud (38), (39) ompernesseTcs napaver-
pom p=PprxS20B/dy, rae x=0alnp/or. Tlpu PK1 woxer GuiTh
TOJIKO OJHO HEYCTOHUHBOE pellleHHe, COOTBETCTBYIOILEE co6cTBeH-
Hoft QyHkuuu @, 64U3KOH K nocTosHHOH (T. e. BO3MYIleHHe HMe-
eT KeJOGKOBHI XapaKTep), a ycjoBHe TOro, YTO yPOBEHb ®3<0 B
NefCTBHTENBLHOCTH OTCYTCTBYeET, COBIAaJaeT C (3). aunoe ycuo-
BHe O3HAYAeT, YTO OTHOLIEHHe AaBJeHHi MJa3MBl B obaacrax Oaa-
FONpHUATHOH M HeGaronpusiTHOH KPHBH3HBL AOJIKXHO 6BITD HE MeHb-
ure Hekotoporo. C moBHIleHHEM P COGCTBeHHAs byukuua nedop-
MHpyeTCsi, yBeJHUHBAsiCh Ha BBINYKJHIX yYacTKax CHJIOBOH JIHHHH
H yMeHbLIasicb Ha BOTHYTHIX (6ammonnsit  sddext). Ilpn  3TOM
TpebyeMoe AJsl YCTOMYHBOCTH OTHOIIEHHE JAABJEHHS B BOTHYTOH H
BHINIYKJION uacTsx pacTeT. B chcreMe, rie miasMa HMeeT OLHY
rpaHuny no ¢ (Uenouka C sIKOpeM, HMEOMMM MAariuTHYio AMY;
MPOGKOTPOH C IJIELLyIMHCA yacTHIAMH), 3TO BeJeT JIHUIb K He-
06XOJMMOCTH yBeJHYHBaThb B B crabuausupyoolle#i yacTd no mepe
pocra B B CT&6HJIH?PIpy€MOﬁ. [lpu sToM BeJHuYHHA § orpaHdvena
nosiBfedneM (npu B~ 1) BTOpOro ypoBHS ®?<0, KoTOpOMYy OTBe-
yaer cobcrTBeHHas (GYHKUMSA C HyJeM BHYTPH NJAa3MbI (6annonnad
Moza). B cucreMax ¢ ABYMsl TpaHHIAMH 1O 1, yCTOMYUBOCTh KOTO-
PHIX OCHOBaHa Ha KOMIEHCALHH KDHBH3HBHI, TaK 4TO Tpebyercs
IO epKUBATh OTHOIIEHHEe JaBJeHHd B JOByUIKax B HEKOTOPOM
WHTepBaJe, CHTyalHs Apyras: 6ajlIOHHBIA s¢dekT MNPHBOAHT K
CYyEHHI0O 3TOTO HHTepBald, BCJEJCTBHE YEro BO3HHKAeET JOTOJHH-
TeJpHOE OrpaHHYeHHe Ha f, MpeXAe BCEro B Hanbojiee TOHKOM
snemente ¢ A/r< 1. Eciu apyras JoByLIKa «TOJCTas», TaK 4TO Be-
Auunnn B~'0B/0Y Ha [ABYX TpaHHIAX NJIa3Mbl CYIIECTBEHHO, CKa-
xeM BJBOE, PasjM4aioTCs, TO NONYCTHMOE OTHOCHTeJbHOe H3ME-
Henme @ Ha AJMHE 3THX ABYX JOBYIIEK <1. DT0 naeT KPHTHYECKOE
B B JOBylIKe NOpsAika A/r u 3amac yCTOHYHBOCTH W, MPOMOPUHO-
HaapHEH Afr. B ciayuae ke, Koria o6e JIOBYUIKH TOHKHE, 6any0H-
Hbfl 5(@eKT OrpaHHYHBaET P BEJIHUHHOA >o (A/r)?, npu a3TOM 3a-
nac ycToHunBOCTH o (A/r)3.

Unc/eHnblil aHAJH3 PABHOBECHS H YCTOMYHBOCTH NJIa3MH IpPH
KoHeuHOM P ¢ yuerom OGajsonHoro sdoexra nponenaH Ijsd KOM-
GUEanUH TPOGKOTPOH-+KACH, ONHCAHHO# B pasiene 2 (puc. 20)
[40]. PesyabTatsl N0 MpefelbHHIM [ MOKasaHH Ha pHC. 20,
npocieXeHo TaKXKe BIHsHHe § Ha npeneabHelfl npoduiab AaBe-
nms B Kacme (c poctoM f Heo6XoauMmoe s YCTOHYMBOCTH A@B-
JeHHe B HyJe NOJIs YBeJIHYHBACTCS).

O6parumcsi Tenepb K 3JI€KTPOCTATHUECKHM HEYCTOAYHBOCTAM.
TMoMuMO XKeJOGKOBBIX BO3MYyLIEHHH, CnoCOGH NOJAaBJIeHAS KOTO-
pHX pa36upaJjHCh BhIlle, B CHCTeMe CO 3HaKOMEepeMeHHOH KPHBH3-
HOH MOTyT packauuBaThCsi — IPH YCJIOBHH, UTO €CTh ropsiyue dac-
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1 |

L | |
6! 02 03 0% o056,

Puc. 20. 3asucumocrs npeaesabHoro § B mpo6KOTpoHe
}Egz)ppcl)g [31 B3Kal(_:11'[e (B1) nns xomGumanwmu, mokasammOR

- 1, 3. Tlomynmuna xacma (ot wyns noas no
COEAHHUTENLHOR TODJIOBHHE) B 4 pa3a MeHbIle moy-
Anunel npo6korpoHa. Kpupas ! orsewaer Pe/P=0,5;

THIBI, 3alepTHe MOCTOSHHO B obJacTu He(JIarONpPHATHON KPHBH3-
HH, — BO3MyILeHHs, JIOKAIH30BAHHBE B 5TOH ob6aacTh. Ecam ume-
SEH:;CTHH, SallepThIX HA ydyacTKe ¢ HeGJiaronpHsATHOMH KPHBU3HOH,
/ € WJH NOpsiAKAa YHCJa 4acTHL, NPOJeTaloUlHX BAOJb BCel

CHCTEME, TO HHKDEMEHT 3TOH HeyCTOHYHBOCTH MHOTO MEHbIIe Mar-
HUTOTHIPOAHHAMHYECKOTO  (Ke/NI06KOBOro): Y~R.p-Y Mro rue
Ip;——-cpelunm 7laDMODOBCKHH  paguyc HOHOB, k,p<l. EC.;IH xe
Hggnﬁgiil;lxa;:;;gu Malno (}EaK B aMOUIOJSPHON CHCTeMe C JJIHH-
o e ;[>4 i nso:ymxou), HHKDEMEHT MOXKeT HPHOIHUKAThCA
41, - O@METHM, 4YTO KOPOTKOBOJHOBas (k,a>>1, a —

PanHyc NJ1a3Mbl) HEYCTOMYHBOCTL 3TOTO THNA BO3MOXKHA H B TOM
;gﬁ:ii,oxgznisggg pr1'l3H70MaCH1T36HbIX Kose6anuit, k,a~1, Bu-
nepr qacfuulax T80 (37). IlposBienns HeycTofumBOCTH Ha 3a-
» B HaCTHOCTH, ee BJHsHHE Ha yAepXKaHHe IJas-

MH, Tpe6yioT ACTANIbHOTO M3y4YeHHs! B 3KcnepuMmeHTte. Kacasich. ce-
UHQUKE NaHHOH HeyCTOHUHBOCTH B ONHCAHHBIX BhimIe cxemax
OTMETHM JIBa OQCTOﬁTeJIbCT‘Ba. Bo-nepsuix, CTalHJIH3aTOPH CO Cpe i
HeHl MarHHTHOH SIMOW NOgBepIKeHHI HEyCTOHUYHBOCTH Ha 3ame I?rblllx
JaCTHUAX H He OYAydYH CBH3aHB co CTa6UAH3HPYeMOH JIOByII?KOﬁ
Bo-sroprix, nukpement meycrofivnsocTH UYBCTBHTEJICH K NMApaMer-
PaM COCAHHHTEJbHOH IIa3MEl, KOTOpasi SIBJSETCS Heo6xo}1)anlM

3JIEMEHTOM B HEKOTOPBIX H3 3THX
€ CXeM, H OH najaer ¢ -
€M 3JIEKTPOHHOHU TEMIIEpaTypHhl. ’ yHeHpieis

3AKJIIOYEHHE

CyliecTByIOT HeCKOJIBKO THIIOB aKCHa/IbHO-CHMMETPHYHKIX. JIO-
BYIICK, B KOTODHIX NOCTHXHMA XeJ06KoBas YCTOHYHBOCTD ﬁna -
MH., Hau6oaee IPHBJIEKATENbHLIM NPEACTABJISCTCS SIKOPb B BH 3e
Kacna ¢ 3MeKTPOHHO-ropsivell m/Ia3sMoi. Ipasnaa, 3Hepremqecxﬁe
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3aTpaThl Ha Hero NOJXKHH OblTe B (m./m,)'? pas Bbile, HeM Ha
HOHHO-TOPsIYMi AKOPh TOro ke obbeMa. [loka He mafineHo JoBYLI-
XH ¢ JOCTAaTOYHO IMYGOKHM MHHHMyMoM B, OCHOBaHHOH Ha  IoJ-
HOCThIO agumabaTuueckoM yiepxkanuu. IlpensioxeH wennid psx
MTJ1 ycroitunBrx KOHQHTypamuii co CpPeiHeH MariHTHOH sMOH U
CTa6HIH3aTOPOB, 0GeCHeunBaIOIIHX YCTOAYMBOCTH CHCTEMBl OTHO-
CHTeMbHo HaumGosiee ONMACHOH mNepBOH KeqoOKoBoH Moim, Jlist
JIJIMHHON CHCTEMH, COCTABJIEHHO# H3 HECKOJbKHX JIOBYLIEK, IIepBO-
crenedHoe 3HaueHyue mpHoOperaeT BHISICHEHHe BJIMSAHUS HA yAepXKa-
HHe HerHIPOMAarHHTHBIX KOJIeGaHHH, B UaCTHOCTH, HEYCTOAYHBOCTH
Ha 3anepThiX YaCTHILaX. : o
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1. BBELEHHE

Opnmofi M3 CaMBIX NPHBJEKATENbHBIX IO CBOMM HOTEHIHAJbHEM
BOZMOIKHOCTSM TepMOSIAEDHHIX CHCTeM SABJIACTCH npo6koTpor bBya-
kepa—Ilocra. O mojkynaroie mpoct 10 cBOefi KOHCTPYKUHH (OcO-
GeHHO B OCECHMMETPHYHOM BapHaHTe), AONyCKaer NOJydeHHe BRI
COKHX, HOpSAAKAa €eJMHHUILB, sHauenuii p*, paboraeT B CTaNHOHAp-
HOM pexHuMme, MMEET eCTECTBeHHHH KaHaJj yAaJIeHHA npuMecet H
NPOAYKTOR TepMOSAePHOH DPeaKiHH. K coxaJeHHIO, 3TH JOCTOHH-
CcTBa B 3HAUHTEJNbHOH CTENEHH oGecleHHBaOTCsl TeM 00CTOATE b
CTBOM, 4YTO B NPOCTOM npo6GKOTpOHe Aaxe MHpH Goaburux npobod-
HBIX OTHOIUEHHSIX HeJb3s no6urbcsa KO3(pGHIHEHTOB YCHICHHA MOIIL-
HOCTH, NPEBHIIAINIKX 3HAUCHHE Q=1,3—15.

—_—
*) § — OTHONICHHEe AABJEHH:A MJIA3MBL K JaBJIEHHI0O MArHUTHOrO NoJs.
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JlaTeparypa
1. BBEJEHHE

OnHOft M3 CaMblx NPHBJEKATEJBHBIX IO CBOHM MOTEHIHAJbHEIM
BO3MOMKHOCTAM TEPMOsIEPHBIX CHCTeM SBJAETCH npo6koTpor bya-
kepa—IJocta. OH HOAKYNaOIE IpOCT MO CBOEH KOHCTPYKIHH (oco-
6cHHO B OCECHMMETPUYHOM BapuanTe), AOMyCKaer MOJydeHHE BH-
COKHX, HOpsiAKa CHUHHIE sHauenuit p*, paGoraer B cTamnuoHap-
HOM pexHuMe, HMEET eCTECTBEHHHH KaHaj yAaJeHHd npuMeced H
NPOAYKTOB TepMOsIlepHO#l peaKiHnH. K coxaljieHHI0, 3TH JAOCTOHH-
CcTBa B 3HAUHTEJNbHOH CTENEHH obecriennBaoTcs TeM 0OCTOSATEb-
CTBOM, 4YTO B IIPOCTOM npo6GKoTpoHe Aaxe NPH Goabmux npo6od-
HBIX OTHOILEHHSX Hesb3s JOOHTHCA K03((UIHEHTOB YCHIeHHST MO '
HOCTH, TPeBHIIAIOIIAX 3HAYCHHE Q=1,3—1,5.

— e
* B-——omomenne naBJeHus 1a3Me K JaBJEHHIO MArHHTHOro MNoJst.




Yro6b1 H36aBUTBCH OT 3TOroO HeJoCTaTKa, B PasHOe BpeMs OLli
TPEAJIONKEH DAL yCOBEDPIICHCTBOBAHHEIX BAPHAHTOB IPOCTOTO MpoG-
KOTPOHA: YCTAHOBKH ¢ ofpallieHHeM moJs, LeHTPOGEKHEIE JIOBYII-
KH, MHOTONIDOGOUHbIE H APYrHe COJEHOHJAJNbHBIE CHCTEME! H, HAaKO-
Hell, aMGHNOJADHEE JIOBYIIKH. B OpHHIHIe, KaXAas H3 HHX J0-
IyCKaer mojiyyeHHe 3HaueHuii Q B AMamasoHe 10—30, #HO pocr Q
AOCTHIaeTCs 3a CUET NOSABJEHHS B YCTAHOBKAX AOTOJHHTEIbHEIX
SJAEMEHTOB H, COOTBETCTBEHHO, HX YCJIOXKHEHHs. B pesyiabrate B
TOH HJIM HHOMN CTENEHH yTPAuMBAIOTCH OAHO HH HECKOJIbKO NPHTH-
TaTeJbHbIX CBOKCTB NPOGKOTPOHA. '

B cepennne 70-x romos 4BTOPHl HACTOALIEH CTATHH IOCTABHJIH
nepea coGoi BONMPOC: HeJb3sl JIH BCe XKe YAYJYIIHTL 3HEepPreTHYecKHe
XapaKTePUCTHKH NPOOGKOTPOHA, He BBOAS B HEro HOTIOJIHHTE/IbHEIX
9JEMEHTOB U COXDaHsisi Bce BhILENEPEUHCJIEHHble €ro JOCTOMHCTRAP
OtBeToM Ha 5TOT BoOmpoc M SBHJIOCH HOpelJIoKEeHHe CXeMBl <«raso-
AHHAMHYECKON - JTOBYUIKH> (coxpamenno — LJIJT) [1]. Moxno 3a-
PaHee cKa3aTh, YTO MOJYUYEHHBII OTBET B UHCTO TEePMOSIACPHOM ac-
TIEKTe NPHHOCHT, MOXKaJyi, JHIUb JaCTHYHOE YHOBJIETBOPEHHE, MO-
CKOJIbKY MOWIHOCTE peakropa-I'JIJI okaskBaercs OrpaHHYeHHOH
CHH3Y NOBOJILHO GOJIbIIMM 3HaueHHem 3—4 'Br. C Xpyroii cropo-
HBI, BLIICHHJIOCH, YTO Ta30JHHAMHYECKHe JIOBYIUKH BBHAY CBOEi
3aMeJaTeNILHOA NPOCTOTH MOTYT OKa3aTbesl MOJIE3HBIM HHCTPYMEH-
TOM LJ17 M3y4eHHs OOlIeUSHYECKUX CBONCTB MAA3MbI H YTO Ha ux
OCHOBEe MOXHO CO3IaTh BLICOKOIIOTOYHBIji IeHepaTop «TEpMOsAep-
HbiX» (c sHeprueii 14 MsB) HEHTPOHOB ISl MaTepHAJIOBELYECKHX
W ApYruX HccaefoBaHui. Tak WM HHAYe, CErOJHS UMEETCS HECKOMh.
KO TPynli, 3aHHMAIOWHXCS Fa30JHHAMHYIECKHMH JIOBYIIKAaMH, MOJIy-
YEHO JOBOJILHO 3HAYMTEJbHOE KOJHYECTBO 3KCIIeDHMEHTANbHEIX pe-

- 3yJBTAaTOB M OILYLIAeTCA HEeO6XOLHMOCTL B ONpeNeIeHHON CcHCTe-
MaTH3aUMK yXe CHEeJaHHOTO U OLEHKe NEPCHEKTHB lajibHeliero
P4SBHTHH 3THX cucTeM. DTolt 3ajade H MOCBSILEH HaCTOSIIH
0630p. . ,

Tasopunamuueckas JoBywka (puc. 1) npencraBasier co6oi
pOCTOl NMPOGKOTPOH ¢ 6OJbHINM NPOGOYHBLIM OTHOWIEHHeM R>> 1
H ¢ LJMHOH L, yioBAeTBOpsOLel YCI0BHIO

Lyh 5K, | O
£

e FRT R

3

! _ —~

TAe Ai; — AJMHHA cBOGOAHOTO mpobera HOHOB OTHOCIfITeJ_IbHOq poacgig:
HHS Ha yroJl TOpAAKa eluHuuB. Yciosue (1) osHauaer, B’l(; it
Ha yCTaHOBKH npeBmmaeT( nnm;ey g?;ciﬂl;gz)HaByro& ;prn yc.nposnsix
b 4ABHYIO (IIPH ii .

Eggl\}:i;ar‘r[;{ﬁespnﬁ ﬁnaszxm B JII)OBymKe'Mox(eT OIleHHBATbCS aHfé'IqOeI:I:,;
HO TOMY, KaK OLEHHBAaeTCs BpeMs Ta30JAHHaMHYECKOrO n?{ ereHis
OGBIYHOTO rasa M3 cOCyJa ¢ MaJeHbKHM OTBEPCTHEM, a HMe HO, KaK
OTHOIIEHHe MOJHOTO 4HCJa 4acTHL B cucreme nlLS (n— mi o
nJaasMel, S — IJIOLIAJAb ee CeYeHHS Ha yuacTke oﬂHOpOéLHOanrzl) SR
K rasofHHAaMHYeCKOMY <«pacxoly» IJa3Mbl uepe3 IPOOKH tms)
(vs — cKopocTb 3ByKa B mJasme). B pesyabrate HaxoAuM,

T~RL[2v;. : (2)

Oas cpaBHeHHs npuBeleM (OpMyny, oONpejensiollylo BpeMs
KHU3HH B OGBHIYHOM (KOPOTKOM) NPOOGKOTPOHeE, 0

t~In R/vi, (3)
I'le v;; — YacTOTa HOH-HOHHBEIX CTOJKHOBeHHH. Jlis IIJIaSM;Ie e?
67M3KMMH TEMIEPaTyPaM{ 3JEKTPOHOB H HOHOB Us~ Uy, ;Iamfue
xox ot ¢opmynast (2) K(ib)op(Myn%H$:3)2)np§;1;);§(J)m:ToH; I“,USI e

CTH YCJIOBHS cM. . 2). ,

ﬁzﬂﬁ:siﬁonuﬂz,ﬁﬂo pacter ¢ AJHHOH YCTAHOBKH H ¢ npoéoqﬂmﬁ
OTHOLIEHHEM, TOrJA -KaK B INPOCTOM NPOOKOTPOHe saBIzCHMO%TI;m
or L orcyTcTByer, a 3aBHCHMOCTb OT R oueHb ciabasi. MeHHEMbIX
OTJIHYMS M NO3BOJSAIOT PAaCCYHTHIBATH Ha IOJydeHHe npéneMn MED
3HayeHuii Q — HYXKHO Julp B3ATb L H R jpocraTtoyno 60Jbil .

<

A

T L

Pruc. 2/57. 3aBuCHMOCT> BPEMEHHM H3HH MJIasMBl B

oie ot ero mauel L (L==A;; nR/R, ==

Ii%ilfc;;pR jus). YaTeHo, YTO mpu COMOCTABHMBIX TeM-

nepatypax SJIEKTPOHOB # HOHOB Vi ~Us/Ay (oM.
dopmyay (3)).

*) TIpuyuna nossiaexnss B (1) JAOMONHHTENbHOro MHOXHTENA In R, KOTOpHA,
BHpOYEM, He OUeHb BEJIHK, PasbscHAercs B pasjese 2.

l Puc. 1. Tazonunamuueckas JIOBYLIKA:

1 1 ~— nepexonunie YY9aCTKH; 2 — pacIiHPHTENH; 3 — NOrJIOIXAIOIHE CTeHKH. CrpeskaMBe  1o-
|

!

5
KasaHa pacnpejeneHHas 0o AJHHE HHXEeKuHs HeﬁTpanes i
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Pasymeercs:, upeaMepHHIfi poct PasMepoB peakTopa HexeJaTeaeH
TaK 4TO peajbHble nepcmekTusnl peakropa-I'JIJI cymecTsermo 3a-
BHCAT OT DA3BHTHS TEXHMKH NOJYYEHHS CHJbHEIX MATHHTHHBIX MO~
el (dem Goublue R, Tem Jiyylle XapaKTePHCTHKH peakropa).

B sToM oTHOmeHHH owenb BaxHOW mBaAsercs YKaszaHHas B pa-
Gote [ 1]., BOSMOXHOCTh oGecnmeunts MIJI-ycTORUMBOCTL rasoamha-
MHYECKOH JIOBYIIKH B PaMKaX MOJHOCTBIO OCECHMMETPHYIHOW MarHHT-
HOH CHCTEMBI: ecaH 6Bl NPOGKH NPHULIOCH AeJaTh KBaPYHOJbHEI-
MM, TO CHJBHO BO3poc/na Ol Pa3HHLA MEXAy NOJEM <«HA npoBoJ-
HHKe» M TIOJIeM B IVIasMe H YCJOXHHNHCh NPOGJIeMH MexXaHHuec-
KOH NPOYHOCTH KOHCTDYKHHH, YTO HPHBETO Obl K YMeHbIIEHHIO NO-
415 B MpobKe H YXYAIIEHHIO XaPaKTEPHCTHK peakropa. Kpome Tt0O-
IO, HEOCEeCHMMETPDHYHBlE NPOGKH OGBIMHO IIJIOXO CONPAranTCca ¢
ATHHHBIM COJICHOMIOM IIO0 YCJIOBHSM paBHOBecHsi, Taxum o6pasom
ocecummerpuyHocts I'JIJT — abcosoTHO Heo6xoauMoe ycJI0BHE ee
CYUICCTBOBAHHS Kak OoJiee HIH MeHee IpHeMJIEMOl SHepreTHyec-
KOH YCTaHOBKH. ’

- Uro Kkacaercs KOHKDETHOrO MeXaHH3Ma CTaGHJIH3alHH, 3aMme-
YeHHOro B paGote [1], To OH OCHOBaH Ha TOM taxkre 4To HDH
yciaoBud (1) naBaeHue nJjasMe B npobke wu Henocpezicmeﬂﬂo RT:|
NPOGKOH 1O MOPSAKY BEJHYUHH TaKOe Xe, KaK B lEHTPe JIOBYLIKHK
H NOSTOMY BKJ4Z 3anpoGOYHON 06iacTH B MHTerpan YCTOI:'I'-IHBOCTPI’
Posen6niora—Jlonrmaiipa, B oTiuume of «KJIaCCHYECKOro» Inpo6-
KOTPOHA, He NpeHeGPeRKHMO Maj. A TaK KaK KPHBH3HA CHJIOBHIX
JIMHAH MAarHuTHOro nosisi B 06/1aCTH paciiupuTeself MOXKET GbiTh
CAenana GnaronpuaTHOi M GoJblioi (pHc. 1), 1o aTor BkaMaz oka-
3BIBAETCH CTaGHIIH3UPYIOIIHM.

Kax 310 u nomxHO 6HTH B rasopummaMuueckoy npenene, Bpems
KH3HH maasmu B I'/IJI He 3aBHCHT OT YacTOTHI pacce;muﬂ’qacmu
(17, 94TO SKBHBANEHTHO, OT WX NJIHHH cBo6onHoro npoGera). Co-
OTBETCTBEHHO, BpeMs NOTePh MJIAa3MH 4epes mpoGku p I'JJ] coBep-
WEHHO HEYYBCTBHTEJLHO K BO3MOMHOCTH BO3GYKIECHHS B IUIa3Me
MHKDODIYKTyannii (NPUBOASILAX K. AHOMAJBHO OricTpoMy pacces-
HH0 YacTHI). B atoM orromrennu I'IJT cuibro OTJIHYaeTCsi OT Tpa-
AHUHOHHBIX NMPOGKOTPOHOB M MHOTHX ADYLHX THIIOB OTKDHITHX JI0-
BYIIEK, B KOTODHX Ha/HYHe JaXkKe OTHOCHTEJNbHO HEBHICOKOI'O ypoB-
HSl MHKPOQJYKTyauui NPHBOLHT K SHAYHTENBHOMY POCTY NPOAOJb-
HBiX TOTeph NJAa3MH™, '

Takum o6pasom, I'/IJl meficTBHTeNBHO COXpaHser Bce JOCTOHH-
CTB2 NPOCTOro NPOGKOTPOHA H, KPOMe TOro, UMeeT GoJee HaJleXXHYIO
$H3HKY NPORONBHOTO yAepKaHHS. Bmecte ¢ TeM, NpeJBapuTe/bHbe
pacuernl peakropa Ha ocHoBe I'lJI (cM. [5]) mnokasand, wro mis
AOCTHXEHHS TPHEMJEMBIX SHAYCHHH Q (Q=3--4) peaKT(,)p HYXXHO
Ae1aTh OYeHb IJHHHBIM: JaXe IPH HCNONb30OBAHHH B npobKkax
MarHuTHOro moas B 35—40 Ta IiMHA ycTaHOBKH He MOXeT GHTb

*) d1a nonoxm're'zbnaﬁ 0coBeHHOC
. Tb OTKPHTHIX CHCTEM C IJOTHON mJIas
OTMeYanach U paHee, CM., HanpuMep, paGoTu [2—4]. uok
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MeHbIle 2—3 kM. Pasymeercsi, Ha0 IIOMHHTh, YTO BCH 3Ta AJHHa
3aHATAa OYeHb NPOCTHIM OCECHMMETPHUHHIM COJIEHOHAOM Ha IIOJE

1+1,5 Tn (BO3MOXHO, JaXKe HeCBEPXNMPOBOASIUIHMM), HO BCe Xe pe-
_aKTOD CETOIHS KaXeTCs CJAHIIKOM JJHHHBIM. ‘

HaunGonee oueBHAHBIN cnoco6 COKpaLleHMs MJHMHEI peakTopa-

T'IJI — ato yBenndeHHe MarHuTHOro noas B npoOkax. Ilocnennne

COGHITHSE B 06JAaCTH  BBICOKOTEMIIEPATYPHOH CBepPXIPOBOAHMOCTH
BCEJIAIOT HEKOTOPHIe HaJeXJhl Ha NPOJBHXKEHHe B 3TOM HanpapJe-

_HHH, TeM OGoJjiee, uTo, Kak OyldeT BHAHO M3 JajbHeHllero, peyb HIET

06 o6beMax MarHHTHOro NoJjis MacliTaba BCero JHIIb HECKOJABKHX
JutpoB. [pyro#i cmoco6 — no6GaBieHHe ¢ KaxHOH CTODOHH yCTa-
HOBKH [0 OJZHOMY [OHOJIHHTEJIbHOMY HPOGKOTPOHY NPABHJbHO MNO-
JNo6paHHOH JNUHE [6].

B 1984 rony Onia yKasaHa ellle OZHa BO3MOXKHOCTb NpHMEHe-
nua [IJI — B KauecTBe OCHOBH [Jisi CO3ZAHHS HHTEHCHBHOIO HC-
TOYHHKa TepMOsiiepHhXx (¢ 3Heprueli 14 MsB) wHefitponoB [7].
Cxema HCTOYHHKAa OCHOBAaHA Ha HCIOJb30BAHHH <«JIBYXKOMIIOHEHT-
Horo» Bapuauta ['JIJI. JloBylmIka 3amosiHSIE€TCSS OTHOCHTENbHO XO-
JIONHOH NeATEPHEBOH MJIa3MOM, KOTOpasi yAepXKHBAeTCs B Ia30[H-
HaMHYeCKOM pexHMe, a B 3Ty IIa3My HHXKeEKTHPYIOTCS IOJ He-
6oabumuM (okosao 20°) yriom K ocu Gectpeie (c aHepruesi 250 x3B)
TPUTOHBI, CTOJKHOBEHHS KOTODHIX ¢ HA€HTOHAMM H IPHBOASAT K re-
Hepauuu HefiTponoB. CoBeplias HPOROJBHBIE KOJeGaHHA MEXIY
TOYKaMH [I0BOpPOTa B 006JacTaX CHJBHOrO MOJis, TPUTOHH HOCTe-
MEeHHO TOPMO3ATCSH Ha 3JEKTPOHAX W PACCEHBAIOTCA Ha AEHTOHAX.
Tak kKak OpH BHICOKO#i 3HePrHH TPHTOHOB NepBbIH Mpouecc HAET
HaMHoro OwbicTpee BTOpDOro, YIVIOBOe . paclpelleJieHHE TPHTOHOB
OCTaeTcs. Y3KHM BILIOTH [0 CaMbIX HH3KHX sHepruii. CoOTBeTCTBEH-
HO, B6JIH3H TOYEK OCTAHOBKH TPHTOHOB BO3HHKAeT BBICOKHH NHK HX
IJIOTHOCTH, ¥ 3TH 00JIaCTH JOBYIIKH CT2HOBATCS HHTEHCHBHHIM HC-
TOYHMKOM HEHTPOHOB (C MOTOKOM, HO TIpyObIM TNPHKHAKAM, MO
10 MBt/M2). ‘ '

Bo u3bexaHHe HeLOPa3yMeHHH, 3aMeTHM, 4TO AJuHA cBOGOI-
Horo npo6era TPHTOHOB He YIAOBJeTBOpser ycaoBHio (1), u mx yr-
JIOBOe pachpeliefeHde UYYBCTBHTEJBHO K aHOMAJbHOMY paccesHHIO
Ha HaJATEeNJOBHX (JyKTyauusx (ecqH TakoBble BO3HHKawT). Bmpo-
yeM, H3-32 OGLICTPOrO TOPMOXEHMS TPHTOHOB Ha 3JIEKTPOHAx orpa-
HUYEHHS Ha YPOBeHb (JIYKTyallH#l HOBOJBHO MATKHE,

HakoHen, moMHMO pellleHHsl 3a1a4 CO3JaHHH  TEPMOSIAEPHOrC
peakTopa HJIH TeHepPaTopa HeHTPOHOB, ra3oiuHaMHUYeCKHWe JOBYII-
KH MOTYT GBITb HCIOJb30BaHH (H yXe HCIOJBL3YIOTCS) IJIS H3yde-
Hug (GU3UYEeCKHX OCOOEHHOCTEH NOBelNeHUs INIa3Mbl B JJIMHHHIX CO-
JICHOUZAX C NPSIMBIMH CHJIOBHIMH JIHHHSIMH, KOTODHE BXOIAT B Ka-
yecTse OCHOBHOIO IHEPTOBLIAEJSIONIEro 3JeMeHTa IIPAKTHYeCKH BO
BCE CXEMBI OTKPHITHIX JoByiek. OCHOBHOH BOMNpPOC 3[eChb COCTOHT
B BBHISICHEHHH BO3MOXKHBIX aHOMajuii B monepeyHHX KoadpHiuen-
Tax IepeHoca, CBA3aHHBIX ¢ ApefipoBofi TypOYJEHTHOCTHIO TMJa3-
MB. B stom otHoweHnunH reomerpus [JIJI oueHbr mpHBJIeKaTennHa,
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TaK KaK 2aHOMaJHH B IepeHOCe He MOTYT GBITh IPUNHCAHH aKCH-
aJIbHOM aCHMMETPHH MAaTHHTHOH cucTeéMbl. KpoMe Toro, AJuHHBIR
IPAMOH COJNEHOUA — HACAJbHBI «IOJHTOH» VIS DAa3JHYHBIX HC-
CJELOBAHUA N0 (QU3UKe NJasMbl, B YaCTHOCTH, MO (DH3MKE BOJHO-
BHIX TIPOILEICCOB,

‘ . ‘ ‘

Bee comepxanne of63opa 06cyk1an0ch COBMECTHO OGOHMH aB-
Topamu. KoHkperHas paGoTa mo ero HamkcaHHIO OBLIa paclpese-
gelﬂa23neé1}20%mflm 3of'pa:3§IM: B. B. MUDHOBBIM HamlHCAHH DPasfeIhl

A, 42, 24, 3.1, 34 u 5; [I. [. PoTOBEIM HanucaHe pasgesnl 1
2.3, 25, 32,8.3,35, 4, 6 u 7, ’ '

2. MPOAONBHOE YAEP)XAHHE

I'py6as omenka BpeMenu xusnu miasmsl B [IJI MoxeT 6bith
nolydeHa ¢ momoubio ¢opmyas (2). Tounas Teopuss npoxosib-
HBEIX 1lOTepb, mocTpoeHHass B paborax [5], [8], mossoaser koanue-
CTBEHHO CBfA3aTb MOTOKH YaCTHI, H 3HEPIHH H3 CHCTOMBl C ILIOT-
HOCTBIO M TeMIleDaTypaMH HOHHOH H 3JIEKTPOHHOH  (KOMIOHEHT
I1A3MBl B UEHTPAIbHON MACTH JIOBYWIKH. DTH De3yJbTaTH HeoGxo-
AHMEL IIDH ONTHMH3AUMH DA3JIHYHBIX PEKHMOB PAGOTH CTALHOHAP-
HbIX M KBasHCTaUHOHADHHIX Bapuantos I'JIJI, a Takxe mpu pac-
cMoTperRHH Bonpocos MI'[I-ycTofuuBocTr MaasMmel.

Teopernueckuit nmoxxox 6asupyercss ‘Ha  HCCJAELOBAHUU ABYX
TNPEASTLHEIX CIY42€B — UHCTO GeCCTOJKHOBHTEJBHONO  KHYJICEHOB-
CKOTO peXHMa TeYeHHs IJIa3Mbl uepe3 NPOGKy H IPOTHBONOJNONK-
HOTO HPENeNbHOTO CJYyYasi YacThiX CTOVIKHOBEHHH, KOrJa IBHKeHHe
T71a3MEl Ha y4acTKe CyXalollerocs MarHHTHOTO NOJisi MOKHO OIH-
ChiBaTh YypaBHEHHSAMH MAarHHTHOH THAPOZUHAMHKH. IToCKOABKY Aas
YMEHBIICHUs] SHEPIHH, 3aNlaCeHHON B MAarHHTHOM TOJe, l'IpOGK)I/:I BHI-
TOAHO J€J1aTh BO3MOXKHO 60Jiee KOPOTKHMH, DacCMOTPHM BHauaJe
Clydan KHyICEHOBCKOTO TeUeHHsI IJIa3MBl, KOMIA AVIHHAZ npOGOK
Majia T0 CPpaBHEHHIO C JJHHOH CBOGOAHOTO mpobera HOHOB.

2.1, Koporkue npo6ku

[IpH BHNOJIHEHHH YCIOBHS ra30iHHAMHIHOCTH (1) Bcion B
IpOCTpaHCTBE CKOpPOCTeH (B TOM yucsie BHyTpH KOHYyCa (no};e b)
(pynx-uusg pacnpeneienus OCHOBHON MacChl HOHOB G6Ju3Ka K pgm-
HOBECHOH MaKCBEJIOBCKOH. B 3T0ii cHTyaunn 3ajava HaxoxineHus
CKOPOCTH TOTEPb IIa3MBl H3 JIOBYIIKH OKA3BIBAETCS 3HAYHTEbHO
Ipoile, YeM B Clyiae KJIACCHYECKOro TPOGKOTPOHZ  Byaxe a—
Hocra. Ona CBOAHTCA K BHMHC/IEHHIO IOTOKOB YaCTHI HyaﬂepI‘HH
TyTeM HHTerPUPOBAHHA MAKCBENNOBCKOH (YHKUHH TO omgcm
IPOCTPAHCTBA CKOPOCTeH, COOTBETCTBYIOMEH BLUICTAIONIHM H3 1o~
BYIWIKH 4YacTHuaM. [asi cpaBHeHHMS HanoMuEM, wuTo B E)KP;HN(I)
;{.}xixarlc‘;g:i;mro TPOGKOTPOHA (YHKIHA pa.cnpel,u’e.neﬂnﬂ Ho»ﬂ:og 13~6m1(-3

bl KOHyCa [OTEPb OJIH3KA K HYJIIO CKO /
T/Ia3MBl M3 JIOBYLIKH ONpeReJIsercs npuousgom’xog cfml‘i ZPT%ETB;I}?;:E;
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No HOPMaJM K NOBEpXHOCTH KoHyca. Haxoxpmenne mocsiefHeli Tpe-
6yeT AOBOJLHO CJIOMHBIX BEHIMMCJEHHH, CBA3AHHBIX C pELIEHHEM KH-
HeTHYeCKOro ypaBHEHHS MNpDH HyJI@BHIX TPAaHHYHBHIX yCJOBHAX HA
IOBEPXHOCTH KoHyca motepb (cm. [9]).

ConoctaBasia peXHMH Kiaccudeckoro apoSkorpona u LIV,
HeTPYMHO yOemuTbcs B HEOOXOMMMOCTH BBEJCHHS JgorapudMuae-
ckoro ¢dakTopa B HepaseHctBo (1). Ilpmcyrcrsue ero cBsisaHo ¢
HaJddHeM NBYX KOHKYDHPYIOIIMX NPOLECCOB: 3aMoJiHeHHs KOHyCa
MOTepPb 3a CYeT CTOJKHOBHTENLHOH Au(pysun B TPOCTPAHCTBE
CKOpOCTeHl M yXO4a YacTHIL M3 CHCTEMH ¢ XapakTepHHIM BpeMeHeM
RL/vu,. VI3 TeopHH yJAepXKaHUs MIa3Mbl B NPOGKOTPOHAX H3BECTHO,
yTO BpeMs XH3HH WACTHI B CHCTeMe IPH MyCTOM KOHYyCe IOTEph
0 MOPSAAKY BEJMYHHBI PaBHO A In R/us (cuuTaem T.=2T.). Ilo-
HATHO, YTO COCTOSIHHE C 3aMOJHEHHHIM KOHYCOM OCYyHIeCTBJ/seTc,
TOJbKO ecau RL[vs>h;; In Rfvs, 4TO M NPUBOAMUT K IPHBEAECHHO-
My BHII€ HEPaBEHCTBY.

[pu BHICOKO# TeMneparype 3nekTpoHos, Te>>T: moTeps H3
I'IJl He 3aBHCAT OT COOTHOWEHHS Ay H L u ompenensiorcs §op-
myaamn paszgera 2.2 ¢ T;=0. Tosops 06 3JIEKTPOHHO-TOP e
naasme ¢ Te>>T;, MBI BCe XKe CUMTAeM, YyTO  BpeMs  3JEKTPOH-
3/IeKTPOHHOTO PacCesiHUsl MeHbllle BPeMeHH ~HCTeueHHsA IJIa3Mbl H3
JIOBYWIKH; B IIPOTHBHOM CJydde BPeMs KH3HH HauMHaeT Olpexe-
JATbCS BPEMEHEM 3JEKTPOH-BJIEKTPOHHBIX CTONKHOBeHMHA.  Bcerony
HEXe B 3TOM pasfese paccMarpupaercst miasma ¢ T.=Te.

[longep:xKaHue B KAXKIOH TOUKE JOBYUIKH KBa3HHEATDaNbHOCTH
H PaBEHCTBA IIOTOKOB 3JEKTPOHOB H HOHOB OCYIIECTBJsETCS 32
cYeT BOBHHKAIOUIErO B TJa3Me aMOHIOJIADHOTO 3JEKTPHYECKOro Io-
asi. OHO YCKODSieT HOHBl H TOPMO3HUT 3JI€KTPOHHL.

Bynem cuntarh, YTO JIOBYLIKA COCTOMT M3 JIJIHHHOTO UEHTPaJib-
HOTO COJIEHOMAA, COEAHHEHHOro 'c MPO6KaMH OTHOCHTEJNbHO KOPOT-
KHMH NePEXOJHBIMH Y4acTKaMH, HMEIOMHMH MRy  [m  (CM.
puc. 1,3a). CraunoHapHoe COCTOsIHHE NJIa3Mbl  TOJIEPXKHUBAETCA
3a cueT GajaHca ABYX >P(PeKTOB: HHMKEKUHM HEHTDPaNoB Ha yda-
CTKe OJHOPOJHOTO MATHHTHOTO TIOJISL H JIOTeph uepe3 npoGku. Bu-
JeTaollas M3 JOBYUIKH [1a3Ma Dacliupsiercss B 3anpoGouHofl 06-
JaCTH M TONIOIAeTcs YCVIOBHOH CTEHKOM, OTHOCHTENbHO KOTOPOH
npeAnoNaraeTcs, 4To OHA NOIJIOUIaeT BCe YacTHIb (3JeKTPOHH X
HOHH), MOCTHralOI(He ee NOBEPXHOCTH, U caMa He SABJAETCS HCTOU-
HHKOM yacTui. Ha NepexoiHeIX ydacTKax HanpsKeHHOCTb MAarTHHT-
HOTO TOJISI MeHSieTcs OT BeJWYHHH Bmy, COOTBETCTBYIOUIEH TOMIO B
LeHTPAJbHON YacTH JIOBYUIKH, 10 3HaueHHsl Bmax B TpoCke H Ja-
Jee cmajaer, y6biBas A0 3HaueHHs B, Ha NOIVIOLIAIOMIEH CTEHKe.

Ecau CuuTaTh NOTEHNMAJ Ha MOrJOIAMIolledl <CTeHKe paBHHM
HyJI0, TO BCIOAY B JIOBYLUKe OH TNOJIOXHTeJeH W MOHOTOHHO Crla-
JaeT oT LeHTpa K Kpaio. IIpH 3TOM moTeHIHaJ IIPAKTHYECKH IHO-
CTOSIHEH Ha y4acTKe OZHOPOJAHOTO MATHHTHOTO MOJIA, a Ha Iepe-
XOAHOM yyacTKe HCNBITHIBAET flepenaiy  MOPAAKA Te/e (oM.
puc. 36).
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r(e)

$(e)
Yo
Ym

0 ' ' '
(4 ] ]

5 m Ew1 w2 s 2
45— oo Puc. 32,8

— npoduib €ujioBolt mummu OJI: T — nepexoino#t yyacrok; II
s : 7 IH—o6aacts pacum H -
l;ipgaﬂ 7;sucnuom noTeHunana @ (I) AAd pARa CcTeneneit pacumpex-msxp Ml:rxf;::élrﬂo' rﬁu)rrgﬁl;:
fBmax mt:nf V myim, 2=Bppay! By = V myim,, 8—Bax/By > V”‘ilme' TeomeTpug
o UpeACTaBACHA Ha pHC, 33, CTeneHb DACWMPEeHUS OHKCAPYeTCS KOODAMHATOA [

raouaoumed credkd, Oas kaxaoro 4y HMeeTCS Y4YaCTOK NIABHOrO M3MEHEHWS NOTeHmHAta

(cnaownas kpasas) u ReGaesc
KHA CKauoK, JOKaJH30BAHHBIE Ha
NOrAauiaiel HoBepPXH
(MYHKTHpHAA KpuBag), : epxroeTH

'B PaclinpHTeNle HMEeTCH TOPMO3SIIKH 3JICKTPOHH IIOTEHILH A
niepenax koToporo MEXJy cpe30oM Npo6KH H TOPUEeBOH CTeH'KOI'/’l,
«NOACTPAHBAETCA» TAKHM 06pasoM, YTOGH 06ecleunTsh paBeHCTBO
HOTOKOB 3JICKTPOHOB H HOHOB Ha cTeHKy. Tak Kak 3JIeKTPOHBHI, BHI-
JIETAIOLIHE K3 NpoGKH B HanpaBJeHHH CTEHKH, UMEIT Maxlcse.u’.nom-
€KO€ pacnpe/iejieHHe, a NJHHA PACIUMDHTEJNS B NPAKTHYECKH HHTe-
g:ﬁgm;(a pc.;yqasxx MaJja mo CpaBHEHHIO C NJIHHOH CBOGOLHOTO mpo-

3aPSAXKEHHBIX YacT TO Iepena ' :
Fiee HI, TO Ilepenaj MOXHO ONPeNeJHTb 10

V=TI (V[0 )T 0V T, @

(6oaee Tounoe BHpaxenue s Pm MOXHO HalTH € mOMOILIBIO (op-
My  (11) H (14) aroro pasmena). Taxum 06pa3oM; NpakKTHYECKH
. BC& SJICKTPOHBI JIOBYIIKH, 33 HCKJIOUEHHeM HANGADbePHHIX, OKa-
SHIBAIOTCS 3alePTHIMH B MOTEHIHAJLHON siMe, BHICOTA Kowopc;ﬁ Ha-
MHOT'O TIPEBHIIIAeT SHEPrHI0 YaCTHI.

TlockonbKy BpeMst CTOVIKHOBeHHJ 3JIEKTPOHOB MHOTO MeHblIe
HOHHLIX CTONIKHOBHTEJbHEIX BPEMeH, a NOCTENHHE, B CBOIO ouepenb
MAJE 10 CPaBHEHHIO CO BPEMEHEM JKH3HM YACTHI B CHCTEME, MOXK-
HO CUMTaTh, YTO B JIOBYLIKe BRO/Mb CHJIOBHIX JIMHHH IS a.n’ex'rp‘o-
HOB yeTaHaB/IuBaeTcsi GOJBUMAHOBCKOE pacnpeneieHme:
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n,= N, exp ("TUZ) ‘ ®)

31ech BMeCTO MOTeHIHaJa BBedeHa GoJiee yaobHas XapakTre-
DHCTHKA — MIOTEHNHAJIbHAS 3Heprus anektpoos U=e[go—¢ (/)]
KoopnnuHata | OTCUHTHBaeTCs OT Hauajia NePeXOJHOTO ydacTKa
(npobGke coomsercrByer 3HaueHue [=I[,), 3nademne U B TOUKe
[=0 pasHo Hymio0, 3HaueHuss U Ha cpese NpoOKH H Ha {NOTJIOWLA-
jomell cTeHke 0603HadeHH cOOTBeTCTBEHHO wepes U, # Uy, no—
3HaueHHe MJIOTHOCTH IIa3Mul mipH [=0 (cm. puc, 3a, 6).

Iaxe eciu ycJaOBHe rasoiuHaMuuHocTH (1) BHmosHeHo ¢ 3a-
nacoM, B paccMaTpHBaeMOM cJydae KODOTKHX Npo6oK, KOnAa ABH-
XeHHe UACTHI[ Ha IIePEXOXHOM y4acTKe TMPOHCXOAHT 6e3 CTOJKHOBE-
HHfi, B HEKOTOPOH 06JIaCTH, NpHJeraiomieii K npo6kaM, QyHKIHS
pacrnpelesieHdsi HOHOB, JETAIHX K MeHTpy JoBywkH (v,<<0 mag
npaBo# MPOOKH), He SBJISETCS MAKCBEJIOBCKOH: CPEAM 3THX HOHOB
OTCYTCTBYIOT YACTHIb, MOKHHyBLIHe JOBYWKYy. COOTBETCTBEHHO
npu v;<<0 B $a30BOM IPOCTPaHCTBE HMeeTcs He3amoJHeHHas 06«
aacTh, rie GyHKUWHS pacupeleseHHst paBHA HyJo. IDTa «ABPKa»
B (a30BOM INPOCTPAHCTBE 3alMOJHSETCS, OYSBHIHO, Ha DacCTONHHH
A::/R oT mpoGKH.

