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© £pcl'OHCKUU ipuau .. eCKUU UHCTUTyT, 1981 

JlmJ!cI>epeHL\ll8JL&Hble cetJ:eHJllH TOpMOSHoro 111aJiytremrn no yrJiaM J11 

3He pr1rnw ll3JIYtJ:e HHLIX ~ -KBaH TOB TI PJll B3am.•o.zi.e '.1CT:!JJlll'l SJieKT pOHOB 

c TOHKKM awop¢HblM pa,lUiaTOpOM xopomo H3B8CTHLI [I] .TeopeT.V!lteC­

\08 aaaqemrn \PYHKW1Jll pacnpe,lleJieHVIH no aaeJJrVIHM JllSJiytieHHbIX 

~ -Kl!aHTOB TIO;i\'.rBGplf.,lleHO SKcnepJllMettTaJIJ:iHO c GOJIJ:ill!OJ TO'!HO -

JTLIO [21. B 11paw;:;me o6bltJ:HO npm.ieHfl!OT pa;n,1mTopbl TOJI.UU1HO!,\ 

t. = (O.OI-tO.I) X
0 

( X
0 

- pa,ll. ,llIDlHa :eemecTBa). Ilp11 B38111MO,llel1-

c TBlliill SJieKT pOH OB IllolCOICl1X aae prnii c pa,lll1aT opaMl'I TOJllllHHOl1 

( -\:. = 0. OI-tO. I) X o ar·:to, /,if!OI'OKpaTHOrO H3JlJ'4CHl1fl, I{QTO-

pblMJ.! y"li.e He.llJ:i3fl 1q1.0He6purilTb , npirno.n.HT K ,lleii,JopMal.\Jlll'I 

anepreTl1'4eCICV.:~ Cl1d!C1'Y0B T0pl,!03HLIX 0 -1rna11TOB ' TaK KaK 

aJieKTpcn c na1.ian:r,11ovi atte prne;; Eo B na µBOM aKTe Ba311ra o;zi.el1·· 

CTBJllH Jll3Jiyqaiow,ii;.; 'koroa c sHe prneit. K B ;n;aJIJ:>HettmeM JJ3&..v1; .. o,;J.ei11 

CTE,yeT c attepr;ie;i E 
0 

- K • 3To npvrnO,LJ.JllT K y:.1enJ:illltHl1YJ BevoHTHoc< 

rL'l l13Jiyqemul ljO'l'OhOil B OCHOBl'.OIV. B :BLiCOK03HeprH'4HOl·i <!aCTli cneKT 

Ta1rn1.1 o6,tJa30M, 3JlUKTPOHbl npH n;i ali!MOl\O ii1 CTm1l1 c TOJlCTbJM pa,ll.11aTo­

poM l3 HatJ:aJI.&:rnx i! ll !100118,l(Il:lX G:iCHX JTOI'O pa,lll1aTOpa l'l3JIY4.aI:JT 

~ -KBaHTb! c pt.l3EW.1lil 3H8jJI'8Ti:ll:eCn!:W·I cneK'::paM!l. !lo T8.K K8.K 

~ -1rnaHT:i:>I 113 ,,a:.»mx c;roeB pc.,,~tta<:ropa m.w10T pa;rnble ;i1rnon:,ie pac-

Hjl8/l8JJeHHR H3-3U :.:aoror:paii!O.i'O pL.cccr.;:!rn i:JJ'.(;1(1'1J0iiOB, CJ!eJ.iOEa-

'l'e .~.&HO 3Hepro~li•! CC 1: 11:; c,ro1ap TOf:t.C:.i:l~~'. ~ -r:Ba!ITOB 3aBi-lClilT Tam::E 

11 OT y r JIOBO: . l\0JiJL ... ai.;,H;,: c; -nytJ:Kt.. 13 c 11y 1.:£a() B3UJllM O,ll8~CTIHlfl 

3JI8KTpOHOB c TOHKl1MJll paAl1aTopa:1Il1 3;ropl'8Tl11''i8CKJ118 Cil8KTPLI !13·-

nytJ:e HHb!X ~ -:·:naHTOB flj.JUKT,14.0CKl1 He 3aBl'!CflT OT y r na i'! 3Jlj'4e -

Hl1R L31 • l1p11 B3'1H~i0/\0 i:OTBl111 3JI0KTpOHOB c pa;D;JllaTopOM TO JIUU:lliO~i 
~ ll,I X

0 
HrpaeT poJJJ:i Tam;ce noJII'Oii\eH11e 11sJiy4.eHHblX ~ - 1rnaH-

TOB ll ca:.101.\ ;Ja::,.:Cl 'i'O:;(. • .J'qa:r :CJi,iffii};fi TOJIIJll'IHl:J pa,lll1aTopa l1 jl'JIO-
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jJ c~I !<; UJ!JJJIJMaI.\l1Yl Ha atte pl'e r11qe l:J\u,. vlltJKT p T OpM03HblX ~ -1rnaHT OB 

6hlJ1 rrpoBe,2\eH B prr;11e padoT (3- 5] • B pa6oTe [3J 6blJI BbJtJ.11CJieH 

T8K H83blB88 Mbllii 8.KCITJJY8T81\HOHHhill W8KTOp pa;zuiaropa, C lIO!JOlil:&JO 

KOToporo 1.JOiiCHO on pc::;'l,eJJHT:& q11cno c_f;o roHOB c aHepr.Heit K ,co,l(ep-

, .ia/~HXCH n orrpe,!.(eJl8HHO/,j l\OJIJIJ1t.ll1.[JOB8HHOM n y q1rn np.11 HCIIOJI:&30Ba- ' 

HH!1 pa;c\ViC: TO;Jo. OiiiJ() / (e JieHrIOiil TOJiiilllHhl. PesyJI:&T8Thl 3THX pacqeTOB 

n pl1B8,l(8H bl J3 BHj\O '.l' 8UJ!HL( , y;n;o6HbJX ,I(JIH lli-Jl1M8H8H11fl B npal\ Tfl!Ke • 

81ccrrnya'raL\11 011 id ; ·,. a I\TOp ;ia;.:uiaropa - Q orrpeµ;enrrncrr CJ1e;zzy10!1(M1.1 

06paso1,; 

c1 n.~ I d 11;. a(u.,t,x)"' dK ~' 

r .n;e d n ¥ - l3!.Jtl11 CJie llJI Oe 'HlCJlO (I -KB8HT OB c 3He prne!.1 K c 
dK dno 

ytJ.OTOM TOJ!ll(HHLI µa11v10.'l' opa vi y 1·JroJJoi1 KOJIJrnMal\!1 111 , ci1'-'( -tJ.Hc-

110 0 -1rnaHron , Ji oJ1y qeuHoe 1113 TeopeT11qec1rnro crre1aµa TOpMoattoro 

' 113JIYtJ.8HHH, 11HTerp.lil l- DBaHHOe no BC0!J yrnaM, Cie a y tJ.e Ta MHOI'OKpaT­

i:lhlX llPOl\0CCOB, u - yron KOJIJIB.Ual.(11!1 B 8,1.1l1Ul11.(ax moCffo' r.n;e 
~ 

rnoc H E" 3Heµ nrn IlOKOH l1 Ha4aJI:&llaH ::JHe prirn 3JI8KTPOHa co-

0TBOT C' ? B0lll!O, t - TOJl'.l(l1Ha pa,l\HaTopa B P8Ma!.i.l10HHh!X e;n;.HH.111\ax, 

X " K / E 0 Otte pP1111 lJ!O'l'OHa B e,L(HHHL\ax HatJ.aJJ:bHOi l aHe pr1t1.11 aneKTpo­

ua . B paOcTe [
3] ynWBhle pacrrpe.n;enemrn To p11ws11 oro 11snytJ.Oll11 H 11 

MHoroKpaTHoro ,;.;acceRHl1H arrnpoKc11M11ponaHbl B :aw;n,e rayccmw ou , a 

rr orJiolf\emie 0 -KDah~'on B p &.iJ.i'la'l'Opc He ytJ.Te ao. 