Hanwane «apipku» npu vy<<0 OPUBOJHT K BO3MYIIEHHIO MaK-
CBEJIIOBCKOM (YHKIMH DAaCHpeflesleHHss YacTHll, JIeTAWHX  OT
neHTpa K npobke (v,>>0), oaHako npH GoJblIMX R 3a CYET OTHO-
CHTEJbHON MaJlOCTH He3amoJHeHHOH 06JacTH OTKJOHeHHe (yHKIHH
pacopejiesieHus YacTHI, f1aJaloUIHX Ha NPoOKy, OT MaKCBeJJIOBCKOA
Maulo, ¥ Mbl UM GyneM TpeHeGperatb. TakeM  oOpasoM, IIpH
JOCTATOYHO KOPOTKHX Npo6kax u OoJblIux IPOGOUYHEIX OTHOLIE-
HHAX 3a7a4a ONpeNeNeHHs OKOPOCTH INOTEPh CBOAMTCH K BHUHC-
JIEHHIO JOJIH TPOIUENUIMX Yepe3 TMPOOKY WACTHI MPH NaJeHHH Ha
npo6KYy <IOJOBHHKH» MAaKCBEJJIOBCKOTO pPacClpeesIeHHs.

[Tocko/ibKy ABHXKeHHe JacTHI, yepe3 mpobKy smjsercs Geccrod-
KHOBHTEJIbHBIM, HX (YHKUHS pacHpeleseHHA 3aBHCHT TOJBKO OT
HHTErPaNoB IBHKeHHS: :
m;v? _U(l)=mzvoz vl - vlo

2 — 2 " B() Bmn
HHneke «0» OTHOCHTCS K 3HAUEeHHAM CKOPOCTeH Ha BXoje B IpoG-
ky. Mcxoast w3 Ttoro, uto Ha BXoAe B npoGKy ¢(yHKIHs pacupene-
JeH#st TpH v, >>0— MaKCB&LIOBCKAs, MOXeM TIPEJACTABHTb pac-
mpefieJieHHe HOHOB II0 CKOPOCTAM B TIPOH3BOJILHOH TOUKe HPOOKH

" CJENYIOHIHM 00pa3oM:

v mv
m 312 77" eT,
fi=ny (2_:?%‘7) el T ©

HJyis oTBHICKAaHHSI TPaHHUB O6JacTH, 3aHATOH HOHaMH, YAO0OHO
BBeCTH 3((eKTHBHYIO NMOTEHIHAJbHYIO 3HEPTHI0 MPOXCJILHONO ABH-
KeHHsl (Ha3blBaeMylo HHOrAa «NoTeHnHajoM IOumMaHoBa»)

85




U =mi”2lo 2:1(4
eff (li {UJ_O) '*2 (Bm—TI)I— 1).—.U (l), (7)

Tak 4rto

2
2
mivy miv o

5 FU sy = 5

5 »§¢$6KTHBHaﬂ. MOTEHUHAIBHAS 3HEPIUs ONpeNesAeTcs CyMMo#
AB;)K araeMbix: TepBOe OIMCHBACT 3aMelJeHHE NPOJOJbHOTO
uoHa$EH§ﬂsnBex;};‘?pa‘CT‘amm‘eM MarHATHOM TIOJi€, BTOPOE — YCKOPeHHe
orHY b npiolcramn‘e‘cxom norenuuase. IlockoJbKy aelcrBus
e qymC‘TBH€OTHBO(H‘OJIO}K‘H‘bI, pe3yJpTupyIomHi aphekT OKa3hI-
pen Y1 aBSHIbeFL"I -K’(boplgle yurumu U(l). Ee coenyer Ha-
Bty Baﬂgg eHHs KBa&Il/I‘HeH‘TpaJIbHOCTH, pelmas caMoCOTJIaco-
Hore ya y(}o pacnpenesenun norenunana Ues BAOMb Nepexon-
8] Omﬁqa.mpgoméercmylgmn‘e BBIYHCJIEHUS] TPOBEJEeHH B pabGoTe
e G UH( 5 OJILIIOR FPOMOSIKOCTBIO. CamocornacoBanuoe
P, heneiine L OKa3bIBAETCH TAKHM, YTO TIPH MAJHIX 3Hadye-
. 10 <t eff — MOHOTOHHO yOniBaomas Gyuxuus ! H, coot-
perct BEHHO, TNPOGKU AOCTHTAIOT BCe HOHBL ¢ vy =>0. C ypesnue-
: Tquvéolgf;u v(io =0 Hg KpuBOH Ue (I) mosiBisieTcs 'MaKCHMyM
Mepe pocra max é} _LO).' Klolopmma*ra MaKCHMyMa YBeTHYHBACTCH I10
romos 10 T 3maxqeﬂuﬂ Imax=0 10 3HaYeHHS lmax=lm, K KO-

Y ‘max CTPeMHTCA NPH v, ¢—>oco. O6MHUE BUL ceMmelicTBa KpH-

¢
ufde

II:HOC.OJL 3asucuMocTs 0T ! sddekTHBHOM TNOTeHUHANLHON SHeprHH
POXOJLHOIO NBHMKEHHS HOHOB; KDHBHE NPOHYMEPOBAHH B HOpsiLKe
BO3PAaCTaHHSA U,q
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Bbix Uert(l, v,0) uso6paxen Ha puc. 4. CooTsercrByloulne aHaJIH-
THYECKHE 3aBHCHMOCTH, ONHCHBAION[HE ypaBHEeHHEe TpaHHUbB 006.a-
CTH NOTEPb B HauaJjie MePeXOLHOTO YYacTKa, HMeIOT BHA:

V40>0, v 0<0*
mv? ®)

io v 0> 0%

9 > Ueff [lmax ('U_LO), ’U_LO]’
§ Vit Vi .

OnHu TpeacraBieHs rpaduyecku Ha pHC. D.

vid

a Viro

Puc. 5. K npu6amKeHHOMY pacyeTy MPOJXOMbHBIX NOTEPb HOHOB:
@ — TpaHubl 061aCTH MPOJeTHHX yacTHl Ha BXOle B npobKy; CjaowHO# JaunHeR H306paxeHa

Toumast (OpMa Tpamdubl, MYBKTUDHOA — aNmpPOKCUMAuWOHHAs Kpusad (9) (sin 0=R—1/2);
6 — 06aacTb, 3aHATAA MOHAMU B ToUKe [=I, (3auITpHX0BAaHa): NYHKTHPHAA KpHBad COOTBETCT-

BYeT pacueTaM 0 anmpOKCHMaUHOHHOH tdopmyae (9), chrowmHas JUHHA—TOdYHAas (opMa rpanruibl
(v 1= @O m IR, v 1=V W ylmy).

Jlin ympolnenus BHUHCAeHuEi B mepBbiX pacyerax [5] Bmecto
BHpaxeHus (8) HCNOJb30BaJach XOPOWIO H3BECTHAs B TEOPHH OT-
KPHITHIX JIOBYIIEK AITPOKCHMALHA IPAHHLB 00J1acTH MOTePh THIEp-
Honof:.

vio(R_l)”frvﬁlo=2Um/mi' (9)

(om. puc. 5). dopMmajbHO ypapHeHHe THNIePOOJB BO3HHKAET IPH
3aMeHe MakcHMajbHoro sHaueHus Uet(l, vi0) B mpasoit mactu (8)
Ha HEeCKOJbKO MeHbllee 3HaueHue, KOTopoe 3Ta (GyHKUHSA TPHHH-
Maer B npo6ke. EcTecTBeHHO, YTO 4acTh YaCTHIL, YIOB/ETBOPAIOWIAX
TaKoMy HpPHGJHKEHHOMY YCJOBHIO NONAajaHus B NPOGKY, oTpaxa-
ercs oT rop6a 3hPeKTHBHOTO NOTEeHNHaka U OCTaercs B JIOBYIIKE.
[TosToMy CcJefyeT OXHMAATh, YTO Pe3yJbTaThl NPHUGIHKEHHBIX pac-
YeToB NAyT 3aBHILUEHHOE 3HAYeHHe IVIOTHOCTH B HPOGKe H, COOT-
BETCTBEHHO, 3aHMKEHHOe 3HaueHHe NoTennuana. Uro kacaercs
3HaueHHHl TOTOKOB WaCTHI, M JHEPTHH, TO, IOCKOJbKY YyKasaHHHIE
OTKJOHEHHS NJOTHOCTH H NOTEHIHaja OKa3elBalT Ha HHX NPOTH-
BOMOVIOXKHBIE BO3AEHCTBHS, TOIPEITHOCTH B BHUHUCJIEHHH 3THX Be-
JHYHH OKa3HBAITCH, KaK NOKA3bBAlOT TouHHe pacuer [8], He-
3HAYHTEJALHEIMH. DTO OGCTOSTENBCTBO ONpPaBABIBAET HCIOJAb3OBAaHHE
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«IIeCCHMHCTHUECKOH» (im0
TEPMHHOJIOTHH, BBEIeHHON
a}mnﬁgimMaunn 06JacTd yaepxKaHus lrmﬁept’mﬁloﬁ ot & o0sope [9)
BEJEM NOJyYeHHbIE C MO ;
! € TOMOUIbIO TaKOro 1eHHO:
o : IPOIIeH I-
mﬁaB BI\I;IapKag:;Hua LISt TJIOTHOCTH HOHOB, vnom‘-oxciﬂs pqauélmu;m;oai;gg
; CHMyMe MarHHTHOTO MoJs ( ' .
‘ Ha cpe3e mpob
B ) k). 1 pH-
poBanHe QyHKUHH pacrpeieseHHs (6) mo oé.na.crlzx (9))ﬂae1;Terpn
" :

_m o
ny=n,e’i i__ 2a—x?
RV S xe~*dx, (10)
VUalTy
— T; \i72 Um .
7=t () " (1+72), )
Qi=q.T,(14+Zmy __T1 )
1=q i( +Tz +Um+T; ) (12)

3necs n

o U T;—COOTBETCTBEHH

\ 0 0  KOHUEHTDA;

PIOHIC_)IB B NEHTPaJbHOH 4aCTH JIOBYIIKH PAIIA W Teneparypa
10 'HO :

o ?gﬁg egexrpoaos CBS3AHEl C «XBOCTOM» ()yHKIHH pa‘cﬁ e

rert 1; o gg HBIM NDPEOAOJIeTh TOPMOSSALINA IIOTEHIHall ‘Hpn')goﬁ::

Ma.mcs‘enn‘o,sc‘ge Hpaa é‘lnlepHeT,z{)a JIOBYLIKH 3JEKTPOHH € U, >0‘ plyxmem

! CIIpefeseHHe; H3 O j
THLLL, 1 oy ; HHX JOCTHTAIOT CTEHKH Te ya-

2 .
7)2" +‘Z’i>m—e(Uw—Um) (13)

YHT M, 1
‘égoﬁ‘xﬁ?ae&d;{:;% PIIV;)HOI‘HHTHOE TIOJIe Ha CTeHKEe MHOTO MEHBIIE, YeM B
: . BaHHe Ma‘K'ClBeJTJIO'B 3 b
oGutac . CKOro  pacmpe
omex TH (1'?) I03BOJISIET HAHTH MOTOKH ‘*IaC'TI/g.l 'np aﬂeﬂem’m o
TPOHHOHU KOMITOHEHTHI Ha cpese ;np‘o.ﬁxn. H Hep\I‘HH JJISL

ronli) (1) 7 0
Qe=4.T" (1+Uw;eym + Uw—5;+ T, ) (15)

ITockonsk ,

\ M4, Sﬁepll‘};mnogglliloi}:&f: H 06ycJ/IOBJIeH Hax6apbepHsIMu qacmnar

Vi ) CH: KaXJblM 3JIeKTPOH ]

M‘Hcgg MPEBHIIALT SJIEKTPOHHYIO ‘T.emnepa'rslf)l)y oI crereant, ma-
AYeHHUs] TOTEHHHagoB [J I¢h

o . a U, on

KBa3sHHe e w penenasiores u 7

npos.xeelggfﬂbﬂm H DaBEHCTBA NOTOKOB 3/IGKTPOHOB ?4 nggggﬂi

HeHHf, Toor yoeH:m HHCJIEHHOTO pelIeHus vcoomercmaylomnx ypas-

(14), u Tong s Aomoabs0BaNKEM hopmya (5), (10) (lylp) ‘n

1a, yauTH 1¢ SHAUCHHS, NONyYenHbie B [8] ¢ momomuwpio m

‘(75 YHnﬂmxzammero HEMOHOTOHHOCTb 3(PPEeKTHBHOTO  moTen OAxo-

A i TLpI:npy}omcx .I‘pva@‘H‘KarMH, TIDHBEICHHBME Ha phC %Halflz

Hon mbmo;:m»og ﬁganasoﬂe OTHOWeHH#H 0,5< T, /T, <2 K.a)K.,uHﬁ

BYUIKH 3HEPTHIO II Jh .
MSKTPOH — (55-65) T, T MO LT Ty 2 wamneik
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|
5 1 2 3 TelT;

Pxuc. 6.
A3
@) — 3aBHCHMOCTH TOTOK2 HaCTAL (B eaunHIax qoi=(71/2“mi)ll2”°' [OTOKA 3SHEPrHH HOHOB
B eJHHMLIAX qTi) u noteHuuaaa U, OT OTHOWEHHH Te/Ti; NYHKTUpPHble KpHBBE COOTBETCTBYIOT
npuGAHKEHHHIM pacyeTaM 1o dopmyae (9); ©6) — 3aBHMCHMOCTH MOTOKA SHEpruM 3AEKTPOHOB
or T,/T;; HAXHME KpuBhe COOTBETCTBYIOT HOHAM

(B eAHHMIIAX qTe) ¥ noTeHnMana creHkn U,
BORXOPOAA (mi=mH), BepXHHe — PABHOKOMIIOHEHTHOM D-T cmecu (mi=2.5mﬂ)

2.2. JauHHbIE NPOGKH

Hanuune «IplpKH» B (a30BOM TIPOCTPAHCTBE HOHOB, OTPAXKEH-
HBIX OT TpO6KH, BOOOIle TOBOPA, MOXKET NPHBOMHTL K PAa3BUTHIO
MHKPOHEyCTOMUHBOCTEH ¥ K H30TPONH3AUHH byHKUMH pacnpejeie-
HHsi HoHOB. UTO6H COCTAaBUTh MpeJCTaB/leHHe O TOM, KaK 3TOT at-
GeKT MOXeT BJHATh HAa CKOPOCTb TPOAOJbHBIX TOTEPDH us I'OJI,
pacoMOTPUM NIPOTHUBOMOJOXKHBLA npelenbHHIH cayua#, Koraa IJAHA
cBoGOIHOTO Tpobera HOHOB MaJja N0 CPaBHEHHIO C JJIHHOH - epe-
XOJIHOTO 'ydaCTKA.

ITpu 3TOM yCJIOBHH TeueHHe IIA3MBI 4
¢l ypaBHEHHsIMH JBYXXKHAKOCTHOH TUAPOIMHAMHK
CJIeHHS TOTOKOB YaCTHIL ‘M JHEPTHH U3 CHCTEMBl HWMEEeT
IIlero ¢ W3BECTHOM B Ta3OJMHAMHKe 3ajadedl 06 HCTeUEHHH rasa M3
comia JlaBaust [10]. TTocko/IbKy CKOPOCTh TeUeHHs ONpejessercs
Op@BHHTENbHO MeJJIeHHEIMH HOHHEIMH BpPEMeHaMH, BHICOKAA 3JeK-
TPOHHAS TEIJIONPOBOJHOCTb OOeCredHBaeT TOCTOSTHCTBO 3JIEKTPOH-
HO/ TeMIepaTyphl BAOJb CHJIOBOH TPYOKH. [Tpu sTOM AJIsl 9JIEKTPO-
HOB BJOJb CHJIOBOJ JIHHHH YCTaHaBJHBAeTcs pacupeleeHHe Boas-
IMaHa, MOBBOJIIONIee CBA3aTh JEKTPHUECKoe Toje ¢ H3MEHeHHeM

IVIOTHOCTH TJI1a3MBEI:

epes NpoOKH ONHCHBAET-
n. CxeMa BHYH-
MHOTO 06-
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‘ dinn

ef=—-T, ST
Uro Kacaercsi HOHHOI KOMIIOHEHTH], TO B LIAPOKOM AHATa30He I1a-
PaMeTpOB ee IBHXKEHHE yepes npoGKy MOKHO CYHTATh amuabaT-
UECKHM, TaK KakK 3(¢eKTsl BI3KOH AucCHmanny CTaHOBATCH HeCy-
WECTBEHHEIME NIDH ‘MaJbIX IJHHAX CBOGOIHOTO npobera, a ob6Men
3HepTHed ¢ 3JIeKTPOHaMH COMEPXKHT MaJocTe Mm./m;. CooTBeTCTBEH-
HO ypaBHEHHE JBHXKEeHHST HOHOB MOKHGO NPeACTaBHTh B BHOE

ov__ 3 (n \s/3
minva-—-—TimnmE(.ﬁ;) +eEn.

Orciona cpasy nosywaercs amasor ypaBHenust BepnyJm:
my . o n 5 n \2/3
2 =0 = =Tl =5 Ton [ (7] —1]-
YcnoBue coxpamemns nmoroxa HoHOB BIOJIb CHJIOBOH TPYGKH ny==

=¢B/Bmax N03BOJSET CBSI3ATh H3MEHEHHE TVIOTHOCTH € Hampsi’KeH-
HOCTBIO MAarHHTHOTO TOJS

R2 _ n2 {1 2n2nTe ln n 5n2nTi”I[ n )2/3 1 } 16
B, n? mig: nm T mig (rﬁ - X - 19
Henpeprusroe pemenne n(l) sroro ypaBHeHHs CyIlecTByeT NpH
CAHHCTBEHHOM 3HAYEHHH TapaMeTpa ¢, KOTOPoe COOTBETCTBYET CH-
TyallHit, KOria HampaBJieHHasi CKOPOCTb [OTOKA B npobxe CoBNaxa-
T C JIOKJIbHOH CKOPOCTBIO 3ByKa (cp. [10]): :
5 2
Te+_3‘ T[m

. . (17)
[osb3ysice ypasrennem anuaGats Tim/W22=T,/n23 u dopmynamu
(16), (17), moxmo csssath TEMIIEPATYPY M MJIOTHOCTL B NPOGKE CO
SHAUCHHAMH STHX NapaMeTPOB B LEHTPE JIOBYLIKH. Ipx  Goabmux
TPOGOYHbIX OTHOMERHsIX R>1 snauemusi 7T im/T; CBA3aHK ¢ mnapa-
MerpoM T,/T; COOTHOWeRueM

Te_ 583—4(Tim/T)))

T, 3491 (Tym/T;) !
M3 KOTOPOTO BUIHO, 4TO B Auanasone 0<T,/T,< oo OTHOLICHHS
Ty/Tm B Ny/n, NPAKTHIECKA TOCTOSHHAL

e =072 T /T, <3/4,

e~12=(,61 < hplny<(3/4)32=0,65.
Orciona crenyer, uto ¢ XOpollell TOYHOCTBIO 3TH BEJIHYHHE MOXKHO
CIHTATh He saBHCAIMMMH OT To/T; M paBHEIMH CBOMM Cpeimmy 3HA-

YeHHAM: T4,/T;=0,73, n,,/ne=0,63. Hoacraeasas ux B (17), npexn-
CTaBHM BHIpaxKeHHe LJIfi § B BHAE, aHAJOTHYHOM (11):

2
g=no (L) F (71T, 18

q=nn

90

rie

: T \1/2

F(T,_,/Ti)=1,58(1,22+T_i) .

[ Ha

CpaBnuBasi 3HaueHus (22) c¢ JaHHBIMY, ngHB]?IiHlH?‘X;pOILH-
puc. 6a, HeTPYAHO YOEXHTBCS, UTO B ,unanasorlee el iH?ILCGHOBCKPIﬁ

' i asza npeBHINdeT K )
HAMHYECKHH MOTOK Bcero B 1,5 p cenoper

yecKH He MeHseTcs No CP
T. e. CKOPOCTh NOTEph NPaKTH eiio ¢
; HHbiMH cJIOBAME, Ja¥e P

GECCTOMKHOBHTEIBHBIM CIIyYaeM. 1
OueHp CHJbHBIX MHKPOHEYCTOHUMBOCTEHi HE3HAUHTEJbHO BJIHACT HA

upogoabhbie notepu u3 [JJL

2.3. Pacnpenenende NoTeHina a
M 3JEKTPOHHDBIA MOTOK TemIa B PacUIMpHTENE

B Tex TOYKax pacCUIHpHTeJs, TAe [NOTeHIHal OTHCJ)ICaIrIJ’II‘:IiI;)H(;)TC";gg:
‘ ~T, (1. €. LOCTATOUHO
KH NpeBbllliaeT BEJHYHHY . « ob-
ueso§ CTEHKH, uMepliell, HalOMHHM, HyneBOHQ)Ho}::]}llllal}%a%)éc;g:ne-
opMHPYIOT ¢y
OH-3/IKTPOHHBIE CTOJIKHOBEHHS &
?IGHHH 6n$3xyio kK makcBeaaosckofi. CoOOTBETCTBEHHO, IIJIOTHOCTD
’ ()
9JIeKTPOHOB 3/€Ch MOxeT ObITb HaheHa Io bopmy.ie
e (9m—9) (1 9)
Ho= N, €Xp ————-ﬁ—— , o
TAE Moy K q),,;—nnomocn) ma3Mbl ¥ NOTEHIHAJ Ha cpesgaglpj)& .
n i T1i0THOCTE HOHOB B -
onpeznensercs dopmynaoii (4)).
'gp.ryxne rgy6o ropops (ecsH npeHebpeyb OTHOCHTEJIBHO Heﬁor?;glu?x
H3MEHEHHEeM CKOPOCTH NOTOKa), 06PaTHO NPONOPIHOHAIbHA
M CeueHHs MarHWUTHOH TPYOKH, T. €. o
e (20)
| - nuana
Vi3 cpaenenusi dopmya (19) u (20) mHaxoiuM 3aBHCMMOCTDb TIOTEHIY
OT MArHUTHOTO MOJIS:
1n Bmax @1)
' M
dta ¢opmyaa «paGoTaeT) TaM, TAe €@ (!) eme OGosbuie, &
npumepro T, T. €. 1pa (Cp. )

BO) 1/ me @2)

B =} HepPaBeHCTBY
Ecau nose na creke B(ly)=B, YAOBICTBOPsET tepapenchey
(22), To xOi NOTeHUHMaNa B PaACIUIHpHTE]E HMEET BHﬁ;)TeHU.HaJl .
nepBoil KPHBOi Ha pHC, 30: MOYTH A0 CaMOH gTeHKnmaeT auian me-
Haercs no dopmyae (21), pagoM co CTEHKOH AOCT ~

T g B o Te 1o (Bpes )/ 22)
o= gp—plngR =BV A

a najesHve ¢ L0 Hy s HNPOHUCXOIHT B n1e6aeBCKOM CJloe Yy CTEHKH.
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Ecau nore B, na CTeHKe He

yZROBIeTBOpsieT
;"én%mgw«Bm“ Wm_i (xaK 3To 06kiyHO u p6usae1}‘] CJ:)BHIO (2,1121)};
X), TO NOTeHUMAN Ha BCem yuacTie c1a6oro noist peauntx
)

BL B Vm,im,

OYeHb GIM30K K moTen

nuany cr
TE€JILCTBO GHIO 3aMeye d e T <

- "‘Waaxg sanepring 3;§ 3anupaloiero NOTEeHIMala ¢ penHaa SHep-
. Te' 3 KTPOHOB 31ech - oyenn Maja 1o CPaBHEHHIO

I Bacnpeﬂenexme YaCTHN B mip
c
max VI m, HWIMOCTPHpyeTca puc. 7 (a, 6). MomHO moka-

. ﬂl\
~III'._.:_ 227770

"""III;I,II,

F{v,)

‘ "
6 VTo/ me V,

Puc. 7. Pacnpenenenye 3JIEKT

OH
@) mpoCTpaHCTBO CKopocTefi H romome ke Bw<<B<<B
S AeRbocTRaKCTS SMEKTPOHOB;  32:UTpUX0B ayu, o
» T. €. 3MEKTpOHAMHU, npHTeTe s 1My oT ¢ ea;I o8
) a
T e paerpot: —V2 o OTpaxaercs or noreHuuanEHoro g
i exo o= e®/m, onpenenser TPaHMLyY o6xacty
o HyHP:(P;' CTpeJKaMH noKa3amo HampasJenue audep ’
i, R UDHBIMH CTpeJKaMid — Hanpasaexue nmplb)}:;::: :ne
p)xamm,6 GalaHe 3THX mpomeccos onpeneaser nnomocriﬂ
) OyHxuua pacnpene.nenus 3JIEKTPOHOB 110 npox;

¥ BO3BpailaeTcy
B npo6-
AEPHKAHUA «3aNePTHX» 31 eKTDOHOB;

:ngHOB 43: NPOJeTHH X B 3anep-
PTRIX 9aCTHX K TpaHuye o6.1acTi

3anepTux wacrmy (a= V573 ;
OJIbHOR CKopocTH F (v 1 ) mBX)’

3a’rg (°p. [11]), uro B 3TOH obacru,
- C1800 3aBUCAMMX OT MATHHTHOTO MOy

C TOYHOCTBIO 10 HEKOTOphIX
Jeld, Hmeer MECTO COOTHONIeHHe

JIOI‘apI/I(bMH‘«IeCKHX MHOXHTe-

2
Waaxn"’ecp"’re i ’/ rfi—) ’
Bnax me !
T. e

. 1po6KH), TaK YTO HX LIHPHHH In

o6pa3oM (Belb LJMHA CBOGOAHOrO mMpoGera 3/EKTPOHOB QUEHb BeJH-

kal), cyulectBenso MeHbme 7T, XOJ  NOTEHUWajsa  TpH

By/Bunax &V m,/m; noxkasan tperbeil KpuBoii Ha puc. 36.

B curyaums, usoGpakeHHOHi Ha PpHC. 7, B CHCTEMe JOJDKHA
BO3GYMXHATLC 3JAEKTPOHHASI IyuykOBas HeyCTOHuMBOCTb. B  camoM
Jene,  pacnpeje/ieHHe 3JEKTPOHOB NO NpPOROJBHOH  CKOPOCTH

oo

F@@ ||)=2n§‘01.f (04, v1)doy (rae f(vy, ©1)—Qynkama  pac-

Tpeie/ieRus 3/IEKTPOHOB) HEMOHOTOHHO —OHO HMEET MAKCHMyM IpH
vy ~VT,m, o puc. 76. TlioTHoCTs — «myuka» 1,
Be

A | B
NOPAXKA IIOTHOCTH TNPOJETHBIX 3JEKTPOHOB: M, ~1Mn g mi
max

J1noTHOCTh 3amepTHIX 3JIEKTPOHOB 7 CYUleCTBeHHO  GoJjblie: n~
-~ ;mB/Bmay. COOTBETCTBEHHO, MHKDEMEHT NY4YKOBOH HeyCTOHYH-
BOCTH CJIeHyeT OLEHHBATh KaK WpeMly/N~ ®pi, TAE JEHIMIODOBCKHE
YaCTOTHl 3JIEKTPOHOB M HOHOB JHOJIXKHH PAacCUHTHIBATBCS IO IIOT-
HocTH n. HKpeMeHT oueHb BEJHK IO CPaBHEHHIO ¢ OOpaTHHIM Bpe-
MeHeM paclpOCTPaHEHHs IlaKeTa JIEHTMIODOBCKHX KOojieGaHHH depes
pacIIMpHTe]b, T. €. JEHIMIOPOBCKHe KOJeGaHusi yCneBaioT BO3OYX-
nathes. PaccessiHHe TIPOJIETHBIX 3JEKTPOHOB Ha 3THX KoJeGaHHAX
NPHBOAMT K HEKOTOPOMY YMEHbIIEHHIO 3JIEKTPOHHOTO NOTOKa Tella
Ha pacuupuTeab. IToApOOHBIH aHANU3 3TOH CJIOKHOH 3a/lauH B Ha-
crosimee BpeMs OTCyTCTByeT. B paGoTe [5] BO3MOXKHOe CHHXKEHHE
[IOTOKa Tellla IO CPaBHEHHIO C <«KJjaccHyeckofts ¢opmydoi (15)
YUHTBIBaoCh (DEHOMEHOJOTHYECKH, IyTeM JejieHHsa (. Ha HEKOTO-
PHIE YHC/EHHBIH MHOXHTeNb Eo>>1.

2.4, YayumeHue npojoJbHOTO yAEPXKaHHs
€ MOMOI(bIO AONOJHHUTENbHbIX KOHIEBLIX NPOGKOTPOHOB

TIpononbuble moTepu miaasMel u3 [JIJI MOXKHO 3aMeTHO yMeHb-
IMHTb, ecJd A06aBUTh C KaxKJAOH CTOPOHB YCTAHOBKH IO OAHOMY
JIOTIOJIHUTENbHOMY NPOOKOTPOHY, AJHHB KOTOPHIX YAOBJETBOPSIOT
yenosuio (1), a o6aacTH MPOOOK SIBJSIOTCA Y3KHMH («TOUEUHHIE»
YAOBJIETBOPAIOT HePaBEHCTBY:

In<€hiln RIR. (23)

3xech moj mupHHOH MPoGKHM MOAPa3yMeBaeTcss, KaK M PpaHblle,
pasmep nepexofHoft 006jacTd, B KOTOPOH HanpsiKeHHOCTb MAarHHT-
HOTrO TIOJISEi MEHSeTCs OT MHHMMaJbHOTO 10 MaKCHMaJbHOIO 3Ha-
YyeHHH.

VpaBreHHe 6anaHca YacTHI[ B ITHX JONOJHHTENBHBIX NPOOKO-
TPOHaxX HMeeT BH:

(g —111) gy =MV )

TIe fp U N; COOTBETCTBEHHO IJIOTHOCTH IJIa3MBl B OCHOBHOH JIO-
BYIIKe ¥ B JONOJHHTENbHHX fueiikax. Jlesas wacTp (24) cooTBerT-
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CTBYEeT INIOTHOCTH NOTOKA I1a3Mbi, BTeKAolleli Hz OCHOBHO# J10-
BYWIKH B MONOJHHTE/bHbBIE MPOGKOTDPOHHL, IlpaBasa wacts, coorser-
CTBYET NIOTOKY, BRITEKAIOLIEMY H3 [ONOJHHUTE/IbHbIX NpoOKOTPOHOB B
pacmHpurenn. Ilpennoaaraercs, uro HallpsXKeHHOCTH MAarHHTHOTO
nons B N1poGKax NPHMEPHO OJHHAKOBbIe,

H3 ypaBHenus (24) caenyer, uro ni~ny/2. 10 03HaYaeT, yTo
NIOTEPH N1a3MBI H3 CHCTEMBI YMEHbIIAIOTCS NPHMEPHO B JBa pasa.
Heo6xonnmo IIOAYePKHYTb, 4TO TAKOH BHIBOJ €NpaBeVIUB, TOJLKO
€CJM ANMHA AONOJHHTENBLHOro NPOGKOTPOHA AOCTATOYHO BeJIHKa, a
AZHHA TPOGKH YNOBJIETBOPsieT HepaBeHCTBY (23) (mpH caumkom
KODOTKHX si4efikax yacTHUH He 3aXBaTHIBAIOTCH H CBOGOAHO npoJie-
TaI0T Yepe3 HONOJHHTE bHbie NPOGKOTPOHBI, a NPH CAHUIKOM JJIHH-
HBIX J1a3Ma BefleT ce6s Kak uaeasbHAs KHIKOCTB).

Uto6sl moayunTs KOMHIECTBEHHBE pe3yJbTaThl, HEOGXOAHUMO
pPaccMOTpeTh ypaBHenHst GaJianca HacTHI, C yYeToM Iepenanos am-
GunoasipHoro NOTCHUHANA, BOSHHKAIOIMX HA IePEXOXHBIX ydJact-
KaX. COOTBETCTBYyIOIHE BHIYHCIEHHS (em. [6]) 6amskm x omucan-
HHM B paspese 2.1. Mx pesyabTarth NpeACTaB/leHH Ha puc. 8, us
KOTOpOro BHAHO, YTO B AHAMA30HE OTHOIWeHH T/T; (I<T/T:i?),
HPEACTaBAMIOMEM HAaHOGOJIbILIH IPAaKTHYECKH# HHTEpeC, NOTOKH
ITa3MBl yMEHBIIAIOTCS NPUOIH3HTENBHO B 1Ba pasa.

Hasa Toro, yto6y yciaoBHe (23) BHIOMHAZOCK IPH yMepeHHhIx
AJHHAX JONOJNHHTEJBHEIX SUEEK, AJTHHY CBOOOJHOTO mpo6era HOHOB

4eCTBa npuMeceit ¢ Z~10, yBennuusajomux Zetr. OueHKH TOKAa3hI-
BAIOT, 4TO NPH Zetr=3 JIHHA NONONHHTENbHbIX A1eeK MOXKeT 6HTh
yMeHbleHa 10 30 M. B atux yeaosusix TOPMO3HOE€ H3JYYeHHe Ha
NPHMECHX elle He OYeHb CYLIECTBEHHO BJMSNET mHa 9HeproGaJganc
peakropa.

08}
o
@
~
-
05
01 1,0 10
Ti/Te

Puc. 8. 3amucmmocts noroxa Hactau w3 THJT ¢ opuum pomousu-

TCJILHEIM NPOGKOTPOHOM (¢;) OT OTHOWemms T:/T. temneparyp

HOHOB M 3JIEKTDOHOB B LEHTPAJbHOM NPOGKOTPOHE; ¢y — MOTOK ua-

THU B3 TLJ1 Ge3 nononnurensmoro Npo6KOTpoHa. T'paduk ans or-

HOIIeHHA NMOTOKOB SHEPrHU B MAcIITabe PHCYHKa NPaKTHYeCKH COBIa-
Aaet ¢ rpadurom ¢;/q,
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. N
ITpoctoe paccMOTpeHHe, OCHOBaHHOE Ha coomo;nxe(zggx,c T%%%JII{ >
" ob6aBlieHHe ¢ K
ruuHbix (24), moKaspiBaeT, 4TO I A
e YeeK /\aeT BLIATPHIL B TPH pasa, TpeX — B 1
A ﬁsyx X i mpu 3ToM 3¢ dekT GuicTporo (~ k=%, rie
o1H i
pe u T. A. Bo3Huka ” Oy Toenens
KOTPOHOB) yMeHb
k unca0 NPHCOEAMHEHHEIX IIPO MEHbI!
HHX (C TO'-II)KH 3pennsi 6aJJIOHHBIX MOJ) S3HaueHHH napameTpaBosti
MOKeT OHTb, B NPHHLIUIE, HEATPAJH30BAH CTAOHIM3HPYIOIIHM
: »

JeficTBHeM aTOMapHBIX IMYYKOB (cM. pasgen 3.2).
2.5, AmGunoasipubie 3¢ ¢geKTs B NPOAOJBHOM YAECPKAHHH

ITpu ucnoawsszoBanuu I'/IJ1 B Bapuante HEHTPOHHOTO renepi:)?{;z
C XOJIOJHOI MHIUEHHOH IJa3MOH H 6bICT§)bIMH nnemy(l)lmnlxgg;;; Jona.
‘ — OHaMH) B 3ajaue
Jisl ONpeAeseHHOCTH — TPHUT
;'d;ep(}f(aﬂnn smme}moﬁ IJ1a3Mbl MOTYT BOSHWKATh HOBLIe MOMEHTEH,

BrnT

-
Puc. 9, Pacnpesenenne napamMeTpoB miIasMbl B 06JacTd NpOOKH:

NYHKTHD;

@ — 32BHCUMOCTb MATHMTHOTO MOJS (CHUICWHAsS JWHHA) H ngg'n;gg;u il;;g:g:;}é&;;ﬂ:;mq; q(x ey p =%,)

— : d
bl /; Hawyalo IepexoiHOH ? A B oue 1 =1
gl;p;lf:nr?pﬂ?:?no,;:gg:“a:pu'rox-l,oa MaJa no CpaBHEHHIO C AJMHON TMpoGkH; 6 — 3aBuC o(l)

*
B OTCyTCTBMe OHCTpHX wacTHy (ng = 0); 8 — 3aBucuMocTs @ (!) mpH & (R4/R) < nyfne < IH
2 — 3aBUCHMOCTb ©(l/) npH n’;/no>l.
/s




CBsI3aHHBIe ¢ MoAH(HKalHel npoduas aMGUIIONIPHOro HMOTEHLHaMaa
- B obGJsacrtd, TAe pacnojaraercsi NMHK IUIOTHOCTH TPHTOHOB (Hasnee,
IJis KPaTKOCTH, IPOCTO <«IHK», cM. puc. 9a). Tak kak B obaactu
‘PacnoNOKeHUs] MHKA MJIOTHOCTh HOHOB OCHOBHOR ILJIA3MHEI BCJECT-
‘BHE aMOHUNOJIADHHX 5(deKToB N0JKHA NafaTh, HaJHUHE IIHKA MO-
XKeT cO34aBaTh AONOJHHTENbHOE NPENSTCTBHE HCTEUEHHIO OCHOBHOM
nnasmet w3 IIJI. CoorBercTBylomas 3ajava 6buia pellleHa B pa-
Gore [12] nns cayuas, koraa TeMmepaTypa SJeKTPOHOB 3aMETHO
npeBbIlIaeT TeMHNEPaTypy HOHHOH MHUIEHHOH IJIasMbl, H TeUEHHe
3TOH IVIa3Mbl NPOHCXOJAHT B T'a30AHHAMHYECKOM DexHMe (IJHHA
cBoGoxnoro mpoGera HoHOB Masa). OKa3blBaeTcs, YT0 B TaKOI
TIOCTaHOBKe 3ajlaya aHaJIOrWyHa 3ajaye o comJe JlaBajs: «pacxoi»
MHULIEHHOH MJIa3MBl CJeAyeT ONpeldeJsiTh U3 TOTO YCJOBHS, UYTOGH B
HanboJlee «y3KOM» MeCTe CKODOCTb NOTOKA pPAaBHAJIACh MECTHOI
‘CKOPOCTH 3BYKa, NPHYEM, KakK ycTaHOBJeHo B paGore [12], B 3a-
BHCHMOCTH OT BBICOTHl IHKa «y3KOe» MEeCTO pachojaraercs JuGo B
ToyKe NMHKa (/=[ ma puc. 9a), 160 B MakCHMyMe MAaTHHTHOrO
nonst I=1I, Ha puc. 9a). B nociaeiHeM ciaydae PacxoX MHLICHHOH
I/1a3Mbl OKAa3bIBAETCsl TAKUM K€, KaK B OTCYTCTBHE IHKa (T. e.
ompezensercsa dopmydoit (17) ¢ T;=0). _

OGosnayum yepes R. OTHOLIEHHe MAarHMTHOTO MOJI B TOYKe [=
=/, X MOMI0 Ha OJHOPOJHOM yYacTKe (eCTeCTBeHHO, uTo R.<<R, rie
R — o6biaHoe mpoGounoe orHowenne). Haiigennoe B paGore [12]

YCJOBHE TOTO, YTO <«y3KOe» MeCTO HaxXOAUTCA B TOYKe [=/,, UMeeT |

BUAO:
2 >g(3x) (25)

rae no— IJIOTHOCTb HOHOB OCHOBHOH mIJja3Mbl Ha y4yacTKe OIHODPOA- |

HOTO MOJIA, Mp™ — IJIOTHOCTh. GBICTPHIX TPHTOHOB B TOYKE OCTAHOB-
KH, a rpaduk ¢yHxkuun g mokasan Ha puc. 10. Iloxpasymeaercs,
4TO yrJI0BOe pacnpefiesieHue OLICTPEIX TPHTOHOB OYEHL Y3KOe, TaK
9TO HX IJIOTHOCTL CYLIECTBEHHO OTJHYHA OT HYJS TOJBKO BOJH3H
TOYKH [=/,, KaK 3T0 W noxkasaHo Ha puc. 9. IIpu BEINONHEHHH yCJIO-

Bus (25) NOTepH IJIa3Mbl M3 JIOBYIIKH CTaHOBATCS MEHbILE, UeM |

¢
1,0

0,5 1,0 Ry /R

Puc. 10. 3aBucumocts g ot R./R

2/q,
1

Puc. 11,

R*/R =014;

T

1

fax

n*\ Ty
ney

oo

Toapo6Hee cM. [12]).

7—7628 8.

NOTOKa mJa3Mel B ‘IIpoGKe
HOCTH  GBICTpbix TPHTOHOB n: npu

95 107 /n,

SaBHCHMOCTb MIOTHOCTH
OT nJjor-

o=n,V T 72,73m,.

pesyabrate pac-
BI  BHA, moKa-

L. u npo6xoj HosB/IsIeTes
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3. MII-YCTORYHBOCTb M NMONEPEYHLIE MOTEPH

Onno u3 ocHOBHBIX npeumyuiects I'JIJI COCTOHT B BO3MOMHOCTH
nonyyeduss MLl ycrofiyuBoro ymepanusi miasme IpH HpocToi
4KCHAJbHO-CHMMETDHYHOH reoMeTPHM MarHHTHOre noJs. 1o o6-
CTOATENLCTBO CBSI3AHO C TeM, YTO B OTJHYHE OT KJIACCHYECKHX
NPOGKOTPOHOB, Tlle 32 MPOGKOH MIa3Mbl npakTHueckd Her, B I'JJI
JiasMa IpoCTHpaeTcss JajieKo B 3anpoGounyio obnacts. Ecau cH-
JIOBHE JIHHHH MATHUTHOTO TOJIS MMEIOT 3/leCh G6JIarONpHATHYIO KPH-
BH3HY, TO 3Ta 06/1aCTh BHOCHT CTaOWJMSHPYIOWHH BKJIAA B KpHTe-
PHA YCTOAYMBOCTH, KOMIEHCHDYS AecTabHIH3HPYIOIH] BKJA4A OT
[IEPEXOAHOr0 y4acTKa M oOecneynBas YCTOHUHBOCTD CHCTEMH B
LeJIOM,

Huxe MB paccmoTpuMm, kakoit 3amac YCTOHYHBOCTH  MOXKeET
06eCneynTh pacIIHPHTENb, H KAKHe PeKOMEHAALMH IO BHGOPY reo-
METPHH MarHMTHOTO MOJI CJAeAYIOT M3 TpeGOBaHHH YCTOHUHBOCTH
N1a3MHE MO OTHOHIEHHIO K KeNOOGKOBHIM M 6aJJIOHHBIM MOIAM.

3.1. Crabuausauus xenoGKoBoil HeyCTOMUYHBOCTH
MOTOKOM HCTEKAIOWEH H3 JIOBYLIKH MJAa3Mbi

Oco6eHHOCTH B HCCJe0BAaHUH MTI'I-ycroituusoctn TIJI  cBs-
32HEI C HAJTHYHEM TEYCHHsS NJIasMbl B Ipo6Ke H 3anpo6ovHOl 06iia-
CTH CO CKOPOCTSIMH NOpANKA CKOPOCTH 3BykKa. Kak ykasmBaaoch
B [1, 5], a sarem ‘60 cTporo mokasawo B [13], HeCMOTps Ha
GoJiblle HampaBJeHHble CKOPOCTH ILIA3MHL, KpuTepHil yCTOHYHBO-
cte I'/IJI no OTHOLIEHHIO K BO3MYIIEHHSIM KeJOGKOBOTO THIA MO-
XeT OuITh NpeicTaBieH B hopMe H3BECTHOIO KpuTepus Posenbiio-
Ta—Jlonrmafipa [14]:

fdz“" 2L >0, 26)

r

31ech my M 7, — NPOAOJIbHAS H MONEPeYHas O OTHOWIEHHIO K MAar-
HATHOMY MOJIIO KOMIOHEHTE TEH30pa NJIOTHOCTH IOTOKa HMIyJbCa,
r(l) — paccTosiHHe OT OCH CHCTeMH A0 CHJIOBOI JUHHH, % ([) —
KpPHBH3HA CHJIOBOH JHHMH. Hanuune Teuenns miasMel mpossusercs
B BhIDAaXKeHHH IJIA T ' v

Ry =p,tev
T =Py
- TAe py, p, — NPONOJNbHOE H NONEPEYHOe JABJCHHA IJIa3MHbl, O —
IVIOTHOCTb, U -— CKOPOCTb TEUEHHS. YCJIOBHSI NPHMEHHMOCTH KpH-
TepHs yCTOHUHBOCTH B opme (26) cBomsiTcs K ToMmy, yToGH Bpe-
Msl [poJieTa MJIasMbl Yepe3 NMEPeXOAHYI0 06JacTb W paclIHpHTENb
6LLIO MaJo N0 CPaBHEHHIO C XapaKTEePHHM BpeMeHeM pasBUTHS

XeJOOKOBHX BO3MYyIIeHHH, DTO YCJIOBHE aBTOMATHUYECKH BHIIIOJ-
HAETCA A/ NJHHHBIX NPOGKOTPOHOB, [3>L, (cM. [13]). B mapak-
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(27)

CHaNbHOM NpUG/IHXKEHHH KpHTepHH (26) npuoGperaer Gosee npo-

CTOH BHA: A
= f?r‘*r”dl >0, ‘ ‘ (28)

rie = Py+p, +ov* 3neck yureHo, uro sesuwmm r () 1 k(l)
BRIDAXKAIOTCA GopMyJIamMu

r==ro[Bmia/ B (l)]”z’ x=d2'l"/dl2,v ’ (29)

rle B(l) — nanpsKeHHOCTh MAarHHTHOTO TOJSI HA OCH CHCTEMH,
Bmin ¥ ro— HaNpPAXKEHHOCTh NMOJA H PACCTOSHHE OT OCH HO CHJIO-
BOH JIMHHH B L€HTPAJbHOH YaCTH COJIEHOHA. PaccmatpuBas xe-
JI0GKOBYI0O HEyCTOMYHBOCTb, MHl 6yJeM NOJAaraTh Bkl u, coorser-
CTBEHHO, CYUHTATh MarHUTHOE II0Jie B NJa3Me COBIANAIOUWHM ¢ Ba-
KYYMHBIM.

Bennyuna & sBasercs HekoTopo#t ¢yHKuHe# HaNpAXeHHOCTH
MAariHTHOrO NOJISL Ha CHAOBOH JuHHM: P=FP(B). TlockoawKy, ¢
ApYyro# CTOPOHH, PACCTOSIHHE I OT OCH [0 CHJOBOH JIMHHH B Ha-
PaKCHaJIbHOM NDHONHXEHHH TaKke sBasiercs ¢yHKumelr B (cM,
(29)), To MoxHO cuuTaTh P DyHKUHEH I

P=P(r). (30)

Hurerpan- (28) ynoGHo mpeacraBHTb B BHe CyMMBl HHTerpa-
0B I 1 I, ONHCHIBAIOIMX BKJIAJAH OT NeEPEXOAHOTO yuacTKa H
pacunpurens. B K1acCHueCKHX GecCTONKHOBHTENBHBIX NPOGKOTPO-
Hax (A>RL/InR) nnasmu B 3anmpo6oyHOl 061aCTH NPAKTHYECKH
HeT, W NO3TOMYy 8HaK (28) onpenesercs NepBHIM MHTerpanoMm I,
IlpousBoast B HEM MHTErpHpOBaHHE IO YacCTAM H YUHTHIBAS, 4TO
r’(0) =r’(l) =0, mosnyuaem: : '

lm
In=—\ r 2 (@raL | @31)
[i] I

Tak kak r’ <0, To sHak (31) ompemensieTcst 3HAKOM NIPOH3BOAHOM
d(Prd)[dl. Ecniu HCXOAHTb M3 NPEANOJONKEHHS, YTO BEJHUHHBI Py
M p, MOHOTOHHO yCOHIBAIOT N0 Mepe NPHOMHKEHHS K NpobKe, To

d(Pr3) /di<0. ' (32)

Bonee toro, naxe ecin # pacrer ¢ KoopauHaToH [, HO He GHCT-
pee r=3, unrerpan (31) oTpHmaTeNeH HE3aBHCHMO OT dopmsl cu-
JIOBBIX JIHHHH, YTO SIBJISETCS OCHOBAHHEM ISl XOPOLIO H3BECTHOTO
YTBEpKJAEHHS O HEyCTOHUMBOCTH KJAaCCHYECKOTO NpOBKOTpoHa ¢
AKCHAJIbHO-CHMMETPHYHBIM MArHUTHHM MoJeM. - MICKaioueHne H3
STOro NpaBHJIA COCTABJSIOT PEXHMBl C CHIbHOH HeMOHOTOHHOCTBIQ
bynkuun # (cm. pasjen 3.2). "

Ceituac Mbl He 6yfeM aHAJTH3HDOBATb 5TH ClEMHAMbHEE clayvyay
H Orpanmummcs paccMoTpenueM CHTyauui, Koraa BCIOAY HAa HH«

. TepBane 0<</<Cl, BHINOJHSETCA HEPABEHCTBO (32). Hccnenonanne
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BapuayHOHHOH 3ajauu ANA <¢yHKUHOHakxa [, MOKaswBaeT, uTo B
STOM cClyyae CYUIECTBYeT BblAeJeHHAs KOHMHIYDAUUS CHJIOBHIX
JIHHH#H, JJIA KOTOPOH He6JaronpusiTHHIA BKJIaj MHHHUMAJEH IO a6-
COJIIOTHOH BesiHYMHe (NPH 3aJaHHBIX [JIHHE INepexXoAHOH o6iacru
I, n npo6ounom otHomenun R). [poduap onTHMaJbHOHK CHIOBOM
JIHHHH BbIpaxaercs QopmyJoit:

To — e To
l d
=l ar Y Eer \ arV o, (33)
o r rol YR .

3ajaiouleit B HesiBHOM Buje cBsi3b 7 (I). IIpu Gonbuimx mpo6OYHBIX
OTHOLWIEHHAX 3ITO COOTHOIUEHHE MOXKeT GBITb NpPEACTABJEHO B fB-
HoM BuJle. BoamoxHoCTh ynpoweHu#i cBsisana ¢ TeM, uto npu R>>
>1 JpaBneHHe H, COOTBETCTBEHHO, GyHKUUA P NpaKTHYECKH HOCTO-
SIHHBI Ha BCeM IepeXOJAHOM Y4YacTKe M PaBHHl CBOHM 3HAYEHHAM B
Toyke [=0. YuntwBas 3TO npH HHTerpHposanuu B (33), [OPHXOJHM
K pe3yJbTary:

r=rV1—(l/l) A =RY). (34)

Muast sasucumocts (33) sHauemde wumrerpansa [, Mo a6COMOTHOM
BEJIMYHHE OKa3bIBAETCS MUHUMAJLHEIM:

' To - 2

N in__ 1 V d

L i g ar ) L. (35)
. . fol Vl—?-

B mnpenene Gosbumx npoGOYHBIX OTHOMIEHHH, KOT/a cripaBe JMBa
acumnToTHKa (34), BepaxKenue (35) mpuHHMMaeT BUX:

| L in = 5 276" (36)

2 In
UncneHHBle pacyeTH NOKAa3HBAKT, 4To yXe npd R>10 npubau-
XKeHHble Qopmynsl (34), (36) obecneunBalOT TOYHOCTHL HE XyiKe
5%. Cnenyer Takxe OTMETHTb, 4TO LPH CIUHBKe pemennii (33),

(34) c ONHOPOAHHM MOJIEM HEHTPaJbHOH YacTH H PACIIHPSIOUIUM-
csl noJieM 3amnpobo4HOH 06J/1aCTH BO3HHKAIOT H3JOMBEl CHJIOBOH JIH-
HHM, BOJIH3H KOTOPHIX (GOpMajbHO HapymaeTcsl YCJIOBHE NapakKcH-
anbHocTH. CrJiaXHBaHHE STHX H3J0MOB Ha Macwrabe §(ro?/l,<
K8k l») TMO3BOJISET YAOBJETBOPHTL YCJOBHIO [apaKCHAJbHOCTH
6e3 3aMeTHOr0 H3MEHEHHMS MHTErpasa yCTOHYHBOCTH IO OTHOILe-
HHIO K ONTHMAJbHOMY.

'O6cynuMm Tenepb, KaKOH CTaGW/IHM3MPYIOUHHA BKJAaJ MOMKET
obecrneunts pacmpurenab. M3 ¢opmynn (28) sugHo, urQ BKIAL
PaclUHpHTE/IS B HHTErpajl YCTOAUMBOCTH GyneT CTaGHIHSHPYIOIULHM,
ecau r pacter ¢ / GHcTpee, 4eM 1O JHHeHHOMy 3aKOHy (TOrJa CH-
JIOBBle JIHHHM B DacCIIHpHTe/]e BHIYKJIL B CTOPOHy IJasgmbl). Tak
Kak 10 Mepe yJajleHHs] OT NPOOKH IJIOTHOCTH CHAafdeT MO 3aKOHY
P~ po(B/Bmax), @ CKOPOCTb TEUEHHs, €CJIH He YYHTHIBATb YCKOpe-
HHe MOHOB B AMOMIOJISIPHOM MNOTeHLHaJse, OCTaeTcd MOCTOAHHOH H
HO MOpsAJKy BeAHYHHB PABHOH CKODOCTH 3ByKa Ha cpe3e NMpOGKH,
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NpHOIHKEHHYIO 3aBHCHMOCTb P OT r B PACIIHPHTENIE MOXKHO Hpef-
CTaBHTb B BHJE:

P ~ 02~ (pylpg) ~ Po(r?/r*R)-
Hicnoab3ayst 3Ty 3aBAcUMOCTb, nepenuinem /,, B dopme

ly

= Dol o* S f'"fdl, (37)

ex— R
'm

OTKyZa BHAHO, 4To OCHOBHOH BKJaj B HHTerpaa (37) BHOCHT 06~
JAacTb GOJbUIMX 3HAueHHH r (NOpsiAKa pPacCTOSIHHA I, OT OCH JO
CHJOBOH JIMHHM Ha MmorJjomawiefl creHke). 3To 06CTOATENbCTBO
SIBJISIETCS. BECbMa CYLIECTBEHHBIM [J1s1 OLEHKH 3(PQEeKTHBHOCTH ras
3oquHaMuuecKoil crabunusanun. OHO yKaseBaeT Ha TO, UTO CTa-
GUIN3UPYIOUIMA BKJIAA MOXKHO CAeJIaTb 3HAYHTENbHBIM, €CJAH HCe
MOJMb30BATh MAarHATHBE NOJS ¢ GOJBHIOA CTENeHbl0 pAaCIUpEHHSA
[15]. :

Has ouenku Bemmuunbl 3dxbexta 3ameHuM MuOXHTeaH B (37)
CACNYIOMIM 06PasOM: 7 ~ry, I~y Aoy (Alpy=1ley—lnp— Aauna
paciMpuTess), NOCJe Yero MoJydHM:

Iox=2py (redra2l RAL, ). ) (38)
CpaBuenue (36) u (38) mnoxaswbBaeT, YTO YCJIOBUE CTAGHAM3AIHH

Aaeno6xoBoi  HeycrodumBoctd [,,>|[,| Hazaraet caexayiouiee
OTpaH{YeHHe Ha IeOMeTpHYECKHEe XapakTePUCTHKH MACHUTHOIO TMOJS:

lm> Ale.l‘ (rOQR/r%?)‘
Vicnoab3yst MOCTOSIHCTBO MATHATHOrO NOTOKA Iy?By,=r2By ., ‘ero
‘MOXHO BHIPasuTh uepes 3Hauemusi B, W B,, rie B, —Hanpsxex-
HOCTh MATHUTHOI'O M0JIs HAa MOIVIOIIAIOMIER CTeHKe:

lm > Alex (BwR/Bmln)° (39)
Buano, ato 3¢ddekTuBHOCT, PabOTH paCIIHpHTeJss B  KauecTBe
SIKOPSt AJs cTaOMIH3alIMH XKeJOOKOBOii HEeYCTOHYHBOCTH 3aBHCHT OT
TOr0, HaCKOJbKO Masao 3HaueHHe B, ONHO W3 OrpaHHYEHHI CHH3Y
Ha BeJHYHHY B, BO3HHKaeT B CBSI3U C TeM, 4TO JIOKaJbHOe 3Haye-
HHe napamerpa PBrow=38mnpv?/B? yBeauuynBaercsi No Mepe pacuiHpe-
HHSI IOTOKA N0 3aKOHY: .

Briow>p (Bmin/BR) , (40)
Tlle 3HaYeHHe P OTHOCHTCS K LeHTpasabHo#l yact joBymku (B IJIJI
OHO paBHO IO NOPSAKY BeJMYHHBH efuHHLe). Eciu opHeHTHPOBaTh:
Csl Ha MarHHTHOe yAepKaHHe IJa3Mbl Bo BceM ofbeme pacClUiHpPHTE:
Js, TO YCJIOBHE Briow<<! HOJKHO OHITh BBHINOJHEHO BO BCEeX TOYKax
CHJIOBOH JIMHHH BIUIOTH L0 MOrJomawolleii creHKH. MubiMu cioBamy,
AOJIKHO OBITH BHINOJHEHO HEPaBEHCTBO .

(Mbt moOXKUH B~ 1).
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.= Ecam, cTpemsicy ewme Goupure YBENMYHTb CTAGHIAUSHPYIOWHE 3¢h-
¢ekT, BrifiTH 32 paMku HepaBeHcTBa (41), TO JOKasbHOe 3HAye-
HHE Brow=1 6yler pocTHraTbes B IPOMEXYTKE MeXAy NPOGKOH u
norniowapmei crenkofl. Tak Kak Ha yyacTke CHIOBOJ JHHHY, Je-
Xalled 32 3TOH TOYKOH, CKOPOCTb TeUeHus NJ1a3Mel Goqiplile asibo-
BEHOBCKO#i CKOPOCTH (YTO IpensTCTByer pacnpocrpaneHnio anbd-
BEHOBCKHX KoJieGaHHH K LEeHTDYy JIOBYIUKH), 06JacTb Briow =1
NepecTaeT BHOCHTh CTAGHIH3HPYIOMHN BKIa] B KDHTEpHUH XeJ06Ko-
BOH HeycToRuuBOCTH (cM. [13]), g, COOTBETCTBEHHO, BEPXHH}I Ipe-
A€l uHTerpHpOBanus B (37) HoJikeH ONpeAeNATLCH He MOIVIOMAD-
IMefl CTeHKOH, a KOODAMHATOH [*, rje Briow (I*) =1. Pasymeercs, B
STOM caydae Qopmyna (37) rTepsier TouUHLI KOJIHYEeCTBEHHBIH
CMBIC/, TaK Kak BOJIM3H TOYKH [={* Bejguky BO3MYIIEHHSI BaKyyM-
HBIX XapakTepHCTHK noJs. 'OLeHOYHO yCiOBHe CTaGHIM3ALHH BhI-
Paxaercs B TaKOH CHTyalHH HepaBeHCTBOM Iy >1*—1,,. YuursBas,
AT0 Ha mpelleNie NPUMEHHMOCTH —NapaKkCHAJbLHONO OpuOGIHKeH s
PF—l,~r(l*), a us yeaosua Prow=1 u ¢opmynn (41) caemyer
CooTHOuwenue r(I*)=r,)JR, npuxogum k BEIBOAY, 4TO, B NPHHIUHMIE,
PacIUHpHTe/b MOXKeT OGeCNeYHTb TaKOH samac YCTOHYHBOCTH, NpH
KOTODOM cTabuIH3auHs KeT06KOBOM HEyCTOiYHBOCTH Gymer npo-
HCXOAHTL NPH OYEHb MATKHX OrpPaHHYeHHsX Ha JJIHHY — [epexof-
HO#t o6macTu™®:

ln=2r,VR. (42)
dakruueckn 310 ycaosue CBOAUTCA K TPeGOBaHHIO, YTOGL AJHHA
NpoGOK Gklia MPHGIH3HTENbHO B 10 pas GoJbllle paguyca miasmpr
Ha y4acTke ONHOPOAHOrO MATHHTHOTO MO OtmeTuM, uto Heko-
TOpoe JoNOJIHHTENbHOE YBeNHueHHe CTabUIHSHDYIOILero BkJaja
BOSHHKAeT 3a cuer caaraemoro po? mpu yuYeTe YCKODeHHS HOHOB

aMGHIIONAPHBIM , IOTeHIHANOM, IIPHCYTCTBYIOIUM B pacurHpHTene
(cm. pasmen 2.3). :

3.2. ipyrue meronp CTaGUAH3ANHHA
XeJno6KoBoii HeyctoduuBoctu B I'ILJI

¥Benuunts 3anac ycroiumsocty m FOJT (wnn paxe nonnocTbio
06ecneynTh YCTOHYHBOCTD) MOXKHO He TOJBKO C HOMOIIbI0 NOTOKA
3anmpo6OYHOil NJAa3MBI, HO H IOCPENCTBOM psida APYTHX METoL0B.
IIpexcae Bcero, ymomsiuem CTaGHIH3HDYIOMIH 3 dexT, cBA3aHHBI
C LefCTBHEM Ha NNAa3My DPaAMANbHON CHJL CO CTOPOHEI IIYYKOB
HEHTpaJIoB, MPUMEHSEMBIX /IS NOALepKaHHs MAaTEePHANBHOTO u
SHepreTHuecKkoro Gauanca. Cuaenys paGore [16], mamum kauecr-
BEHHOE onucanHe 3P¢eKkTa (KOJHYeCTBeHHbIe PesyJbTaTH MOMKHO

‘Ha#ith B paGote [17]). Bynewm CIHTATb, YTO HMHKEKUHS BeleTcs
L R

*) B mepmrix pacuerax [l, 5], B oTmume ot [15], He 6rur0 YuTeHO TO 06cTOS-
T&JIBCTBO, YTO OCHOBHOM CT2GHIH3HDYIOUWHH BKJIAJ BHOCAT yqacTKH ¢ 6obIOI
CTCNEHEI0 pacIIMpeHHs MarHHTHOTO IIOTOKa, TOSTOMY mosryuenHoe B HuX yciaoBHe
B R pa3s mectde, ueM HepaBeHCTBO (42). v
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OCeCHMMETPHYHO (pHC. 12), mpuueM NJIOTHOCTH HeHTPaJiOB Ha Tpa-
HHIle IJa3MBl DaBHa flo, & HX CKOPOCTb Uo. Bynem Takxe cuutarts,
YTO JVIHHA MOIVIOMIEHHs HeHTPaJOB NO NOPSAKY BENHYHHB PaBHA
panuycy nnasmel @ (eciu OHa CYHIECTBEHHO. NIPEBHIUAET 4, TO
I71a3Ma Npo3payHa AJisi HeATDAJIOB, W MYYKH HCNOJb3YITCS Hedd-
(EKTHBHO; eCJH OHAa 3HAYHTEJHHO MeHblLIe @, TO IJia3Ma CTAHOBHT-
cs TpyGuatofi).- [Ipu 3ToM B eluHHIEe o6beMa Ma3Mbl B. eAHHHILY

Puc. 12. [Tonepeuynoe ‘cevemme mnIa3MeHHOrO LIHYypa.

Crpe/iKaMH CXeMaTHYECKH TOKa3aHA HHMKEKHHS HefiTpa-

7i0B, OCeCHeYHBAIOMAs B LEJOM NOYTH OCECHMMETDHU-
HHl X DOTOK

BpeMeHH mnorJjolnaercs (M0 MOPSAKY BEJIUYHHB) NgUo/a HeHTpaJlog.
Ecnu BpeMss XH3HH NJa3Mbl 0 OTHOLIEHHIO K YXOAY uepes mpob-
KH paBHO T, TO B CTALJHOHAPHOM COCTOAHHU

- (43)

vt ’

rlle 7 — IJIOTHOCTh MJAa3MBl.
Ilycte cusmoBas TpyOka ¢ nomepeuyHwsiM ceuenueM AS (puc. 12)

cMenjaeTcd o paauycy Ha pacrosHue § (AS H E OTHOCATCSA K Of-
HOPOJAHOMY yuacTKy). B HoBom noJsioxkenuu TpyOKa OKpY:KeHa
IJ1a3Moil ¢ JPYTHMH IIOTHOCTbIO H TeMnepaTypoif. COOTBETCTBEHHO,
NOIJIONeHHe HEHATPAJoB B TPyOKe OT/IHYAETCS OT IOIJIOIIEHHS B
OKpyXawluel NnasMe, H TPyOKa HCHOBITHIBAET HECKOMIEHCHPOBaH-

HyIO CHJY
ASminwetl E
Jo~ _iao_o_— @’
umM, npu yuere (43),
ASLminy, § ‘ (44)
fo"’ - < _a

T a’




C 1pyrofi CTOpOHH, «apxMMeNOBa CHAa» (CO3JaBaeMast addexTamn
KPHBH3HH CHJIOBBIX JIHHWiA) paBHA ,

fa~AS 21— p, (45)

rae pP~mnv, —napnenne mniasme, a L,—/A/MHA TDPOGOUHBIX

yuactios. CpasuuBas (44) u (45), maxonum, uTo >(dexT HEKeKUEd
HeATPAJIOB CyllecTBeH Ipu
: 2

vF,T
3Hak cuan f, (cTaGHAM3HDYIOWHKE UK LeCTabUNH3NPYIOLHKE) 3a-
BHCHT OT AeTaJsieil Npouecca mOIVIOWEHHS. B GoJblUIMHCTBe peaJib-
HbIX CHTYalHH OH COOTBETCTBYeT CTaGHJIH3HDYIOIIEMY st dexry.
[Ipu sTOM BHINOJHEHHE ycnoBust (46) oGecrneunBaer yCTOHUHBOCTB
LEHTPAJIbHOM YaCTH JIOBYWIKH <CaMoii No cefe», Ges CTaGHIH3ALHH
paclupuTensMu. HHCIEHHEIE OLEHKH MOKA3HBAIOT, YTO U5l peaxTo-
pa-I'’IJI nepaBeHCTBO (46) MOMKET BHITIOMHSITHCSL,

Ewe onsa BoaMoxHOCTL craGuansamun HEHTPaJbHOH wacTH
TV, umeromas onpenenenusie NEePCNeKTHBE NPH HCIOJb30BAHHH
I'IJ1 B kauectse HEATPOHHOTO HCTOUHHKA, — 3TO HAKJIOHHAS HH-
KEKUH HEHTPAJOB C LEJbI0 CO3AaHHS MNONYJISILHH DJIeLIyIIUXCs
HOHOB C TOUKAMHM OCTAHOBKH B 06J1aCTH G/1arONPHATHON KPHBH3HBL
CHIOBLIX JHHHA. [Ipu 3TOM, ecam yriosoi pasbpoc mielLlyluHxcs
MOHOB JOCTAaTOYHO MaJ, TO BOJIH3H TOYEK OCTAHOBKH JaBJjieHHe
nasMbl (TouHee, cymMmma py+-p,) uMeer OCTPHI NHK, H 3Ta 06J14CTh
BHOCHT mpeoG6/afal0liKii BK/Iaj B HHTerpas ycrounBoctH  (26),
06ecneunBas yCTORYHBOCTD CHCTEMBI B LIEJIOM.

Ha sror Meton crabuausauun 6uuio YKasaHo eme B paborte Po-
3en6mora u Jlourmatiepa [14], Ho Gosee mosmHHe pacuethn Pozen-
6mora u Xuntona [18], BumonnenHbe A5 HEKOTODOH KOHKPETHOI
TE€OMETpHH MATHHTHOTO MOJIsA, NOKa3aau, 49To TPeGOBaHus K yrio-
BOMY pa36pocy IJIEIYIIHXCS HOHOB BeCbMa KECTKHE — 4TOGEL yJA0B-
JIETBOPUTDL UM, HyXKHO B3SiTh SHEPrHI0 HHMKEKIHH B COTHH Pa3 BhILIe
SJIEKTPOHHOH TEMNePATypH (TOria yrioBoe paccesiHue HOHOB Oyner
HECYINECTBEHHHIM HA (OHE MX GHICTPOrO TOPMOMKEHHS Ha 3JIeKTPOo-
Hax MJa3sMH, H YI7I0BOA pasbpoc GyAer oueHb ManeiM). 3TOT pe-
SyJbTaT AaJji OCHOBAHHS AJIS NMECCHMHCTHYECKOH OLEHKH BCEro Me-
Toja crabunusanud. OJHAKO, B HelaBHell cTaThbe [19] 6n10 3ame-
HEHO, UTO ~HEKOTOpAas ONTHMH3AUHS (HOPMBHl CHJIOBBHIX JIHHHE,
COCTOAIAA B «CT/IaXXHBAHHH» CHJIOBLIX JHHHH BIAJH OT TOYKH
OCTaHOBKH M, HAaNPOTHB, B CO3NAHHM OUEHb PE3KOTO HX «H3NOMA»
B TOYKe OCTAHOBKH (pHC. 13), MO3BOJseT B HECKOIbKO pas cHH-
SHTb SHEDIHIO HHEKUHH N0 OTHOLIEHHIO K TeMIepaType 3J1€KTPO-
HOB. B peaxtope-T'JIJI sHeprust HHXeKIHH ocTaercs Boe eflle CJHMI-
KoM Gosbwiofi (T. K. Temmeparypa S/JIEKTPOHOB B peakTope He Mo-
XKer OuTh MeHblle 5--10 x3B), HO ecan OPHEHTHPOBATLCS Ha NpH-
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meHenue I'IIJI B KauecTBe HeHTPOHHOIO reHepaTopa, Bl K(;ropolga
TeMmeparypa 9JEeKTPOHOB MoxeT OHITh cHHXeHa [0 1—2 k3B,
SHEepPrus MHXKEKIHH NOoNajfaeT B Npedelbl PeasbHOTro. i
Hmetorcss npeAsioxkeHuss no crabHIH3auMu I‘aSOILPIHaMquC14) ;
JIOBYWIEK MpPH MOMOLIM KOHIEBBIX @HTHNPOGKOTPOHOB (pHe. 14).
HUndopmanuio 06 ycTaHOBKax TAKOro pPoja MOXKHO Hamﬁn, Ha goa
mep, B o63ope [20]. CTaémmsaTopubI B BHJe aHTHIPOOKOTPO
ofecneunBaoT, B NpHHLUKNE, 6OJbIIOA 3amac YCTOAYHBOCTH H ;
3TOM OTHOLIEHHH NPEACTaBJAIOT 3aMeTHbii uHTepec. HexkoTopwi
He[[OCTATOK TaKHMX CTAGHIH3aTOPOB — YCJOKHEHHe KOHUEBHIX IPH-
€MHHKOB IJIa3MEl, CBsI3aHHOE C TeM, YTO Iia3Ma Telepb BhHITEKaer
Kak yepe3 OCEBOE OTBEPCTHE, TAK H 4epe3 KOJBIEBYIO lenb aHTH-

IIPOGKOTPOHOB.
\ \\\/

]
PutpP.

]

Puc. 13. ®opMa cuioBhX JuHH{I M pacnpelesieHHe NABJEHHs IJIa3MH BHOJb OCH
YCTAHOBKH NpH CTa0HJIH3AUHM MJENYIIUMUCH HOHAMH

%

4

Puc. 14. dopma MarEHTHOMN IIOBEPXHOCTH NPH HCIOJb30-

BAHHH aHTHOPOGKOTPOHA B KauecTBe CTaGuiH3ajopa

rasogMHaMH4ecKOl JoBymKH. CTpejxkaMH IOKa3aH no-

TOK IIMa3Mbl. 3aIITPHXOBAHE IIOBEPXHOCTH MNOIVIOTHTe-
Jelt TIa3MBl

OG6CTOSATENBCTBO, KOTOPOE MOJXKHO OHITh YINOMSHYTO B CBf3H C
npobaemoit MI'I-crabunuzanuu naasmel B [JI, — 310 BaXHasa
posib 3¢ heKkTOB KOHeuHOTo JapmopoBckoro paauyca (KJIP) nonos.
Mepoit 3HauEMOCTH 3THX 3((dEKTOB, Kak H3BECTHO, SBJIAETCH na-
pamerp uqg;/aNT, rge I' — MHKpeMEHT XeJ0OKOBOH HEyCTOHYHBOCTH,
a N=afry; gucio HOHHBIX JIaPMOPOBCKHX paAHycOB, YKJIaABIBaloO-
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liuxca Ha pajuyce mnasmul. Ilpu.u./aNI'>1, cornacuo npeacKa-
S8aHHAM TEOPHH (CM. HCXOLHYIO pa6oty [21] u 0630p [22]), meyc-
TOHTHBOH OCTA€TCA TOJBKO <I/I0GaibHAs» MOKA m=1, COOTBETCT-
BYIOIlasi CMEILEHHIO IIA3MEI K4K IIeO0TO, a GoJee BHICOKHe MOZbL
CTaGHIH3HDPYIOTCs. EcaM He nosib3oBathes paccMOTpeHHO# B pas-
Aene 3.1 crabuau3auueld ¢ nomoulbio pacluupuTtens, To Xapakrep-
HH UHKDEMEHT HeycTojiumpocTH I 1m0 NOpsAKY BeHYHHEI paBeH

vri/VLL,, roe Im — nmuna npo6ok. Coor
, . BETCTBEHHO, YCJOBHe cTa-
Ounusanun niasmer sd¢exramu KJIP npuobperaer BH}J,I.'
V Lin >1
—n > L “7)

Ionaras L~ 105 cu, In~10"* cM, a~10% cM, N~ 10 noJayyaem
UTO 5TO HEPABEHCTBO BHINOJHSETCSH, T. e. HeycTOI:’IlIHBO,I:I HOMKHA
OCTaBaTbCA TOJNBKO <«IVIOGasJbHAS» MOja. Hexoroprie sxcnepumen-
TaJbHbIE yKasaHHs HA To, uto 3¢pdekr KJIP CTaGuIH3HPyeT Bce
MOZBL, KpoMe TIiI06anbHOM, uMeloTcs. B uwacTHocTH, Ha aMOunoJsp-
Hou JioBymke TARA, pa6oraBuieii B pexuMme npoéroro OCeCHMMeT-
puuHoro mpoGkotpona [23], B ycsioBHsx (47) nabmonmanach
Mrﬂ-aKTUHBHOCTb TOJIbKO Ha TI106abHOA Mogme. BmecTe ¢ Tem. a6-
COJIIOTHOM TAPAHTHH TOTO, yTo 3ddektnr KJIP sBasiores yHﬁBep-
Ca/IbHBIM CDEACTBOM IOJABJIEHHS BHICOKHX MOX, CErOfHS Bce-TaKu
HeT. CHTyanus cTaHeT 6oJjee ONpEeNe/IeHHOH noc/je 3aBepLIeHUst
ESET.HMBHO SaNIaHHPOBAHHLIX SKCIEPHMEHTOB HA yCTAaHOBKe raJji
. Ecan okaxercs, uro seicokue MOJbl 2Ke/JI0GKOBOH HeycTOHYHBOC-
T B I'/IJI nonasnens, to mis CTaOHIH3aIMY  OCHOBHON MOJBI MOK-
HO GYIeT BOCNOJB30BATBCH METOLOM o6paTHbIX cBsgeii [25].

- 3.3. Poas Bpamenns niasmm

Hebaaronpustuce Brusnme ma MT I-ycrofiunBocts maasmu s
I'IJT Moxer okaswBaTh BDallleHHe TJIa3Mbl BOKDPYT OCH CHCTeMEL
BOBHHKA[OIlee TION NEHCTBHEM paiuasbHOro 3JIEKTPHIECKOTO IIOJIS,
Iponcxoxaenne atoro moss Jerko TMOHATb M3 PacCyXAeHUH co-
A€pxalluxcs B pasgene 2.1: mexny TOPLEBOH CTEHKON H BHYT €H-
HeH 06GJIaCTbIO MIa3MBl BIOJb KaXKI0H CHIOBOL JUHHH yCTar}I’ang-
Ba€TCA PasHOCTb MOTEHUHANOB IOPANKA HECKOIbKHX (Te/e). Tak
KaK 3/IEKTPOHHAs TeMIepaTypa, BooGuie FoBOpS p‘asﬁaﬂe Ha pas-
HHX MarHHTHBIX NMOBEPXHOCTAX, a TMOTeHIHA HOI:JIOTHTeJIﬂ no¢c¥0ﬁ-
HEH, TO BHYTPH JIOBYIIKH B MJIa3Me HMeeTcs panuaaLHas pasuoﬁb

{IOTEHILHAJIOB nopsaKa HECKOJbKHX Te/e H paanaJibHoe 3JICKTpHYe-

CKoe nose nopsinka Te/eq. !
Cxopocts 3JIEKTPHUECKOro Apedidpa B Takom mojse paBHa |

cT,
¢aBmin’ (48)

Vg~
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Ilpu cnaparome#i no pajnycy IVIOTHOCTH. NJa3MBl IleHTPoOexkHOe
yCKODeHHe Ug%/a pgeslaeT 3HEPreTHYECKH BHITOAHBIM «BCILIBITHE»
OoJjee TSIKENBIX  XKeloOKOB M3 BHYTpPeHHuX objacTedl TJIasMBbL
OTHOCHTeJbHYIO pOJb 3TOTO pe3epByapa cBOOONHOH 3HEPTHH IO
CPaBHEHHIO €O BKJAAOM OT YYacTKOB HeOJaronpHATHOH KPHBH3HBI
CHJIOBBIX JIHHHA B 06JaCTH NPOOOK MOXHO OLEHHTb CJELAyIOIIHM
obpasoM:

levfi

2
Ti

va,/a

HeHTPOGeKHBIH BKJIAN
2 2
Lpwin a’y

BKJAaj OT yYacTKOB He6JAaro-
HpHATHOR KPUBH3HbI

(Mbl ywm, uto %~a/l,?). TlpuHamvas BO BHAManue ONEHKY (48),

JETKO YCMOTPEeThb, YTO POJb LEeHTpoOeXHHX 3(QeKToB Masa IpH

VI,
v <b

rie N=a/ry;, D10 HEDABEHCTBO NPOTHBONOJOXKHO HEPAaBEHCTBY
(47) ¥ 06BIYHO He BHIIOMHseTCS (mpuueM c GOJBLIIMM 3aMacoM, CM.
YMCieHHH TpuMep mocde dopmyas (47)). Ilosromy Bpalenne
MJIa3MBl ABJASETCH BaXKHBIM JecTabHIu3upYomuM addextoM u Tpe-
OyeT 3HaYUTeNbHOIC yBeJIHUEHHS «3amaca yCTOHYHBOCTH», obecme-
YHBAOMOTC DaCUIHPHTESAMH.

Ilpn HeoOXOAWMOCTH pagHaJbHYI0 Pa3HOCTb TIOTEHIHAJIOB B
HeHTPaJbHOH YacTd JIOBYUIKH MOXHO JIHKBHAHDOBAaTb, €CJH TpOBe-
CTH CeKIHOHUDOBAaHHE TOPIEBHIX MPHEMHHKOB ILIa3Mbl Ha OTHEJNb-
HEle KOJIBIlA M CO34aTb HYXHOe DaclpefeseHHe TIOTEHIHAAA MEXAY
koavuamu. To, 4YTo Takas TeXHHKA AeHCTBHTENbHO TO3BOJSET
yIOpaBJAATb pafHaJbHHIM paclpefieieHHeM MNOTeHIKANa B ILJIasSMe,
NPOAEMOHCTPUPOBAHO B 3KclnepwMeHTax Ha ycraHoskax IICII-2 B
HoBocu6upckom uHcrutyte sgepHo#t ¢wusuku, TMX-U B Jlusepmo-
pe (CIIA) 1 GAMMA-10 B Uyky6e (SInonns).

3.4. YcTOoiYNBOCTE 0aJIOHHBIX MOJL,

Jaxe ecjqu yCTOHYHBOCTb JKeJOOKOBHIX BO3MYILCHHH JOCTHTHY-
Ta (lex >|In|), TOJI ¢ KOHEUHHIM 3HAaYeHHEM [ MoOXKeT OBHITb He-
yCcTo#4HBa MO OTHOLIEHHI0 K Dpackauke GajJOHHBIX MOJ.

HsBecTHo, 4TO B C/ayYae IJIa3Me 0e3 TeueHHS YCTOHYHBOCTb
0aJUIOHHBIX MOJ MOXHO HCCJIEAOBATb C IOMOILIbI0 3HEPreTHUYECKOTO
npunnuna [26, 27]. Tlpu sToM moaxopme yCTOAYHBOCTb HJIH HEYCTOH-
YHBOCTH CHCT&MBI ONPENENAITCS 3HAKOM TOTeHIHaJbHOH 3HEPrHu
Boamyumennsi W(E). CyllecTBeHHEIM JJs1 3a7auud o GajJOHHO# He-
yeroiuusoctn ['JIJI sBasercs TO, 4TO, HECMOTPSI Ha HaJiHUHE Tede-
HUS, ee MOXHO HCCIeNOBATh ¢ NMOMOLIbIO OOBIYHOTO 3HEpPTeTHYeCKO-
ro npuHuuna 6e3 yyera HaMpaBJeHHOTO IBHMKEHUsS Iia3Mbl [ledi-
CTBHTEJLHO, Ha IIEPEeXONHOM YdYacTKe 3TO 32BelloOMO CIpaBefJUBO,
TaK KakK H3-32 GoJbloro TpoGOYHOrO OTHOINEHHS TOYTH BCIOAY
32eCb CKOPOCTb TeUeHHs MaJja 110 CPaBHEHMIO € TelJOBOH CKOpO-
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;’g;}q. Yro x‘i%caemca BKJaga ot 3anpobouHoii ofxacTd, TO, XaK MoO-
aHo .B {15], B mpakTHYeCKH HHTEDeCHOM cjyuae, KOTAa 3amac
ngggqu;ocm o KeoOKOBEIM MojaaM BeMHK (lex>>|Im|), xputu-
decks :ﬂhgiz‘e:g:o I[)i €260 3aBHCAT OT XaPaKTePUCTHK DacCIIHPHTe-
, 'OPOTO B 3TOM Mpeiesie MOKHO |
‘ 0 Y4UHTHIBATH TPaHHU-
HbILiIB yC/JIOBHEM BMODOXKEHHOCTH B NPOGKe. y P
mqsec?{}g:?s }?zmermb, 4To, KaK caeayer M3 peayabratoB [28], xpu-
e U€HHA f§ B AKCHAJIbHO-CHMMETPHYHOM CJlydae IO TO-
pe .cypéﬁq WYHHEL PaBHH elHHAUE, MOITOMY DK TIOCTAHOBKE 3a]a4H
HHT%IIOII‘O HP(I)EJsIc;cn)a CJIeyeT yYHTHIBATb HCKaKEHHS BAaKyyMHOTO Mar-
. OT0 03HayaeT, UTO TIPH 3alaHH
, OM BHEIIHHMH Ka-
zg}l;iaﬁg‘ngigepeneﬂema BaKyyMHoro noad B,(I) peajbHoe 3Ha-
eHH SKEHHOCTH 101 B Iaasme B (v, /)
et ’ H 3 P, I) H, COOTBETCTBEHHO
PoGHIb CHIOBOH JHHHH 7 (P, [) IONKHBE ONPEIeATHCH H3 ypa/B:

HeHusl NMONMEPeyHoro paBHO
BeCHsl, KOTOpOe B Il
6JMXKEeHHH HMeeT BHI ’ P SpacHaTbiion HPH'

B Byt

11~30 n}{)s;zgnxe R>1 naBneHne niasMbl Ha GOJBUIOA YACTH ePeX0oaHO
CTKa IIQCTOSHHO BIOJIb CHJIOBBIX f ' ,

‘ | 0 BJIO, JIMHHH H 3aBHCHT TOJLK
OT HOM€pa MAarHATHOH NOBEPXHOCTH, TIOITOMY €0 MOXKHO Ipe. .
BHTb B BHAE | penerar

p(b)=p(0)-f(y), (50)

rie TIOTOKOBasi KOODAHHATA v BBOAMTCA ¢
. e i elI }0 8 O e
dp=rdrB/B,mm, p(0) — naBreHre Ha ocu JIOBWBLII;K:IH ngqu(ﬁaa?? M):‘
OILHi(/:IbI:BaET pazHajbHui npodHAb HAaBJEHHSA (f(O)-;xl ¥
cnosn3ys (49), (50), BeipasuM B(y, I) uepes Bu(.l):

by H=V"b,* () —BS (¥)- . (1)

3aech BBeleHH Geapazmephbie HaNpSKeHHOCTH N0l b=B/B,mn

i b,=B,/B, b,(0) = | =
GG :)nénpa(sonﬁ:) 1, by(lm) =R), napamerp B omnpegesen

B=28np (0)/ Bomn,

Ioms3ysice onpexpenendem
JIOBOH JHHHH P M u opuynoit (29), mammem pammyc c-

v
25 S —
§ V eEWO—s (w) &)

p Iy K KOHQHUI aIIH!O
a(i BI m o0 BO3M O §
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."2(‘lp, l)=

Hasi 9HePTHS KOTODHIX B MapaKCHAJbHOM Cilydyae 3aMHCHIBACTCA CJe-
ayomuM obpasom [29]:
Ay 1 (dx)\? r’ 1 df

gt §at [ (7 ) P G| )- ©3)
Unrerpuposanue B (53) menercs BAOJD HeBO3MYILEHHOR CHJIOBOM
JuHEn Pp=iconst, x=EnBr, rie &n — HOpManbHAR K CHJIOBOH JIMHHH
KOMIIOHEHTA BeKTOpa cMeilennsa E(r, 1).

TlepBHil uieH B NOAHHTErPajJbHOM BHDAXEHHH OIHCHIBAET BO3-
MylleHHe MarHHTHOW oHepruH. OH paBeH HyJi0 Ha CMEIIeHHAX XKe-
n06KoBOTO THHA (x=const) H TOJOXHUTEJNEH BO BCeX IAPynHX CJy-
yasix. Bropoe ciaraeMoe CBS3aHO € BO3MyILEHHEM BHyTDeHHEH
SHeprud MJasMBL 3HaK €ro 3aBHCHT OT 3HaKa KpusMsHH '’ H,
TOCKOJbKY B TIEPEXOJHOM O6JAcTH 3TOT 3HAK MEHsercs, IpH J0CTa-
TOUHO GOJBLUIHX P H CHENHaJbHO MOA0GPaHHHX x([) MoxeT oOKa-
3arbesi, uto W <<0. M3 cKasaHHOr0 BHAHO, 4TO 3ajd4a HAXOQXIE:
HWS TPaHHMIE YCTOHYHBOCTH CBOAMTCS K OTBICKAHHIO SKCTpEMaJH
¢dyukuuonana (53), Ha KOTOPO# OH LOCTHraer MHHAMYMa, TIpAYeM
MHHAMAJIbHOe 3HAUEHWe HOJIKHO DaBHATHCH HyJio. 3HaueHHe mapa-
MeTpa B, TIPH KOTOPOM BIepBHIE [0 Mepe ero yBeJHIeHHs IOSBJIA-
eTca Takas 3KCTpeMaJsb, COOTBETCTByeT TpaHHIE yCTORYHBOCTH
HaJNOHHBIX MOX.

‘Bapbupys @ynxuuonaa (53), NPEXOANM K yPABHEHHIO LA SKC-
TpeManefi

it e )0 | =0 o

TpanHuHBIe YCJIOBHS AJISi HETO JOJKHBEI CTaBUTHCA Ha TOPIEBHIX
CTEHKAX, W HX BHA 3aBHCHT OT (U3WUECKHX XapaKTEPHCTHK OTHX
nosepxHocrel. ONHaKo, iCHO, 4TO B YCAOBHAX, KOTAd pacIIHPHUTEID
ofecreunBaeT GOJBINON 3aMaC yCTONYHBOCTH TO KEJOOKOBHIM MO-
naM, cmenlenue x([), MUHHMH3HpYyOLlee {(53), DOJNXKHO OHITH GJIH3-
KO K HYJIO B 3aNpo6GOdYHOH 0GJIACTH. D10 06CTOATEIBCTBO MO3BOJIA-
€r paccMaTpuBaTh ypapHenne (54) He Ha Beell JJIHHE JOBYUIKH C
PACIIHPHTENSIMH, a TOIbKO HA MEPEXOLHOM yuacTKe € TpebOoBaHHEM
x’(0)=0 u ycroBHeM BMODOXKEHHOCTH x(lm) =0 B npobre. Tako#
NOJXON HCIOJbL30BaJcs, HalpHMep, B pacuerax [30], rae Haxomm-
JIOCh TIOPOroBOe 3HauweHHE Pert 1JIA HEKOTOpO# 3aBHCHMOCTH by ([).
Bonpoc 0 TOM, HaCKOJbKO MOMHO TIOBBICHTb KPHTHIECKHE p myTem
ONTHMU3ANAH KOHMHIYDALHHE BaKyyMHOTO MarHHTHOTO 1O/, HCCJIE-
noBancsi B paGore [15]. Tlponenannbie pacueThl NMOKA3HIBAIOT, 9TO
npotduib (34), ONTHMAJBHBIA C TOUKH 3PEHHS 3KeJOOKOBHIX ‘MO,
gBJseTCS NajeKo He CaMBIM JYYIIHM 0O YCIOPHAM PAaCKauku 6aJ-
JIOHHBIX MOJ, a COOTBETCTBYIOIlee 3HAYEHHE Berit=0,36. [lasi mOBH-
[eHHsT TOPOTOBHX 3HAUEHHH f CJAEAyeT MNEPEXONHMTD K 6Gojsee Kpy-
THM IPOQUIAM, MO3BOJAOIHM NOBLICHTD B mo suauenui 0,7+-0,8.
OTH pe3y/bTaTH MO3IBOJSIT CLENaTh BEIBOL, gro miasma B8 [J
Gyjer ycTOHuMBA TO OTHONICHHIO K pacKaike 6aJTOHHBIX MOXK
BIJIOTH p0 3Hauenuit p=0,7--0,8.
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OG6o611eHAe SHEPTeTHYECKOro TNPUHIHNE Ha CJayyall aHU3OTPOIN-
HOA TJa3MBl [O3BOJSET TPOaHaJH3UPOBATb BJHAHHE OGAJNJOHHBIX
3(QeKTOB Ha IOPOr pPAa3BUTHA <UIIAHTOBONY HeyCTORUHBOCTH,
ONaCHOCTb BOSHHKHOBEHHS KOTOPOH OKa3HBaeT CYIECTBEHHOE BJIHS-

HHE Ha BHGOD ONTHMAJBHHX XapaKTePHCTHK HEATPOHHOTO 'HCTOM-

HHKa Ha ocHoe I'IIJT (cm. paspen 5). Kak H3BECTHO, B OZHOPOJ-

HOH aHWBOTPOMHOH MIa3Me, MOMEINEHHOH B OJHOPOXHOE MarHUTHOE

TIOJI€, TIOPOT. DA2BHTHS «IIAHTOBOH> HEyCTOMYHBOCTH paBexn B,=2.
PaccmoTpenne ananmormuno#t 3amaun ¢ yU4eTOM paXHaNbHOH HeoH-
HODOLHOCTH IVIa3Mbl H KDHBH3HBI MATHHTHOTO [OJS TOKA3HIBAET

[31], 4to 6annonune addekTs He npuBOAAT K KaTacTpopHyeckoMy

YXKECTOUEHHIO YCJOBHH DasBHTHSL <IIJAHTOBORS HEYCTOAYHBOCTH.
Tak, manpamep, ans PEOMETpHH MarHHTHOTO noJas (34) moporoeoe
3HaueHue B, OKasblBaeTcs paHbIM: B,=1,56.

Ynomunasimeecs B pasnmene 3.4 BpallleHHe NJAa3MBl MOXKET 0Ka-

SHIBATL BIMSIHHE H HA YCTOAYHBOCTD 6a/TOHHBIX Mo, HanGombizum
HHKDEMEeHTOM o6Janaer Moxa m=2, COOTBETCTBYIOLIAS «CILIIOIH-
BaHHIO» naasmel, cM [32]. Yeaosue roro, uto BO3MYIIeHHe MarHHT-
HOH 9Hepruu npeBHiIzeT BBICBOGOXK/IAEMYI0 IIPH TAKOM «CILIIONIH-
BaHUH» 9aCTb SHEPTHH BPALIEHHS, HMEeT BHI: (Bum?/8m) (a?/L) >
2mnvgcL, nom, npu yyere (48),.

a
BN 2.

Orpannuenne $opMaibHO OueHb IKecTKoe. Hyxnro, npasga, mowm-
HHTB, 4T0 1pH N <<L/a BaxHy0 poJb urpaior a¢dextsr KJAP, ko-
TODEI€ MOryT sampemats pasButhe pedopMauun OIVIIOIHBAHHS H

OCTaBJIATL TOJBKO BO3MYUIEHHSA BHAA H3ITHO0B JIa3MeHHOTO IIHypa.

(m=1), KOTOpbLIe 3HAYHTEJbHO MEHee UyBCTBHTENbHB K addextam

Bpamenns. IToapo6uoe paccMorpenne GasionHEx MOJl TIPH HaJH-.

UHH BpameHus u s¢pdexros KJP Moxuo Hafity B patGorte [33].

3.5. Monepeynmii nepenoc

Yro6u cocraBuTh HEKOTOpOe nmpejcTaBieHHE O AOMYCTHMEIX
SHaUCHUAX NOMEPEUHHX KOI((HIHEHTOB mepeHoca B peaxTope-

TIlJI, Bocnonb3yemcst u3sBecTHoI OLeHKOH BpeMeHH HonepeyHoi.

muddysuu B NHARHADe panHyca a:
a?

T B
rie D — roapduIHeHT Audpdysnn, a uHcTeHHb ¢akTop B 3HAMe-
HaTele NDUMEPHO PaBeH KBaApaTy MepBOro KOpHA HyneBo# ¢yHk-
uun Beccenss (po=2,4). Tpe6ys, Aajee, uToGbl BpeMs INONepPeyHo-
TO yAepXaHHs T, 06ecrneynBaso MOJyYeHHe 3aKaHHOrO k03¢ punH-

€HTa ycuaeHHS Q, moMyuaeM caeayiomyio OlleHKY  JONmyCTHMOro

SHaueHHA Ko3pHUMeHTA AHDOysuH (mau TeMIIepaTypONPOBOA-
HOCTH) : : ,
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= (55)

@<@crit=m‘ | _ |

IMonepeunuit pasmep Myaasmbl OyAeM H3MepsiThb B 4YHCJE€ yK/IaAblBa-
IOIUXCSl HA HEM JapMOPOBCKHX pajiHycoB N:

' mic nly 56)
a=NrLi9 rpy= eB 2m; ‘ (

EcrecTBeHHO, YTO B KauyeCcTBE MATHATHOrO moas B Qopmyay (5(}3’) E..ne-
AyeT NMOACTABJAATL ero 3HaueHHe, MHCIPABJEHHOE HA KOHEYHOCTDH [

— 7
B=vaan1_ﬂ’ (5 )
rae p=8xnp/B2 . Cobupas BMecre cooTHOweHusi (55)—(57), Ha-

XOHM:
D

nN? miT,-02
et ™ 12 (1—B) eszZJmin":_L(Q)
B xauecTse mamocTpauuu BuuMcauM D, Aas T,=T,=15k3B.

Ilpu 3T0li Temnepatype umeem (cM. [34]):
nt, (Q)=3-108Q cm’c™!

H
1.1 N2
@cm(CW/C):’Q—q'
~07, Q=3 n N=
Ha puc. 15 npusenenn 3uauenns Dent npu p=0,7,
=15n N=25,

em?c
~. .
107 -~ \‘\-
Dgonm
6
10 :J:
\\'\\\
~o Kaee
Y
103 S N=25
- Derit
N=15
2
L S Lt p— — ——%ceass
’J]:
[+] 1 i !
10 1 2 ¥ Bymin,T

Puc. 15. 3aBHcuMocTs K03(D(HUUHEHTOB mepeHoca MJas-
M ¢ Te=T;=15 k3B u f==0.7 or MarduTHOro mO-
asi. O603HaueHHss CM. B TEKCTe
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Koad¢uunent xnaccuueckod aAuddbysud, CBSI3aHHOH C 3J€K-
TPOH-HOHHEIMH CTOJKHOBEHHSIMH, BO BCEX NpAaKTHYECKH HHTepec-
HHIX CIyuasdX yJAoBJeTBopsier ycaoBHIO (55). Kmaccuueckas HOH-
Has TelJONPOBOXHOCTb HAeT, 'py6o roeops, B Vm./m, pas Gwcr-
pee, ueM nubOysusa. CooTBeTCTBYIOWIHA Ko3(hGHIHEHT TeMIepary-
pornpoBoAHOCTH paBeH (cMm. [35]):

SVa Ae? o2 \
Xclass= 19/3 eBZVV:;c (58)

(npu noJyueHHH KO3(pOHIHEHTa TeMNepaTypONPOBOAHOCTH MHI Je-
JHIH KO3()QHIHEHT HOHHOH TENJIONPOBOLHOCTH Ha TellIOEMKOCTh
njaasmel ¢ Te=T,;, 1. e. Ha 3n). [Ipr npexHem 3HAYEHHH HOHHOI
remneparypu (7;=15 k3B) u3 (58) nosyuaercs, uTo

3
Aclass (CMO/C)Q li?ﬁ .

3HayeHHe %class, COOTBETCTBYyIOMee P=0,7, MOKa3aHO NyHKTHPHOM
JuHHell Ha puc. 15. Buamo, uto yxe mpu NZ=10 xknaccuueckas
nonepeyHass TEVIONPOBOLHOCTh HE MOXET CKOJbKO-HHOYAb Ccylle-
CTBEHHO BJIHATh Ha (yHKUHOHHpoBaHHMe peakropa-I'JIJI.

MeHee scHa cHTyalluss ¢ «aHOMaJbHBIMH»  Ko3(ddHIHEHTaMH
nepeHoca, 06yC/JOBIEHHBIMH MHKPOTYpPOYJEHTHOCTbIO NJIa3MH, IO-

CKOJIbKY CHCTEMAaTHYCCKHe 3KCIEepHMeHTaJbHble AaHHbIE O HpOHEC-’

cax nepeHoca B JJIHHHHIX COJIEHOHMJAaX B HYXKHOM JHalla30oHe Iapa-
MeTpPOB IIJIa3MHl IIPAKTHYECKH OTCYTCTBYIOT, 4 TeOpeTHUeCKHe OLeH-
KH OTIMYAlOTCs HeompejeneHHOCTbIO. UTo6u rpybo CpaBHHTH CH-
TyaluHl0 C HMelolled Mecro B YCTaHOBKax THNA TOKaMak, Ha
puc. 15 ToueuyHoi#t JHHHeH IpHBeleHa 3aBHCHMOCTb OT 3JIEKTPOHHOM
TeMIIepaTypONPOBOAHOCTH, pACCYHTaHHOH 1O TaK Ha3bIBAEMOMY
«aJKaTOPHOMY CKeHJIHHTY» (cM. 0630p [36]):
4.1017
n (cM—?)’
3HauyeHHsS Yalc BHIUHCJAEHB B TeX Xe JONMYIIEHHAX, UTO H Hpexje:
Te=T,=15 k3B, p=0,7. I3 pucyHka BHZAHO, YTO YpOBEHb aHO-
MaJIbHOrO IepeHoca, CBOHCTBEHHHH TOKaMakaM, IpHeMJeM H JIJs
peaktopa-I'’JIJI®. PasyMeercss, Hado co3HaBaTh, 4YTO (U3HYECKHE
YCJIOBHS B TOKaMake, BCAeACTBHE 3¢ (eKTOB TOPOHIANBHOCTH H
HaJKYHA GOJBIIOrO NPOAOJAbHOTO TOKAa, 3aMeTHO OTJHYAIOTCA OT
ycaosu#i B TJLJI, Tak 4TO. IPHBELeHHOe CpPaBHEHHE B 3HAUHTEJbHOM
Mepe YCJIOBHO.

Eume oana (WTpHX-NYHKTHpPHAsi) KpuBas Ha pHC. 15 coorser-
crByer GoMoBcKOMy Koaddumuenty audobysnu

1T
5776 eB "

XaLc (CM2/C)=

D

*) HanoMHHM, 9TO B TOKaMaKke OCHOBHOH KaHam Tem/ioNnepefadn — HMEHHO
SJIEKTPOHHBIH. : :

112

Cymmupys npuBeleHHEle Ha pHC. 15 peayJbTaTH, MOXHO
YTBEPXKIaTh, YTO KJaCCHYECKHe [ONepeyHbie TOTepH (BKJIOYas
HOHHYIO TEeIJIONPOBOAHOCTb) He HAKJAIbIBAIOT CEPbE3HBIX OrPaHH-
4eHHd Ha mapamerpn peakrtopa-I'ZIJI. Bnoane nomycTumH G6blau
Obl # 3HaueHHs KO3((HUIHEHTOB aHOMAJbHOrO NepeHoca, peaJH-
3ylollHecs: Ha ToKaMaKaX. Bomosckuii xe xoadouuuent nudoy-
3HH COBEpLICHHO HeNpHeMJeM — JUISl HOCTHXeHHS 3HayeHHs Q=3
NpH pasyMHBIX pajnycax miasmbl Kos¢oduuuent Aupdysun xoa-
KeH GHTb Ha 4—5 MOpsAAKOB MeHbIlle 60MOBCKOFO. ‘

[IpuBesennble cBeleHHS NAlOT JIHLIL HEKOTOPYIO «PaMKy» aJs

OyAymHX NOHCKOB. CyllecTBeHHO GOJpllias sCHOCTh BO3HHKAeT

nocJe 3aBeplieHHs SKCHepHMeHTOB Ha yctanmoskax I'JI B Hoso-
CHOHPCKOM HHCTHTYTe sjepHolt ¢usukn u KI1-2M B Cyxymckom
(H3HKO-TeXHHUECKOM HHCTHTYTe (CM. pasf. 4). -

PaccmorpuM emme crelindHueckuii KaHaa TONEPEYHHIX INOTEPb,
CBSI3aHHBIA C aKCHAJIbHO-HECHMMETPHYHLIMH HCKaXKeHHAMH MarHHT-
HOTO 110/15, BBI3LIBA€MBLIMM HECOBEpILEHCTBOM MATHHTHOH CHCTEMBH
JNJIHHHOTO coJieHoHJa. Tak KakK B peakTope MexAy mJaa3Mofi W Ka-
TYIIKAMH MATHHTHOIO IOJI pasMeInaioTcs GJjaHKeT H 3allfHTa, TO
paznyc maasMbl 3aMeTHO MeHblLIe pajHyca KaTyllek. DTO MO3BOJS-
€T ONHCAaThb HCKaXKEHHSI MarHHTHOro Mojisi GopMyJaMH mapaKcHalb-
Horo mpuGiuxkenus. MMeHHO B pa3/OXeHHH CKaJSPHOTO IOTEHIH-
aja P MarsdaTHOro H0JIA BO3MYINEHHH MO CTENEHAM 7 JOCTATOYHO
yAepXkaTh NiepBHle JBa YjeHa:

p=\ By(z)d2z’ +b. (2)r cos (994 (2)). (59)

0

ITepBoe cnaraeMoe COOTBETCTBYyeT BO3MYIUEHHIO ‘IIPOAOJLHOIO Mar-
HHUTHOTO MoJs (KoTopoe o6Go3Hauyaercss vuyepe3 b,(2)), Bropoe —
«KBa3HOJHOPOAHOMY», T. €. MaJjo MeHSoIleMycsl Mo 7 ¥ 10 2 Ha
MmaciiTabe @, BO3MYILEHHIO TMONEPEYHOIO MATHUTHOIO MHOJs (BEJH-
YHHa KOToporo pamHa b, (2), a opueHTramus onpeaeasercs $asoi
@{2)). Ortu Ba BO3MYIIEHHS NPHUBOAST K TOMY, 4TO IepBOHA-
YaJpHO OJHOPOJHOE MarHHTHOE MOCJe IJIHHHOTO COJEeHOHIa NpeBpa-
Iaercsl B 1ENOYKY HeIMyGOKHX H CJIerKa H30THYTHIX NPOGKOTPOHOB
(puc. 16). CeueHre miasMbl B 3TOM NPHOJIHKEHHH OCTaeTcs KPyr-
JBIM («CILTIOIUBaHHe» U GoJjee cloXHble nedhopMaluH ONUCHBA-
I0TCS CJEYIOUIHMH YJCHAaMH [apakCcHaJbHOTO DPa3JIOXKeHHs).

Topounanpubiit Apelip yacTHI B H3OTHYTHX TpOGKOTPOHAX NPH-
BOJMT K OTKJOHEHHSIM YacTHI[ OT HCXOHHHIX MAarHHTHHIX MOBepX-
HOCTelf H BO3HHKHOBEHHIO 3G (eKTOB THNA Pe30HAHCHOH WJIH Heo-
Kaaccuyeckolt auddysnu (cM. ob63op [37]). CyiuecTBeHHYIO DPOJb
B onpegeteHHH pexuMa auddysHH Hrpaer CKOpOCTb a3HMYyTallb-
Horo apefiha, BO3HHMKAIOIIEro BCJENCTBHE ABYX (aKTOPOB: pajH-
aJIbHOTO 3JIEKTPHYECKOro MOJSi H pajHaibHOH HEOXHOPORHOCTH

8~7628 8 . 13




Puc. 16. CxemaTHYeckoe uaoépamenne“neq)opmaunﬁ JIa3MEHHOI0 umypa,H ca:;
3aHHHX C HeCOBEPLICHCTBOM MAarHWTHOH CHCTEMBL Jns HarJAsSAHOCTH BEJHYH
aedopMaunil CHJIbHO MPEyBEAHYEHA

OCHOBHOI'O MArHHTHOTO NOJsl (CBSI3aHHOH C KOHEYHOCTHIO AaBJICHHE
NJ1a3Mbl):
+eg,’ +uB,’

Ua=""xeB
rie ¢(r) — a7eKTpOCTaTHYECKHA NOTeHnuas, a B(r) _OCHOB_E_OE
' MArHATHOe NOJe; 3HAK «-+>» OTHOCHTCS K HOHAaM, a 3HaK «—>
anekTpoHaM. Ecim mepemaj INoTeHLHaja Ha paiHyce mae?&)b; Eg
nopsAky BenmuHHE paBen T/e, a f~1, T0O CKOpOCTb JpeH
NOPAAKY BeJHUHHBEL MOXKET GHITh OlleHeHa KakK

rry Uty
Va5 Ui N

(npu‘Te~Tl~T 3T4 OLEeHKA OTHOCHTCA Y K HOHAaM, H K 3JEeK-

Tponam). Ha nmme / MOH COBepIaeT TNOBOPOT BOKPYT MATHHTHOH
OCH Ha yroa

vy [ __L
S~ o TN
a 3JIeKTp0H—"Ha yroJ
v i )Tl
G?NT'};—T:N m; aN *

» -2
Tonaras l/a~10, N~10, HaxoauM, HUTO 8i~1, §,~107% E.K:.
9T0 MOHBl (KaK MpOJeTHble, TaK M 3alepThle B OTACbHBIX npo

€30HaHCHOM HJIH )

TpOHAX) AH HAHPYIOT B P

pgxmmg a ?J?QI]{TPOHH——B HEOKJIACCHUECKOM DexHume (Cp. [371)-
b

B KauecTBe HJIIOCTPALUH NPHUBEAEM OUECHKH KOS(bd)(I;l}Ill{lrI;;Hg:
TeMIepaTypONPOBONHOCTH  3JEKTPOHOB B OJHOM H3 P .
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CTOXACTHUYECKOM.

DJIeKTPOHHBIN IIE€PeHOC CYIIECTBEHHO 3aBHCHT OT 3HAKa panHaJjb-
HOTO 3JIEKTPHYECKOro noJis: ecad ¢, <0, To npu M0O6HX p v,5%0
H «6anaHOBHE» apefidoBbie 060J0UKH OTCYTCTBYIOT; eClH Xe ¢, >
>0, To npu KaxJAOM r CylUleCTBYIOT 3JIEKTPOHH ¢ Us=0 (a umenuo
3JIEKTPOHH ¢ p=e@’/B’) u «GaHaHOBHE» 0GOJOYKH MMETCH. DTOT-
Cay4afl MBl H PACCMOTDHM,

IIpp He oueHp GOJBIIMX YACTOTAX CTOJKHOBEHMHI OCHOBHOMN
BKJaJ B 3JEKTPOHHBIi NOTOK TelJd BHOCAT «3anepThie» 3/JEKTPOHEH.

cT by g\32 .
[Tpu ve,<w7(—3# T) OCYLIECTBJseTCH «GaHAHOBHIY * PEXKUM,
M KO3(HUMEHT 3/EKTPOHHOA TeMIepaTypONPOBOAHOCTH [JMHEHHO
eT (&) a\32 .
pactet ¢ v,;. [pu Vei > —=—z TLT) OCYIIECTBAIETCH PEMUM
X Il

naato (puc. 17), KOTOpHIA THAHETCHA 1O BHICOKMX YaCTOT CTOJKHO-
Benuii. B aToM pexume xoadduuuent 3/IEKTPOHHOfi TeMIepaTypo-
TIPOBOXHOCTH ¥, ONpeJe/seTcs OIeHKOM
eT b_La 2 7'7 }
Xe~ 2B ( BI ) B (60)
B KOTOpOi noj b, u b, NOHHMAIOTCSI XapaKTepHHE aMILIHTYAHHE
3HQYEHHS COOTBETCTBYIOIIMX BeJHYMH. '

. e
fg P — e e —— —— —— —
Ve Ve

Puc. 17. DnexrponHas TeMIepaTyPonpoBOIHOCTS

B DENHM® «3aNMePTHIX» 3IeKTPOHOB \ve*= e2£2 %
(bla 3/2 *__cT (IJJ_a)z.'/W)1
“\Br) » XeT B\ BI R/

Nonaras afl~107! u cpasuuBast ouenky (60) ¢ HaHHEIMH

puc. 15, HaxoAuM, 4TO JAONYCTHMas BEJIHUMHA CAYYafHEIX HCKaXe-

HH MarHuTHoOro noJas by, b, cocraBaser mpumepHo 10~2 B,. D10
OrpaHuyeHve — J10CTaToYHo Msarkoe. O6mas knaccHdHKauus pe-
¥KHMOB IlepeHOCa COAepXHTCA B npenpuure [38]. S
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Puc. 16. CxemaTHyeckoe H306pa}xenueune¢opmaunﬁ MJa3MEHHOr0 mny;peelll,n ;;:;
3aHHHX C HECOBEPILEHCTBOM MATHHTHOH CHCTEMBI. Jlis HarJasigHOCTH
ZehopManuil CHILHO MPEYBeaHYEHA

OCHOBHOT'O MATHHTHOTO TOJIsL (CBAA32HHOH C KOHEWHOCTBIO AABJCHHS
NJ1a3MBbl):

+eq,’ 4 uB,’
V= T’

rie ¢(r) — 37eKTPOCTaTHYECKH} IOTeHuHa’, a B (r) — ocHoBHOE

MATHHTHOe IIOJie; 3HaK «-+» OTHOCHTCA K MOHaM, a 3HaK <<—>; ——ng
sjaekTponaM. Ecin nepemaj noTeHlHana Ha paidyce Hﬂae%hé)ba mo
nopsiAKy pesimunHb pasen T/e, a f~1, To CKOpOCTb IPp

NOpPAIKY BENHUHHBI MOXKET OBITh OLeHeHa KaK

L —

Ve~ I~y |
(npu T,~T,~T 93Ta OHEHKA OTHOCHTCA W K HOHaM, H K a.nexf;
tponam). Ha naune [ MOH COBEpIAET TOBOPOT BOKPYT MarHuTHO
OCH Ha YroJ

5 vg 1 - l
1™ vy, aN’
a aﬂeKTPOH—Ha yroJ
l
va by Ze
B¢~ U1, m; aN

» : 02 1. e.
‘ HaxoguM, uTo &;~1, 8, ~107%
onaras lla~10, N~10, -
Ero HOHBI {xax Hi)OJIeTHbIe, TaK H 3anepTeie B OT/IEJbHBIX npob6ko
oHax) [H HAHPYIOT s
;gxumg a S)J(Ibe}I,{TpOHbI——B HEOKJ1aCCHYECKOM pexXHMme c(1$£ﬁu[143e7rllr)a
’
uBeIeM OUEHKH KO3
B kauecTBe MJJIOCTpAUHH TP eHTa
TeMIepaTypoNpOBOJHOCTH  3JIEKTPOHOB B OZHOM H3 PEeXH

114

B pPe30HAHCHOM UJH CTOXAaCTHUECKOM.

DJIeKTPOHHBIH TePEHOC CYINECTBEHHO 3aBHCHT OT 3HAKA pajHalb-
HOTO 3JIEKTPHYECKOro mousi: ecau ¢, <0, To npu mo6HXx p v,#0
H «GaHaHOBHe» npefi(oBrle 0GONOYKH OTCYTCTBYIOT; ecilH Xe ¢, >
>0, To npu KaXJOM 7 CyIIECTBYIOT 3JEKTPOHH ¢ Uy=0 (a umenno
3JIEKTPOHH ¢ n=eq’/B’) u «6aHaHOBHE» 06OJOUKH HMEIOTCH. DTOT
clydall MBL M PaCCMOTPHM.

Ilpn He ouenr GOJbIIMX YACTOTAX CTOJKHOBEHWH OCHOBHOH
BKJIaZl B 3JEKTPOHHBHI MOTOK Tem/Ja BHOCAT «3anepThie» 3J€KTPOHHL.

eT (b a2 ,
Ipu "‘-”<W 5 T OCyIIeCTBISeTC «0GaHAHOBHI * PEXKUM,
H KO3(QQHUHEHT 3/eKTPOHHOH TeMIIePaTyPONPOBOAHOCTH FIHHEHHO
T b 3/2 .
pacter ¢ v,,;. [lpu Vei># Tl% OCYLLECTBAACTCH PeMuM
™

n7aTo (puc. 17), KOTOpH# TSHETCH MO BHICOKHX YacCTOT CTOJKHO-
BeHuil. B 3TOM pexuMe ko3(hdUUHEHT 31€KTPOHHOR TeMneparypo-
TIPOBOIHOCTH %, ONpeieNieTCs OLEHKOH

eT ( ba\2? -’W
xe'”Es‘(T;z) B (60)

B KOTOpO# 1oA b, u by moHuMaloTcsi XapakTepHble aMILIHTYIHBE
3HAYEHHs COOTBETCTBYIONUIHX BeJIHYHH. '

. e

Ve Ve
Puc. 17. DaexrpoHHas TeMHepaTYPOHpOBo,uﬁOCTb

' T

B PeXHMe «3aNepThiX» 3JIEKTPOHOB ve*=—ega2 X
25 R MLV
X\Br) * %= B \'BI r)

Ilonaras a/l~10! u cpapmuBas omenky (60) c nawHEIMH
PHC. 15, HaX0AMM, YTO JOMYCTHMAsi BeJHUMHA CHyYafiHBIX HCKaxe-
HHA MarHuTHOro moas by, b, cocrasaser mpumepHo 10~2 B,. Do
orpanuyenxe — foctatoyHo Markoe. O6mas knaccHpHKauHs pe-
KHMOB NepeHoca COoAepxHuTcH B npenpuxre [38]. . =+
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" " 4, 3KCMEPUMEHTbI NO YAEP)XKAHHIO NJIA3MbI

B FA30JHHAMHYECKOM PE)XXHME

Hau6osiee nojiHbie 3KCIEPHMEHTH KaK MO IIPOJOJEHOMY YAED-
skaHuio, Tak H nmo MII ycrofumBocTH mjiasMbl B rasojuHaMu4ec-
KOfi JIOBYIIKe Gbliu BhimosiHenw rpynmoit I'. B. PociskoBa Ha cne-
HMaJbHO co3faHHol ycraHoBke I'IIJI B HoBocnOHpCKOM HMHCTHTYTE
aepHoil dusnkn [39]. Cxema ycTaHOBKM mokasaHa Ha puc. 18.
YeranoBka MMeeT CeyloliHe MapaMeTPhl: PAacCTOSHHE OT MPOGKH
Ho npob6ku 7 M, AJHHA KaXJAoro u3 pacuupHreje# 1,8 M, MarHut-
HOe noJie B IeHTpe JOBYIWIKH Ao 2,2 k['c, MarsuTHOE NOJIE B npob-
Kax no 160 x[c, XxapaKTepHHH paAuyc MJasMbl B MHHHMyMe Mar-
HuTHOrO noss go 15 cm.

[TpoGouHbili y3eJ COCTOMT K3 JABYX COOCHBIX KaTylleK, TMpHYEM
BHEIIHSI 3aNHTHBAETCS IOCJHeA0BATENbHO C OCTAJIbHOH MAarHHTHOH
CHCTEMOI, a BHYTPEHHsIsT — HE3aBHCHMO, 4YTO MO3BOJISIeT MEHATD
1po6OYHOE OTHOILIEHHE B UINPOKHX Npenenax.

CyllleCTBEHHBIM 3JIEMEHTOM YCTAHOBKH  SIBJIAIOTCA  KaTYIIKH
6osbimoro muamerpa (4 Ha puc. 18), oxpaThiBajoumue GakH pac-
muputeneil. ToK B HHX TakKe MOXHO MEHSTb He3aBHCHMO OT TOKa
B ocTasJbHON MAarHMTHOf CHCTeMe, B TOM uHcJje JeJaTbh ero obpar-
HBIM Mo 3HaKy. MaHumyaupysi BeJMYMHOM M 3HAKOM TOKa B 3THX
KaTyluIKax, MOXHO CYLIECTBEHHO MeHSThb (ODMY CHJOBBIX JIHHHH B
pAcIuMpHTeNAX: OT HanGojsee G6JArONPHATHOH JJIs cTabHIU3aLHH
(cnnownble JHHHM Ha pHc. 18) 1o JNecrabuiusupyomed  (IyHK-
THP).
SkcnepuMeHT (MOAPOGHOe OMHCAHHE KOTOPOTO MOXKHO HaiTH B
pa6ore [40]) HauHHaeTcs C TOro, YTO JIOBYINKa 3aNOJHAETCS INJ/a3-
MOIl OT NYUIKH 6 uepe3 <«IPHOTKPHITYIO» JeBylo NPOOKy. Perymu-
pys pexuM paGoThl MyNIKH, MOXHO OblI0 MEHATb MJIOTHOCTH IJ1a3-
MB oT 108 1o 10 cM~3, a TemnepaTypy OT HeckKoJpkux JHo 30
5/1eKTPOHBOJLT. [lociie 3amo/IHEHHs JIOBYUIKH JeBas NpoOKa «3a-
KpHBanacb», M H3yyajcs pacmaj miasmul. IIpomecc pacnaia cy-
UWIECTBEHHO 3aBHCeJ1 OT KOH(HIypalMM MarHHTHOTO IOJS B Pacilu-
pHTENsX, ‘

[Ipu GaaronpHATHOR KOH(MHIypalHH AKTHBHOCTh IJIA3Mbl Ha
keJOBKOBBIX MoAax Oblja He3HauuTesbHO#, a BpeMs pacmajga oI-
pellessioch MOTePSIMH MJasMel yepes npoOkH. IIpomecc pacnaja
PaJHKaJbHO MEHSICH NPH H3MEHeHHH (OPMBI CHJIOBHLIX JUHHH B
pacmuputese K HeATpaJbHOH HIH HeGJAaroNpUATHOR: pe3Ko BO3-
pacTaiu GJAYKTyalHH JXel06KOBOrO THIIA, 3 BPEMsS XH3HM N/a3Mbi
yMeHbmasnoch npumepro B 10 pas, cm. puc. 19 u3 pa6orn [40].
O ToM, uTO KoJeGanus AeHCTBHTEbHO GbIIH KeJOGKOBBIMH, CBHJE-
TeJLCTBOBAJIM KAk HX MOJOBas CTPYKTypa, TaKk M XapakTepHbe
YaCTOTEHL.

[ToguepxHeM, 4TO LJs CYLIECTBEHHOTO H3MEHEHHs KOHQHTypa-
(MM CMJIOBBIX JIHHHE B pacimmpureie Tpebyercs H3MEHEHHe BesH-
§HHB MATHMTHOTO NOJS TaM Bcero JHmb Ha 4100 I'c, Tak utO
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7000

it JoByIIKe:

Puc, 18. Cxema skcmeprMeHTa HA raso HHAMHYECKOS:

1 — ueHTpasbHas Bak

none 11 T;

po6oOTHEIE KaTYIIKH Ha

3 — BHYTDEHHHE 1

CHCTEMBI;

PaCIIMPHTENAX; & —~ NpHEM!

HHIKEKTODE aTOMAapHBIX NYYKOB; 8§ — BAKYYMHhle KaMephl pacuIHpHTe et

2 — KaTYWIKH CONEHOHMAAJbHOR YaCTH MarHUTHON

— KaTYWIKH, onpeneisiouiue TEOMETPHIO MArHUTHOTO MOJA B

YYMHas Kamepa;

7 —

C€TOYRHK NAA3IMLI;

H)

{HK TJ1a3MBL;
Pasmepsl paHu

4

B MHJJIHMeTpaXx




ne, omH.ed,

Tvg/L
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- t,mMC 0 50 R

Puc. 19. 3aBucuMOCTh IJIOTHOCTH maa3- Puc. 20. Bpems Xu3sHH DJIa3MH B ycTa-
MBl B JIOBYILIKE OT BPEMEHH: noske LAMEX B 3aBHCHMOCTH OT IIpoO-
I—B MIJ, ycTofumsom pexuMe; 2—s MTJ, OOYHOrO OTHOLIGHHA. YCJIOBUS SKCIEPH-
HEYCTOHUHBOM penMe. MeHTa: TeMmIeparypa IVIasMbl HECKOJIb-
KO 3JEKTPOH-BOJBT, IJOTHOCTb, 2,5-
1011 ¢m—3, paccrosHHe MeXAY npoG-

KaMH 2,6 M

MArHUTHas# KOH(HIypalus B DPOCTPAHCTBe MeXAy NPoOKaMH H B
ob6aactn npoGOK OCTaeTcst NPAKTHYECKH He3aTPOHYTO# H ee [e-
CTaGUH3HPYIOWHHA BKJIaj B HHTerpaj yCTORUHBOCTH HE MeHSeTCs.
D10 nosBosisier OAHO3HAYHO MpUNHCaTh HabJlofaeMbiil JApaMaTH-
yeckuit 3¢deKT H3MeHeHHI0 CTaOH/IHM3HPYIOLIEro BKJIaAa pacUIHpH-
Teaen.

BMOpOX€eHHOCTb CHJIOBHIX JIHHHH B TODIBEl YCTAHOBKH He MOTJja
HIPaTh CYUIECTBEHHO# POJIH: BO-NEPBBIX, NPsMble SKCIEPHMEHTHL C
CEKIIHOHHPOBAHHEM. TOPIIOB He BHISBHJIM HHKAKOTO BJIMSIHHS CeK-
LIMOHHPOBAHMA HAa IpOILecc pacmaja; BO-BTOPHIX, TeOpeTHYeCKHe
OlIeHKH, NpuUBeleHHble B pabGore [41], mOKaseBAaKOT, 4YTO TakKoe
BJHSHME B YCJOBHSAX ONMHCHIBAEMOrO SKCIIEPHMEHTA H JAOJXKHO OT-
eyrcrBoBath. He MOraM HrpaTh posik B 3 (eKTh KOHEYHOro Jap-
MOPOBCKOTO pajHyca HOHOB — OTHomleHHe N=a/r;; (cM. pasaen
3.2) B paccMaTpHBaeMOM Cjyyae OTHOCHTEJbHO XOJIOJHO¥ IJIa3Mbl
6u10 Goabiie 30, Tak yto napamerp L/aN ue mpespuuan 0,3—0,4.

[IpopospHble MOTEPH MJIa3Mbl H3 OTKDBITOH JIOBYUIKH B YCJIOBH-
X, YAOBJETBOPSAIOUMX HepaBeHCTBY (1), HccieloBajHCh Ha yCTa-
noBke LAMEX B Jloc-AumxesnecckoM ynuBepcHTere [42]. 3aech
3aBHCHMOCTh (2) Gbua npoBepeHa BILIOTh [0 NPOOGOYHEIX OTHOILe-
Hufi R=74 (puc. 20).

B skcnepumentax rpymnst IO. B. Cksopuosa [43] wusyuancs
pacmaj ropsiyefi IJIOTHOH NJIasMBbl, yAepXKHBaBIieHcs B OCECHM-
meTpudHOoM npoGkoTpoHe. [Inasma cosiaBajach IPH CTONKHOBEHHH
ABYX CIyCTKOB, MHXKEKTHDOBABLIMXCA HaBCTPedy Apyr Apyry ¢
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"KOHIIOB yCTaHOBKH (4epes mnpoOku). IlnotHocTh mnoayuasiuefics
‘rasmel 6b1a okoso 1015 ¢cm~3, TeMmepartypa HoHOB — Z0 2 k3B.
Baxmno, yTo mapamerp B B 3THX 3KCHePUMEHTax Obl1 GJH30K K
€[HHHIle: 3TO INPHBOAKJIO, B COOTBETCTBHM ¢ dopmysoit (57), K
3HAYHTEJILHOMY YBeJHYeHHIO NPOOGOYHOro OTHOWIEHHs] R mo cpaBHe-
HHIO C €ro BaKyyMHHM 3HadyeHuneM R, (mpdH tom, uro R, OblLiO
PaBHBIM Bcero Jinils 2, R gocturano 6). Bpems xusHy miasMel mo
'OTHOIIEHHIO K HCTEUEHHIO Hepe3 MPOGKH COOTBETCTBOBAJIO ' OLEHKE
(2) (npu moxcraHoBke B Hee MPOGOYHOrO oTHOWeHHst YR,2—B/
1=p). ,

- I'pynno#t T. T. 3yxkakumBuan Hz CyXyMCKOro (PH3HKO-TEXHH-
YeCKOro HHCTHTyTa [44] Obijo OOHapyXKeHOo COrJacHe H3MEPEeHHOrO
BPEeMeHH XH3HH IJ1asMH B NPOOKOTPOHe H ¢(opMmMyan (2) 1pH
R=5. 3zecy miazMa uMesa WJIOTHOCTE n=4.101—107 cM™2 x
TeMIeparypy HOoHOB OT npuMepHo 100 xo 350 3B. "

B nacrosmee Bpemss B COPTH cosnaercs Gosee coBeplueHHAs
rasofMHaMHYecKas JoByuika — ycraHoBka KII-2M. [JauHa ycra-
HOBKH 5 M, MakcHMaJbHOe Nojie B npobkax mo 15 Ta, uro obecme- -
4HBaeT HoJydyeHHe npobouHoro oTHomenus R=70. [lnasma B ycra-
HOBKe Oyaer uMeTh P~~1. Ilpn oxugaeMoM NPOXOJBLHOM BPEMEHH
KH3HH 1—2 Mc Ha yCTaHOBKe MOXHO OyIeT NMOJYYHTh HHTEPECHYIO
uHpOpManuio 0 MacuiTabe aHoMaJuil B Kos¢pdulueHTax nepeHoca

" maasMe ¢ B~1 B npsamom mnoJse. JpyrHe naHHne 00 YCTaHOBKe

-KI1-2M moxHo HafiThH B 0630pe [20].

5. TEPMOAJEPHbBIA PEAKTOP HA OCHOBE raJj

Cnenys paGorte [5], BHIpa3HM NOJIHYI0 MOIIHOCTh HHKEKUHH
HEeHTPaNoB Pymx UYePe3 IOJHYIO MOIIHOCTb SAEPHOTO 3HEPrOBHIAE-
JNeHHS] Prag, Prn/Puow=Q, Q — K03bDDHUHEHT yCHIEHUS TepPMOsLep-
HOTO peakTopa. YpaBHEHHEe SHEPreTHYECKOro (ajaHca MOXKHO 3a-
fiicaTh B BHAE

2 2
T 0T (Quet 2+ L (Poss—P) =P (61)

TAe a — pajuyc IJa3Mbl Ha y4acTKe OJHOPOJHOIO MAarHUTHOrO IO~
Ji1; P, — NJIOTHOCTh MOLIHOCTH, BEHIAEJAsieMOil B IJasMe o-4acTHIA-
MH; Ppag — DJOTHOCTE MOIIHOCTH TODMO3HBIX NOTEPb; CMEICH MHO-
KUTeNst §o MosicHsieTcss B pasiene 2.3. MHoxurenb E;>>1 BBeleH
A7l KaueCTBEHHOTO y4eTa MAONOJHHTEJNBbHOrO 3HEProBHAGJICHHA Ha
He yCheBLINX 3aMeJJUTbCH HHXKEKTHDPOBAHHBIX dYacTHLax (mJoT-
HOCTbh MOUIHOCTH SIA€PHOT0 3HeProBbAeNeHHs Pg; YYUTHIB4€T TOJb-
KO peakIHH <MaKCBEJJIOBCKHX» HeHTOHOB W TPHTOHOB B PAaBHO-
KomnoneHTHOR [I-T-cmecn). Ilpu HeoGxommmocTH O6ojiee TOUYHBIX
KOJIM4eCTBEHHBIX PacueToB CJeAyeT BOCIOJb30BaTbCs pPe3yJbTaTa-
‘MH paGotnl [45], B KOTOpOH HpHBEAEHB pe3yJbTaTH YHCJAEHHOIO
pellieHHsT COOTBeTCTBYIOLICH 3aauH. ’
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Us cootHomenuit (61) wafizem ANHHY CHCTEMEI H MOIIHOCTH
HHKEKIHH, HeoOXOAMMHE /s CcTalHoOHapHO#l paboTh peakTopa €
3ajaHHLIM Q:

I 2Q (Qe+EoQ1)
—RngQ [1 +Q(Pa—Ppa1l)/§pPsm] i

2nr7,N* (Qe +50Q1)
R (1+Q (Pa_Ppan)/ngsn)-

B sto#t dopmyse H Jasee pajuyc NJIa3MEHHOrO LIHypa H3MepsieTcs
B uncie N yKJIaAbIBalOIIMXCSd HA HeM HOHHBIX J1aDMODOBCKHX pa-
muycos (mop rp; monnmaerca BenuumHa (myc/eB) (nT:/2m;)'?).
OTHOCHTENIBHO @-YaCTHH NpeANoJaraeM, YTO OHH 3aXBaThIBAIOTCH H
yIepKHBAIOTC MaCHHTHHIM IOJIeM BIUIOTb [0 MOJHOH Hepelavu
SHepruu 3jekTpoHaM. COOTBETCTBEHHO 3TOMY MOIIHOCTb HarpeBa
MJIa3MB @-9aCTHUAMH MOXHO 3anucate B BHAe P,=0,16:P. "
Iortokn Q. ¥ Q; HaxoUATCH C MOMOIIBIO YHCJNEHHOTO pPellieHHss CHC-
TteM ypaBHenuii (5), (10)—(12), (14)—(15). CBsaAspr MexAy TeM-
nepatrypamu T, u T; onpeeisieTcss yPaBHEHHEM 3HEPreTHYECKOro
Gasnanca AJis 9JEKTPOHHOH KOMIOHEHTH, CTallHOHapHOe COCTOSHHe
KOTOpOfi MOANEePXKHUBAETCS B pPe3y/bTare HAarpeBa NPH CTOJKHOBEHH-
X ¢ MOHAMM M 0-4aCTHIAMHM H OCTHIBAHHS 3a CYET KOHLEBHIX MO-
Tepb H TOPMO3HOrO H3JydJeHHS:

2Q. T;—Te 3me
R _L( e n n—l—Pa—PPan). (64)

34eCh YYTEHO, UTO ONTUMAJbHBIA pexHM paboTH peakTopa Co-
oTBeTcTByeT 06JacTH mapaMeTPoB, B KOTODOi 3Heprus nyyka HeAr-
pajioB nepefaercsi NJasMe 3a CYeT B3aHMOMEHCTBHsI NPEHMYILIECT-
BEHHO C MOHHOH KOMIIOHEHTOH (B OT/IHUMEe OT PacCMAaTPHBAEMOro
HHXe BapHaHTa HEHTPOHHOro HCTOYHHKa Ha ocHoBe ['JIJI, rae my-
YOK TOPMO3HMTCSI B OCHOBHOM Ha 3JIEKTPOHAX).

CoorHowmenus (62)—(64) nossoastor HaWTH Pumx, L u Te 10
3aJlaHHBIM 3HaueHHsM M, T, Bmax, R, N u Q. Ilox R 3mech NMOHHU-
Mmaercsi npoGOYHOe OTHOIIEHHe, HCIPAaBJeHHOe Ha KOHeyHoe 3Haye-
HHe § B LETPAJbHOH YACTH JIOBYIUKH: :

(62)

(63)

gmnx:

R=R,/V1—p (65)
p=8an (T o+ T:)/ BY min- (66)

HHaeKc «v» OTHOCHTCS K BAKyYMHHBIM 3HaueHHSM COOTBETCTBYIO-
mux BeauuuH. [Ipun R,>>1 MarHuTHOe mosie B Npo6Ke NpaKTHYECKH
He HCKaxaeTCsi (Bmax=Bymax), YTO H YUYHTHBAJOCh NPH 3amHCH
coorHourenus (65). Otmernm, uTto B onpejenenHe (66) mapamer-

*) Tlpu BuuHcAeHdH Ps; MH YUHTHBaeM BHJe/i€HHE 3SHEPTHH B JIHTHEBOM
6nanxkere. VIHbIMH cJIOBaMH, MH moJjaraeM, uyTo B ofHom akte D-T peaknuum suipe-
Jasietca sHeprun 22,4 MsB. DTHM H ompelenseTcs BeqHuuHa Koadguuuenta 0,16
B nocaeased ¢opmyde,
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b

- =44 K3B):

pa P ciaenyer, BooOuie roBops, BKJIIOYaTh IONepeYHOe AaBJIEHHE
XBOCTOBHIX HOHOB JAefiTepHs, KOTOpOoe MOXeT OHITb CPaBHUMO €
JaBJeHHeM MAaKCBeMJOBCKUX HeHToHOB. OnHAKO, MOCKOJBKY 3TOT
BKJIaJ MOXeT OHITb JIETKO YMEHBbIeH 3a CYeT HHXKeKIHH HefTpa-
JIOB TIOJ YIJIOM K OCH CHCTeMH, Mbl HM OyldeM npeHebperarb.

Huxe sMecto 1, T., Bomax, Bomm # T; MB 6yleM noJan30BaTh-
¢ B KauyecTBe He3aBHCHMBIX NepEMeHHHX HabopoM BeJuunH f,
Q, N, B,max, R, T:. llpu OuxcupoBaHHbIX 3Hauenusix T; H Q 3a-
BUCMMOCTH BeJHMUHH L, Puyyy, 1 ¥ @ OT Bymax, B, Ry # N HOCAT yHH-
BepCallbHbIH Xapakrep:

To=T,(Ts Q),
L=I*(T,, Q)RT';B‘E,

P o= P (T Q)E—A’Vi’fﬁ,
a=a*(T) 5, m:yifs . \‘

n=n* (Ti, Q) [333 max/R-y2°

310 crenyer I{énocpeACTﬁeHHo u3 BeIpaxenus (62)—(66) u Toro
¢akra, uto ypaBHeHue (64), 3amucanHOe B BHIODAHHEIX BHIILE Ie-
PeMeHHBIX, MocJe NOACTAaHOBKH B Hero L u3 (62), comepxkHuT Kpo-
me temnepatyp T; u T, Toasko napamerp Q.

IMpu ¢durcrpoBanHoM 3HayeHHH Q BeJHUMHH L* U Pumx™*, pac-
cMatpuBaeMble Kak (yHKUHH T;, MMeOT MHHAMYM (BooOlie roso-
ps, TpH Hecosnajaomux snadenusx T;). Tak, npy Q=3 MUHEMYM
L* nocturaercsa npu T;=16,5 k3B, T.=9,3 k3B, 2 MHHEMYM Pumx
npu T;=4,5 k3B, T,=4,4 x3B. IlpuseneM napamerps AByX BapH-
aHTOB peakTopop ¢ Q=3, npuyeM OyleM CUHTaTh, YTO B,max=
=45 Ta, R,=30, N=10, g,=1,5, §,=1,5. Bapuanr 1 (T;=
=16,5 k3B, 7.=9,3 k3B): $=0,7, L=3200 M, a=31 cM, n=1,5-
10" cM~3, Punx—=—4,8 [Br. Bapuaur 2 (T:=4,5 3B, T.,=
B=0,9, L=6100 M, a=29 cM, n=>5,5-10" cm,
Pz =2,8 'Br. OTMeTHM, uT0 3HayeHHe (akTopa E; B NMPHBOAH-
MEIX BapHaHTaxX XOpPOLIO COTJIACYeTCS C PacYeTHHIMH 3HAYCHHSMH
5TON BeJHYHHBI, MOJAYYeHHbIME B pabote [47].

KatoueBblM H Haubosiee cJOXHBIM 3JE€MEHTOM peakTopa B-
JasieTcsa npo6GouHas KaTyllKa, Koropas JAOJXHa CO31aBaTb MAarHur-
HOe TOJie ¢ HAIpPSIKEHHOCThI0O B COTHH KHJoraycc, OG6crosTelb-
CTBO, [0 HEKOTOPOH CTeneHH obJerdampllee pelleHHe 3TOH 3alauH,
COCTOHT B TOM, YTO CTOJIb CHJIbHOE IOJIe HYXHO HMeTb B 00beMe ¢
auaMerpom Jmiip 10 cv u gaunofi 10—20 cm. Ecth ocHoBaHus
CUHTaTh, 4TO B TaKOM o06beMe MOXKHO CO34aTh MOJie C HalpsXKeH-
Hocroio 4560 xTc.
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« - JIJIMHA CHCTeMBl BBIIVIAAHT HECKOJBKO yCTpallaiolle, HO cJeAy-
€T UMeTb B BHAY, YTO BCS OHA 3aHATA IPOCTHIM AKCHAJbHO-CHMMeT-
_PHYHHIM COJICHOHJAOM Ha moJge Bcero auwb 15 kl'c. Tem He Menee,
-OBLI0 OBl JKeJlaTeJIbHO YMeHbLIHTb ee (H MOILHOCTb Harpesa) B 3—
5 pa3. OnHa U3 BO3MOXKHOCTEH TaKOrO poja, CBA3AHHAA C MOAKJIO-
.YeHHeM HeCKOJbKHX MAONOJHHUTENbHBIX INPOGKOTPOHOB C KaxIo#
CTOPOHHI YCTAaHOBKH, ofcyXKaalach B pasnene 2.4,

PesynbTatel napaMerpuyecKoro aHajlHza TEpPMOSIEPHOrO peak-
_Topa Ha ocHoBe '/IJI MoxkHo Haifitu B paGore [46].

6. H”CTOYHUK HEHMTPOHOB
HA OCHOBE TA30JHWHAMHYECKOHA JIOBYIIKH

Has HcnbITaHHS MaTepHAJOB H 3J€MEHTOB KOHCTPYKUHH Oyay-
1ero TepMOfAJEPHOTO peaKTopa XKeaTeJbHO HMETb HCTOMHHUK Hef-
TpoHoB DT-peakuun (T. e. HeliTpoHOB c sHeprueii 14 MsB), obec-
NeYUBAMUA NJOTHOCTh NOTOKA HEHTPOHOB B 30HEe HCHOLITAHHH B
HECKOJbKO pa3 BHIIIe, YeM Ha «NePBOH CTEHKe» peakTopa, Tie 3Ta
BeJMyHHa OyJeT, No-BHAHMOMY, cocraBisath (0,5—1,5)-101* cm—2-
-c”1.[47]. Pasymeercs, kpome HelirpoHop DT-peaxuuu, B chcreme
O6yAyT HNPHUCYTCTBOBATb TAKXe BTODHYHBIE HEATPOHB, IOTOK H
CIIEKTP KOTOPHX GyayT ONpelessiTbCsl TOJNUIMHOA W COCTaBOM Belle-
CTB&, OKpyXaiwollero njaasmy. [IpuBeieHHble BHIIIe YHCAa OTHOCAT-
¢f K IOTOKY NEePBHYHHIX HEATPOHOB.

HcTouHHK HeATPOHOB He 006si3aTeNbHO [OJXKeH 06ecrneduBaTh
TIOJIOXKHTENbHBI 2HEPreTHYecKHH BBIXOJA, T. €. AaBaTb Q>1; Gojee
BAXHBLIMH €r0 XapaKTePUCTHKAMH SBJSIOTCS IVIOTHOCTb HEATPOHOB
B 30He HCIILITAHUH H HHXKeHepHas HPOCTOTa.

C 3To#i TOYKH 3pPEHHS] MOXKET NPE/ACTABJISATH HHTEPEC HpeaJo-
KeHHhH B pabore |5] (cM. Takxke [6]) He#TpOHHBHI MCTOYHHK Ha
OCHOBE Tra3oJMHAMHYeCKOH JIOBYLIKH C ABYXKOMHOHEHTHOH IJja3-
mo#i. CxeMa HCTOYHHKa nokasaHa Ha puc. 21. OH npencraeaser
co60f ra3oMHAMHYECKYI0 JIOBYLIIKY C OTHOCHTEJNBHO  XOJIOLHOH
(T~1 x3B) neiiTepueBoli maa3Mo#, B KOTOPYI NOA HeGOJbIIHM
(6.==20°) yraoM Kk ocnm MHXeKTHpyoTcsl GeicTpeie (W.=~250 x3B)
TPUTOHHL. [lmoTHOCTH HefiTepueBol miasMel paBHa NpPHMepHO 5-
-10' cM™2, ¥ OHa yJepXuBaeTCi B Ia30JHHAMHYECKOM pEXHMe.
Yro kacaercd GHICTPHIX TPHTOHOB, TO I/ HUX AJMHa mpobera co-
CTaBJIfieT COTHH [JHH YCTAHOBKH, H OHH yJAepPXKHBAIOTCS aauaba-
THYeCKH, cOBeplllasi KoJjeOaHHA MeXAy TOYKAMH OCTAHOBKM H MO-
CTeneHHO 3aMelJiAsicb. HeHATpOHB reHepupyloTCsi NmpH  CTOAKHOBe-
HHAX OLICTPEIX TPUTOHOB C JAeHTOHAMH IJa3MeHHOH MHHIGHH.

Marepuanpipiii 6ajaHc MHINEHHOH ITa3MbI MOXeET MNOAACPHKH-
BaTbCsl HHMKEKIHeH KDPYIHHOK 3aMOPOXEHHOTo REATepHsl.

- Baxwuo, uro npu sHaudreabHoMm npesuiienun W. nax T, Top-
MOXKEHHe OLICTPHIX TPHTOHOB Ha 3JIEKTPOHAX HJAeT HAMHOTO OHICT-
pee, yeM paccesiHHMe Ha JeHTOHAX, TaK YTO YIJIoBas IIHPHHAZ HX
pacnpeneneHHs OCTaeTcssi MaJyiofl BIVIOTb O 3HEPTHH, 3HAUHTEJNBHO
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.MeHbIIHX 3HEePrHH HHXKeKHHH. Tak, Npu sHeprud, papHOH . NOJIO-
_BHHe 3HEPruH - HHXEKIHH, YIVIOBasi LIHDHHA paclpejeseHHSl TpPH-
.ToHa A®, MoxeT OHTb HaljeHa nmo ¢opmynae (cm. [5]):

AB.~11 (T./W.)3/* .
(koaHuecTBeHHBIA CMBICH BeNHuuHBl A@. ONpefensercs TeM, 9TO

_YTJIOBOE pacnpefe/ieHHe TPHTOHOB HMeeT BHA exp —(AB/AB.), rae

A8 — oTiiHyHe NHTY-yIJa TPUTOHA OT yIja HHXeKUuH). Beaen-
CTBHe MaJocTH A®., MJIOTHOCTb TPHTOHOB BOJIH3H HMX TOYKH OCTa-
HOBKH 3HAuyHTEJbHO BO3PAcTAeT HO CPaBHEHHIO ¢ HX MJOTHOCTHIO
Ha oaHopojHOM yuacTke, COOTBETCTBEHHO, 34eCh CHJbLHO BO3pacra-
€T IJIOTHOCTp MOTOKa HeHTpoHOB Sy (K2K 3TO H 1OKasaHO Ha

>
nyvox T

Puc. 21. Cxema HeHATPOHHOTO HCTOUHHKA:

I—Baxyymnas( KaMepa pacCIWIHpHTeJs; 2 — NOIVIOTHTENb IJIa3MBl; 3 — CBEPXNPOBOAALIIAS

4acTh NMpOGOYHON KaTYIIKH; 4 — «Telsasi» dacTbh NpoGOuYHON KaTYIUKH; 5 — OfHAa H3 KaTy-

UIeK CBEPXNPOBOLAIIETO COJEHOHJA; 6 — 3allHTa; 7 — BaKyyMHAas KaMepa TpPOGKOTPOHA;

8 — 30Ha yMepeHHOro HEHTDOHHOro NOTOKa; 9 — 30HAa BHICOKOTO HEATPOHHOTO NOTOKa; [0 —

OTpaxaTeNib; BHH3Y I[I0KasaHa 3aBHCHMOCTb MAarHHTHOTO moias B H MJIOTHOCTH HeATPOHHOro
notoka F OT KOODAHHATH 2 .
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puc. 21(a,6,8)). MoXHO mokasaTh, YTO MJIOTHOCTb IIOTOKA HEHTPO-
HOB Ha MOBEPXHOCTH IVIAa3MBI Sy gcr B TOYKE OCTAHOBKH 60dIbiile CO-
OTBeTCTBYIOIEH BEJHYHMHB Ha yyacTKe OZHOPOIHOro mojas Sy npH-
MepHo B E==(0.A6.)"12 pas. ITpn 6.=0,3 u AO,=0,1 ko3dPu-
UHeHT § paBeH NPHMEPHO b.

Tak Kak TOYKa OCTAaHOBKH HaXOAUTCS B O0GJAcTH CHJIBHOTO
MarHuTHoro noasi (nmpuH ©.=<20° 370 moJie mpHMepHo B 9 pa3s BH-
lle Ao/ Ha OJHOPOJHOM yd4acTKe), TO Npo6jeM ¢ pagHaJbHBIM
paBHOBECHEM IJ1a3Mbl B 3Toit 06JacTH He BO3HHKaeT: mapamerp B
3JleCh OCTaeTcs MeHblle equHUIE (HoApoOHee cM. HHXKe).

Cunphas aHM3oTponus (yHKUMH paclpeliesieHus TPUTOHOB Ha:

yuyactke ojHopoanoro mousi (rze W.>>W.,) MoXer clIyXuth Hc-
TOYHHKOM Da3/JMUYHBIX KHHETHUeCKHX HeycroiumBocteli. Oanako
MHOTHE BETBH HeycTo#uHBocTell GyAyT CTaOHIH3HPOBATLCS BCJE-
CTBHE DpajHalbHOR HEOZHOPOAHOCTH IIasMBl  (HEOZHODOAHOCTH
NPHBOJUT K HaPYIIEHHIO YCJIOBHH PE30HAHCHOTO B3aHMOXACHCTBHA
BOJIH C YaCTHIlaMH), a Te, KOTOpHe He OyAyT CTaGHIH3HPOBATLCH,
BO3MOXHO, He NPUBEAYT K KaTtacTpodHuecKHM IIOCIEICTBHAM, TaK
KaK BpeMs TOPMOXEHHs OLICTPHIX TPHTOHOB Ha 3JIEKTPOHAX OYeHb
Man6, O6masi TeHAeHUUs, BHISIBIEHHAS B 3KCIEPHMEHTaxX Ha aM-
OGUNOJNSADHEIX JIOBYUIKAX, COCTOMT B TOM, 4TO IPH HAKJOHHOH HH-
JKEeKUHH YCTOAYMBOCTb CHCTEMbl YJY4IIAaeTcsl [0 CPaBHEHHIO CO
caygaem 909 HHKEKIHH.

OGcyaum Tenepb cuTyauuio BGJIH3H TOYKH OCTAHOBKH, rje GHICT-
pble YacTHUB MMEIOT MHUTY-YI/ibl, 6Ju3knHe K 90°. Yriopas wupuna
pacnpenesnieHus 3fieck MOxeT OHTb OlleHeHa Ho Qopmyse

\1/3
A@,gocr"’(A@e: ) !
Hucnemno A®,.., oxa3mBaeTcss JNOBOJEBHO GOMBIIOH BEJHUMHOf (IIO-
piaka 40°—050°), T. e. B obnacti, rae B=~B,., aHA30TPONUs
OnicTpbix uacTul, ymepenHas (W, ~2W ). CoOTBeTCTBEHHO, MOXHO
paccuMTHBATL HA TO, YTO MJa3Ma Taxkxe OyaeT YCTOHUMBOH OTHO-
CHTEJIBHO BO30ymAenuss MUKPOdIyKTyanuii, TeM 6oJee, uTO OCHOBHBIE
ee Gespa3vepusie napametpsl (B, N, T,/W,, ©,/op) 6ausxe 35ech
K TeM, KOTOphle Peau30BAJHCh B YCTOAUMBBIX PEIKMMAX HA YCTAaHOBKE
2X1IB [48], a nmoms cTabuiusdpyoliell XONORHOA NJa3MBl Jaxe
Buie. BesencTBie MaJOCTH TONEPEYHOro AAaBJCHHs NJA3Mbl HA OHO-
ponHoM yuacTke (rae p), ~©,2p, K p) ycioBas pajHasbHOrO PaBHO-
BECHs HEe HAK/AABIBAI01 PEANbHBIX OrpaHMYeHufi Ha MJIOTHOCTH GHICTPHIX
yacTail. TeM He MeHee, ee HeJb3s CHEJATb CKOJb YLOAHO GOJBLIIOH,
TIOCKO/IbKY  #13-33 . AHH30TPOIIHM GbyHkuuu  pacnpeneneHust TPHTOHOB
(7, >p) B cucTeMe MOXET pasBUBATBCA «Ipybas» LIJAHTOBafA He-

ycToiuuBocTh. YT0GH HM36€XKaTh €€, CJeldyeT OrpaHHuHTb CBEPXY
SHayenue p (cM., Hampumep, [49]):

p.II < B?nln/‘l'“’
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yeM ¥ onpexenasiercs (IpH 3afaHHOM IHEPIHH HHXKEKLHH) [peAesb-

Hasl IVIOTHOCTb GBHICTPHIX TPHTOHOB. :
B OKpecTHOCTSIX TOYKH OCTAHOBKH INONepeyHoe AaBjeHHE GHICT-

" PHX TPHTOHOB PaBHO

*
ps ~ Py
1 oct 62/2A8},12

2
¥ Tpd TpelesbHOM — 3HAYCHHH P (P} =Bmmn/4n)  cocTapnser
B2, /An@Y2A0Y2. C npyroii CTOpOHB, MATHHTHOE NoJMe B TOUKE
OCTAHOBKH CBSI3aHO € B, cootHoumenueM B, ~B;,/8,2. CooT-

BETCTBEHHO, napaMeTp Bc,=8np1 ocr/ B2cr YILOBAETBOPSIET HEPABEHCTBY
295/2
. *
er < —775
Bocr A8l2

Tonaras 0.=~0,3, A©®.=0,1, Hax0AEM PBocr<0,4, T. €. IPH NPHHA-
THIX 3HaueHHsx ©, u A®, paiuajipHOe paBHOBeCHe B OGJACTH MakK-
CHMAaJbHOA NJIOTHOCTH GBICTPBIX TPHTOHOB He Hapyllaercs.

[IpusefieM napaMeTpsl OJHOTO H3 PacCMOTPEHHBIX B [5] Bapan-
aHTOB HeHTPOHHOro TreHepaTopa:

MoUIHOCTh HHXKEKIHH TPHTOHOB 20 MBr
DHeprus HHXKEKIHH TPHTOHOB 24% °1§:~>B

VYros HHKEKIHH
MarnuTHOe noje B mpolke 25 Tn

IMpoGounoe OTHOLIEHHE 20

Paccrosiaue oT npobku 10 npobkH 10 M

Pajuyc asMH B MHHHMYME MarHHTHOTO TNOAS 7,5 cM
4.10" cm—3

TI10THOCTh MHILEHHOH IeHTepHEBOR MIa3MH

IoTox HeHTPOHOB HAa MOBEPXHOCTH MJIA3MH Ha OA-
HOPOJAHOM YydacTke

TloTox HEATPOHOB Ha MOBEPXHOCTH INAsMH B 00-
JIaCTH TOUKH OCTAaHOBKH

4.108 cpu—2.c!
22.10% cu~2.c!

M3 Tabaunpl BUAHO, YTO HCTOUHHK 06J1afaer LeJNbIM pAAOM HO-
CTOHHCTB. Bo-IepBBIX, OH OTHOCHTEJbHO HEBEJHK IO pasMepaM —
paccrosinde MexJy NpoGKaMH DaBHO JHUIb 10 M. Bo-BTOpHIX, OT-
HOCHTEeJIbHO HeBeJHMKa noTpebaseMas MOLIHOCTb — KpOMe HHXKEK-
TOpPOB HEHTPaJOB 3aTPAThl MOUIHOCTH HAYT TOJBKO Ha MOAAepKa-
HHe TOKAa BO BHYTPEHHHX HECBEDXIPOBOAAIIMX YACTAX HPOGOUHBIX
KaTyilek, Ha yTo Tpebyercs ellle TOJbKO 10+-15 MBT1. B-TperbHx,

©  OTHOCHTEJNbHO MaJ TOK HHKekuuu TpuTHs (Zo 100 A). B-uersep-

THIX, HHJKEKTOPbl GHICTPHIX TPHUTOHOB «CMOTPST» -Ha 30HY, H3 KOTO-
pofl HCXONMT OTHOCHTEJNbHO MaJblifi IOTOK HEATPOHOB, 4TO IO3BO-
JIsieT OTKa3aTbCsid OT INpPHUMeHeHHs 3JIEKTPOMarHHTHBIX «1abupuH-
~TOB» AJISl 3aIIUTH HHKEKTOPOB OT HeHTpoHOB. B-mATHIX, U3-3a He-
_BBICOKOH TeMIIEpPATYPH HOHOB MHIUIEHHOH N1a3Mbl 3aXBaT GHICTPHIX
'aTOMOB TPHTHS yepe3 mpollecc Nepe3apsifikyH He NPABOJHT K IOAB-
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JIEHHIO CKOJIbKO-HHOYAb 3HAUHTEJBHOTO NOTOKA OLICTPHIX - aTOMOB
nepesapsiiku Ha CTeHKY (60/blIasi yacTh MeNJIEHHBIX BTOPHYHHX
HEHTpaJIOB NOIJIONIaeTCsl B IJla3Me BCJeACTBHe MoHH3amuH). Ha-
KOHell, B-LIECTBIX, HCTOYHHK 06ecleyHBaeT BHICOKHHA HeHTPOHHHIR
MOTOK B O0GJIACTH C MAKPOCKOINHYECKHMH pasMepaMH.

®opMasbHO, NPH JAHHON MOIIHOCTH HHIKEKIHH H HNAHHOM MHoJIe
B NpOOKax MOXKHO, OCHOBHIBASICb Ha MOJENH IJIa3MH, YYHTHIBAIO-
IIed TONBKO <«KJaCCHYECKHe» IPOHECCHl, MOCTPOHTh NPHMEPH HC-

TOYHHKOB, RaIOMHKX Gosiee BHICOKHe HeHTPOHHHIE MOTOKH. Ho npm-
Mep, NpHBEJCHHHH B TEKCTe, HMEeT TO BAXKHOE NPEHMYILECTBO, YTO-
CBAA3aHHBIX C

OH, NO-BHIMMOMY, CBOOOJEH OT HENPHSATHOCTei,
MHKDOHEYCTOAYHBOCTAMH. EciM Xe B XOle MOXENbHHIX 3KCHEpH-
MEHTOB BBISICHHTCS, YTO OMNACHOCTb MHKDOHeyCTOHYHBOCTe#l mpe-
yBeJIHU€Ha, TO MOXHO OyleT HCHNOJb30BATH YIOMSIHYThHe BhILIe
«CKPBHITHIE DE3EPBHI» CHCTEMBI H YJIYUIIHTb €e MapaMeTphl.

7. 3AKJIIOYEHHE

Hs cozepxanus Hacrosimefl CTaTbH BHAHO, 4TO TPaAHIHOHHHE
JOCTOHHCTBA NPOGKOTPOHA — NIPOCTOT@ TEOMETPUH, NAOCTHXHMOCTH
BBICOKMX 3HaYeHH# [}, CTallMOHAPHOCTb, OTHOCHTE/JbHAs HEYyBCTBH-
TeJBHOCTh K mnpoljeMe NpHMeceli — COXPAHAIOTCS H B rasojdHa-
MHYeCKOH JioBymiKe. HOBBIM INOJIOKHTE/NLHBIM MOMEHTOM SIBJISIETCS
OTCYTCTBHE 3aBHCHMOCTH IIPOAOJBHBIX HOTepb miaasMel 3z I'JIJI ot
MHKPOGUIYKTyauu#, uTo yJayyllaeT HafeXHOCTb NpeNcKasaHHE
3HepreTHueckux. nepcnektus [IJI.

Hapamusas nauny peakropa-ITIJI, MoxHO, B NpHHUHIeE, KO-
Gutbest yBenvuenus Q Mo mpHeMJeMBIX 3HaueHHit tTMna 4—5. Kom-
KpeTHasi OlleHKa HeoGXOAMMOH AJS 3TOrO AJHHH CYLIECTBEHHO 3a-
BHCHT OT TOr0, KaKOe MAarHHTHOe mojie Bpay MOXKET GHITb CO3IaHO
B mpo6kax. Ilpu TexHHYECKH MOCTHXHMEIX B HacTosillee BpeMs Be-
JAHYHHAX Bmax=40—45 Ta niuHa, 10 CerogHsIHAM MepKaM, OKa-
3LIBAeTCSl BCE XK€ C/IHIUKOM Gosbiiolf, 2—3 kM. BmpoueMm, mouyta
"BCe 9TO PAcCTosiHMe (32 HCKJIOYeHHeM NPOGOYHHX o6iactefi) 3a-
HATO NPOCTHIM OCECHMMETPHYHHIM COJIEHOHJAOM Ha T1ojJe OKOJIO
1,5 T : '

Hamo ckasaTh, yTo npoGouHoe no/sie HaNPSAKEHHOCTbIO 40—
45 Tn 6bl10 6B HepeasbHBIM, eCiH OB HMeJach HeOGXOLAHMOCTH
chenarb NPOGKH aKCHAJLHO-HECHMMETPHYHBIMH (Hanpumep, KBaj-
pynmoanhbiMu). K cuactbio, B Clyyae rasoZMHAMHUECKOH JIOBYII-
ku MI[l-ycroiiunBocTh MOXET GHiTh ofecneyeHa B paMKax aKCH-
aJNIbHO-CHMMETPHYHON KOH(QHUIypaMA C IOMOLILIO NPaBHJIBLHOIO
_noabopa ¢(HopMBI CHIOBBIX JUHHH B pacmuputene. «Paborocnoco6-
HOCTb» 3TOTO METOJa CTaGU/IM3alMH NOCTATOYHO HaleXHo Npoje-
MOHCTPHPOBA4HA B 9JKCIEDHMEHTaX Ha MOJEJbHOH rasofHHaMHYe-
CKoit JioBylike B HoBocHOGHpPCKOM HHCTHTYTe sfepHOH (QU3HKH.
ITpn wanuyuu B CHCTEMe <«ILIEILYIHHXCS» HOHOB MOXHO JOINOJIHH-
TeNbHO YIYYLIHTh YCTOHUYHBOCTh CHCTEMHI,
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:“

‘(beKTHBHOCTb B 3KCIepHMEHTax Ha YCTAaHOBKE C

BaxHo, uto AuaMerp nJjasMbl B NPo6GKe Maj, IJIOTHOCThL 3HECh
NpHMepHO B 2 pasa. HHXe, YeM B LIEHTPe YCTaHOBKH; KpOMe TOrO,
HoHHasf (YyHKUHs pacnpefeseHHS IIpelCTaBJjsieT 34eCh <«HOJOBHH-
Ky» MaKCBEJJOBCKOro pacupejeleHust, YTO o3Havaer S(I)q)eKTHBHOEh

" yMeHbllIeHHe TeIJIoBOro pasbpoca (B CHCTeMe KOODAMHAT, ABHUXKY-

mefics cO CpeAHEeH CKOPOCTbIO HOHOB, CPelHASs SHePrHA HOHOB
3
paBHa, rpy6o rosops, — T, B OTJIHUHe OT 5 T B HeHTpe JIOBYLIKH).

CoBOKyIHOe AefiCTBHE 3THX (PAKTOPOB IPHBOAHT K TOMY, YTO HEHT-
POHHBI TOTOK Ha NOBEPXHOCTH Ia3Msl B mpobke B 100—300 pas
MeHbllle, YeM Ha yyacTKe OAHODPOJHOTO INOJs. JTO NO3BOJSET OTKa-
3aThCsd OT 3alMTHl BHYTPEeHHeH (HecBepXNpPOBOJfALIEHl) 4acTH HpO-:
60uYHO# KATYIIKH OT HEHTPOHHOrO NOTOKa H, TeM CaMbM, JesaeT
6osee pealibHOM BO3MOMKHOCTb CO3JaHHsi TPeOyeMOro MarHHTHOIO
MOJISL.

Ecau 60 pasBHTHe TEXHHKM CHJIBHBIX MArHHTHHIX NOJie [O3BO-
JHJ0 JGoBecTH noje B npob6kax po 60—80 Tua, To o6aHk peakropa-
I'J] cyuecTBeHHO YJIydmuiacsd Obi: MOXKHO OBIO Obl 3aMETHO CO-
KPAaTUTb [JIHHY YCTAHOBKH, JIHGO (IPH HEH3MEHHOH IJIHHE) yBeJH-
quTh Q.

[Ipd mOCTHXUMBIX B HaCTOsileeé BpeMs MArHHTHHIX MOJSAX
yposus 40 Tu COKpaTHTb AJHHY YCTAHOBKM MOXKHO, J00aBHB C
Ka)KJIOT0 KOHIA YCTAaHOBKH MO OJHOMY AONOJHHTEJIbHOMY mpPOGKO-
tpory. OnHaKO 3T0 AeHCTBHE, NOMHMO YC/JOXHEHHS YCTAHOBKH, MO-
JKeT NPUBOAMTHL K YMEHbUIEHHIO NPele/bHBIX 3HAYEHHA § B OCHOB-
HOM coJeHoHze. UToOb COXPaHHTh BHICOKHe 3Hau€HHs [, 3M4eCh,
BO3MOXHO, IPHAETCS BOCIOJIb30BATbCS HEKOTODHIMH H3 YNOMSHY-
THX B pasflejie 3.2 JONOJHHTEIbHBIX CPEICTB CTAOMJIH3ALUH MJ/ia3-
MH B L[EHTPaJbHOM COJIEHOHJE.

TakuM 06pa3oM, ¢ TeXHHYECKOH TOUKH 3peHHs Oyayliee TepPMO-
siiepHbIx peakTopoB Ha ocHoBe I'JIJI B 3HAUMTENbHOH CTeNeHH
onpefiesisieTcsi INePCHeKTHBAMH DPAa3BUTHS TEXHHUKH CBEPXCHJDbHBIX
MaruuTHbix noaed. [IpopuiB B o6sacts noJeit 60—80 Tn B o6beMax
¢ nonepeynukoM B 10—15 cm caenan Onl TepMOsiAePHBIE CHCTEMBI
Ha ocHoBe I'J1J] oueHb NpHBJEKATEJbHBEIMH.

C ¢u3HUeCcKOfi TOYKH 3DEHHS OTHOCHTEJbHO HESICHBIA Cerofus
BONPOC — 3TO OLEHKAa CKOPOCTH MONEpEeyHbIX MNOoTephb UacTHI, H
Tera, MOXKHO HaAesiTbCsl, UTO HEeOOXONMMBIE 3KCIEPHMEHTAJbHBIC
CKelJIHHrH GyAyT mosyuyeHbl B OsHXKajfiuiHe Tofsl B ClelHas]bHO 3a-
IaHHPOBAHHEIX SKCHepHMeHTax Ha ycranoske I'IJ1 8 HoocuGup-
CKOM HHCTHTYTe si/lePHOH (DH3HKH.

OnpefaesieHHoe GECNOKONCTBO BBHISBIBAET TaKXKe BO3SMOXHOCTb

- BO3HHKHOBEHHA HBYCTOﬁqHBOCT'e‘ﬁ 13-3a BpallleHHq I1Ja3Mbl B AJHH-

HOM cosieHoufie (pasi. 3.3). BnpoueM, HMeercs YBePEHHOCTb B TOM,

. 4TOo B cJydae HGOﬁXOlII/IMOCTYI, MOXHO 6}7}16’1‘ yInpasJsaTk pajHalb-
- HBIM . pacnpefe/ieHueM 3JIEKTPHYECKOT0 IOJA B - IJa3Me IIOCpeACT-

BOM CeKIIHOHHDOBAHHS TOPLOB (TaKofi crmoco6 AoKasasl CBO0O 3¢-
Bpallamueics
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nnasmoft TICII-2 B Hosocu6upcke n Ha aMGHNOMSIPHBIX JIOBYMIKAX
TMX-U B JlusepmMope 1 GAMMA-10 B LlyxyGe).

Ecan rosoputs 0 nepcmeKkTHBax rasoAMHAMHYECKOH JIOBYIIKH
KaK OCHOBBH BHICOKOIIOTOYHOI'O TeHepaTopa HEeHTPOHOB, TO OHH B
11eJIOM BRIMISAAT OYeHb 6J1arONPHUATHHIMH JaxKe NPH OPHEHTAIMH Ha
HCIOJIb30BAaHHE TEXHHKH CeroJHsIIIHero AHs. IIpH HCHOJb30BaHMH
B npobkax noas 25 Ta MoxHO cO31aTh HEHTPOHHBIH IeHepaTop, KO-
TOPLIH, NoTpebsiss oT BHeLIHeH ceTH MowHOocTh B 50—60 MBT, Mo-
KeT 06ecrneunTp HeATPOHHBIN NOTOK 3—4 MBT/M? B 30He HCIBITa-
HHA ayuHOM 1—1,6 M u BHyTpeHHHM Zuamerpom 12—I15 cMm.

[raBHOe, OT 4ero 3aBHCHT KH3HECIOCOGHOCTL TAKOTO T'EHEPaTo-
Pa, — 3TO BO3MOXHOCTb 06€CNeyuTb MHKPOYCTOHYHBOCTD HOIYJSIHH
OBICTPBIX «IIEULYLUIUXCS» TPUTOHOB B OTHOCHTEIbHO XOJONHOH Heli-
TepHeBOH muasme. HagexAm Ha yCTOHYHBOCTH OCHOBAHBI, B 4YacT-
HOCTH, Ha TOM, 4YTO Oe3pasMepHble mapaMeTpPH [JIa3MBl BOJH3H
TOYKH OCTAHOBKH OBICTDHIX TPHTOHOB OJIH3KH K TeM, KTOpHle GBLIH
paHee peaiM30BaHE 3KCIEPHMeHTaJbHO Ha ycraHoske 2XTIB B
JluBepMope Ge3 3aMeTHOrO MPOSIBJEHHST MHKPOHEYCTOMUHBOCTEH.
OkoHYaTeNpHYIO ICHOCTH B 3TOT BONPOC TaKXKe BHECYT IUIAHHpPYe-
Mbie 3KCIepUMeHTH Ha ycraHoBke I'IIJI.

B uesom, umeromasicsi cerofHs TeOpeTHYECKas H SKCEpPHMEH-
TaJbHas MHQopManus o nobeieHun niaasmel B I'1J] yKasuiBaer Ha
GsiaronpuATHbIe TEPCHeKTHBH 3TOTO HanpaBjieHds paGoT 1mo  oT-
KDBITBIM JIOBYIIKaM.

JUTEPATYPA

. Mupros B. B.,, Proros [I. Z. «ITucema B XKT®», 1979, 5, 678

. Post R. F. «<Phys. Rev. Lett.», 1967, 18, 232

.ggodxep‘ I'. H, Mupros B. B, Pworos L. . «Ilucbma XIT®d», 1971, 14,

Post R. F,, Fowler T. K., Killeen J., Mirin A. A. «Phys. Rev. Lett.s, 1973,

31, Ne 5, 280

. Mupnos B. B., Proros [. [I. B c6. Bompochl aToMHOf HAYKH H TeXHHKH,

cep. Tepmosnepnniii cunres, M.: [THUMATOMHUH®OPM, 1980, Ne 1, 57

. Kotel’'nikov I. A., Mirnov V. V., Nagornyj V. P., Ryutov D. D. «Proc. of the

X Intern. Conf. on Plasma Phys. and Controlled Nucl. Fusion Res.», Vien-

na, IAEA, 1985, 2, 309

7. Mupros B. B., Hazopuei B. II, Pioros . M. Tlpenpuar USI®—CO AH
CCCP, No 84—40, Hosocu6upck, 1984

8. Mupros B. B., Trauenxo O. A. Ilpenpuar M5I®—CO AH CCCP, No 86—28,
Hosocu6upck, 1986

9. Hacryxos B. I1. B ¢6. Bonpockl TeopHH muasMel, nox pen. b. B. Kagomuena,
Bhm. 13, M.: OHeproatomuszar, 1983, 160

10. Manday J. 4., Jupwuy E. M. Tugponunamuxa. M.: Hayka, 1986

11. Ksomcauzéaee H. K., Jlandman H. C., Yaunue ®. P, JXKITD, 1978, 74, Ne 3,
956

12. Koreavnuios H. A., Proros H. JI. «Ddusnra naasme», 1985, 11, 1155

13. ﬁagomy V. P., Ryutov D. D., Stupakov G. V. «Nuclear Fusion», 1984, 24,
o 11, 1421

14. Rosenbluth M. N., Longmire C. L. <Ann. Phys», (USA), 1957, 1, 120

o G s W=

15.

16.
17.

18.
19.

20.
21.
22.
23.

24.

25.
26.

27.
928.

- 40.

Bywrosa 0. A, Mupnos B. B. Bonpoch aTOMHOR HAyKH M TeXHHKH, cep.
Tepmoagnepuuit cunres, M.: HHMUHATOMHNH®OPM pun. 2, 1986. (IIpenpurT
HUg®—CO AH CCCP, Ne 85-103, HoBocu6upck, 1985)

Ryutov D. D. Proc. of the 1983 Varenna School on «Mirror Based and Field-
Reversed Approaches to Fusions, I, 173, Brussels, CEC, 1984

Macaues H. E., Poros H. ., Wladxucsamos H. &. [Ipenpunr UAP—CO
AH CCCP Ne 88-61, HoBocu6upck, 1988

Hinton F., Rosenbluth M. N. «Nucl. Fusion», 1982, 22, 1547 .
Koreasnuxos H. A., Pocasxos I. B, Pioros [. [. «DH3HKA NJIasSMHD>,
13, 403 (1987)

Beauxoe E. II., Kaprawes K. B. B c6. BonpocH aTOMHOR HaykH H TEXHHKH,
cep. TepmosnmepHHit cuHTe3, BHn. 1, 1986, 3. IIHHHMATOMUH®OPM
Rosenbluth M. N., Krall N., Rostoker N. «Nucl. Fusion», Supplement,
Part 1, 1962, 143

Muxaiinosckuii A. B. Teopus nia3meHHHX HeycrofiumBocrel, T. 2, M.: AToM-
H3zar, 1971

Lane B. G, Brau K., Casey J., Coleman J., Gerver M. Golovato S.,
Guss W. C., Hallock G., Horne S., Irby J., Kesner I., Machuzak I., Myer R.,
Post R. S., Sevillano E., Smith D. K., Sullivan J. D., Torti R., Yao X. Z.,
Zielinski J. Proc. of the 1987 Varenna School on «Physics of Mirrors, Re-
versed Field Pinches and Compact Toris, 2, 733, Editrice Compasitori, Bo-
logna, 1988 . :
Hasvidenxo B. H., Heanose A. A., Kosemuneix 10. JI., Koarepos 3. II., Ko-
TeavHuxos H. A., Muwaeun B. B., Pocosun A. H., Poenxo B. A., Pocas-
kog I'. B., Poros [. . llpenpuur UAO®—CO AH CCCP Nt 86-104, Hoso-
cubupck, 1986

Apcenun B. B., Yyanos B. A. YOH, 123, 6 (1977)

Bernstein 1. B., Frieman E. A., Kruskal M. D., Kulsrud R. M. «Proc. Roy
Soc.», 1958, A244, 17

Kadomyes B. B. B c6. Bonpocsl TeOpHH ma3Mbl, nox pef. M. A. Jleonropuua,
o, 2, M.: Aromusaar, 1963, 132

Ryutov D. D., Stupakov G. V. In: Proc. of the VIII Int. Coni. on plasma
physics and controlled nuclear fusion research. Brussels, 1980. Vienna,
1AEA, 1981, 1, 119

. Newcomb W. A. «J. Plasma Physics», 1981, 26, Ne 3, 529

. Ippolito D. A., Myra J. R. «Physics of Fluidss, 1981, 24, Ne 12, 2265

. Mupnos B. B. lokropckas puccepranus. Hopocu6GHpck, 1986

. Freidberg I. P., Pearlstein L. D. «Phys. Fluids», 1978, 21, 1207

- Cohen B. I, Freis R. P., Newcomb W. A. Preprint UCRL-93395, Liver-

more, 1985

. Apyumosun JI. A. VYupapiasembe TepmosiepHHe peakumd, M.: OuamaTrus,

1961

. Bpaeunckuii C. H. B c6. Bonpoch TeOpHH miasMmu; nox pen. M. A. Jleoro-

Buua, Bbiml. 1, M.: Tocaromuszar, 1963, 183

. Myxosaros B. C. B c6. rory HaykH H TeXHEKH, cep. PH3MKa MasMH, MOX

pex. B. 1. lllappanosa. M.: BUHHUTH, 1980, 1, uacts 1, 6

. Pwros [. HO., Crynaxos I. B. B c6.: «Bomnpocu TEOPHH TNJA3MH TOX pef.

B. B. Kagomuesa, Bumn. 13, M.: DHeproaromusaar, 1983, 74

. Koreasnurkos H. A. Tlpenpuur USI®-—-CO AH CCCP, Ne 87-160, Hosoc-

6upck, 1987

. Bagryanskij P. A., Ivanov A. A., Klesov V. V., Koz’'minykh Yu. L., Kotel’-

nikov 1. A., Krasnikov Yu. I, Podyminogin A. A., Rogozin A. I, Roslya-
kov G. V., Ryutov D. D. In: «Proc. of the XI International Conference on
Plasma Physics and Controlled Nuclear Fusion Researchs (Kyoto, 1986).
Vienna, IAEA, 1987, 3, 467

Bagryanskii P. A., Ivanov A. A., Klyosov V. V., Kozminykh Yu. L., Kotel-
nikov I. A., Krasnikov. Yu. I, Podyminogin A. A., Rogozin A. I, Roslya-
kov G. V., Ryutov D. D, Proc. of the 1987 Varenna School on «Physics

97628 8 129




41.
42,

43.
44,

45,
46.
47.
48.

49,

of 'Mirrors, Reversed Field Pinches and Compact Tori»;, 2, 635, Editrice
Compositori, Bologna, 1988

Ryutov D. D. Ibid., 791 )

Lam K. L., Leikind B. I, Wong A. Y, Dimonte G., Kuthi A, Olson L,
Zwi H., «Phys. Fluids», 1986, 29, 3433 . .
XKurayxun A. M., Cagporos B. M., Cudnes B. B., Cxsopyos IO. B. «Ilnacbma
B JKI3TO», 1984, 39, 247 .

ZZI!e(akishuili G. G, Ryzhkov V. N., Saolukvadze R. G., Tikhanov Eh. K.,
Chkuaseli Z. D., Volosevich P. P., Galigusova I. I, Dar’in N. A, Kar-
pov V. Ya., Levanov E, I. In: Proc. of the X International Conference on
Plasma Physics and Controlled Nuclear Fusion Research (London, 1984).
Vienna, IAEA, 1985, 2, 359 - .

Muprnos B. B., Hazopuoui B. Il. B c6. Bonpocs aToMHOA HayKH H TEXHHKH,
cep. TepmosaepHHil cuHre3, M.: HHI/II/IATOMI/IH(DOPM,_ sumn. 3, 1984, 40
Kpusowees M. B., Kareuues B. B. B c6. Bonpocs aToMHOM HayKH B TeXHHKH,
cep. Tepmosipgepusift cuures, M.: THUMHATOMHUH®OPM, Ne 2, 1988 ‘
Internation Takamak Reactor-Executive Summary by INTOR Group.—
«Nucl. Fusion», 1985, 25, 1791 -
Coensgen F. H., Simonen T. In: Physics of Plasma Close to Thermonuc-
lear Conditions (Proc. of the International School of Plasma Physics, Va-
renna, 1979), Bruxelles, CEC, 1980, 2, 659

Boakos T. @. B c6. Bonpoch TeopHH mia3MH, mof pexakumest M. A. Jleon-

‘rosuya. M.: Aromusnar, 1964, 4, 3

YIK 621.0.39.626 : :
TOPOUJAJIbHBIE CUCTEMBI IJISI YIIPABJISIEMOTO
TEPMOSAALEPHOIO CHUHTE3A

B. . .Illa¢panoa

COAEP)XAHHE

l.BBeueHne...............131
2. Tokamaku

.. . . . 135

2.1. O6wmue ceenenus Y & S
2.2. BnaronpusiTHele 0COGEHHOCTH TOKaMaka . . . .. . . 138
2.3. CoBpeMenHsIfi cTaTyc . . . . . . .. . . .. 142
3. Creapmaparopat . . . ., . . . . . . . . 144
3.1. O6mme ceemenuwst . . . . . ... . . 144
3.1.1. O6wuneli creanapatop . . . . . . . . . . . 145
3.1.2. Creanapatop ¢ mpoctpaHctBenHoR -ockio (CITO) . . . . 146
3.1.3. Mcropus pasBHTHA CTENIapaTOPOB . . .. 147
3.2 Henapuue nocTHKeHus . 151

3.2.1. YnpaBneHne paBHOBECHEM H YCTOHUMBOCTHIO B cTeJIapaTopax

c mWHpOM . . . . . . . . . . . . . . 15

3.2.2. loBuleHne TNpeNeAbHOrO PABHOBECHOrO AABJAECHHS B 6ecuupo- '
BBIX CTeJIJIapaTopax .. .o .. . . . . 18

3.2.3. CHHXeHne HEOKIAcCHYeCKHX motrepp . . . -. . . . 155
3.2.4. OcHOBHBlE 3KCNepDHMEHTANbHBlE pesyapTaTel . . . . . 157
3.3. Bmuxakimne, 3afayn T P!
4. [Tunu ¢ ofpameHHEM MarHuTHHM mnonem (IIOMIT) . . . . . 160
4.1. O6mme ceemeHms . . . . . . . . . . . . . 160
4.2. Passutue mcememosammit ITOMIT . . . . . . . . . 163
4.3. Cospemennnft cratye . . . . . . . . . . . . 166
5. 3akmowemme . . . . . . . . . . . . . . . 169
Jareparypa . . . ... . . , . . 169

1. BBEAEHHE

- ToponaanbHble MarHMTHble CHCTEMH AJISi CO3AAHHS H IJTHTENb-
HOro yJAepXaHHs BbICOKOTEMIEDPATyPHOH  NJa3MHl — KpynHeilee
HanpaBJieHHe HCCJIEZOBaHHH MO yNpaBJisgeMOMYy TepMOsSIepHOMY.
cunresy (YTC). Onn BKI092I0T B ce6si TOKAMaKH, CTeJIAPaTOPH,
NHHYH ¢ OOpalleHHBIM MarHATHHIM nojeM ([IOMII) u psa apyrux
cucteM. TopoHaasbHbe CHCTeMB! AEIATCS Ha mBa Kaacca. HauGo-
Jiee OGIIMPHBI KJIacC COCTABJSIOT CUCTEMH € HEBHIPOXAEHHHIMU
MarsHTHHIMH TIOBEPXHOCTSIMH, 00Da30BaHHBIMH HaMaTHIBAIOLIHMHCS
Ha HUX NIO'BHHTY MarHHUTHHIMH CHJIOBEIMH JIHHHAMH H TO3TOMY Kak-.
Obl BHAMMEIMH «Ha IJ1ad». U3 YCIOBHS paBHOBeCHsS :

Vp=1iB] (m
g+ 131




cTefyer, UTO MarHHTHBlE TNOBEPXHOCTH SIBJSIOTCS MOBEPXHOCTAMH
paBHoro JaBiaesus p maasmbl (BVp=0) u oaHOBpeMeHHO, MO-
€koabKy jVp=0, Ha HHX PacnOJIOXKeHH H JIMHHH TOKa j. Bpauenne
ejeqa CHJIOBOH JIHHHH B IIONEPeYHOM CeYeHMH, HJIH BpallaTesibHOE
npeoGpa3oBaHye, XapaKTepHsyemoe MNpPEIeOM OTHOIIEHHS YHCEN
060pOTOB CHJIOBOH JHMHHM BOKDYF MarHHTHOH ocH (m) H BOKpYT
tnaBHOH ocu potopa (n)

p=lim 2= )]
=00
¢o3jatorcs JAu60 ToKoM B muiasme (rokamak, ITOMII), an6o mome-
PeYHHIM BHEIUHHM TIOJIeM, BpAIlaloHMCs 0 BHHTY (CTerapaTop).
Hannuue BpaliaTensHOro npeoGpa3oBaHHS O3HAayaeT HaJHYue MO-
JIOHAJILHOTO MATHUTHOTO TIOTOKA P, TaK KaK OHH CBS3aHBl COOTHO-
IIeHHeM

h=—Gp @

Frié @® — ToponnanbHEIi MArHUTHBIA MOTOK.

Ko BTOpOMYy KJacCy OTHOCATCS CHCTeMH Ge3 BpallaTeJbHOTO
fpeco6pasoBatus, T. €. C 3aMKHYTHIMH MAarHHTHBEIMH CHJIOBBIMH JIH-
HuaMHu. 31ech uwepe3 KaXKAyl0 CHJIOBYIO JIHHHIO TIPOXOAHT MHOXe-
€TBO MarHuTHHX nosepxHoctefi. [TosepxHocTH p=const ompeness-
IoTCS TEMH CHJIOBHIMH JIHHHSIMH, 4epe3 KOTOpHE MPOXOAAT JHHHMH
toka. Tax Kak B COOTBETCTBHH C ycJoBHeM pasHosecus (1) j=
dp/Bdn, tae dn— paccTosiHHE TIO HODMaJH MeX]y TOBEPXHOCTSMH
p=const u p+dp=const, To NONHEH NoONepPeUHbIH TOK, MPOTEKal0-
WHE MeX1y 3THMH nosepxHoctaMu dF= ¢ jdndl=dp § dl/B. 3necs
dl —»sneMeRT NJAHHH MarHATHOH CHJIOBOH JIMHHH.

HHTerpan

U | @

JOJIKeH OHITh OJMHAKOB /151 BCeX CHJIOBBIX JIHHHH Ha TOBEPXHOCTH
- p=const. TakuMm 06pasoM, ceMeHCTBO JHMHHA C OAMHAKOBHIM 3Ha-
yeHHem U BHIeJISieT DABHOBECHYI0 MATHHTHYIO NOBEPXHOCTb. AHa-
JIOTHYHO CHCTeMaM C BpalllaTeJbHHM HpeoOpa3s0OBaHHEM CHCTEMbl C
3aMKHYTHIMH CHJIOBHIMH JIHBMSIMH MOTYT CO3/1aBaTbCs JHGO 6jaro-
naps  TOKy B Naa3Me — o6palleHHas MAarHuTHas KOH(GUrypauus
(kOMNakTHEA TOp), JHG0 CTAUHOHADHEIM BHEIIHHM [OJeM —Tro-
¢pupoBaHHBIA TOP.

B cucreMax C He3aMKHYTHIMH CHJIOBHLIMH JHHHAMH (n70) sHa-
yenus uprerpana Q=Jdl/B Ha ORHOM mepHOJe CHCTEMHl IJs pas-
HHX OTPE3KOB OAHON M TOH JKe CHJIOBOH JIMHHH pasjuuHH. Bapua-
s 6Q/Q no a3UMYTY CAYKHT MepOi KauecTBa CHCTeMH (mpH Ma-
X 6Q MeHbllle HCKaXKeHHs, BHOCHMHe Tuiasmoi). Cpennee 3Ha-
yeHne Q oONpeneasieT «yLeJbHBIH 00beM»  (MarHHTHOTO TOJHA, a
TOYHee, TOPOUAaJbHOro MoToKa P):

U=Q=V"(®). ' )

Yaenpuoii o6bem cBsi3aH co cpeiHHM (Mo o6beMy MAarHUTHOrO
CJI0d) KBaAPaTOM MarHATHOrO noas (F —BHeUIHHHA MOJORAAJIbHHA
TOK) ‘

(BH=F/V’ ®

H TakKHM, o6pa3om, seanunga — V'’ (D)®/V’(0) onpenenser ray6u-
Hy cpelHell MaTHHTHOH SIMHL. :

B omiHuMe OT OTKPHTHX JOBYlUIEK ¢ MPOGOUHOA reoMeTpHef
MarHHTHOTO TI0JISl B TOPOHAAJBLHBIX CHCTEMaX MaTHHTHHe CHJIOBHE
JHHHH, B TIDHHLHTIE, He BBIXOAAT U3 06beMa, 3aHAMAaeMOTC TIass
MOH, H, CJIeLOBaTeIbHO, 316ech HeT MpoOJeMb NIPOAOALHOTO yAep-
xkanus. OroBopka «B NPHHIHUIE» CHETAaHA TMOTOMY, YTO IDH HaJH-
YHH B TJ1a3Me Jierko BO30yXKAaloluXcs BHICOKOYACTOTHHIX KoJieGa-
HHH MAPHHTHBlE CHJIOBHIE JIMHHH MOTYT Xa0TH3HDOBATBHCH, «Pas3JOXs
maunBaThest» [1—3] @ BHIXOOHTH Ha CTEHKH KaMepH. [IpH sToM
3JIeKTPOHH, ABHTasiChb H3 IEHTPAJbHBIX oO6JacTell BAOJbL CHJOBHIX
JHHHH, ocylmecTB]sioT 3¢«eKTHBHE NepeHoc Tela  Ionepex
yOpPeIHEeHHOro, CTATHYECKOTO MarHHTHOTO NoJs. Tak, mo kpakiHeR
Mepe, OOBACHAIOT cefilyac Ty aHOMaJbHYIO 3JEKTPOHHYIO TEIIONpO-
BOAHOCTb, KOTOpasd HabJIofaercs MPH OMHYECKOM HarpeBe TJIa3Mbl
BO BCEX TOKAMAKaX H KOTOPas ONHCHIBAETCH IOJYyIMIHDHUYECKHM
3aKOHOM moao0us MepexkKuHa—MyX0OBaTOBa HJIH T.Ha3. HeoaJka-
TOpHBIM cKefliiiHTOM [4, 5]. Ho u B mueasiusnpoBaHHOM Cjydae He-
pa3n0xMayeHHBX MATHHTHHIX CHJIOBBHIX JIHHHH 33aMKHYTOCTh TODOH-
JaJbHBIX MarHHUTHBIX MOBEPXHOCTEH «OHIyIIaloT» JHIUb TIPOJeTHHEe
JaCTHUBl C JOCTATOYHO OOJbIIOH KOMIOHEHTHOH  MPOAOJILHOA
(Bmoir B) ckopoctH. HacTHuH ¢ MaJjgolf MpOLOJBHOH CKODOCTBIO
HONBITHIBAIOT OTPaXKeHHs OT Hen3dGexHbX obJacrefi ¢ MOBHIIEHHOM
HANMPSIXKEHHOCTbIO MarHUTHOTO moJsa. HenpepomBHoe capefidoBanHe
€ CHJIOBOH JIMHHH TDH MHOTOKDATHOM OTPaXKE€HHH OT Takux obJaa-
CTeldl NMPUBOAUT K TPAEKTOPHAM BeAyllero LeHTpa WacTHUH, COBep-
mwawomeli HUHKJIOTPOHHOE BpallleHHe, TIOXOXKHM B CEUeHHH Ha OaHaH,
Baarogaps GosabmuM pasMepaM 6aHAaHOBBIX OpOHT (HJH, NPOCTO,
6aHaHOB) 3anepThie YaCTHIH TEePAIOTCS 3HAYHTENIbHO OHICTPEE MpO-
JIETHBIX, 4 3a CYeT HeNnPePLIBHOTO BOCCTAHOBJEHHS (DYHKUHH pac-
TpeleJieHdst Mo CKOPOCTSM TPOHCXOAHT HeNpepHBHasi INepeKayka
NPOJIETHHX YacTHI B OBICTPO TepseMble 3aneprhie. COOTBETCTBYIO-
myue HeOKJacCCHYECKHe NOTepH MPEICTABIAOT 60abLUIYI0 TPO-
671eMy B CTe/J1apaTOPHREIX cucreMmax. [1oaToMy onTHMHSAUHS 3THX
CHCTeM BKJIOUaeT B Ce6s MOMHMO TPeGOBAaHHA Ha BaXKHeRuIHH IS
SKOHOMHKH MAaTHHTHOTO TEpMOSIeDHOro peakropa napamerp B (or-
HOIGHHE JaBJEHHUS [U1a3Mbl K JABJCHHIO MaTHHTHOrO IIOJs) TaKxe
# BHIGOD TapaMeTPOB CHCTEMBHI, NPH KOTODHIX HeOKJaCCHICCKHEe Ire-
PEHOCH He IPEACTABJIAIOT OMAaCHOCTH.

Kiraccagpukanisi OCHOBHHIX TOPOHRZAJbHHX CHCTEM  MAarHATHOTO
yAepxKaHus npelAcTaBireHa Ha puc. 1. [Iupokui Kjaacc CHCTeM ¢
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Topoudaastsie cucmemst

Boauw JamMmrymere
cB(f:ouO‘:;’ “ cunoboie
ALHUE AuHUL
Brewree rogpupobannsid
Tox & naasme Burmoboe mop
none
’ Cmeanapamop
Toxamax o5bIuHbIL

Komnarmeid
mop

Cmeanapamop
¢ Summ. ocero

N
Knaccuduxauuss TOPOHAAJBHHX MAarHHTHRIX CHCTEM [ YAepHAaBHA
M1a3Mbl

Puc. 1.

BPALIAOUIUMHACS TI0 BHHTY MaTHHTHBIMH CHJIOBHIMH JIHHHSIMH J€JIHT-
eca Ha nBa nogkhaacca. OmuH BKJIOYaeT B €e0s CHCTEMBl C TODOH-
JaJbHBIM TIOJIEM H TOKOM B MLJIaaMe. DTO TOKAMAaKH H NapaMarHaT-
Hbie NUHYH — ofmee HasBaHue cucremaM IIOMII u ux mpeneny
NPH aCleKTHOM OTHOWEHMH PaBHHM eluHHLE —odepoMaky. Ciopa
JKe OTHOCATCS TOPOHAaJbHEE CKpio-nHHYH [6], a Takke cuCTeMH ¢
BRYTPEHHHMH KOJIbILEBHIMH IIPOBOJHHKAMH — JIeBHTPoH [7], He mo-
JydHBIUMH DA3BHTHS KaK MaJo [EPCHEKTHBHHEIA B YCTOBHAX peak-
topa, Extrap {8] u 1p. Bropo# moakaacc-— cresiapatropHble CH-
CreMbl, He Tpebylomue AJs yJAepXKaHHS IJIA3MBL TOPOHAAJBHOIO

Toka. Kiace cucTeM ¢ 3aMKHYTBIMH MAarHHTHHIMH CHJIOBBIMH JIHHHSA-
MH [eJHUTCH Ha CHCTeMBl C [IOJOWIAJbHHEIM ToJqeM (3TO KOMIAKT-
HE# TOp, WAn o6pauweHHas MarHuTHas KoHourypanusa OMAK, a
TaKXe CHCTeMBl ¢ BHYTPEHHHMH TPOBOJHHKaMH — OKTYNOJH H AD.
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[9, 10], moutn noamocreio cowemmue co CLIEHBI) H CHCTEMH C TO-
poupasbHbiM ToeM (rodppupoBaHHHE Top) [11]. HUMeworcs, 6Ges-
YCJIOGBHO, H THOPHABI TEX HJIH MHBIX CHCTEM.

W3 Bcex 3THX crcTeM HamGoJiblliee Pa3BHTHE MOJYYHAH: 1) TO-
KaMmakH, 2) crejsapatophl, 3) NHHYH ¢ OGDALIEHHHIM MAaTHHTHHIM
mosem (ITOMII). [To rodpupoBaHHLIM TOPaMm elle HeIaBHO BeJach
Goapiasi nporpamma B Ok-Pumxckoit HamuonaapHo#t saGopato-
pun (CIHA). Ceiiuac ucciefoBaHust TaMm mpekpamiensl. CoxpaHs-
ercd ycraHoBka B Slmonun. CHCTEMBI 3TH NPEACTABJSIOTCS MaJjo
NePCHeKTHBHBIMH KaK H3-3a TOMOJIOrHYeCKOH HeyCTOHYHBOCTH — Ma-
Jieiilllee MONepeyHoe IOJie BHIBOAWT CHJIOBHIE JIMHAM Ha CTeH-
KH, Tak M H3-32 GoJbMIMX HeoKJaccuueckux norepp [12]. Kowm-
TMaKTHBIM TOPaM [OCBSII€HA CTaTbs B NpEeABIAYIIEM TOME JaHHOM
cepun [13]. ,

B Hacrosimelt cratbe mpeacTdBieHa KpaTKas HHGOPMauus o
cTaTyce TpeX OCHOBHBIX DOACTBEHHHX TOPOHAANbHHX CHCTEM (TO-

kKaMmak, creanaparop, [IOMII). Llenp ee — mo3sHaKOMHTb YHTa-
TE€JISl C OCHOBHBIMH TEHAEHUHUSMH HccJefoBaBuii B obnactu YTC ¢
MarHdTHBIM yAepKaHHeM O JIHHHH 3aMKHYTHIX MAarHHTHHX
CHCTEM.

2. TOKAMAKH

2.1. O0uine cBeJeHHus

Tokamak — HanmGoslee  HpoCTasi TOPOMAaNbHAsfl  CHCTEMA JJIA
yAepXanua miasMbl. Ilpome 6bl1 Ob IPOCTO TOPOHTAJNBLHHA pas-
pax 6e3 TOPOMAAJBLHONO MarHUTHoro nods. Ho oH Heycrofiums.
TokaMak —3T0 TOPOHAAJbHBIl Pa3psif B CHJIbHOM MarHHTHOM IIO-
Je, HeoOXOLUMOM JIJs CTaGHIM3aUHH HEeyCTOHYHBOCTEH, BHI3BIBae-
MBIX pa3psAHBIM TOKOM H CaMHM JaBJeHHeM YyAepXKHBaeMOM
IJ1a3MBl.

[lnasmMa B TokaMake HuMmeeT (opMy Topouza, miax Oyb6auka €
KDYTJIBIM HJIH BBHITSHYTHIM H HMEIOIHM (OpMy JIOMTS OT KapaBas
monepeunsM cedeHueMm (D-o6pasuoe, nau 606006pa3Hoe ceuenue),
TIOJIOBHHA TOPH3OHTAJBHOTO pa3Mepa KOTODPOTO («MAJHIH pazuyc»
a) MeHsieTCs OT HeCKOJNbKHX CAHTHMETPOB B GOJbUIMHCTBE TOKaMa-
KOB He6OJBIWHX JabopaTopuil [0 MeTpa B KPyNHeRIIHX TOKaMaxkax.

Ho 1970 r. mecienoBaHHs Ha TOKamMakKax Beqauch ¢ 1955 r.
toabko B CCCP. Camo#i KPymHOH yCTaHOBKOH 3TOrO BpeMeHH GBI
T-3, camolt mensuwed — TM-3. Tlocse [lyGHeHCKOTo CHMIIO3HYMa
10 TopouLanbHBIM cHcTeMaM (1969 r.) Bo BceM Mupe NOCTeNeHHO
TIPOH30IILTA NE€PEOPHEHTAUHS HCCAEAOBAHHHA 10 MarHUTHOMY YAep-
XKaHHIO NJasMbl Ha ToKaMmaku. Ha puc. 2 noxasano, Kax BHPOCIH
3a 3TO BpeMs Pa3MepH BakyyMHHX kamep -Tokamakos (T-10—
1975 r., TFTR— 1982 r., JET — 1983 r., JT-60 — 1987 r., T-15—
1988 r.). W3 xpymHHX ToKaMakos He moxkasana kamepa TORE
SUPRA, umeromas pa3meps 6suzkue X T-15. [l CpaBHEHHA 1o-
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Onoimueic
peaxmop

Puc. 2. CpaBHHTeJbHbIE pasMepH BaKYYMHHX KaMep B
PAas/HYHHX TOKaMakax

K4a3aHB OPHEHTHPOBOUHEE Da3sMephl BaKyyMHOH KaMepDH MPOEKTH-
PYEMEIX ONBITHHX TePMOALEPHBIX PEAKTOPOB.

OcHOBHHE 3JE€MEHTH MaTHHTHOH CHCTEMH TOKaMaka:

1) xaTyumrke TOPOHJAJBHOTO MarHHTHOTO IMOJisl, WJH TPOCTO TO-
pomjaJbHEE KAaTYUIKH, CO3[alOliHe MoJie C THIHYHOH HampsKeHHO-
c¢tpi0 By ~3—8 Tu;

2) KeJe3HH WM BO3AYWHHA HHAyKTOp (mepBHYHAs LeNb
tpancdopmaropa) Aas Bo3CyXKAeHHS TOKa B NJasMe (BTOpPHYHAs
IeMnb); BOIAYIIHHHA HHAYKTOD COCTOHT H3 TOJOHAAJBHHX OOGMOTOK
HHAYKTOpa — MaCCHBHBIX KOJell, COOCHHX TOPY;

3) nmosoumajfbHBe OOGMOTKH YNpaBJSIOILEro IONEepedHOro Mar-
HHTHOTO [OJs, MOANEPKHBAIOLIET0 IJIa3MeHHHl TOP ¢ TOKOM B

paBHOBeCHH M (OpMHUpyomlero Heob6xopHMoe (C TOUKH  3DeHHS .

YCTONYHBOCTH, yAaJeHHS NPOAYKTOB DeaKIHH H JPYTHX WeJseH)
ceueHHe IJasMbl.

B ofIuHii KOMILIEKC TOKAMaka H APYrHX TEPMOSAEPHHX YCTaHO-
BOK BXOIST CHCTEMBl 3JIEKTPONMUTAHUS, OXJaXKIeHHS OOMOTOK, €O3-
XaHus BHCOKOTO BakyyMma (~10-% Top), nomosHHTe/NLHOrO Harpe-
Ba, NHATHOCTHKH, ympaBJeHHs H c6opa JaHHHX ¢ HX 006paboTKOH.
O6cykuBaHHE BCeX CHCTEM KPYNMHOro TOKaMaka TpefyeT mepcoHa-
Ja ~ 103 cOTpymHHKOB.

OcHOBHHIE TTapaMeTPH MAarHHTHOM CHCTEMBH:

1) Yucsao 06x010B MaTHHTHOR CHJIOBOH JHHHH BJOJb TOPA TPH
OIHOM 060pOTE O MajJoMy asHMyTy (TOPOHJAJIbHOE YHCJO Bpalle-
HHA ¢=p~!, WIH «3anMaC yCTOHYHBOCTHY)

1 :

rB,

3nech r — paccTosiHMe 'OT OCH CHMMeTpuH, B; u Bp —JOKaJbHHE
3HAUEHHS TOPOMIAJNbHOrO H IOJIOHAAJbHOTO MOJeH Ha JaHHOH Mar-
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HHTHOH MOBEPXHOCTH, HHTETPHPOBAHHE NPOBOJHTCH NO KOHTYpY cCe-
YeHHs MarHHTHOH NMOBEPXHOCTH. 3HAUeHMe ¢ Ha MaTHHTHOH OCH go
H Ha TPaHHIle TOKOBOTO HaKala ¢, COCTAaBJAIOT OGHUYHO ¢o ~'l,
ga ~2--4. [lna nnasmel KPyrJioro ceYeHHs PajHyca a BeJHYHHA g
Aaerca npubanxenHo# dopmynoh o

st [ty ]l @

rae Bo=pyJ,(a)/2na—none Toka, Br=2y,{ p ) /B2 (a). Bemumua
Bya/BoR naspBaeTcsi MMMHADHUECKUM» ¢. R

2) OtHomieHHe ycpelJHEHHHIX 10 00bLeMy NJasMbl JaBJICHAS P
K JaB/JEHUIO MarmaTHOro moasa B2/2u, .

ﬁ_____2110<17> _ A9
IMpemearHoe 3HaueHHe mapamenpa B OTrpaHHUEHO \Mfll-.neycroﬁumg
BOCTbIO IIJIa3MBI C TOKOM H JaeTcsi ¢ TOYHOCTBIO [0 HEKOTOo:
fux mi)aﬂcos $opMyIO#, NOJYUEHHOH H3 UHCJAEHHBIX pPacueToB
14‘, ].5 . . . . i

B : ,
B.% —5¢ 53— £=2,5+3.5. ' -(10)
3necb Bp* —rmogte, KoTopoe co3fak Gbi NPSIMONKHEHHHIH TOK Ip
(Tox B mJasme) Ha pacCTOAHMH @ (NOJYLUIHPHHA IJIa3MH B 3KBATO~
pHaJbHOH NAOCKOCTH) OT OCH, T. €. Bp*=pely/2na, uin

Bp*=1I,/5a, : o . a1y

rae Bp* usMepsiercss B Tecaax, J, —B MeraaMmmepax, d — B MeTpPax
(u6o: Bp* uaMmepsiercs B rayccax, TOK B aMIepax, pajhyc B <aH-
THMETPAX). . :

DKCIEPHMEHTAIbHO OOHADYKEHHHE Npenes 630K K TeOopeTH-
yeckoMy (10) u aumb Ha 10—209% HEXe ero. MakcHMaJbHOe 3Ha-
yenue B;=6,7% monyueHo Ha ycranoske DIII-D s CLIA {16].

Ceituac TokaMaKu HMeIOTCS He MeHee ueM B 25 crpaHax. O6miee
yuca0 HX oKoao 70. TpeTp 43 Hero COCTABJIfIOT TOKAMAaKH ¢ a >
>0,2 M. x napaMeTpH npuBeaeHb B TaGauue 1.

Cawmbiit KpynHHH—o06beauHeHHbH eBponelckuit Tokamak (JET),
MaKcHMaJabHOe MarHUTHOe mosie uMeioT ALCATOR-C, FT upgrade
n TRIAM-IM (coorBerctenno B CHIA, Uranun, Sinonnn). Ceepx-
NPOBOAALINE KaTyliki umelor: tokamak T-7, (CCCP) u Bcaen sa
auM ynoMmsiyTeli TRIAM-IM (flnonus), TORE SUPRA (®pan:
nua) # T-15 (CCCP). ’ : T

107628 4 : 131




Tabauga 1

NapaMeTpl HEKOTOPHX TOKAMAKOB

. Yeranosxa JlaGopaTopHd, CTpaHa 7;‘(‘3,{ R(m) | B(Tx) Oco6entocT
JET Anrnus, EspaTom, 1,25/1-2,96 | 3,5 | . wpynsefmuii To-
Kamm 12,1 - KaMax
TFTR CIUA, Ipuncron g,gg/ 2,48 | 5,2
/0,
JT-60 | fInouns, JAERI 0,95 | 3,03| 4,5 ‘

TORE- ®panuun, Lentp. © 0,75/ 2,37 | 4,5 | cBepxmnpoBox. xa-
SUPRA SJEPH, MCCIL, - /0,75 ryuku, NbTi
T-15 CCCP, Mocksa, HAD . g,;/ 2,43 | 3,5 | cBepxnpoBox. ka-

19, Tywxy, NbsSn
TCIl > 8,3%/ 1,06 { 2,0 annaﬁarzq. ?:)xa-
/0, THe A0 R=0,42
DIII-D 0,67/] 1,67 | 2-6
/1,36
TRIAM-IM ﬂr;nmﬂ, Flﬁ(uoka, 0,12/] 0,8 8 | cBepxnposoa. ka-
Husep. Kiocio /0,18 ryuigd, Nb,aSn
TEXT CIHA, Ocrun, Texac- | 0,27 | 1,0 | 3 ‘
CKHii YHHB,
Tokamak Kanagcku#i nentp 0,27/] 0,86 ] 1,5
de Varenne ‘MarHHTHOro cuuresa | /0,27
HL-1 KHP, Jlswans, Ore- | 0,2/ | 1,02 &
BOCT. HH-T $u3HKH | /0,2
KI-6M KHP, Xadeit, Un-t 0,2/ 1 0,651 1,5
. QH3HKH N1a3MH 10,2
PBX CUIA, Ilpurcron 0,6/ | 1,65) 1,2 /
. 1,2
ASDEX up- |Hu-v dus. nmasmu /0,5/ 1,66 4
grade ®OPT, Tapxunr, /0,8
TEXTOR ®PT, IOnux, Llentp. 0,5/ | 1,75} 2,6
SIEPH. HCCAeN. /0,5
T-10 "CCCP, HAD, Mocxksa | '0,39/] 1,6 | 5
0,39
JFT-2M SInonns, JAERT /0,35/ 1,31 1,4
/0,53
FT upgrade HT&JIM, dpackarty, 0,31/ 0,93 8 CHJIbHOE MAarHHT-
eHTp. SHepr. Hcol. | /0,31 Hoe. ToJie
ALCATORC | CHIA, MIT /0’15/ 0,64 | 14 >
. ' 0,16
17 CCCP, MockBa, UAD /0,35/ 1,221 3 {epBHil TOKaMax
/0,35 €O CBepXUPOBOJ,.
KatymkamMu NbTi

2.2. BaaronpusitHbie OCOGEHHOCTH TOKaMaka

HecMoTpsi Ha OTHOCHTENBHYI0 TPOCTOTY TOKaMaKa NOTpe6oBa-
JA0¢H OKOJIO TOJNYyTOpa AecATKa JeT (IpaBja, no COBPeMEHHEIM Mep-
KaM, HeOOJbIIOMY KOJUIEKTHBY), 4TOOB HayuHMTbCH MOJYyUaTh pe-
MHMH, B KOTOPHX HJa3Ma NeHCTBHTEJILHO Harpepaercd H yAepKH-
saercst. [Tonago6unocs ewe oxkosio 20 Jer, mocae Hayagaa B 70-X To-
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Jax INHPOKOrO Pa3BHTHS INPOTPAaMMH TOKaMakeB B piAle CTPaH
MHpa, 4TOGH, OCBOMB DAJ METOROB MONOJHHTENbBHOrC  HAarpesa,
MOJIYYHThL IapaMeTpsl IUIa3MEl peakTopHoro Maciitaba. OXHakKo
HaJeXHHA pacueT pexXHMa DaboTH peakTopa ellle HEBOSMOXeH:
He XBataeT JaHHBIX O MHOTHX JAeTajisix TIPONecCOB, NPOHCXOAALLIAX
B MJIa3Me — fepepacipefeJeHdd NPoPuAs TOKa, MJIOTHOCTH H TEM-
nepaTyphl IJa3Mbl, NpHBoAAmleM K passutuio MIJI-HeycToivHBO-
cTefl; NMOBeJeHMH HEHTPaJbHHX YaCTHI, H BHICOKOHOHH3OBAHHHIX
aTOMOB NpHMecel, MONaJalOIHX B TMJAa3My B pe3yJibTare B3aHMO-
JeHCTBHS H3JydeHHH C 3JeMeHTaMH KaMephl; BIHSHHH HX Ha -
dextuBHbie AU GY3HIO, TENJOMPOBOJHOCTL H T. O. Bce aTH
I0Ka IJIOXO TpeAcKasyeMmMble NIPOHECCH 3aBHCAT OT TOTO METOA3
Harpesa, KOTODHIl HCIOJb3yercs JAJsi TOBBULUEHHS TeMIepaTyphl
naasMel. [Tostomy Kaxiblfi MeToj Harpesa Tpebyer peTajbHeiile-
ro HccaepoBaHua. Ha ouepeisp BHICTYNAIOT TakKkKe HCCAeLOBAHHS
BIMSIHHS Ha yJAepKaHHe MJa3Mbl CaMHX TepMOsePHBIX peaKIui
(nosiBJieHHe 3HEPTHYHBIX o-4acTHL). AnpHOpHas Hempeackasye-
‘MOCTb TIOBEAEHHS TJIa3Mbi, YAeDXHMBACMOH MaTHHTHBIM TIOJIEM, CBS~
3aHa ¢ TeM, UTO B IJla3Me Jierko Bo30OyXKIaloTcsd Pa3HOro poia He-
YCTOHUHBOCTH — KPyNHOMAacCIUTaOHHe MarHHTOTHAPOJHHAMHUECKHE,
OTBETCTBEHHBEE 3a SIBJIEHHS CpPbIBA TOKAa M DPeJaKCallHOHHBIE KoJje-
faHust TeMIepaTypel BO BHYTpeHHell WaCTH IUIa3MeHHOro MIHypa,
CONPOBOXIAEMbBIE DE3KHM [MepepacHpeleseHHeM TeMNepaType Imo
pairuycy M MeJKoMacliTabHble KMHETHUECKHE, NPHUBOJASILKE. TaKXkKe
K peJaKCaUHOHHBIM KoJeGaHHAM, BHIOGDOCY 3HEPTHUHBIX YaCTHIL,
H3MeHeHHIO 3PheKTHBHEX KoadpuunenTos Judhysud U TemwIonpo-
BOJAHOCTH H CcKopocTeil KoHBeKHHH. IloaTOMYy He CTOHT yAMBIAATHCH
TOMy, KaK MHOTO BPeMeHH MOTpPe6oBaja Ha CBOe peuleHHe TpobJe-
ma YTC. YauBuTe/NbHO CKOpee TO, 4TO TePMOSALEPHYI  IIasMy
HAYYHJIHCH-TAKH CO3AaBaTh. DTOT ycleX CBsA3aH He TOABKO C NPO-
CTOTOH MATrHHTHOH CHCTEMHl TOKaMaka, HO M HaJHuHeM Yy Hero ps-
J1a TOJIOXKHTENbHBIX CBOHCTB, CBOEr0 poja BHYTpPEHHell cOrjlacoBaH-

HOCTH TapaMeTpoB, olpedenseMoii camofi GH3UKOH  yAeprKaHHd,
K HuM oTHOCHATCA:

a) KomnaxTrocTe TOKamaxa

Ha wuccnenoBaTenbcKoil CTafHu BaXHO HMeThb  OTHOCHTEJNBHO

HebonblIyo To 06beMy (a CeJOoBaTelbHO H IO CTOMMOCTH) yCTa-
HoBKy. I1pu ¢ukcupoBaHHOM = MaJOM pafHyce 4 3TO O3Hauaer
yMeHbluIeHHe R unn acnektHoro ortHomieHHss A=R/a. OceBas cum-
MeTpHa TOKaMaKa T03BOJisieT uMeTb R/a BIIOTh 10 3HaueHHH 1,5--
=2, ONTHMAJbHHX MO YCTOHYHBOCTH, OCOGEHHO, €C/IHM TNEePedTH K
GesHIHAYKIMOHHBIM METOAaM CO3J4aHHs H TOIJepXaHHA TOKa . (He
TPeOYIOMIHM «IBIPKH» TOpa AJs MPONYCKaHHS MarHHTHOTO TOTOKA
unrykropa). M3 Hanuuus mpepena g >1 ciaenyer, YTO yMeHbille-
Hue A 03HauaeT TOBHINEHMe Npegeia P mo paBHoBecHio. [JeficrBu-
TeJbHO, YCJOBHE, UTO aCHMMeTPHYHAs COCTABJAIOLIAs MOJOHAAJb-
Horo moss B, He mpeswimaer B,, naer
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| | -
‘ j‘; Bo— 2 (P) <£ (12) ]

H ;\ B? a’ ] npuanunaM. C 'DepMO}.IH)HaMHII?GKOﬁ TOYKH 3DEHHS IJIasMa B TOKa-
| H : ] MaKe ¢ HepepbBHO BBOAMMOH MomHocTtbio JV (J—TOK, V — Ha-
}'; ! otkyna B=BeBe2/B% ~Pea?/R%q* nonyyaerca orpaHHueHHe NpSAeHHe 00X0fa) ABJAETCS OTKPHTOH CHCTEMON, a B TAKHX CH-
p<a/Rq?. (13) f CTeMaX J1OBOJLHO THOHYHEIM SIBJSIETCH O6Pa3oBaHHe yMOpPSI0YEH-
H 5 k: HHX CTPyKTyp (camoopranusamus). B cyuecTBenHo Gosee SBHOM
e 6) Cpednas maernurnas ama ! BHJIE CaMOODPraHH3alHs TIa3Mbl NPOSIBAAETCS B NHHYaX ¢ o6pa-
il . Tlpu ycnoBun ¢ >1, Heo6xoAMMOM JJsi CTAGHIH3ANHH BHHTO- | LUCHHHIM MarHWTHHM mosieM (cM. paszen 4). B Tokamake mpomecc
;I‘[ \“ Boﬁ HeyCTOfI"IPIlBOCT‘PI, CBSI3aHHOHN ¢ TOKOM, B TOKaMaKe aBTOMaTHUe- E 3TOT HIeT 60Jlee MSIDKO (ypo‘B\eHb (pnyxeryau,nﬁ Ha IHOPHI[O.K HUXKe,
I | CKH CO3Jaencs cpeJHsa MarHuTHas AMa geM B IIOMII), ¢ mpueMIeMBIMH aHOMaNbLHEIMH [IEPEHOCAMH. -

_ @p+(BYYa ay K ;1;2? CaMOOPT2HH3ALHH ONPENeNH] KH3HEHHOCTh CHCTEMBI TOKa-
I Ty o

0) BO3MONMHOCTb CTAYUOHAPHO20 DeXcUMa

Heo6xonuMEA 1/ COBTAHHS CHCTEMHE TOPOHANLHBIX MATHHT-
HBIX TOBEDXHOCTeH TOK Jp B MIa3Me BO3GYKAAETCH H MONNEDPKHBA-
€TCs TOPOMJAJbHBIM 3JeKTpHYeckuM nojdem E,. CaMo 310 moJe
TIOAAEPXKHBACTO TOJNBKO HapacTaHHeM (yGHBaHueM) MaPHHTHOTO
NOTOKa HHAYKTOPA, Eo=—./2nr (MHAyKuHOHHOe mnoje). Iloaro-
My, Kaszajochb Gbl, CTallHOHApHOe NOAJAepKAHHE MATHUTHOH KOHOH-
TypalHHd B TOKaMaxKe HEBO3MOXKHO B TpHHuuNe. K cuacTeio, Ha
3JEKTPOHBl NJIa3MBl TOKaMaKa OKa3aJi0oCh BO3MOXKHEIM BO3NeHCTBO-
BaThb He TOJIPKO. HENOCPOACTBEHHO 3JIEKTPHUECKHM MOJeM, HO H ¢
NMOMOIIbIO NEPEelaBaeMOro HM Ipu noryiomennn BU-Boan mMnyabca
KP,/0, rne P,—cpegHss moriomenHas BY-MOIHOCTL HA 3JeX-

W

I

’ ; Pe3cHaHCHBIX BHHTOBBIX BO3MYIUEHHH € 1IaroM, PaBHBIM LIary Mar- TPOH; K, ©—BOJHOBOH BEKTOD H KPyroBas 4acToTa BOJHH (Ha‘
' A3BIKE KBAHTOB 3TOT HMHyjbc #kN,, rie N,=P,/h ® — uuciI0

HUTHOU CHJIOBOH JIMHHH; 3aMKHYTOCTb ApeiQOBHIX OpPOUT 3apsameH-

‘ HBIX YacTHll, T. €. HIeaJbHOCTb MATHHTHOMH JIOBYIIKH. PeanbHo, Ko- E 3 KBaHTOB). TOK MOXHO MOLKEPXKHBATH TaKkKe GLICTPHIMH MOHAMH
- HEUHO, YCJIOBHS -JBYXMEPHOCTH (T. €. 3aBHCHMOCTH IapPaMeTpOB TipH HH}KEK}IHH nyuka aToMoB. B HacTosillee BpeMA 3TH MeTOAH
i TOMBKO OT 7, 2) HapymaioTca. TaK, AHCKPETHOCTh KaTyllek IpHBO- a‘I?THBHO paspabaThiBaoTcs. B 11987 I. Ha SNIOHCKOM KDYIHOM TO-
i AUT K HeGOJbLIOHA rodpHpOBKe MATHHTHOrO nosis. B muasme Moryr Kamaxe JT;60 C IIOMOIIbIO H“‘mﬂemélg“ﬂgﬂx BOMH (0/2n=2 I'Tu)
L BO3GYXAaThCd B OKPECTHOCTH «PAalHOHAJbHBIX» MATHHTHBIX I1O- NIpH HASKOH MJIOTHOCTH MJaasMul 3-1018 m-3 » Bq-«Mo‘uolHo‘cm 2 MBr
! BepXHoCcTell ¢ ¢=n/m pPe3oHAHCHHE BWHTOBHE BO3MYIIEHHS BHJA NOJIydeH TOK TeHepalHuH 1o 2. MA, MO/IEPKHBACMBI/ B TeueHHe 2
| cos (mB—nep), TAe 6 — MOJOHIANbHEE A3HMYTAJNBHEIH yroa. TaxuM cexymn. IIpu TIOBLIUEHIH MJIOTHOCTH S(EKTHBHOCT, reHepauy, K
06pa3oM, peaJbHO TOKaMak, Kak H CTeJJIapaTop, SIBJASETCS TPex- COXaJsIeHHIO, Manaer (Bos'pacraeT Harpes). Opnako [pH STOM TIDH
MepHO# cucTemoi. Ho, B oTamune oT cressiapartopa, BO3MYILEHHS, BEICOKOM IUIOTHOCTH B HI Py MOXeT BCTYNHTb ?‘1@31{1“ 6yrcTpan-
Hapyilaioude CHMMETPHIO H HEOKJacCHYeCKHH NepeHOC B TOKaMa- TOKa: TEHEpauHs TOKa 338 CUET HEOKIACCHUECKOH nnddysnn, GBfl'
: Ke, He TPEJCTABJSIOTCH UPEIMEPHO ONACHBIMH. 34HHOH C 3alepTRIMH 4acTHIaMHu (\6a‘HaHaMn), TIPH KOTODOHA ILIas-
ﬂ | " 2) Camoopeanusayus naasme. Ma NpH CBOEM DACIUMDEHHH <HE YyBCTBYET» TOPOHAANBHOTO Mar-
J' Kazasocy 6H, 4TO B OTJIHUKE OT GECTOKOBEIX CHCTEM B TOKAMA- HHTHOTO mosisi (WHpHHA «BaHaHOB», OmpefeNIsoas [LIydanHoe
i‘ . Ke cylulecTByer 6osblias ONacHOCTh HeycTOHUHMBOCTEeH, BH3BIBAEMBIX CMEIIeHHe TACTHIIB B pesyJipTare CTOJIKHOBEHHS, SaBHCHT OT H'O-‘HQ-
’ . ToKOM. JleficTBHTebHO, Takas ONACHOCTH €CTb, H Xy/llee €e MpOsB- HJANBHOTO MOJIS) M KaK-OBl NepeceKaer JI'H‘H{b_CHJIOBbI-ePJIHHHH no-
JAeHHe — HEyCTONYMBOCTh CPHIBA, TPHBOAAIIAS K BHIAGIEHHIO BCel -gon.napunopo noJIs, ?TO H HPH‘B‘OlIPI‘(T K TOKY ]m—UUDBe-B €aILHOCTD
‘ IHEPTHH, 3aMaceHHOH B IJasMe, Ha 3JIEMEHTH BaKyyMHOH KaMepH. TSI’;?]FTPWE?I(}IE HOIETB’GPKlIeHa SKCIIEPHMEHTAIHHO. 5 TOKaMake
\}J‘ i Ho B TokaMake CyleCTBYIOT U ycToiuHBHe npoduan toka. [Ipuuem 850 ZRA( ) TIPH HHXeKUHH quggo ?TXM'OB H3 o IeTO  TOKa
il OHH YCTaHABJHBAIOTCH MPH ONpELeSEHHBIX YCJIOBHIX CaMOCTOSTEIb- OOV KA IyHdKOM TOLNAEPKUBAIICT TOK 3§0 ) Za 263’TCTP3‘H‘T0K pHA-

i3 Ho. Takasa caMoopraHuzauusi paspsa (COmpoBoXKAaeMasi, BoOGIe ‘ xoﬂmCﬂ (32 BHIYETOM OMHUECKOrO) TOK kA [20].
FOBODPsI, yCHJIGHHEM II0TEPb) He INDOTHBOPEUHT TEPMOLHHAMHIECKHM Takam 06pasoM, NpHHIHMHALHAS BO3MOXHOCTb HEOrpaHHUeH-
S HOro JUIATEJNBHOTO MOALEeDPKAHHS TOPOHZAJNLHONO TOKA B TOKaMa-

‘ Haxe NpH Kpyriaom ceueHuu amu. [Ipu D-o6pasHoit dopme. ceuenHus
OpelHsAs MarHuTHad aMa ysesuuuBaercd. OHa pacTeT C yMeHbllle-
HHEeM aclIeKTHOIO OTHOIUIeHHA. JTO B KOHEYHOM HTONe H IO3BOJISET -
il HMeTb B TOKaMake 3HaueHHe P okosao 5%, uro gocratodHo IJs pe-
“[‘ i aktopa. [lpn naJybpHefiineM TOBHBILEHHH B oﬁ.na‘crbuHeycroﬁ'qn‘socm
‘ aoxaabHbx MIJL MOA BHOBb CMeHSeTCS HX YCTOHYHBOCTbIO (BTO- ¥
it pas 30Ha yCTOHUMBOCTH) u3-3a 3ddexra caMocrabunusauuu [17— ' 5
19}, BHI3BIBaeMoOro caMoyrsyGJeHHEM MarHHTHOH sMbl. HMwmeiorcs g
HajleXx/Jpl Ha OCBOEHHE 3TOH ©0GJACTH ¢ TIPHBJEYeHHEM OOGPaTHHIX
CeBs3ell 4015 cTabHiaH3alHH KPYIHOMACIITAGHBIX MOJ.
8) Lsymeprocto (ocesas cummerpusn)
OceBas cuMMeTpust TokaMaka (0/0¢=0) o3Hauaer: OTCYTCTBHE

140 ’ L ;
b 11—7628 141




Ke yXe A0Ka3aHa SKCIepHMEHTAJbHO. YCTpaHseTcs OCHOBHOH He-
LOCTATOK TOK2 — HMIOYJbCHHE XapaxTep paGoTHL.

OrmeyerHble 6s1arONpHSITHEIE OCOGEHHOCTH OGBACHSIOT MIHPOKOE
pacnpocTpaseHde TOKAMaKOB, NOBHUIGHHBIH HHTEpeC K HeMy HCClHe-
JoBaTeJel.

2.3. CoBpeMeHHBIR cTAaTyC

B ra6uauue 2 npuBeleHbl mMapaMeTPHl IJIa3Mbl, JOCTHTHYTHE B
TOKaMdKax H ‘HGO’ﬁX’Oﬂ.KMbIE B peaKTopax.
Tab6auya 2

[Mapamerpnl wuwJa3MH, JOCTHTHYTHIE B ~TOKaMaKax
H HeoGXOAHMEIE B peaKkTope

IMapameTp IocTuruyro Heo6xo1uM0 B peakTope

Temnepatypa uosoB T';(0) 30 x3B (TFTR) 20 3B
TeyneopaTypa 3/JIEKTPOHOB 10 xoB (T-10) 20 3B
e
)

I'IJIOT(HOCTL TAa3MH fle 1,5.10% m—3 (TFTR) 1,5:10% M3
5.10% y—3 (ALCATOR-C)

DuepreTHyeckoe BpeMd 1,2 ¢ (JET) 15¢

XKH3HU Tg
nilsvx 3-10% M3 kaB.c (TFTR)

5-10% M—3 x3B-c
KosdpduuueHT ycuiaeHHA 5
momHocTH Q

0,3 (TFIR, JET)

Koa¢¢uuHEeHT yCHJIEHHST MOIIHOCTH ONpefe/isieTcss OTHOLICHHEM

Q BBoaumas MOUIHOCTH
T MOW(HOCTH, Bbigedsemad B D-T peakuusax *

B HccneloBaTe/bCKHX YCTAHOBKAax 3HaMeHaTesb — pacueTHas Be-
JMYMHA, TaK KakK TPHTHH B 3KCIHEDHMEHTAX He HCHOJNb3YeTCH.
B konne 1988 r. ma ycranoekax JET u TFTR npeanonaraercs n0-
cTHYb GajaHca MomigocTed, @=1.

Tokamakd (aKTHYeCKH MNPOULIM CTaJHI0 «NPOBEPKM IPHHIH-
NOB» ¥ BCTYNWJH B CTaAMI0 COo3JaHHs peakropa. Paspaborka mnpo-
eKTOB 3KCNEPHMEHTAJbHOTO TEPMOSIIEPHOTO peakropa BeleTcss B
psge crpan. B 3anazmoii EBpome 3to npoexr NET (caenyrouini
eBponeiickuii Top), B CHIA — TIBER, B flnomuu — FER (sxcne-

puMeHTaJbHHE peakrop cuHresa), B CCCP — OTP . (oOHTHHH

TepMosifepruil peakrop) [21]. Mix mapaMerpw npuBejeHH B Ta6-
adue 3. '
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Tabauya 3
ﬂp.oexru HAUHOHAJIBHLIX SKCNEPHMEHTAALHBIX PE3KTOPOB- TOKAMAKOB

MpoexT © a(m)/b(m) R(m) J p(KA) B Q
OTR 1,5/2,3 6,3 8 3 >5
TIBER 0,83/2 3 10 6 >5
NET 1,35/3 5,2 11 5,6 o
FER 1,25/2 4,4 9 5,3 >20

ITox srumolt MATATD B TeueHne psiza JieT Besauch paGoTH Hap
NPOEKTCM MeXAYyHapoAHoro Tokamaka-peakropa MHTOP. Cefiuae
cos3naHa u paboraer B OPI' mexayHapoiHas rpynna AJs paspa-
6otkn npoekra UTIP (MexAyHapoZHOro TEpPMOSAEPHOrO 3KCHEpH-
MEHTAJIbHOro peakTopa). LleHTp TAxKecTH (H3HUECKHX HCCJeloBa-
HHil Bce 6oJsiblile cMellaeTcsi OT A0Ka3aTelbCTBA OCYIIECTBHMOCTH K
npobjeMaM ONTHMH3AUMH W HAaJeXHOCTH OCYLIECTBJIEHHS Heo0Xo-
AUMBEIX pexuMoB. Ciofa BXOJHT:

YTOYHEHHEe [POTHO30B IO YAEep:KaHHI0 IJasMbl B Peakrope Ha
OCHOBe M3YUYeHHs MEXaHH3MOB NOTEPb SHEPTHH H YacCTHI B TOKa-
MaKax NPH AONOJHHTEJILHOM Harpese;

OTpabOTKa 'MEeTONOB MOALEPkKAHHS HEOGXOAUMBIX YCJOBHE B
TIPUCTEHOYHOH 06/1aCTH M MOTPAaHHYHOH WJasMe M yJaJeHus H3
IJ1a3Mbl HAaKONHBIUHXCS HOHOB NPHMECH U INPOAYKTOB TepMosiep-
HOH peaKIUH — q-4acCTHIL; ,

yTOUHEHHe JOCTHXKHMBIX 3HaueHHi B; onpeleseHHe BO3MOXKHOCTH
paboTul TOKamMaka BO BTOPOH 30HE YCTOHYHBOCTH ¢ B B HECKOJIbKO
JecATKOB ITPOIEHTOB, YTO OTKPHLIO Gbl BO3MOXKHOCTb OCYIIECTBJe-
HHus Ge3HefiTPOHHOro peakropa Ha ocHOBe peakiuii D3He;

oTpaGoTKa MeTOHOB NPEROTBPAIIEHHs HEYCTONUHBOCTH CpPHIBA.
CoxpaHsitorcss mpobJaeMbl OTPaGOTKH MeTOHAOB HArpeBa, HHMKEKIHH
‘TOIVIHBA, cTapTa M 6e300Je3HEHHOrO ralleHusl pa3psfa, yldepKaHUs
nJa3Mbl NPH HaJHYUH a-yacTHL. Jas uccieloBaHusA Mia3Mhu, B KO-
TOPO# 3aXKIJlach TEDPMOSJEPHAsi peaKuHs, Npeajarajrcs KOMIAaKT-
Hble TOKaMakKH (C MHHHMAJbHBIM aCleKTHbLIM OTHOLIEHHEM) H CHJIb-
HBHIM MAarHMTHHIM noJieM (cM. TabGauuy 4).

Tabauga 4
KoMnaxTHRE TOKAMAKH JJf ONBITOB C 3a)KHMraHHeM :

TepmMosiaepHo D T-peakuuu (npepsroxenus,
paspaGarmBaembie B CIIA)

MpoexT a(m)/b(m) R(m) I F(TA) fb(MA).
CIT 0,65/1,3 2,1 10 ,
IGNITOR 0,45/0,78 1,17 13 12
IGNITEX 0,47/0,75 1,5 20 12
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ClieayeT MOAYEPKHYTb, YTO €CJAH JJf ONBITHOTO peakropa MNpH-
eMJieM pPeXHM pPaboTel HIHKJIAaMH, TO KOMMepYeCKHe DEeaKTOpel C
JUIATENBHEIM CPOKOM CHYXOH MaJjioBeposTHH 06e3 CTauHOHApPHOTO
pexxuMa paGoTel. Brille oTMeuyasoch, 4TO TOKaMaK MOXeT CTaTh

CTAalHOHAPHOH CHCTeMON NIpPH NOJALEPXKaHUH TOKA BBeJEeHHeM Iyd-

KOB uacTull niH B-mommuoctH. BaxHelillesi Hecsel0oBaTeNbCKOd 3a-
nayeil B 5TOH CBS3H SBJsETCH mopnilleHne 3(G(EKTHBHOCTH IeHepa-
MM H NOAJep:KaHHS TOPOHAanbHOTO TOKa. [Ioka HeT MOJHOH yBe-
PEHHOCTH B 3KOHOMHYECKOH NpPHEMJIEMOCTH CTAUHOHaPHOrc Peaxro-
pa-ToKaMakKa, COXpPaHsieTcs aKTyaJsIbHOH pa3paboTKa CTalMOHAPHBIX
TOPOHLAJbHEIX MAarHHTHBHIX CHCTEM THNA cTesjapaTtopa, Tpebywo-
HIHX TOJBHKO TNOAMHTKH TOINIHBOM JJs KOMIEHCAUHH Auddys3HoH-
HHX I0TePb IJa3MHL. :

3. CTEJIJIAPATOPAI

3.1. O6mue cBeneHHsA

Crennapatop (T. e. TOp H3 3Be3JHOrO BeLIeCTBAa) — 3TO HAa3Ba-
HHE HIMPOKOro KJjacca TOPOHAAJbHBIX (B TONOJOTHYECKOM CMEIC]E)
MATHHTHEIX CHCTeM, He Tpelylomux [AJs CO3J4aHHS  MAarHUTHHIX
noBepxHOCTe#l I'eHepalliH TOKa B I1asMe. TakuM o6pa3oM, B cTell-
JapaTope CyIieCTBYeT BaKyyMHas cHCTeMa BJOXKEHHBIX MaTrHHT-
HEIX noBepxHocTell. OOIIHM 17151 3THX cHCTeM sBJAseTCH HaNHYHE
5JIEeMEHTOB BHHTOBOH CTPYKTYpH: JH60 HEKpyIJoe cedeHHe Mar-
HUTHOM TPyOKH NpOBOpauHBaercs Mo BHHTY (oOwbuHBIA cTejsapa-
TOp), JIH60 OCb MarHUTHOH TPYOKH (MJau ee uHacTh) HMeeT (BopMy
BUHTOBOH JHMHUH (CTeNJapaTop C NPOCTPaHCTBEHHOH ochio). Ilo
9TOMy NpH3HAKy CTeJJapaTophl Ha3hBAOT TaKXke BHHTOBHIMH CH-
CTEMaMH.

CpezHee mosoHJaJbHOE MATHHTHOe IIOJie Ha KOHTYpe [, m106o-
ro TOMEepeyHOro ceyeHHs MAaTrHUTHOH INOBEPXHOCTH BHHTOBOH cHc-
TeMBl PaBHO HYJIO

$ Bd1,—0 (15)

(B TOKaMake 3TOT WHTerpasj paBeH WoJ), HO TMOJOHIAJbLHEIH Mar-
HATHHI NOTOK uepe3 Neperopojky MeXAay GJIM3KHMH MarHUTHBIMH
IIOBEPXHOCTAMH, HAYIIYI0O BAOJb BCeH TOPOHAANBHOH CHCTEMHI,

dy={ Bas,, (16)
a cJIefloBaTeNbHO, W BpaljaTesbHoe npeobGpasosanue (3),
p=—dp/dD, (17)

rie ® — TOPOUAAJbHBEIl MAarHHTHHIA MOTOK, OTJIHYHEI OT HYJS.
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IoJse, IJIKOC OLXHOPOAHLIE

3.1.1. O6viunbil cTesraparop

. B o6niunoM crestapaTope TOPOMAAJZibHASI KOMIOHEHTAa MAarHHT-
HOTO TOJISL B MpOCTeHlleM cJydae OJAHOH BHHTOBOH FapMOHHKH NpPH-
O/IMKEHHO 3alHCHIBAeTC B BHJE

By,=Bg[1—e,cos 0-+¢,(p)cos (I6—Mg)], (18)
rae & =p/R, R — pannyc KpyroBofi OCH BHHTOBBIX OGMOTOK, p —
paccrosiHHe OT 3TOH OCH, € (p) — aMIVIHTylla BHHTOBOH rapmo-
HHKH TOJs, 6 -— moJoujlasibHas, a ¢ — TOPOHJAAJbHAasi YrJOBbie Iie-
peMeHHble, I, M — cooTBeTCTBYIOLIHE YHCIa NepHoAoB. [liasMeHHbIH
LIHYp B OOBIYHOM CTeJjlapatope MOXKHO [PEICTaBHTb  Kak
NJMa3MeHHb LIHYp B TOKamake (B ToM uyncae c D-o6pasubim
CeueHHEM), HO C HAJIOXKEHHHIMH Ha Hero BHHTOBHIMH Jedopma-
uusaMH. B 3aBucumocTH OT cnoco6a CO3JaHHS TaKOH MAarHHTHOR
KOHQHIypauuu OGHIYUHBIE CTeJJapaTopbl JeJATCs Ha CJAeAyiollHe
THITBL:

a) KJaaccuyeckuil cremjapatop (TOPOHAAJbHHIE KAaTyLIKH MNJIIOC
2!/ BUHTOBBIX OGMOTOK C YepeAyIOLHMCS HalpaBjJeHHeM TOKOB);

6) TopcatpoH (I BHHTOBEHX OOMOTOK C OJAHMHAKOBHIM HamnpasJe-
HHEM TOKa B HHX, CO3JAIOIIHX KaK BHHTOBOe, TaK M TOPOHAAJbHOE
BJOJIb TOpa MOJOHJajJbHHE OOMOTKH
KOMIIEHCHPYIOLIETO H KOPPEKTHPYIOIEro MOJOHAANBHOIO MOJA);

B) reqHOTpoH (To JKe, YTO TOPCATPOH, Ha paHHed crajHu HcC-
JenoBanuii ¢ AoGaBjeHHEeM TOPOHMIAJbHBIX KaTryuleK AJsl GoJbllei
ru6KOCTH B BBIGOpE IapaMeTpoB);

r) MOZAyJbHEIE CTeNJapaTOphl Pas3JHYHOIO THIA, B KOTOPHIX BCA
cucTeMa OGMOTOK, HeOOXOZHMBIX AJisl CO3LAHHA MArHHTHHIX IIO-
BEepXHOCTell, 3aMeHeHa pasfeJbHOM cHCTeMOA MoAyJeH, HanpHMep
CKPYYeHHHX  TOPOHAAJbHHIX KaTyllek, KakK B Ccrejjaparope
WVII-AS. :

Kak ¥ B TOKaMakKe, NpelesibHOE N0 PABHOBECHIO M YCTOHUHBO-
CTH JaBjeHHe NJa3Mp B CTeJJapaTope 3aBHCHT OT (GOpMH cede-
HHS MAarHATHHIX TOBepXHOcTedl (B OGBIYHOM cTejlaparope, ycpen-
HEHHHX 10 BHHTOBBIM OCHMJJISIHSAM). BaXHBIMH XapaKTepHCTH-
KaMH cTesiapatopa sBJSIIOTCH:

— HaNpsXKeHHOCTb OIS Ha ocH By;

— paauyc oca R; B ofmeM ciyyae KpuBH3HA ocH k(s),
§ — AJIHHA ee LYTH;

—— CpeJHHH pajHyC MJIa3MH d,;

— YHCJa MepHOJOB B IIOJIOHJAJLHOM,
HanpaBJeHHusX; :

— BpaulaTenbHoe npeobpasoBanue u(a);

— uHp s=p’(a)-a/u(a) (@ — ycpeXHeHHBIH paJHyC CeUeHHd
TeKylled MarHHTHON NMOBEPXHOCTH); i

Qp+(B)YYa _ _Uda
{B?*) =~ Uy’

rue

I, u TopoHzaibHOM, M,

-~ MariHMTHasg fIMa W=
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rae U,=V (®)—yle/busit 0GbeM BAaKYyMHOTO MArHUTHOLO NOJS;

— mnapaMetp napakcranbHocts Ma/R=MA™;

— CMellleHHe MAarHHTHOH OCH A, OTHOCHTEJIbHO LEHTpa cede-
HHS TPAHHYHOH NOBEPXHOCTH;

— BHITAHYTOCTb ycCpeJHeHHOro ceuenus b/a;

— TPeyroJbHOCTH YCPeIHeHHOro ceyerus §; :

— papuamust 8Q(0), Q= [ di/B (Ha oauH NepHOA CHCTEMH);

— aMIIHTYAbl KOPEKTHPYIOUIHX BHHTOBBIX TapMOHHK, MO3BO-
JSIOMX BJMSTH HAa 4HCJIO JOKaJbHO 3aHEepPTHIX 4acTHIL

3.1.2. Creanaparop ¢ npocrpancrgenroil ocoro (CI10)

CIIO xapakrepusyercs, npexje Bcero, Gopmoit ocH, T. e. €€
KpuBH3HOM k(s) m KpyueHueMm x(s). Bmecro sTHX AByX yHKIH]
yAOGHO MOJIb30BaThCA KOMIUIEKCHOH KPHBH3HOH

$
i(%os—guds)

K(s)=k(s)e , , (19)
rie »,—CpejiHee Kpyuende, OnpejesiOllee BpamaTeabHOE Mpe-
o6pasoBamie B CI1O ¢ Kpyr/ibiMH CEUEHMAMM MArHATHBIX MOBEPX-
HOCTe#: ‘

L
sl =‘§. wds=2ny. (20y
0
B wacrHoctH, och CITIO B ¢opMme 3amkayToil cnupamu (¢ M mepu-
OJaMH IO JJIHHe W M 06X01aMH BOKPYr OcH cuMMerpud M-ro mo-
pAlKa 10 3aMblKaHHA) MOXKHO ONHCATh KOMIIEKCHOH KPHBH3HOM,
cozepxaliell ABa napamerpa xo ¥ M:

K ()= ko (ig)+ 1 (1) €™/, 1)

PaccuuTaHHble 3HAueHHs Ko(xo) H ki(%o) Aaf HekoTopnx M,
m npusenennt B [22]. Cayvad M=2, m=1 CIyXKuT MOJAEJbIO Nep-
BOTO CTeJN1apaTopa C MPOCTPAHCTBEHHOH OChI0 — BOCBMEPKH Cnut-
uepa [231.

B orcyrcTBie He ofsizaTebHHX Aasi CITO BHHTOBBIX rapMOHHK
mossi WHp B 3TOH CHCTeMe Mall. Cra6unuszauus MI [I-seycroiun-
BoCTeli BO3MOXHA JHIIb 32 CUeT MArHHTHOH siMbl, KoTopas o6pa-
3yeTcsl, HampHMep, €c/H IOepeyHoe ceueHne D-o6pasHoe (6060:
o6pa3Hoe) ¢ COXpaHSIOIeHcs, MO BO3MOXHOCTH, €ro OpHEeHTallHeH
OTHOCHTeJbHO TJIaBHOH HOpMa/H K OCH. Takyw MarHuTHYIO KoHObH-
TypallHIO MOXKHO CO3/aTh ¢ NMOMOIIbIO OXMHAKOBBIX KOJBLEBEHIX
BHTKOB C TOKOM, LIeHTPH KOTOPHIX PACIOJIOXKEHBl Ha BHHTOBOH JIH-
HEH ¢ M mepHoaamH, oOBHBawLIedl ellle OAHH KOJbIEBOH BHTOK
GoJbllero paamyca. Jta CHCTeMa IMOJNYYHIa Ha3BaHHe <«TeNHak»
[24]. B X®THU rakoro poaa cucTeMa emie A0 MNOSBAEHHS rejHa-
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KOB HasHBajach BHHTOTPOHOM; B $Inonnu (Toxoky-yHHBepcHTET)
cucreMa CIIO c¢ xpyrasiM ceyeHHeM Ha3biBaJachb acnepaTopoM
[25]. Cnenyer orMeTHTh, 4TO moOcJe IEpPBHX CTeJJapaTopos B
CHIA, uMeBmux ¢(OpMY NpPOCTPAHCTBEHHBIX BOCbMEpPOK, CHCTEMH
CIIO paspabaThBaiuchb cHavaJja (no KpaiHel Mepe TeoperHue-
cku) B ocHoBHOM B CCCP. OcHoBHas 0cOGEHHOCTb HX COCTOHT B
TOM, YTO TIyOHHA MarHHTHOR $IMBI, olpejejsieMasi JIOKaJbHOH KpH-
.BH3HOM BHHTOBOM OCH, He yMeHBbINIAeTCs IIPH YBEJHYECHHH MIJIHHBH
cHCTeMH (4HCaa mepHofoB M). DTO O3HaAyYaeT, YTO MOXKHO HpH-
GJIH3UTbCA KAK YroAHo 6JM3KO K BHHTOBOH CHMMeTpHH (mpu M—-
—»00), TAe HeT Hpo6JieM ¢ NMEepeHOCaMH, BH3BIBaeMHIMH Jpefipom
LHEeHTPOB OPGHT JOKAaJbHO 3alNepTHIX YacTHI, a4 MAarHuTHas siMa H
yCTOMYMBOCTh COXPAHSIOTCH, KaK IOKA3HBAlOT PacueTh, C CaMbiM
BBICOKHM JaBjenueM miasmel, B~30% (npu M—-o0). J[las yne-
LIeBJIEHUsl CHCTEMBl OHA JOJIXKHA HMeTb, KOHEYHO, OrPaHHYEHHYIO
aauny (Maasie M), 3mech 3HaueHHe § cyllecTBeHHO HHXe. B cy-
MIECTBYIOUIHX requakax M=3; 4. '

B nacrosimee BpeMs CIIO npuobperalor Bce OoJblUHE HHTEpEC.
HanpuMep, onTHMH3auus OOGHYHHIX CTeJJapaTopoB cepHH <«Ban-
zenasiteiin» B OPI mo paBHOBecHIO NMpHBeJia K CHCTeMe C BHHTO-
o6pasHoit ocbio (Helias).

Bce CIIO He cBomsiTcs K CHCTEMaM CO CIHPAaJeBHAHHIMH OCS-
M. B CCCP,.HanpuMep, npeijoxKeHB CHCTEMH JPaKoH, ¢ BO3-
MOKHOCTbIO BBELEHHS NpsAMoJHHeHAHHX yuactkoB, H KCC —Ky-
COYHO-CHMMETPHYHHA CTeJNIapaTop, OCH KOTOPHX MOIYT HMeTb
‘caMy10 paszHyio popmy.

3.1.3. HcTopus passurus creaaaparopos

.OueHb CXEMATHYHO HCTOPHIO DPa3BHTHS CTeJJapaTOpPOB MOXKHO
pPa3lesuTh Ha CJeAyIollHe 3Talbl: :

50-e roibl: BO3HHKHOBEHHe KOHLENIHH H TMepBHe ONHTH
co cremnaparopamu B CIHA, Heyzaum co crengaparopom C,
MMeBIIeM 'HeBHITOJHbIE INapaMeTphl — Maljoe ceueHue, GOJBIIYIO
aauHy, L/2na=40, caaboe MNOJIOHJAJNbHOE MAarHHTHOe — IOJE
{(puc. 3). S

60-¢ rombl: LIHDOKOe Pa3BHTHe MCCAENOBAaHHH B psAle CTpaH
Tocsie pacceKpedeHHs cTejsapatopos B 1958 r.; omsiTel Ha He6OJb-
wux creanaparopax g CCCP, ®PI, Auranu, fnonus, CIIA c xo-
JIONHOM IIa3MOM, MOJydeHHe CBHIACTEJbCTB YAOBJETBOPHTEILHOTO -
YAEpIKaHHS], TEOPETHUECKHE HCCIENOBAHHS BaKyyMHbIX KoHburypa- -
K, HEOKJacCHYeCKasi TEOPHS NePEHOCOB; ~ .

70-e ToABI: 3aKPHITHE CTeMJapaTopHO# mporpaMMbl B CHLIA,
YEOBJIETBOPHTEJIbHEE OMHTH ¢ Topsgedt maasmon (7'=>100 3sB),
€031aBaeMOH OMHYECKHM HarpeBOM B HOBHX cpaBHmeano‘x;an-
HBIX CTeJJIapaTopaX ¢ yMepeHHHM acleKTHHM OTHolleHHeM (A<
<10). : ‘ o

80-e roxpl: MCCiefOBaHHe 6ecTOKOBOR ropsued HJIa3MB (T~.
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i uuit no creqanaparopam s CHIA. Illupokoe pasBHTHe YHCJIEHHHX 5
il MeTOJIOB HCCJEeNOBaHHS pPaBHOBECHS, YCTOHYHMBOCTH, ' IEPEHOCOB. ’E o d . B E
i HuTepec K cHCTeMaM C MPOCTPAHCTBEHHON OCHIO. ‘ = £ 2 8 SE ® & §‘ >
it ~ 90-e roxbl (MAaHBl): HCCleAOBaHHe yAepKaHug B obJaactd : & £ § B 5 S o 8 % E =
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i C TepMOfAEPHHIM ropenyeM, Q=oo. o A S S F EdaLE ?éag §fay e
{ ViccenoBanys [0 CTE/IapaTopaM MPOLUIM B CBOE BPeMS Ompe- 88% Sa-E B HeH>8=2°% 2598
il JIeIEHHBIAl cHaj M 3aMeTHO AaKTHBH3HDOBAJHChL B Tpoulejiliee ae- ’ =
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H HelaBHO BBEJEHHHIX HEGOJbUIHX CTE/NIapaTopoB, KaK OOHIYHHX,
tak u CI1O. : ' “

Kak BunHO M3 cpaBHeHus Tabmuu 1 u 3, COBpPEMEHHBIe KpyII-
HefilllHe cTesJiapaTophl reauoTpor H-E W HexaBHO BBeZenHbe B
crpoit ATF u WVII-AS npu6auxkarorcs x MmacmTaly ToKaMaka
T-10, mocrpoennoro B 1975 r. Crenyapatops, TakuM o6pasom,
€OTCTAIOT» OT TOKAMAKOB- ipHMepHO Ha 10—I15 ser. Hdeao B Towm,
UTO CO3NaHME COBDEMEHHBIX CTeNIapaTopoB TpefyeT peureHus
CJIOKHBIX TEXHOJOTHYECKHX H HHXXEHEDHHIX NpPOOJeM, CBSI3aHHBIX
C BHHTOBOCTBIO CHCTeMH. [ljsi 3KOHOMHH 3HEPIHMH MAarHHTHOTO
ToJ1d, HANpHMep, BaKyyMHas KaMmepa B TOPCATPOHaX-TeJHOTPOHAX
AelaeTcst B (QOpMe IIasMbl (T. €. C BHITSHYTHIM BpallaloUIuMcs
CedeHHEeM), a BHHTOBHE OGMOTKH YKJaILIBAIOTCS B o6pasymomu-
_ €Csl BUHTOBBle nasbl (puc. 4, 5). C yuetom TpeGoBaHHS BHICOKOM
TOYHOCTH H3FOTOBJIEHHS OOMOTOK (BO H36eXaHHe TapasHTHBIX
BO3MYUICHHH, MPHBOASIIMX K OCTPOBHOH CTPYKType MarHHTHHIX IO-
BEPXHOCTe#l) COOpyXeHHe YCTAHOBKH CTAHOBHTCS 3ajavef VHH-
KanbHO# COXKHOCTH. To e OTHOCHTCS K cTesIapaTopam CepHH
AS B ®PT cO CKpPyueHHHMH, HIH TBHCTHDOBAHHBIMH, KaTyLIKaMH.

i R=1,12m

Prc. 4. Cxema asemenTa kaMepn cten- Puc. 5. CeueHHe KamepH H OTHOCHTE/b-

aaparopa ATF. B BHHTOBHX eio6aX HOe pAacnoJOXKeHHe BHHTOBHX (UYeTHpe

PAacmosaralTcsi BUHTOBHE OGMOTKH LYroBhIe CEYEeHHs), KOMIEHCAUHOHHEX H

‘ YOPABJAIMX INOJOHEANLHBIX (KBaj-

PaTHble ceueHHsI) OOMOTOK B OJHOM H3

npopabaThiBaBIIKXCA NPOEKTOB JBYX3a-

" XOAHOTO CTe/NIapaTopa-TopcaTpona
(JI-2M)

OrcrapanHe cTess1apaTopHOM HPOrPaMMHEl  CBSI3aHO TaKXKe C
HeflocTaTKOM B 60-e 1 70-e rogsl pyKOBOASINHX HAeH IO yJayulue-
HHIO napaMeTpoB 3ToH cHcTeMb. Bo MHorom sro 6nuio CBA33HO C
GOJILIUHMH ~ COXKHOCTSIMH ~TEOPETHYECKOTO HCCJeJOBAHHA 5THX
NPHHIHNHAJILHO TPEXMEPHBIX CHCTeM. 3a MOCJAeAHHE [OAH, OLHAKO,
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"YPOBEHL TMOHUMAHHS BO3MOXKHOCTEH CTelIapaTopoB  CyHIeCTBEHHO
-BO3pOC M pasBUTHE CTENNAPATOPHBIX HCCIENOBAHHA NpPHOGpeNo AH-
HaMHYHBIA Xxapakrep. ;

3.2.HeaaBHHe JOCTHXKEHHS

3HaYHTeJIbHBIH HMIYJbC PA3BUTHIO CTEJJIaPaTOPHBIX HCCJenoBa-
HHH B moc/iefHeM JeCATHIETHH HaJH TeOpeTHYECKUEe PabOTH, - BHI-
nojHenHbie B 80-¢ rofb. B HUX BHISABIEHB BAYKHLIE MOJIOXKH T b-
HBle OCOOEHHOCTH M HOBBIE BO3MOMKHOCTH KaK CTeJIJIapaToOpoB ¢
IIHPOM. TaK H GeCLIMPOBBIX cTesapatopos. [Ipu 3Tom 0Ka3aJ10Ch,
4TO: 1) KaK B TexX, Tak H B APYrHX CTelJlapaTopax MOXKHO HaiiTH
YC/IOBHA, IIDH KOTOPHIX Ipefes M0 PaBHOBECHIO H yCTOHUHBOCTH
uueanbubix MIJI-Mox mosbimraercss mo §~10%; 2) o6HapyXKeHa
BOSMOXHOCTb CHHMKEHHS HEOKJIaCCHYECKHX NEepPeHOCOB B  cJabo-
CTOJIKHOBHTEJIbHOH 06JIACTH 1O CPaBHEHHIO C NepPBOHAYAJbHBIMH *
pacyeTaMu mOYTH Ha NMOPSJOK.

3.2.1. ¥npasaenue pasrosecuem u ycrodvueocroro
8 CTeANAPATOPax ¢ WUPOM

a) JpphekT sdcecTKOCTU BHEWHUX MALHUTHBLL nosepxuocreti 8
CTeARAPATOPAX ¢ ULLPOM »

B Hauasne 80-X roloB CylecTBEHHO HPOLBHHYJIOCH - HOHHMAHHE
OTVIHYHS yAEDXKAHHS B CTENIapaTope OT TOKamaka, W3 CTPYKTYpH
YPaBHEHHH [JIs CMeLleHHS! A MAarHHTHHX NOBEPXHOCTeH B CTe/Ja-
parope (c olHOH rapMOHHKOH BHHTOBOTO NOJISl) H TOKaMaKe:

[(padY @®l" = —2p,p’ (@) Ra?| By, 22)
(W3@°A") = —2uop’ (@) Ra?| By (23)

CICLYET, YTO €C/H B TOKaMaKe pellleHHe OXHOPOLHOTO ypaBHeHHS
(KOTOpOE COOTBETCTBYeT, KaK MOXKHO OKa3aTh, HAMOMKEHHIO Bep-
THKAJILHOTO MAarHUTHOrO noJs) ectb A’=0, T. e. cMelleHHe NJas-
Mbl KaK LeJ0ro, 6e3 H3MEHEHHS OTHOCHTEJBHOTO pAaCHOJIOXKEHHS
MarsuTHBIX NIOBEPXHOCTefl, TO B CTeJulapaTope ¢ WHPOM OHO HMeeT
BHI '

const ’
A=r—re (24),
By (a)’ ‘
T. €. SIBHO yKa3biBaeT Ha HM3MeHEHHe OTHOCHTEJBHOIO DPaclosoiKe-
HUs moBepxHocreft. Ilpu TuOoHuHOM JJIS  cTeIaparopa pocre
ux(a) or ocu, w'(a)>0, BHyTpeHHHE NOBEPXHOCTH CMEIIAIOTCA
cuypHee BHelDHHX., OHH Kak OB 6oJiee pLIXJHe, IOABHXKHHE, B TO
BpeMd Kak BHelIHHe — GoJjiee XKeCTKHE. . )
PuixnocTh BHyTpeHHHMx nosepxHocTelt ¢ Mansiv w(0) nposs
JIIeTCHl ¥ N0 OTHOLICHHIO K BHEUIHEMy KBaJAPYNOJbHOMY (OAHOPOX-
HOMY 10 AJIHHe TOpa) MarHHTHOMY moJio. H3BecTHO, 4TO B TOKa-
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MaKe €ro HCIOJIb3YIOT IJisfi VAJHHEeHHs GOPMBl CeHeHHs M CO3[1aHHs
JHUBEPTODHOA KoH(Hrypanuu ¢ BHelHeli cenaparpucofi. BHyTpenHHe
MarHHTHHEe NOBEPXHOCTH IIPH 3TOM JedopmupyioTcs caabo, o0co-
6eHHO NpPH NMHKHPOBAHHOM TOKE. JTO CBf3aHO C TEM, YTO B TOKaMa-
Ke BpallaTeabHOe NpeoGpa3oBanHe py=1/¢ Ha ocH GoJjblle, yeM Ha
nepudepun, T. e. 6ojee «PHXJBIMH» OKa3bIBAalOTCA BHEUIHHe MO-
BepxHOCTH. B crensnaparope ke, Ha060pOT, B IepBylo ouepelb
TMPOUCXOAHT YHJIHHEHHe CpelHHX CeYEeHHH BHYTPEHHHX MAaCHHTHBIX
IIOBEPXHOCTeHl BIVIOTH A0 0GpasoBaHHs BHYTpDeHHeHl cellapaTpHCHI
B ¢opMe BOCbMePKH. BHelllnHe >Ke NMOBEPXHOCTH NpPH 3TOM AedoD-
MHDYIOTCS: He cHJbHO [34, 35]. 3HaueHHe BO3MOXHOCTH H3MEHEHHS
BHITAHYTOCTH CEUEHHS COCTOHT B TOM, UTO OT Hee 3aBHCHT Bpaila-
TeJNbHOe Npeo6pasoBaHue. [IpuMeHAss KBaApymoJbHOe IOJe, MOXHO
JIETKO KOMIIGHCHPOBaTh OMaCHOe JIJisi YCTOHYUBOCTH IOHHXKeHHE
p(a) (BmIOTH A0 mMOSIBIeHHs MHHMMyMa) NpH HOBBIUEHHH .

6) Bausnue <acecTkocTU» MA2HUTHbIX nosepxrocrell npu n>0
Ha ycroduusocTs, (et camocraburusayuy naasmo.

3¢ derr 60ablel KECTKOCTH BHEIMHHX MOBEPXHOCTEll MOBLILIA-
€T YCTOHYMBOCTb MJa3Mbl. Tak, B Heo6XOJHMOEe YCJOBHE YCTOHYM-
BocTH OaJIIOHHHIX MOJ KBaJPaTHYHOE MO [AaBJIeHHI0 IJJasMH cJja-
raemoe BXOAMT ¢ MHOxHTesneM p’(a)a/p [36] (B pamkax ucrmoJb3o-
BaHHOfl B pacyerax MoAeaH) W npH p'>>0 He yxyAmwaer ycToHuH-
BOCTH, TaK 4TO NpeAeabHOe lJaBJeHHe He OrpaHHYHBaeTcs (IpH Ha-
JHYHH MAarHATHON $IMEI) HEYCTOHYHBOCTBIO HAeanbHeix MI [ -mMoa.

Hcnonb3ys NOABHAKHOCTH MAarHuTHOH ocu npu p'>>0, MOXKHO
ynpaBasTh ycTofiuuBocTbio. Ecam cMemaTth MarHuTHylO och B Ha-
npaBJieHHH OcJabJieHHsi TOPOHAAJBHOTO MAarHHTHOTO MOJISl, TO IPH

u' >0 MarHuTHOe IOJie Ha OCH MOXEeT OKa3aThCsl MeHblIe, ueM
CpelHee MAarHUTHOe IOJie Ha KpaHeH MAarHUTHOH IOBEPXHOCTH,
T. €. BO3HHKaer (yrayGJsercs) cpeXHsis MaTHHTHas sMa. Tak

MOXHO [IOBBHILIATH Npefes § no jokanbaofi MI'-ycrofiuusoctu. Ha
IHarpaMmax YCTOHYUHMBOCTH HJeaNbHHIX JiOKaJdbHHXx MII-Mon
(puc. 6), pacCYMTaHHBIX C NOMOINBIO ABYyMepHO#H wmopenau [37],
BHJIHO, KaK ¢ POCTOM Ay B YCTaHOBKax ¢ NapaMerpaMi, GJH3KHMH
kK L-2 u H-E, nopuimaercs npefensroe p. Has L-3 (6uiBwrHit mpo-
€KT) NpPH Majibix Ag HMeeTcsi Llesib MeX/y NepBOil U BTOPOH 30Ha-
MH ycToiuHBOCTH (npH f—>0 H Ag=0 siMml Her, cTaGHAH3aALHA OCY-
mecTeaseTcs wupoMm). C yBenudeHHeM Ay o6e 30HH CJAHBAlOTCH.
Taxo#t mepexox B yCTOHYMBYIO 06/1aCTh MOXKET HPOHCXOJHTL aBTO-
MaTHYECKH, TOCKOJBKY Ao pacreT ¢ AaBjieHHeM. IToT 3¢¢eKT
camocrabunusanuu nnasmel [31, 38] Geu1 u3BecTeH panee LS TOKA-
MakKa H aas GecmupoBrix creasapatopos [17, 39], Ho TaM oH kBal-
paTHYeH NO A W NPOSIBASETCS JMIb NMPH NaBJAEHHU MIA3MBI, GJH3-
KOM K CBOeMy npele]y II0 DaBHOBeCHIO. B crensaparopax xe c
IHpOM 3¢ (eKT caMoCTaGHIH3alHH — JHHEeHHbIN o A, T. €. HACTYy-
naeTr IPH MeHLIIHX AaBJEHHSX.

Sdderr camocTabHIH3ALMH JEXKHT B OCHOBE COBPEMEHHHIX MPO-
€KTOB BCeX KPYIHHIX CTe/lJIapaTOpPoB C IIHPOM.
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Puc. 6. 3aBucHMOCTb IPENEJLHOTO MO YCTOMUMBOCTH NABJEHHS MIA3ML (xnpHag
JIHHHA CJCBA OT 3AIITPHXOBAHHOH OOJAacTH YCTOHYHBOCTH) OT CMeIEHHS Mar-
HHTHON OCH HapyXy AJs CTe/JI2DaTOPOB C IIHPOM AJIS HEKOTOPHX CYIIECTBYIOMIAX
(L-2, H-E) n npoekraposasmuxcs (L-3) CTe/1apaTopos. BepxHas nuHus — rpa-
HHIA PaBHOBECHS :

3.2.2. Ilosbiwenue npedeasrozo pasHosecHozo dasienus
8 Gecuuposbix cresraparopax

K GecuuposrlM cTeanapatopam ortHocaTcs, B NepByl0 ouepenb,
cacreMel cepud AS (WVII-AS u ap.) ¢ HeGoibluMM YHCIOM K
Gosib1IOf ANHHOM MepHONOB (mapaMmeTp mapakchaibHocTH MA<1).
Bo usbexanne GoablHX OCTPOBOB BpaiaTesbHOe npeo6pa3oBaHHe
He JI0/KHO OBITh GIH3KHM K DALHOHATLHOMY YHCIY fi/m ¢ MAJHM
m, n (B CTelIapaTopax ¢ UIMPOM PE3OHAHCH p=r/m KONYCTHMHL,
T. K. 6Jarofaps IHPY, OCTPOBA, BO3HHKAIOUIHE IOJ AefCTBHEM BHH-
TOBLHIX BOSMYMIEHHH BHAA COS(mMO—ng), JOKanH30BAHH BOJIHSH
pesoHaHCHO# moBepxHocTH). Ilpu meGoabmoMm umcie nepuosos M
(8 WVII-A, nanpumep, M=5) cinaba HeORHOPOLHOCTD, . BHOCHMAS
BHHTOBEIM NoJieM. D10 0GJerdaer Co3AaHHe MATHHTHOR SAMH  (Jio-
Oble rodpr yXy[UIAIOT ee) H yayduiaer ylep:xaHHe B 00JacTu Jjo-
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KaJibHO-3anepThix wacTHL., OfHako npu MajgoM M  HeBO3MOXHO
cAenaTh AOCTAaTOYHO GOsbIIHM BpaliaTeJbHOe Npeo6paszoBaHHe (B
WVII-A p=0,23, roraa xax B L-2 p(ap) =0,8, B H-E p(ap) =2,5),
TI0STOMY paBHOBECHOE JaBJieHHe OKa3biBaercs HeGoubmuM, B~ 1%,
9TO ABHO He NOCTAaTOYHO JJAs peaktropa. Ilpemen mo pasHOBecHo
CBA3aH CO BTOPHYHHIM ToKOM (TokoM IIdupma—Ilmorepa)

Jy=aBp’(a), ‘ (25)
KOTOPHLIH SBJSETCS Pe3yabTaToM Ape#ioBoro pasmeseHHs 3apsaoB

B HEOLXHOPONHOM MAarHHTHOM IOJIe H ONpEJeNseTCs Yepe3 MepBHY-
HHIH TOK '

, B
jv=p @45 | (26)
u3 ycaosus div j=0:
; 1 1
BVa= —[BValV 5= va[Bv W] @7)

Herpyano Buzers, uyto B NpaBoil YAaCTH CTOHT BeJIHYHHA, NPOINOP-
IIHOHAJIbHASL CKOPDOCTH pajHajbHOro ApeHda yactuu. ITostomy mo-
BhILIEHHe § 32 CYET CHHXKEHHsi BTOPHYHOTO TOKa OJHOBPEMEHHO
O3HaYaeT M yMeHbllIeHHe HeOKJaCCHYECKUX HOTepb.

CrennaJspieM BHOOPOM NOMOHAAJBHON Op H TOPOHIANBLHON Cg
KDUBOJIHHEHHBIX KOOPAHHAT (MarHHTHBIE KOODAMHATH Bysepa) Mox-
HO NPEJCTAaBHThL PAaBHOBECHOE MAarHHTHOE II0Je B BHIE

2aB="F (a)Viz—vVa. ()

Tlpn 3TOM, OYEBU/IHO, TPalHeHT BJOMb KOOPAHHATH (p BHMALaer H3
NpaBoi YacTH ypaenenus (27), KOTOPOE C yUETOM CBS3U An2| B |2=
=V’ (B?) vVa[Vvevis] npunumaer Bux

0 1 2nF 0
BVa=valBVesl 55 1= 5y ao; 0l BI*- (29)

Takum 06pasom ONTHMH3ALHMs CHCTEMBl COCTOMT B YMEeHbUICHHH
Bapuauuu |B|? B HanmpaBieHud nepeMeHHOH 0p MarHHTHOR CHCTe-
Mbl KoopAHHAT Bysepa. Boablioe KOMHYECTBO YHCAEHHHIX pPacueToB
HO MHHHMH3aUHH BTODHYHOTO TOKA, BBHINOJHEHHHX B OCHOBHOM B
Tapxunre, TipuBeNn K onpeleleHHOMy ycmexy. Yganoch HaiTH
KOH(HI'YpalLKH, e BTOPHUHBIA TOK CHHXKEH 110 CPABHEHHIO C KJjac-
CHYECKHM 3HAUEHHeM sl OGBIYHOTO CTeJJapatopa C KpPyroBoi
OCBIO H KPYIVIBIM Ce4YeHHEM

2
Jo= {L L cos . (30)

3nece j,=p’(a)/B. Ocb Takol CHCTEMB HMeeT BHJ MHOTOYTOJb-
HHKa (naTayrosbeuka B WVII-AS). JaibHefimas oNTHMH3amHS
IpHBeJa K CHCTeMe ¢ BHHTOBOH ocbio Helias, .ermeilt B ocnomy
npoexra cresiapatopa WVII-X. 31ech BTOpHYHLIN TOK j, MeHblue
NepBHYHOrO j,, Tak yTo B mosmimaercd mo 9%. Ha puc. 7 mnoka-
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Puc. 7. Tunuunas KOHOArypauWs IJIasMEl H COOTBETCTBYIOUIHX KpPyUeHbIX TOPO-
HAQJIbHHX KaTyWeK B ONTHMU3HPOBAHHOM GECHIMDOBOM CTE/MIAPATOpe «IelHACY,
paspabatmBaemom B MucruTyTe Makca Ilnanka (@PT)

3aH npuMep cucreMun Helias ¢ maTeio mepmomamum [32]. Pucynok
Jlaet NpelACTaBjieHHe O CHCTEMe KaTylleK B HeJNABHO HauaBlilem
¢yHknuoHHpoBaTh cTesnapatope WVII-AS, oranuamonieMcs Gosee
«IJIOCKO#» OChIO.

K uHeay GeClIMpOBBHIX CHCTEM OTHOCHTCS TaKXKe CHCTeMa «Ipa-
kon» [39, 40]. T'naBuas umes ApaKOHA COCTOHT B CO3JAHHH KpH-
BOJIMHEHAHOro paBHOBecHoro sneMenta (KP3JI) ¢ 3aMKHYTHMH
BHYTPH HEro BTODHYHEIMH TOKaMH. Torza MeXAy ABYMS TaKMMH
Kp3JaMH MOXHO IOMeWlaThb TeXHOJOIHYecKH yAOGHBIE NpPSIMOJIH-
HeflHble YYaCTKH MaTHHTHOH CHCTeMBI NPOM3BOJIHON MJIHHBL (OTCIO-
Ja Ha3BaHHe <«APAKOH» — JJIHHHAS PaBHOBECHAas KOHQHrypauus).
ITockobKy B HHX He 3aTeKaloT BTOpHuHBle TOKH [Idupma—IIlro-
Tepa, OHH He BHOCAT OrPaHMYEHHH Ha paBHOBECHOEe /[ AaBJEHHE.
IlpsiMosnHefiHble yYacTKH MOTYT HMeTb INPOGOYHYIO TEOMETPHIO C
ocabJieHHBIM TIOJIEM B LeHTpanbHO#i uacTH. Tak Kak AaBjieHHe
IJIa3Mbl HA MAarHUTHHIX MOBEPXHOCTSX B 3aMKHYTHIX CHCTEMax IIO-
CTOSIHHO, ocsabJieHHe MOJIsi COOTBETCTBYET IOBHILIEHHIO IapaMeT-

pa B.
3.2.8. CHusierue HeOKAACCU4ECKUX NOTEPb

TlpuHnunHa/ibHBIM HEJOCTATKOM CTEeNIapaTopoB sBJseTcs Ha-
JIMUHe HapsAAy C TOPOHJAJIbHO-3alepTEIMH (K4aK U B TOKaMake)
TaK¥Xe JIOKaJbHO-3alePTHIX (Ha KaXJOM I[epHoJe BHHTOBOIO HO-
Jifl) 3apsKEHHBIX YacTHl, KOTOphle BHOCAT OOJbIION BKJIAA B IO-
Tepu Oaarojapst ApeH(y momepek MarHMTHHIX MNOBEpPXHOCTEH H3-3a
HEOJHOPOAHOCTH MATHHTHOro moJif. Tak KakK CHCTeMAaTHYeCKHH
ZIpedd cOuBaeTcss CTONKHOBEHHSMH, MepeMelleHHe IIEHTpa <BHH-
TOBOTO GaHaHa» MeXJy COyJapeHHsIMH oOpaTHO NPONOPIHOHAJNBLHO
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qyacroTe CTOJKHOBeHHA (Aocv,fv.), a koadpduuuenr pudbdysun
DocA%v,;0c1/v,;, T. €. pacTeT ¢ yMeHbIIEHHEM YaCTOTH CTOJIKHOBE-
nufi. Ilpn yMenblleHHH v.; Koadduunent nuddysun nagaer BMe-
CTe C 4aCTOTOH CTOJKHOBEHHH, ONHAKo A peakTopa HaHGOJbIIHMH
HHTepec mnpejcrasiser ob6aactb ¢ D~ lfv,; (B HekoTOpO# o6nacTu
napamerpoB IJasMu). UHcienHoe 3HaueHHe ero OKa3hBaeTCH
3HAYHTEJIbHO GOJNILUWIMM, 4eM B OGJIacTH «IJIaTO» H3BECTHOH 3aBH-
cumoctH D(v.;) TaneeBa—Carneesa. HeoknaccHueckne IOTepH,
BhI3biBaeMbie JIOKAJIbHO 3alepThIMH YacTHIAMH, [eJajH crejiapa-
TOP HEKOHKYDEHTOCHOCOOHEIM 10 CPAaBHEHHIO C TOKAMAaKOM. ’

B 80-e roam noJoxeHne ¢ HeOKJAaCCHUECKHMH NepeHOCAMH 3a-
METHO H3MEeHHJOChb B Jyudlyio cropoHy. CHauajga YHCJIeHHBIMH
pacueramu MeroJoM MoHnre-Kapsio, a 3ateM H cHCTeMaTHYECKH
OblI0 NOKAa3aHO, YTO MOXKHO H3MEHHTb KOH(HIypamuiO BHHTOBOTO
MarHuTHOTO IOJI B CTeJJIapaTopax Tak, 4TO NOTEpH, CBSI3aHHBIE C
JIOKQJIbHO 3amepTHIMH YaCTHIAMM, MOXHO YMEHbIUHTb NOYTH Ha
nopanok (cM. o63opsl [25, 12, 32]). Has 3TOro HyXKHO CHH3HTB
MOAyJasuMI0 MOAyJas B Ha pHeumrHeM o6Bome Topa. Cphenarts 3TO
MOXKHO, BapbHpysl HAaK/JOH BHHTOBHX OGMOTOK HO HMOJIOHAAJIbHOMY
asuMyTy. Ha BHelmlneM o6Boje Topa OGMOTKH JOJNXKHH HATH
nonéro (moyTH BAOJB TOpa), TOTAA PACCTOSHHS MeXAY HHMH
3AeCb MaJB H MOAYJSLHA NOJA He3HaunTeabHa. Ha BHyTpeHHeM
Xe -00BoZle, rae OOMOTKH MAYyT IOYTH 10 a3HMYTY, MOIYJISIIHS,
Hao6opoT, yBeaHuHBaercs. Ha sA3bke BHHTOBBIX TapMOHHK 3TO
COOTBeTCTBYeT HOOaBJIEHHIO K rapmoHuke sin(l/0—Mgq) cooTser-
‘crByollnx rapmoHHK  sin[(I4+1)0—Mg] c¢ coorBercTBylOWIER
ONTHMAJILHON aMILIMTYIOH.

Jlpyroit noJIOXHTeNbHHH BHIBOJ TEOPHH CBf3aH C YYeTOM paju-
aJbHOro (aMOHMOJSAPHOro) 3JjekTpHuecKoro nojs. OHO yCHJIHBaeT
A3HMYTaJbHHA ApeAd 4vacTHL, NPHBA3LIBAs HX OPOUTH K MarHMT-
HBIM noBepXHOCTAM. CJI0XKHOCTb COCTOHT B €r0 ONpelesIeHHH H3
NpHPaBHUBAHHUA BHIPAXKeHHH [JIsI HE3aBHCHMBIX IIOTOKOB 3JIEKTPOHOB
H noHOB. OHa nBosiKas. Bo-mepBHIX, HOTOKH 3aBHCAT OT pacupeje-
JIeHHsl IJIOTHOCTH, TEMNEPATYpPH H T. A., a 3TH BeJHUHHH HKOJIKHH
ONpelenaTbcs M3 ypaBHEHHH NepeHOCOB, KyAa BXOIST 3TH IIOTOKH
C HEH3BECTHHIM elle 3JeKTPHYeCKHM mnojieM. Bo-BTophix, H3-3a He-
JIHHEAHOH 3aBHCHMOCTH KO3(QdHuHeHTOB AMPODY3HH OT 3/IeKTpHUe-
CKOrO TOJISI ypaBHEHHe, H3 KOTOPOTO OHO ONpejaessieTcss, HMeeT
HECKOJbKO KOpHeH, H BcraeT npobjeMa BHOOpa HPaBHJIBHOTO KOP-
Hg. O6mHX pellenToB, ecjd He pellaTh SBOJIOLHOHHYIO 3ajauy,
MoKa He BhIpaGOTaHO, HO B pAfe CJAydaeB YAaeTCs HCKIIOUYEHHEM
HeyCTOHYHBBEIX KOpPHeH M, HCIOJAb3ys HEKOTOpHe (H3HYecKHe c006-
paxkeHHusl, BELICJNUTh NpaBHJIbHOe pellleHHe. PaccuuTaHHbe 110
onpefleIeHHBIM TaKHM 006Pa3oM NOTOKAM C YYeTOM 3JEeKTPHYECKOro
MoJIsl NpoGHJIH TeMOepaTypH B psje CAydaeB OKa3HBAIOTCS COBIA-
JAIOIMUMH C H3MEepeHHBIMH He TOJMbKO AJs Ty, wo u masa T,. Tak, B
[41] chenan BBHIBOX O HeOKJaCCHYECKOM XapaKTepe 3JEKTPOHHOR
TemaonpoBofHocTd B I'ennorpone-E, xotd B ycraHoBke JI-2 He
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5IWVII-A, ®PT) - ,5(3LH)| 1(HK) '| 1(HU)
HBenp-2 (J1-2, HOPAH, 10t® 31IH) lo, .

_ ccch) ( 1(3LH) [0,4(1LIH)
parau-3 (¥-3, XOTH, 1019 ,3(1 . .
CCCP) ( 0,3(MLIH)( 1(MLIH) | 0,6MLIH |+ .

o6oiiTHch 6e3 BKJIOYEHHS aHOMAJbHOTO KoapduuHeHTa TemIonpo-
BOMHOCTH, DACTyHIero K TpaHHue ILIa3MH 06paTHO IPONopUHO-
NIaJbHO NpousBeleHuio ul.. Pasunua moxer GHTh 06bsicHeHa Jayd-
LIed CHMMeTpHeH SIOHCKOH yCTaHOBKH,

Elle oxHHM HocTHXKeHHEM HeOK/IacCHUeCKON TEOPHH NEepeHoCoB
TOCTI€IHAX JleT OblJA pacyeT TOPOHAAJBLHOTO TOKAa, BHI3HBAEMOrO
Heoksaccuueckoi uddysnelt maasmul (6yTCTpan-ToK) [12, 42].
Bri3niBasa omacenne BHHTOBas MTI I-HeycTOHYMBOCTD, - CBA3aHHAS
€ 3THM TOKOM. Tenephb nosBHJIach BO3MOXKHOCTh HCCIEAOBATL 3TOT
Bonpoc. He nckiioweno, uTo B creanaparopax ¢ IIHPOM ONACHOCTH
BHHTOBOH HeyCTOAYHBOCTH HeT, IIOCKOJbKY H3-3a Hapacramoiue#
OT OCH NJIOTHOCTH GYTCTP3N-TOKA BO3MOXKHO BHIIOJHEHHE JOCTa-
TOYHOTO yCJOBHS ycToH4HBOCTH [43] p,<p(a)—p(0). :

3.24. OcHoshble 3KCnepumenTabHbLe pesyabTaTsl

B Hacrosimee BpeMs Ha CTeMIapaTopax CO3NAIOT BHICOKOTEM-
TNepaTypHyo mjasMy 6e3 HCIOJNb30BAHHS TOKA OMHYECKOTO Ha-
rpesa. [las Harpesa naasMbel NPHMEHSIOT 3JIEKTPOHHO- IHKJIOTPOH-
HbiH  Harpes (3LIH), MOHHO-UMKJOTPOHHHIH Harpes (MLIH),
Harpes HHXeKUHeH mNyyka  OHICTPHIX  aTOMOB (HHU). Ha
STOM IyTH YAAJOCh CcO34aTb GECTOKOBYIO MJa3My C TeMIle-
PaTypoH HOHOB M 3/1eKTPOHOB T.,;>1 K3B, co cpaBHHTeNbHO BH-
COKHM HaBiieHHeM {f>~2%. B rabauue 6 NpeacTaBJeH MAaKCH-

MaJbHbE - [TApaMeTphl GeCTOKOBOH IJIa3Mbl B CTeJJIapaTopax, Mo-
Jy4yeHHble 1o 1988 r.

Ta6ruya 6
Pexopanble napamerper 6ecrokosoft miaamsr B Pa3nH yHBIX
creqaparopax
YcTaHoBKa ng(0), M=* T ,(0), k3B |T; (0), xsB B(0) % TE, MC

Teqnotpon-E (H-E, SInomus) | 2-10% l,2(9L[H)1,6(HI.[H) 3,6(HU)

Jhogonhrmo CpaBHEHHe pe3yJIbTaTOB, nNOJyuyeHHHX HA&.
KPYNHEHLIHX yCTaHOBKAaX ¢ paAMycoM Topa R=—2u— Fé
He-E u Bangeaswreine VII-A (WVII-A), Hecmorps  H2LYR
BEHHbIe Da3JHYHs B MapaMeTpax (aclekTHoe orHouleHHE B:fl
A=11, Bo BTOpO# 20; mepenaa BpauatesbHOro n/e;
OT UeHTPa A0 Kpas B mepBoil Au/p={u(a,)—u(0)]/1H
poit Ap/u=0,025), o6muli Maccus ,aa[::ﬂ(u;) nou(ﬂ)a'rpe‘ e
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YCTaHOBKAX TNPAKTHUECKH He pasfiuuaercs (cm. Tabanny 7). Yac-
THUHO 3TO OOBsicHseTca TeM, uTo B ycraHoke W-VII-A  manoctsb
paauyca (a,=10 cm BMecTo @,=20 cM Ha H-E) KoMIeHCHPYyeTcsH
60/bIIOH HANPSXKEHHOCTbIO MAaTHHTHOrO MOJIfA (35 xI'c mporus
90 kI'c ua H-E). TMopasuTennHuiM sBJSETCS TO, YTO GeCIIHpOBHIHA
crennapatop W-VII-A npossisier cefs He XyXe, YeM CTelnapaTop
¢ GOJBIIAM LHHPOM,

Tabauya 7
Mapamerpsl miasmbi B crednaparopax H-E u WVII-AS

B 3aBHCHMOCTH OT IVIOTHOCTH /i, M BBOZMMOA MOIHOCTH
P (nopuepKHyTHl pPeKOpAHBIE 3HAYEHHA)

E

YcTanoBka P MBr 7,200 | To(0), | T4 (0), B, % 1015;-’
Mm? k9B x3B .

3,5 HA 0,26 0,7 | 1,6 0,3 (1,9 Txn) 0,26

H-E {1,8 HU 0,9 | 0,4 | 0,4 2 (0,94 Tx) 0,63
2 HU 1,4 {0,303 0,47 (1,9 Ta) 5

0,11 3UH 01 | 2,4 |o,1 0,1 (2,5 Tn) 0,04
WVIL-AS |{o46 1mt L2 |67 ] 1 045 (32Tn) | 2,5

DxcnepuMeHTH €O 3HAUHTEJbHBIM [IOBHIIIEHHEM NaBJACHAS NJaa3-
MH TIO3BOJIAJIM YCTAHOBHTH XOpOLlee COMVIacHe PacyeroB CMeUleHHs
OCH ¢ HaGJIOfaeMbBIMH 3HaueHusiMH., HHTepnosisunonHas dopmyia
IJISl CMellleHHs OCH, TIOJyyeHHash Ha OCHOBe IBYMEPHBIX DpacueroB
[43], ameT BHO

_521 = (Os 15+ 0185P02/ p’a2)__z— Ba: (31

B ornomennd MIJI-HeyCTOMIHBOCTH TJIa3MBl yCTaHOBJIEHO, UTO)
TIPH HAJMYHA BHYTDH MJIa3Mbl ‘PalMOHAJbHONH MAaTHHTHOH IOBEpX-
HocTH ¢ p(as)=1 (xak 3ro mmeer Mectro B H-E), naGmomaercs
IBa peXHMa— C ILNIOCKHM NpoduieM [aBI€HHH, MOJYy4aloIUMCs
IpPH BHEIIHEM <MOJJAyBe» Trasa, M € THKHPOBAHHHIM JAaBJCHHEM.
Tepsuiil, Q-pexXuM, YCTOHUHMB, BEPOATHO, H3432 TOro, YTO MAakcCH-
MaJbHHH TPafiueHT [aBJeHHs momajgaeT B 00JacTb MNOBHIIEHHOTO
mHpa. Bropo#l, S-pexxuM, XapakTepusyercs BHYTPEHHHMH CpBHIBa-
MH, aHAJOTHYHHMH, HaGJOfaeMbM B ToKaMmakax. MX o0bsacHAIOT
pasBUTHEM IHCCHNATHBHOH XeJOGKOBOH HEyCTOHYUBOCTH TPH BOC-
CTaHOBJEGHHH TPafHEHTa [aBJeHHS Ha PALHOHAJIbHOH TOBEPXHOCTH.
CpuiB He BJHSET CyIUeCTBeHHO Ha TMoGaiapHoe yaepxanuwe. Ho
yCJIOBHE YCTOHYHBOCTH OTHOCHTE/BHO KETOOKOBHIX JAHCCHIATHBHBIX
MojJ HaJsaraer Gosiee XKecTKoe OTpaHHUeHHe Ha npelejbHOe JaB-
JeHue.

B GecliupoBoM CTelaparope HawJydyllee yAepXKaHHe — TOJY-
qaercss NPH HEGOMBUIOM OTJHUHH BPAIaTEIbHOTO NpeoGpa3soBaHUs
OT  pallMOHaJIBHOTO YHCJIA n/m C MajxbiM n, m. Caabptht mup yayd-
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mlaeT yhepxaHde, CHAbHBIA OKasbBaeT GJaronpuaTHOEe Bo3nef-
CTBHE JIHLIp NpM BEHCOKOM fB. Hawxynamee ynep:kanue moayuaercs,
KOrja NOBEPXHOCTb ¢ w=n/m monajgaer Ha Kpail NJIasMHL.

Urto Kacaercs MepPEeHOCOB, TO HOHHBIH TE€PEHOC ¢ TOUHOCTBIO IO
Kospduumenta Macwrraba ~3 COOTBETCTBYET HEOKJIACCHYECKOM
OlleHKe HE3aBHCHMO OT BKJAaJABBAeMOH MOLIHOCTH, TOTJAa  Kak
3JIEKTPOHHAsA TeMJIONPOBOAHOCTL OJIH3KAa K HEOKJACCHYECKOH TOJib-
KO B NIpHOceBOH 006JacTH, Ha Kpaio e OHa SIBHO aHOMaJibHad.

3.3. banxaiinige 3agaun

Ilepen crensapaTopaMH CTOMT 3ajaya NOBLILIEHHS NapaMeTPOB
TJIa3MBl, AJHTENbHOCTH €€ YICDXaHHA H ToayueHHe HHPOpPMAaUHH
0 NepeHOCaX MNpH BHICOKHX f B 06JacTH peJKHX  CTOJKHOBEHHIL
M pelleHHss 3THX BOUPOCOB NpopaGaTHBaeTcs nepexof K Cred-
JlaparopaM, MacTad KOTOPHIX COOTBETCTBYeT COBPEMEHHHIM KpYTi-
HBIM TOKamakaM THna T-15. B rabauue 8 npuseseHs mpeasapu-
TeJIbHBlE NapaMeTpPHl 3THX CHCTEM [IpelpeaKTOpPHOrO Maciuraba.

Tabruya 8
l'lapamerpu npeapeaKTOpHLIX CTealaparopos
YcranoBka CrpaHa ap M R, m B,‘ Ta
Yparan-6 CCCP 0,4 2,4 4
ATF-II CHIA 0,5 2 4
WVII-X oPI 0,5 5 4
LHS Snouus 0,5 4 4
Heliotron F1 » 0,8 6,4 4

PeakropH-cTe/sapaTopsl ¢ COBPEMEHHBIMH MDEICTaBJIEHHAMH O
MepeHoCax BBHIMIAAAT OoJee KPYNHBIMH 110 OTHOUIEHHIO K TOKaMa-
ky. Tak, B npoekre Heliotron-H ap,=1,7 M, R=21 (I/M=2/_}.5A_)A.
B MSR (MomyibHB cTesnapatop peaktop, Jloc-AsaMoc) — @p=
=0,8 M, R=23 M, B ASR (®PI') R=20 M. Takue Xe MacUITA0H
HMeeT B NpoeKkTe YparaH-7. B Ox-Puaxe npopabaTHBaercs B3
puant 6oJiee KOMIAKTHOTO peakTopa-TOpCaTpoHa ¢ HeNPEePHRHEe

MH BHHTOBHIMH OOMOTKAaMH, 3allHINEHHHMH C BHyTPeHHEH CTQRQe . -

Hbl TOpa C LeJbi0 yMeHblleHws TaGapuToB  He  CTaJIbHBIM,
BOJLppaMOBHIM, GoJiee TOHKHM 3KpPaHOM, B 9ToM PEaKkTope .
R~10 M, ap~2 M. C Le/bio yMeHbUIEHHS HEOJHOPOXHOCTH
H, COOTBETCTBEHHO, HEOKJAaCCHUGCKHX II0TEPb B Xa-PBmBCKQl}..«
exre YparaH-2MP mpuusato HeGoJblioe YHCAO NEPHOAOB, .

IpH HeNpephBHEIX 00MOTKaxX ¢ [=2, .
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Kak ormeuasioch BhIIe, B cTeanapaTopax MOXKHO MaHHIYJUPO-
BaTh BHIGOPOM MHOTHX TapaMeTpoB. B Hacrosimee BpeMs BhIAeJH-
JIHCh, KaK OTMeuaercst B 0630pe {32], weThpe OCHOBHBIE KOHIEMMIHH:

1) Gospiine p, p” u M, BHICOKas cTeleHb CHMMETPHH, CTabH-
AH3ANUA LUHPOM;

2) ymepenHble pu, p’, pacuer Ha BTOPyl0 30HY YCTOHIHBOCTH
(ATF, YV-2M, J1-4);

3) caabuiit  wHp,
Mpupwa—Ilmorepa, 8 [ (dl/B)=min, pas yaydyureHus paBHOBe-
CHSl IPH YMEDEHHOM p;

4) BUHTOBas oCh, CAGH mwHp, CTAGHIH3ANAS MAaCHHTHON AMOH
(rennax TJ-II u xp.). :

B neficTBUTENILHOCTH 3THM [Je/ieHHeM He HCUepHEIBAIOTCA BCe
npencras/fioliye uHTepec cutyauud. OTCl0ONa BEITEKaeT BaXHOCTb
WHPOKHX HCCAENOBAHHH PA3JIHYHBIX THIOB CTE/JIAPATOPHEIX CHCTEM
€ HCNIOJIb30BaHHEM, B TOM YHCJE, YHCAEHHOTO MOAEIHPOBAHHS IpO-
1eccos B nyra3Me cTeJsiapaTopa ¢ NPHBJIEYEHHeM TPEXMEPHHIX KOAOB
AJIS OTIHCAaHHA paBHOBeCHHIX kondurypauui u MI[1-ycroitunsoctn
NAasMel. ‘

OcCHOBHHIM HanpaBJ/ieHHEeM TeOopeTHUeCKHX HCCJAENOBAHHH OCTAIOT-

€Sl IOMCKH MAarHMTHHIX CHCTEM C BHICOKHM B H HH3KHM YDOBHEM Ile-
PeHOCOB ¢ y4eTOM pPe3yJbTATOB 3KCIEPUMEHTE, IOUCKH IPOCTHIX TeX-
HOJIOIHYECKHX pelleHHH cO3JaHHA HeOOXOAHMMOH MAarHHTHOH CHCTe-
‘MBI, U aHA/H3 HA6JAI0[2eMOTO. '
+ Boablioe snaveHue AJisi pa3BHTHS CTeNIapaTOPHOTO HaNpabJle-
HU# Hrpaer coslldHHe TPeXMepHHIX KOJOB paBHOBechs. Boobiie, Me-
TOJb! YHCJIEHHOTO MOJEJNHPOBAHHS [IPOLECCOB B MJia3Me CTeJsiapaTo-
POB HIpAIOT ONpEeNAIOUIYI0 POJIb B HCCAeN0BAaHHUAX N0 CTeIapaTo-
pawm. ‘

% 4. MMHY C OBPAIMEHHbBIM MATHUTHBIM NOJIEM (IIOMII)

4.1. O6iue cBegeHus

IMuuy ¢ o6pameHHsiM MarHuTHEM noseM ([TOMIT) — ato Tpersst
16 MacuITaly HCCIeIOBAHHN KOHIENUHS MAarHHTHOTO YJepkKaHus
NTa3Mbl B TOPOHAAJNBHHX cHcTeMax. Eciu mepsasi — ToKaMak ponu-
aacr B CCCP, Bropas — crennaparop — B CILIA, o [IOMIT umeer
aHriuiickoe mnpoucxoxienHe. Ero mnpexmecrBeHHHKOM GBI TO-
pounanpublii crabunusupoBaHHbidl nuHy (CIT), peanusoBaHHHN B
nososibHO KpynHoil yeranoBke ZETA macmraba tokaMaka T-10, Ho
nocrpoennop Ha 18 ger panbuwe. Eme cambie nepBrle HecsenoBanHs
yCTOHUMBOCTH NHMHYa MOKAa3asH, YTO MJISi CTaGHAU3ALHHK NepeTsiKed-
HO# HeycToliunBocTH (Moja m=0) IOCTaTOYHO c1a6oro MarHKUTHOroO
fiontst By~ Bo=po//2na. Ha Monenu CKHHUPOBaHHOrO TOKa GBLIO
NOKa3aHo TaKXKe, YTO €C/IH TaKoe NoJe COCPeIOoTOYeHO TOJbKO BHYT-
PU mIasMBl, a CHApyXH €I'0 HeT, TO OHO NPENSATCTBYeT PA3BHTHIO KO-
POTKOBOJIHOBBIX H3HOHBIX (BHHTOBHIX) HeycrofiuuBocTell. [lpm Ha-
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yMepeHHBEe 1, M; ONTHMH3AaUHS  TOKOB

JHYHH XKe. GJH3KO PAClOJIOXEHHOr0 NPOROASAIMIETO KOXyXa CTaGH/H-
SHPYIOTCA H MJIHHHOBOJIHOBBEIE BO3MYIIEHHS, TaK YTO 06eCHeunBaeTCs
I0JHAsA yCTOAYMBOCTL KpyHMHOMACIUTaGHEIX Moy m=0,m=1. B mo-
A€/H CKHHHPOBAHHOrO NMHHYA CTAGHJIH3HDOBAHBE TaKXke M BHICIUHE
Moxsl. Bonpoc cocTosyr B TOM, MOXKHO JIH OCYIIECTBHTb HEOGXOMHMO®
pacnpenesenne nosis. KoHeuHo, npu 6HCTpOM (N0 CPaBHEHHIO €O
«CKHHOBHIM BPeMeHeM>» T =|io0/4) HapalIHBaHHH TOKa HavaJbHHI]
MAarHUTHBIH OTOK MPOAOJIBHOTO MATHHTHOTO 10, GyAydH «BMOpO-
KeH» B IIa3My, NOJIKEH CKATbCS BMECTE C Hel, M IIPH 3aMKHYTOM
BIOJb a3UMyTa NMPOBOASLIEM KOXyXe (HacCHBHBEIA KOXYX) MarHMT-
HOe MoJie BHe IIJIa3Mbl MOXKET cTaTh GaAM3KUM K HYA10. OHAKO H3-3a
HU3KOH 3/IeKTPONPOBOJAHOCTH IIa3Mbl B HauaJie Ipoiecca, oco6eHHO
B IIPHCTEHOYHOH 06JacTH, Ka3aJocb, HeT HajiexkJ Ha crpebGaHue
I71a3MO#l Bcero nmotoka. Mexay TeM anrjuiickue GH3HKH OCYILECT-
BUJIA COTBETCTBYIOIIHA 3KCIEPHMEHT, COOPYIAMB AJS 3TOTO yCTas
nosky ZETA p XapsenJe: '

B konue 1957 r., npuMepHO uepes MmoJTOpa roja mocie BHCTYI-
aenust U. B. KypuatoBa B 5TOM aHFIHECKOM aTOMHOM LEHTpE C JieK-
IHell 06 OTKPLITHH COBETCKHMMH yUeHHIMH 3(QeKTa HCIyCKaHHS B
MOIIHBIX HMIYJbCHEX Pa3psifiax B AeHTeDHH HeHTPOHOB, KOTOpHIE,
OJIHAKO, OKa3a/IACh HETEPMOSEPHOTO NMPOHCXOKACHHS, B aHIVIHE-
CKOHl Tipecce MOFBHJMChL CEHCAllHOHHBIE COOGMmEHHS 06 ycmexax
aHIVIMACKAX (DH3HKOB B OCYIIECTBJIEHHH yIpaBaseMoro cuuresa. Co.
obImasnocs 0 Temnepartype nmiaasmui B 400 3B, 0 HeliTpoHHOM H3AyUe-
HuM. Hayunble ny6inKank| o6 9THX pesysbTaTax B siuBape 1958 r.
BhI3BAJIH COMHEHHe B NPABHJILHOCTH HX HHTepnperanuu. [IpoBepka
aroro pexuma na TokaMake B CCCP na u- cob6cTBennnle JajbHeil-
LIHe HCCeNOBAHHS aHIVIMYAaH NPHBEJH K - BHBOAY Ha JKeHeBCKOR
KoH¢epeHuuu 1958 r. o TypOyJeHTHOM COCTOSIHMH NJAa3MH B paspsi-
Ae H HH3KO# ee TeMmneparype T ~10—30 sB. Ho Hu3kas remmepary-
pa muasMbl O3Hayaja M MaJdylo BeJIHYHHY CKHHOBOTO BpPEMEHH,
MEeHbIIYIO JJHTENbHOCTH NMOAJepXKaHHA KOHQHrypalHH. MexXay TeM
TOPOHJANEHOE NoJle GblJIO MAKCHMAaJbHLIM B LeHTPE I/1a3Mbl U 6J1H3-
KHM K HYJIIO 1a Kpaw. Bosee toro, Kak npaBHio, Ha Kpaio BO3HHKA-
JIO moJie 06paTHOro 3HaKa. JTO 3HAUHT, YTO BHYTPH MArHHTHOH IO-
BEPXHOCTH, Ha KOTOPOH 10Jie NePeXOAHT Yepe3 Hysb, MArHHTHHHA NO-
TOK 0oJibllle HAa4aJbHOTO, T. €. HMeeT MeCTO reHepalHss MarTHHTHOrO
LOTOKa B mJa3Me. Tako# nporecc Gbl NpefcKasaH ipH HCCAeAOBa-
HHM yCTOHYHBOCTH M HarpeBa muHua Posenbiayrom [44]. Ho wmurp
uepes 1ecaThb JeT Ha KoHpepenunu B HoBocuGHpCKe, KOrjaa yCTaHOB-
ka ZETA 6nina yXe NeMOHTHDPOBaHa, INpPO3By4aJo COOGIIeHHE 06
OTKDHITHH B 9KCIEepHMeHTax Ha ycraHoBke ZETA B 1965 r. «cmokofi-
HO# (a3pl» pa3psiia ¢ MaJHM YPOBHEM TYpGOyJIeHTHHX AyJbCaliHH H
«TIPHJAHYHBIMH» NapaMeTpaMu miasme: T,= 150 3B, Be=5%. dra
¢asa nosBafAACh JHIIL B CJayudae o6palieHust TOPOH/aAbHOTO MOJIs
B6JIH3H CTeHOK KaMepnl. Ilpobyauncs muHTepec K HCCIeJOBAaHHIO
COOTBETCTBYIOIIMX pexHMOB. Tak Bosumkiaa Konuenuuss [IOMIT.
Boabuioe 3HayeHHe B ee CTAHOBJIEHHH CHIMPaJdd MOMHMO YIOMSHYTHIX
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pa6oT TeoperHdeckue uccienosanus [l. Po6HECOHa no yCTOHYMBOCTH
niasMel B [IOMIT [45] u Teopust Jx. b. Tef#iopa o penaxcauuy,
Uz CaMOOpraHHsaluu nuasms [46, 47].

TokaMmak, crabuiusuposannnii nuHy u [TOMIl pasauyaorca
ApoGHUAAMH TOPOHAAJIBLHOrO MarHHTHOTO MOJIs, HJH, Jydlle TOBOPHTH
o0 6e3pasMepHOM napamerpe, npoduasamu g (r) =rB,/RBe (puc. 8).

‘ /
__ﬁ_‘//_
,// 8
L—-—" ¢ Bp
8 "
g >
r r
a ] \

Puc, 8. Pacnpejenesne 1m0 pajuycy TOPOHAambHOR By H moJoHAalb-
HOi B, KOMIOHEHT MArHHTHOrO NOJA, & TaKxe «3anaca yCTOHYH-
BOCTH» 4) B TOKaMake, 6) B NHHYe ¢ 00palleHHBIM MArHHTHEIM HOJIeM

3aMeTHM, 4TO BHe TOKOBOTO KaHaza, riae B,==const, Be=uoJ[2nr, q
pacter ¢ pajaHycoM no napabose. B TokaMake 3TOT pOCT, Kak 1pa-
BHJIO, MOHOTOHHHH oT §(0) &~ 1. B crabuIx#3HpOBaHHOM THHYe Ha
OCH pa3psiiia ¢ MeHbllle, 4eM B TOKaMmake, ¢ (0) ~0,6a/R, 1 Tak Kax
TOpOH AaJIbHOE NOJIe B IIa3Me NaldeT C PpajHycoM, a NOJoHAaNIbHOE
pacTet, TO ¢(r) cHauaja TakXke [ajaer, HO BHe TOKOBOTO KaHana,
KaK yxe OTMeYajoch, CHOBa Bo3pacraer. TakuM o6pasom, B CII
g (r) uMeeT MHHHMYM, H 3TO, KaK NOKa3bBaeT TE€OPHs, NPHBOIHT K
neycrofiunBoctd CII. Dta cutyauns npu yGeBaiomeM OT OCH q(r)
HeH36eXHa, eClH TOJbKO He MO3BOJIHTH ¢ (r) mepefiTH yepes Hylh,
T. e. O6PATUTh TOPOH/AJbHOE NOJIe BOJIH3H Kpas NIasMBL Cneposa-
reabno, IIOMII orsuuaercst or CIT MOHOTOHHOCTBIO MPOGUASA q(r),
KoTOpasi npH y6hIBaKOIIeM o HeHTpa TOPOHIAJLHOM TOJE MOCTH-
raeTcsi H3MeHEeHHeM ero 3Haka BGiau3H Kpas. [lpu aTOM mpenesibHoe
10 yCTOHYHBOCTH OTHOCHTE/IBHO HIEaJNbHBIX MI'l-Mox 3HauenHe
«06mero P», T. €. p=2po<<p>=>/|B.|? cocTaBisfeT 0KOJO 30%, a
oTHOCHTeJbHO «THpHHT»-MOA — 17% [45]. HeycroiunBrmu OKasbl-
BalOTCA JHCCHIATHBELIE XeJOOKOBHE BO3MyIIeHHS, KOTOpble B TO-
KaMake MOTyT GHITb 3acTa0H/IH3HPOBAHHKIMH cpefHefi MarHHTHOH
amoii. B TIOMII marHaTHO# SIMBI HeT, MOCKOJILKY, OHa CO3jaeTcs,
KOMa MATHHTHAs CWJIOBAas JHHHS HIET Ha BHYTPeHHedl CTOpOHE
Topa NOJ MaJBbM YIJIOM K ero o6pasyiolledi, mprobperas, TaKHM
©6pa3oM, CPeAHIO OTPHUATE]bHYI0O KPHBH3HY. Tak xak B TIOMI1
TOpOHAaJbHOe ToJle C1a6o€, TO KPHBH3HA CWJIOBOH JIMHHH HHTIle He
CTAaHOBHTCS OTPHI(AaTe/JbHOH, 4TO M 03HA4aeT OTCyTCTBHE cpenHeit
MarruTHO# siMH. BepoaTno, [TIOMII no 310i NpHYHHE 06JajfaeT 110~
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BHILIEHHbIMH NIePeHOCAMH 110 CPaBHEHHIO C TOKAMAKOM MpH OJXHHAKO-
Box n, T, a.

ITo koHcrpykuuu [TOMII npakTHYecKn He OTIHYACTCA OT TOKa-
maka. CoBpementrle [IOMIT HMeOT TOPOHAAJIBHYIO BAKYyMHYIO Ka-
mepy (o6bluHO cuNbGOHOBHIA JlaliHep H3 Hep:KaBelollled CTaJH,
HHOTAa ¢ rpadHuTOBOH auapparmoit). CHapyXH K Hefl NpPHMBIKAeT
IPOBOASANIHI KOXKYX CO CPABHUTENbHO TOJCTHIMHU aJTIOMHHHEBHIMH
CTeHKAMH. B KOXyXe €CTb NONepedHEi pa3beM [Jisl BBEACHHS TO-
POHAJIbHOTO 3JIEKTPHUECKOTO MOJs. JJis KOHTPOJIA 32 TPHCTEHOU-
HBIM TOPOHJAJbHBIM MaTHHTHBIM NOJIEM MHOTAA Ae/1aloT H MpOAOIb
B padbeM (aKTHBHBIH KOXKyX). 33 KOKYXOM —CJELyloT O06MOTKH.
TOPOHJANBHOTO H TMOJIOHAAIBHOr0 MAarHHTHOTO HOJIS.

4.2. Pa3Burne HccaenoBaHui npomi

OTkphITasi Ha yCTaHOBKE ZETA cnoko#inas ¢asa paspsiia HacTy-
nasna nocae Typ6yienTHO# ¢assl, rie naasMa, B3aUMOJEHCTBYSA CO
CTeHKaMH, TepsJa MHOro 3Heprud. [js mojyyeHus Jydllnx napa-
MeTpOB pelIH/i GHCTPLIM HapamMBaHHEM TOKA OTpHIBATh MJIA3MY
OT cTeHOK (GHICTpHIE MHHuK). B cepun HeGOJBIIHX YCTAHOBOK C Ke-
paMHuecKHMH KaMepaMH B 70-x rojax 6mljia HCC/ieioBaHA AMHAMUKA
YCTaHOB/IGHHS PeNaKCHPOBAHHOTO COCTORHHA. Jror npouecc IueJa He
cnoxoiino. CHcTeMa Kak Obl 10 HHEpIHH NPOCKaKHBajla cocTofHNe
yCTOHYHBOrO PaBHOBECHs, BO3BPaIllaiach, NIPOHCXOAHIH GoJbUINe
KoJsie6aHHs, yXyAllaBline ylepKaHue. JLATeJNbHOCTD Pa3pafoB  Co-
CTABJISNA BCETO JeCATKH MHKpoceKyhj. [TosiBuBIIasCs B 9T0 BpeMA
teopus Teilopa mpeAckassiBaja HE3aBACHMOCTD OKOHYaTeJILHOrO
COCTOSIHHS OT NpeABapHTe/IbHON CTalud. [TosToMy Muicab OGpaTH-
Jach CHOBA K MeJJIeHHBIM NHHYaM CO CIOKOHHBIM yCTaHOBJICHHEM
yCTOHUMBOTO paBHOBECHS.

s ymeubiuenus sQdexTa B3auMOJIefiCcTBISl CO CTEHKaMH KaMe-
py CTaJH CHOBA, KakK B ZETA, penars merasanueckoit. B 80-x ropax
($YHKUHOHUPOBAJH, B OCHOBHOM, NATH YCTaHOBOK, CpPaBHHTe/IbHHIH

'pasMep KOTODBHIX IIOKa3aH Ha pHC. 9 pMecTe C yCTaHOBKO# ZETA.

Mempnt

Puc. 9. CpaBHenne PpasMepos nuHued ¢ OOGpalleHHHM
nosem 80-x rogoB ¢ ycranoskoi ZETA
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Crenyer OTMETHTb, 4To B Hauade 70-X TOJOB AKTHBHOCTD B
necnenoanusx [TOMIT pesko cuusmmacs (B 3To BpEMs Ha MHPO-
BYylO apeHy BHIXOAMJH TOKaMaku). HoBEIf HMIOyJabC K pa3BHTHIO
HCC/IeN0BaHHA naja Teopus Tefiopa o mepexofe CHCTEMB K obpa-
WEHHOMY NPOQHII0 KaK COCTOSHHIO ¢ MHHHMAJbHOH 3Heprueft
NpH COXPAaREHHH HHTEPPAJbHON «CHHPAVILHOCTH»

K={ ABar, (32)
rie A—BeKTOpHEIN MOTEHUHa/ 3MeKTPOMATHHTHOrO noas, B= rot A,
E= — %7 — V9 a uHTerpupoBaHde BeIeTCS N0 00BLEMY IIa3MbI*).

Coxpanenne K cienyer moHuMath He Kak aBCcosIOTHOE, a JIHIIL
KaK OTHOCHTeJILHOE MO OTHOIIEHHIO K 6osiee GLICTPOMY H3MEHEHHIO
SHEPTHH NpH HAJHYAM BHYTPEHHUX KOJIEOGAHHH C MAaJBM DeOMeT-
pudeckuM Macwrabom 8K a. IIpsamuM auddepennnposannem (32)
HETPYAHO TOJYYUTb AJISi CKOPOCTH H3MEHEHHS CIHPaJbHOCTH

=2 BB a1 20,V,+ 2 (@,4,).

dat ‘ (33)

CKOpOoCTh U3MEHEHHS MATHATHOH SHEpruu W=‘S'(B2/2u0) dv naercsa
COOTHOILEHHEM -

Ll -—S (E)dt+JVy—JoVe. (34)
3nece @, Yg— TOPOHIAJILHBIA H BHEIUHUH NIOJOMIAJBHBEI MATHATHBIE
NOTOKA HA TPaHMIE MJasMbl, Vo= — ‘2‘;", Vo= — d;;" — Harnpsixe-
HHf  O00XOLO0B, Jo——TOK B TOPOMIA/MbHBIX KATYIIKAX, By (a)=
=Js/(R—a cos 6). Pesaxcauus cBssana ¢ GuMHeAHEIME daykrya-

nuonueivd uneHamd BE 1 JE ~BE/8. Tak «xak HHTErpasbHas Cld-
panbHocTh K~'W-a, MBI BHIHMM, YTO CKOPOCTH H3MEHEHHS CIIH-
palbHOCTH B a/8 pa3s MeHbille, YeM 3HEPrHH, T. €. B mpouecce pe-
Jaxcauud K=const.

OcHoBHEIME napameTpaMy, ONpeNeNISIIOIIUMH  PeXHM yCTaHOB-
JICHHA peslaKCallHOHHOro cocrosnus B [TIOMII, sBasiorca: a) orHo-
UreHHE MOJOMAA/ILHOTO MAarHHTHOTO NOJIA Yy CTEHHK BaKyyMHON Ka-

Meprl By (a) k cpepHeMy mo cedeHHIo TOPOHJA/NBHOMY NOMI0 (paB-
HOoMy HauambHoMy) {B,)=®0,/sa®. Dtor napamerp
By (a)
@-——27%—) (35)

.Ha‘SbIBa'e‘TCﬂ lapaMeTpoM ‘ITHHYA;

*) @axruyeckn Tefiiop Hawen pelienne, «ycToiiunBoe mo JlanyHoBys, Boc-
TO/Ib30BABIIACh H3BECTHHIM WHTErpajbHEIM wuHBapHantToM K. Ero pemenme npu-
rogHo b npy Vp=0. Henasuo Topmun B. A. u IlerBramsunu B. WM. namm
CEPHIO HHTErpaJibHHX HHBADHAHTOB, 3aBHcAwEX ot AB u p, aaa onpee/ieHust
YCTORYMBHIX paBHOBeckil ¢ Vp+~0 [48]. ’
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6) OTHOUIEHHE TOPOHIANLHONO MarHHTHOTO TOJNHA y CTEHKH Ba-
KyyMHOH KaMepH Bo(a) x cpemseMy (B,). DToT nmapamerp

By (a)

F_Bs@ - a6
(Bg) (36)
HashBaeTcst mapaMerpoM obpaumeHus. ’
B penakcupoBanHOM (T. e. YCTOMYHBOM, C MHHHMYMOM 3Hep-

THH) COCTOSIHHH KaXJIOMy 3HAUeHHI0 © COOTBETCTBYET OmpeleseH-

Hoe 3naueHHe F. B reopuu Tefinopa, orHocswmelics K miasme Hy-

JIEBOTO JlaBJIeHHs, B NpeHeOpeXXeHNH KPHBH3HOH Topa pacmpenese-
HHe MarHHTHOTO TI0JISl M NJIOTHOCTH TOKa onpefelsercs GyHKIHIMH

Beccens, Be=BoJi(AM), By=Bolo(Ar), je=nBoli(Ar), j,=
=uBoJo(Ar). 11pu 3TOM
o J(20)
F (@)-@——J1 26)" @37

Pacnpenenenne xoadipuumenta 3anmaca yCTOHYMBOCTH ¢ () UMEET BUJ,

rJo (26r /a) , __a_ ‘
q(r)=m, 90)=—+¢g- (38)
dror  npodHab — cnagamowWui ¢ paguycom  (mpu 0<<1,91) wu,
COTJIacCHO TEOPHH, ycToHunB. PeasipHas cuTyanusa ciaoxkiHee. B6uru-
3H CTEHKH TPOBOAMMOCTb M ILIOTHOCTh TOKAa TAaJaloT H IO3TOMY,
KaK oTMeuaJsoch, ¢(r) Ha Kpaimo CHOBA BO3pacraer, T. € He COOT-
BETCTBYeT ycToHunBoMy npoduaio (38). Ecam xeé 8>1,2 (mono-
BUHA KopHa (pyHkuuH beccens Jo), T0 g(r) mepexoguT yepe3 HyJb
M IIPOROJXKAeT pacTH (MO MOALYJIO), KaUeCTBEHHO TaK XXe, KaK B
OTCYTCTBHE TOKAa B NpHCTeHOUHOH obuactH. MMeHHO nosroMy B
PeaJbHOCTH YCTOHUHBBIMH MOTYT GHITH TOJIBKO pacHpeleeHHs, CO-
OTBETCTBYIOIIHe ©>1, 2. DKonepHMeHTaJbHO YCTAaHOBJEHO,  YTO
MHHHMaJbHOE CONPOTHB/ICHHE NIa3Ma HMeer npu © ~1,6. C ymeHs-
HreHHeM © OHO PEe3KO BO3PACTaeT, C yBeJlHYeHHeM -—— TaKxke BO3pa-
CTaeT, HO 3HAUHTEJBbHO MeLJIEHHee.

Penakcanuonsast -Teopusi Tefuropa noATBEpAUIACh MHOTOYHC-
JIEHHHIMH SKCNEPHMEHTAMH KaK Ha OBICTDEIX, TAK M HA MeJJEHHHX
MHHYaX. ODBOJIIONHA Paspdna HAET NMOYTH  TOYHO O  KPHBO#H
F(©) (37), ornnuasdch oT Hee JHwp npu F<0, rae 3kcnepHMeH-
TajbHble 3HaveHuss F Gosbie coorBeTcTBylOUHX dopmyre (37).
IlnoTHOCTD TOKa Ha KPal He CTAHOBHTCH OTPHIlATENLHOH, a CTpe-

MuTcs K Hyawo. Ha ycranoke ZT-40 (M) B Jloc-Auramoce ¢ IJIH--

TeJbHBIM IIOJNREPKAHHEM TOKa oueHb 2 (PeKTHO HponeMOHCTPHPO-
BaHBE HeMpEepHBHAs TeHepauusi TOPOHLAJBHONG MAaTHHTHOTO TOTO-
Ka Ha TMPOTSAXEHHH BCET0 HMmMyJbca ToKa (3dubexr AuHAMO) —
MOXKaJdyH, OJHO M3 CAMBIX KPAacHBHX fBJEeHHH B (H3HKe BHCOKO-
TeMIepaTypHO# MNJasMmbl. B HacTosilllee BpeMsi MHOTO TeOpeTHUe-
CKHX paGoT NOCBALICHO HCCIGIOBAHHIO  MeXaHH3Ma  TeHepalHH.
HerpupnasibHOCTL NpPOGJEMB BHAHA M3 TOro, 4TO NPH IEPEXOfLe

--4epe3 HyJb NPOU3BOIAHAA TOPOHAAJBHOTO TIOVIA, a CI€I0BATENBHO,
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IJIOTHOCTb 23HMYTaJbHOTO TOKa OT/JAHYHA OT HyJd, T. €. fIBHO IeHe-
pUpyeTCs TOK, HanpasjeHHbH B X OJ b CHJIOBOH JIMHMH Mar{HuTHOTrO.
noJsist. DEeHOMEHOJIOTHYECKH 3TO COOTBeTCTByeT 3akony Owma ¢
«TypOyVieHTHHM> a-3(dexTom [49]

j=0(E+4aB). 1(39)

TaasHasa npobaema B ITOMII cocrour B TOM, ¢ KaKHMH IOTe-
PAMH 3HEPTHH CBA33aHO CaMONOLJEpXKaHHe CTAlHOHADHOTO  CO-
CTOSIHMA TPH NOCTOSHHOM ToKe. OCHOBHEE YOHJHS HCCJIefOBaTesed
HaIrpaBJeHH Ha pellleHHe 3TOH TPOOJEeMBI.

0,3+0,7
0,4

0,1+0,3
0,1

Tabauya 9
TE, MC
0,1
0,1

Bo

0,1

0,1
0,1
0,1+0,2

0,1+0,3
0,1+0,2

T ,(0),
9B
600
150
400
70
500
400
80

0,3

4.3. CoBpeMeHHDBIk cTAaTyC

» MC | p, 1020m°

f
b
%

B cospemennuix ITOMII, Grarogapsi yayduieHHIO BaKyyMHON
TEXHOJOTHH, TIOBHILIEHHIO TOYHOCTH B CO3AAHHH MAaTHHTHOTO IOJS ]
CHCTEMB, ydaercs NOoJdyyaTb INIa3My B PeXUMe CaMooOpauieHHs ¢ 4
napamerpaMH, 3HaYATeJbHO JyYIHHMH, 4eM Ha ycraHoBke ZETA.
[Tpu MeHpmHX pa3Mepax NOJyNAIOTCA GOJLIUKE BPeMeHa yAepka-
Has. Jlocturayra rtemmepaTtypa miasMel Gosee 500 3B ¢ mo-
JouaanbHblM f§ Gostee necsith TpoueHToB. CHHXKEHBl NOTEPH  HA
H3Jy4eHHe,

ITapamerpsl coBpeMeHHHIX YCTaHOBOK H TOJydaiolieficss B HHX
wIasMH npusefeHn B Tabauue 9. Hapsay ¢ nAteio  ycTaHOBKa-
MH, CXeMaTHyeCKH H300paKeHHHIMH Ha pHC. 9, GYHKUHOHHDPYyeT
psl HEOOJBIUMX YCTaHOBOK, HEKOTODhle H3 KOTOPHIX MOryT pao-
TaTh B PEXHMaX TOKamaka H CTabGHIH3HPOBAHHOro nuHua (Ge3 06-
paiieHHss MarHUTHOTO [OJS) — TaK Ha3hklBaeMble PeXHMEl C Ma-
JIBIM q. : ' '

Kax BuaHo 3 Ta6uauub 9, s3KCIepHMEHTaJbHO H3MepeHHas «Oe-
Ta TOJOHAAJbHAA»

Bo=167uoNT/J2 (40)

MeHsieTCsl, B OCHOBHOM, B He0o/blIOM HHanasoHe fo~0,1--0,2. dro
COOTBETCTBYET BHIBOAY TEOPHH DE3HCTHBHBHIX  JKEJOGKOBBIX MOJ ‘
(cm. [50]), xoropas naer Be~0,1 H 3aBHCHMOCTH TeMmepaTypH !
or Toka I~ JO7 OntumajpHasi OJ5 yIepXaHHus JHHelHAas TJIOT- '
HOCTb IJIa3MB OKas3hBaeTCH NPHMEPHO NPONOPUHOHAJIBLHOH TOKY,

TaK 9TO

J/N~5.10% A-w. (41)

0,810,1=1
1-210,2+4

12

0,30 | 5+-14] 0,11

0,15

J, MA | At
2
2

.

1,14 0,45 | 5+37 0,1+1

1,24 1 0,50 | 5+10] 0,1+-5

0,5
2
0,52 10,2
2
2,4

R,m
0.45 | 0,06

0,65 | 0,25

-0
- o~ y—

- (=
ooooxoo (=]

a,
0,09
0,15
0,
,07
0,20
0,26
2
.3
1
X
0,4

¢ o6pameHHBIM HOJAEM

>

>
CIIA, Can-duero
CHTA, BHCKOHCHHCK.

MapaMerpn AEHCTBYIOIHX W COOPYXKAeMbIX MHHYeR
Aurnusa, Kansm

Crpana, naGopatopus

HOHH3. Ta30B
CIIIA, Jloc-Anamoc

An-texH. aab.
Uramus, Nagys, Va-1

Hau. na6.
N9M)

LHIA, Jloc-Anamoc

ya-T
CIIIA, Can-IOuero
, Wranng, ITagya (-+Ka-

Smouuns, U6apaku,
Sinonus, TokuiicK. yH-T
Slnonus, Toxuiick. yH-T
SInounst, Harofick. yH-T
SInonusa, Huxon, yH-T

Ilpu sTOoM TeMmmepaTypa 3aBHCHT OT TOKa Kak T ~f,J. dkcrpamo-
AsUHA K TOKy 2 MA, Ha KOTOpHIH ‘pacCiHTaHH ycTaHOBKH RFX
(ITanys) m CPRF (Jloc-AnaMoc) CylleCTBEHHO 3aBHCHT OT Po(J).
HpenckaseiBaemble snauenus T, ot 2 k3B (Bo=const) mo 0,5 xsB
(Bo ~ JOO), pasauualOTCs OYEHb CHJBHO.
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Yeranoska

REPUTE-2 (npoexT)

STP-3(M)
RFP noncircular

TPE-1R(M)
ETA-BETA-II
ZT-40(M)
ZT-P
OHTE
HBTX
REPUTE-1
_ATRAS

T




Co sHaveHnHeM P, OJHO3HAYHO CBS3aHA BeJHYMHA SHEPTETHUSCKOTO
BpeMeHH }{gﬂkBHH IJa3MBl Tg, A KOTOpPOo# W3 GajaHca SHEPTHH
(3nT /xg=j?/0) noayuaercs ’

Te = BoTeks . 42)

Bo
TAe Ty =~ 02 wm nog?/c? B cucreme CI'C.

Ej)\?nn 3KCIepHMeHTaibHOe flo He 3aBHCHT OT TOKa, TOo T~J,
n~N~J] u pasa Tapamerpa Jloycona, xapakTepH3yIOIero OTHO-
IEHHE BbIAEJNAEMOH B TEPMOSJEPHOH DPEAKIHH MOIIHOCTH K Teps-
€MOH, ToJTyJaeTcs CAeAyIonlas 3aBHCHMOCTb OT TOKA

ntg=6,4-1017 J5/2(MA). . (43)

HMenHo Takas 3aBHCHMOCTL HabJIOfaeTCs B BKCIEPHMEeHTaX Ha
ycraHoBke ZT-40M B o6amactu 30 kA<<J<<400 xA. Ecau oHa co-
XpaHATCA H B JajbHefileM, TO 3TO OyJeT 03Hauarh, 4TO TEPMO-
AAEpHBIH peakTop Ha ocHoBe ITOMIT MoXHO OCyWlecTBHTH  TpH
Toke 20 MA. B Jloc-Anamoce npopaGaTHBaercsi NPOeKT TaKOTo
peakTopa — KOMNAKTHHH PeakTOP Ha OCHOBE IMHYA ¢ OOpalleHHHM
nonem (CREPR) a) ¢ ymepennoit u 6) c BhicOKoii Harpyskoii Ha
cTeHkH (5 u 20 MBT/M%), ¢  9SJ€KTPHUECKOH  MOUIHOCTBHIO
1000 MBr. Hexoropsle ero mapaMeTpsl mpHBeJeHH B Tabanme 10.

Ta6aruya 10
Mapamerpnl komnaktHoro ITOMII-peakropa
HpoexT a, M R, M J, MA B:;:x, Ta 1ozg‘M_s T, k3B
CRFPR (5) 1,42 7,6 21,5 2,6 2,3
CRFPR (20) 0.71 3.8 18,5 4,5 6.3 %8

B ITOMII-peaktope NMOAKynaer To, UTO 31eCh HET HEOGXOZHMO-
CTH B JIONMOJIHHUTEJNbHBIX MeToAaX Harpesa. OfHaKo, Kak H B TOKa-
MaKe, 3JeCb CEPbe3HOH CTaHOBHTCA MpOGJgeMa MNOMIEPKAHHA CTa-
nuoHapHoro toka. OfiHa H3 BO3MOXKHOCTEH ee pelleHHS OCHOBaHa
Ha HCIOJb30BAHHH OCWH/IHPYIOIMX NOMOHAANbHHX H TODOHIANb-
HHIX HamlpsKeHH# 06XoAa, 4TO, KaK BHIHO H3 GopMyan (33), k-
BHBAJIEHTHO CP@IHEMY HaNpsiKeHHIO o6Xxofa ’

—_ 1 —~ o~
V(p='5€ ( (D,aVa > . . (44)

B Hacrosiee BpeMsi Beercs npoBepKa 3TOH HIeH |JIHTEIbHOTO

NONAEPKAHUS COCTOSHHS ¢ NOCTOAHHHMHM CPeIHAMH K # W.
Caienyer OTMETHTb, UTO ONTHMHCTHUECKHE 3aKOHOMEPHOCTH, TIO-

ayuennsle B Jloc-Anamoce, He MOATBEPKAAIOTCE Ha AHTJIHACKOR
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ycranoske HBTX. ITosroMy TpPeACTOMT elne HeMajblfi OyTh AJS
TIOJyYeHHs OJHO3HAYHHX IPeNCKa3aHHd, OTHOCAIIMXCS K TTIOMII
peakTopHoro Macura6a. ‘

5. 3AKJIIOYEHHE

80-e roaH CTAaJH IOLAMH KDPYIHHX JIOCTHXEHAR B HCC/eNoBa-
sugx no YTC Ha TOPOUAAJNbHBIX CHCTEMax JJs MarHUTHOTO yAep-
waHud miasMe. MccoaenoBaHusi Ha ToKaMakax Macirra6a T-10, a
TakXKe Ha BBeNEHHHIX B 3TC BPeMsl B CTPOA KPYMHHIX TOKamakax
JET, TFTR, JT-60 cpejams OGOCHOBAHHHIM Pa3paboTKy ONHTHOTO
TepMosepHOTO peaKkTopa Ha OCHOBe ToKamaka. Haduamach momro-
TOBKA K €r0o CO3JaHHIO KaK Ha HaIHOHAJbHOH, TaK H Ha MeXNIy-
HapoXHOH OCHOBE. Co

Ha cressiapaTopax OCyLIeCTBJIEHH GeCTOKOBBHIE DEeXHMBI C TeM-

‘TepaTypoii TuiasMbl Macmrraba 1 keB. Ycnexn TeopHH AasH HOBHL

HMIyJAbC PA3BHTHIO CTeJIapaTopHoli mporpaMMil. IlocTpoeHn cpas-
HHTEJbHO KPYIHEE ONTHMH3MPOBAHHBIE CTE/JIapaTophl ATF-1 =u
WVII-A ¢ mupom u GeClIwpOBHIH, HalleJleHHBIe Ha HCCIE€JOBaHHE
yIepKaHHs TMJIa3Mbl € BHICOKHMH I13paMeTpaMH. Cranan Gosee
peaHCTHYeCKHMH [IPOPAGOTKH CTaUHOHAPHOTO TEPMOsSAEPHOro pe-
aKTopa Ha OCHOBE CTeJIapaTopa.

Ha nuHuax ¢ OOpallleHHHIM MaTHATHHM MO0JIeM [POLeMOHCTDH-
pOBaHO 3aMeuaTeNbHOE CBONCTBO CaMOOPTaHH3alMH TUIA3MEl C He-

‘TIpepHiBHOM reHepankedl CTaGH/IH3HMPYIOMEro TOPOHAAJBHOrO Mar-

HUTHOTO NOJIsl B TeUEHHEe BCero BPeMeHH NOANepXKaHHA B Heil TOKa.
TMonyuensl ofHALeXKHBAOUINE AAHHbIE O BOIMONHOCTH NOCTHXE-
'HHSI TepMOsIepHHX TapaMeTpoB IJIa3Mbl 0e3 LOMOJHHTENbHHX Me-
TOIOB Harpesa NPH OLHOM TOJBKO yBeJHUEHMH Toka A0 20 MA.

Bo BceX Tpex HaNpaBJeHHSX HCCICNOBAHHSI BEIYTCH JNHHAMHAT-
HO, W O OKOHUAHHS DTOTO AECATHJETHs CJIefyeT OXH1aTh HOBHX
XPYIHHX YCHeXOB.
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B. B. MupHOB, I . PoToB. a3oan SAEePROro peakTopa TPeOYIOTCS IONOJHHTEJNbHBE SKCIEepHMEHTAJbHBlE MCCAENOBaHHA B CHeC-
B. 1. llladpaunos TOPOKJlaJIbeIe CHCTeMHBl MAJi YOpaB/jseMOro Tep- S TeMax ¢ yJAydmieHHoH KOH(QUrypamHeit MarHuTHoro nosis. Br6a. 75, ua. 31.
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B. B. ApcenHH. AKCHANbHO-CHMMETDHUHBle OTKDHTHE JIOBYWEH // ITOrH HayKn ®
Texuuky Cep. ®usnka naasmul. T. 8. —M.: BUHHTH, 1988, —C.

Jlan 0G30p OCeCHMMETDHYHBIX OTKDBITBIX MAaTHHTHEIX KOHOHrypauufl, B KOTOPHX focyq-
xKuMa MI/A-ycroftuuBocTh nuaaMbl, Takot MI-ycTOHYMBBIA 3JeMEHT MOXET CAYKHTL
CTaGHAH3ATOPOM JHJs JAJHHHOA CHCTEMBl, HaNpHMep, aMOHIIOJSPHOR. OceBas - CHMMeTpHg
NpHBJeKaTeNbHa C HHXCHEPDHOH TOYKH 3peHHS H ofecneyHBaeT OTCYTCTBHE HeOKJIaccHYec-
KHX DONepPedyHHX noTrepb. Pa30o6paHBl TpH THHA YCTORYHBHIX KoHGHrypamuif: JOBYWIKH ¢
MATHHTHO# sIMOH (BKJIOYasi Kacn C TOPSYHMH 3JIeKTPOHAMH), CHCTeMB €O cpenHell Maruur-
HOH AMOR H 37eMeHTH, B KOTOPBIX JOCTHraeTcssi YCTOAYHBOCTb OTHOCHTEJbHO KPYHHOMAC-
mrabHoi <«mepBofi» KeaoO6koBodt Moan. BrGa. 42, mia. 20,
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B. B. Muprnos, I, A. PwroB, Tla3joauHamHueckas JOBywWKa [/ Hroru HayK® H
TexHHKH. Cep. Pusuka naasmu. T. 8. — M.: BUHUTH, 1988, — C. 84—150

0O630p COCTOMT H3 CeMH pasnejioB, Bo BBeleHuH gnaercs oflasi XapaKTepHCTHKA MeTO-
Ja ras3ofHHAMHYECKOTO YJAeDXKaHHsS IJa3Mbl B OTKPHITRIX MATHUTHHIX JOBYWIKaX, 0GCyXpaa-
10TC NpeHMYIlecTBa H HEJOCTATKH 3TOH CXeMBl IO CPaBHEHHIO € <«KJAacCHUYECKHM» NPOGKO-
TpoHOM Bynkepa — Ilocra. [lerasbHbA aHaMH3 NPOAOJLHOTO YAepXaHHSA NJIasMbl H Hccae-
AOBAaHHE PAa3THYHHIX BO3MOXHOCTeR YMeHbIIEHHS NOTOKOB 4YacTHI, M SHEPrHH Ha TOPIH CH-
CTeMBl NPOBOJRHTCS BO BTOPOM pa3jiene. TpeTH#t Daanen MOCBslileH PACCMOTPEHHIO BOMNPOCOB
MU O-ycTONYHBOCTH M NONEpPedHBIX NOTeph naasMul B [OJI. 3paecs, B 9acTHOCTH, O6Gcyxaa-
eTCS OfHa M3 TIJaBHKX ocoGenHoctelt I'JLJI — BO3SMOXKHOCTb CTaGHJAH3AIHE XeJOOKOBOH Hes
yCcTORYHBOCTH IIPH aKCHAJAbHO-CHMMETPHUHOHR TeOMeTPHH MAarHHTHOrO mnoJs. B mociemyiomux
pasjenax o630pa paeTcsi ONHCaHHe Pe3YJAbLTATOB 3SKCOEDHMEHTOB IO Ta3oJHHaMHYECKOMY
YAEPKaHHIO NJAa3Mbl, HCCAEAYIOTCA NEPCHEeKTHBH co3naHHs Ha ocHoBe [JIJI TepMosjaepHoro
peakTopa M HEATPOHHOIO HCTOYHMKA, NPEAHA3HAUEHHOIO HIJisl TEXHOJOTHYECKHX MCIBTaHAR
MatepnajaoB. Br6a. 49, ua. 21. ’

MOSAEPHOTO CHHTE3a . . . . . . . . .

YIOK 621.0.39.626 .
B. J. Mladpanos TopouxaibHble CHCTEMH JAJAA YNPABASEMOro TEepMOSAEPHOro
Enml'g?a I ]gI'rom HayKH M TexHHKH. Cep. dusuka mpasmm. T. 8. — M.. BUHHUTH, 1988, —
. —20!

JHau 063op pocTumeHHA B HccaepoBanusx mo YTC B 80-e rogm Ha OCHOBE OCHOBHHX
TOPOHAANLHBIX CHCTEM € MarHHTHBIM YyJepXKaHHEM IJIa3Mbl — TOKaMaKoB, CTelaapaTopoB H
nuHEYel ¢ obpallleHHBIM MarHuTHEIM modieM ([TOMII). OTMeueH nporpecc B co3ZaHHu OeCTO-
KOBOA MJa3MBl B CTe/AVIaPATOPaX H B DasBHTHH CTeJIaPATOPHOR NpPorpaMMal ¢ HOBHIM YpPOB-
HEM TNOHHMAaHHUA BO3IMOXHOCTeR 9THX cHcreM. OGpamjaeTcd BHMMaHMe Ha HCHOJb30BaHHe
sddexta camoopranuszanun B [TOMII B nensX cO3QaHHS TEPMOSAEPHOrO peakTopa Ha OCHO-
Be gron CHCTeMBl Ges NPHBICYeHHS He3JeKTPOTeXHHYecKHX MeTOjOB Harpesa. buba. 81,
Ba. 9,

Texnnueckuil penakrop H. H. Kocrronuna Koppexrop JI. H. Azagonosa
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