YrJJOBOe pacrrp~ ,J,eJICHl1e 1·op,,; 03Jior•o l13JI,Y l!emrn vi : .. uo 1• tJ11, :n'liOPO 

pacce mrnR , a Tl. IC:1.3 I ! Ol'J!O~~e !IH O 0 -.KBal!TOB i.iltKypu•r: 10 U !Jiu .," ITC.: ­

: 110 , D )JUUOTO ['.3 ] , ll 1w Topo:.i , i( co;mnemuo, uu u1 11 1111 11(}1·1·..;;i 'l'a0-

J!l1l(bt :J llU\10 1111 .. ~.Jl\ C I !JIY a~'<,L(hO"i HOro i;_li.ih'.J.'Opa. 

1J llUl::l:OlJ ,;ic), ; pa. JOTO l:iJJr;H:LiJe TOJI1.;;;;-1w jJ<1 , l!ll!'l'llp1t 11 ,/l'JlUBGvi 

1<UJIJJl1 Ml:ll(ltlH Ha 3HeµreT11l!e CKv!~J Cl1tJ 1:T.J l'l)ll ' n. Ill< •• ~ -.uu. '.l'O J3 llbJl!VIC· 

I/ 

netto rrp.11MeHeH.11e1i1 i.ieTOAa iAOHTe-Rapi10. Mo,l(eJJ.11poBaH.11e rrpo!.iecca 

B3a.11MO,l(ei1cTBl1H llb!COK03He prititJ.HOro 3JieKTpOHa c pa,l\HaTOpOM M OiKHO 

npe,11,cTaBXTb B CJl8;D;yl0ll\Oti llOCJieA;OBaTeJI&HOCT!tl. 

I.Pa3blrpb!BaeTcH KOOp.ll.11HaT{i nsa11MO.I1ei1cTmrn SJieKTPOHa B pa,411-

aTope t 

2.Paahlrphl:aaeTcH aHeprHH .11s31yqe11uoro 0 -1rnarrTa - K • 

3.Paablrpb!BaeTCH rrorJIOI!10H.11e ~ -KBaHTa. 

EcJJ.11 O' -KBaHT He rrornoT.11J1cH B pa.I111aTope, paawrpwBaeTcH 

yroJI Ll ' KOTOpl':ili OH llOJlyqaeT aa C48T yrJIOBOro paCllj;C,li,e JielmR 

TOpM03HOro l13JIYtJ.8H.11fl .11 MHOI'OKpaTHOro paccerrmrn SJieKTPOHa. 3 TOT 

rrpouecc rrpo;nomir.aeTcH, ;nb ,Tex 11op ITO.Ka aJieKTpOH He nt.IX O,l(HT ns 

pa;n;rrnTopa. YBeJ1i1qeu11eM ;nJIMHhl npo6era sJieK Tpoaa n pa ;mrnT ope ' so. 

c<rnT MHOrOI(paTHoro pacceflH.11fl npeae6peraeTcR. 

KoopMHaTa Bsa.11uo;n,ei1cTB.l1H sneRrpoHa B pa,imaTope .11 arieparn 

l13J1;{1.WHHOro Q -.KBaHTa pa3blI'pb1BaeTCfl COI'JJaCHO pa6oi'e [ 6] .llpl1 

Y'IeTe rrornor~eHl:ll1 0 -KBaHTa vlCllOJJl>30BaJrnc:& IlOJIHbIQ ce'iCHvifl KOM­

ITTOHOBCI\Oro pac cef!Hl1H [61 .11 oOpasonaHHH 3JieKTPOH-II03MTp0l!HbIX 

nap [7] • 

Crrococ5 p03b!I'pb11Ua yrna, l\OTOpbl~ B KOHetJ.H OIJ! C4~Te ll OJiy l!aCT 

Q -1rnaur, AcTaJII>HO ormcaH n. pauoTe [ 5] • 8 ,il,e ci, TOJILKO yxa:·:.eu , 

tJ.TO ,iJ,JIH 3 TOi1 u.eim ObIJlli 1t1crr OJfo80Ba1rn TOl!HLte pacrrpe~\c J:e r iJlH .. 10J1:0-

e pa, .l(Jlfl MH OI'OJ(paTHOl'O paccefIH.11H 3Jl8KTpOHa VI liln ~f)Q)a.-;J,JIH yrJIOBO­

ro pacrrpe;n,e11emrn •1•opr.103 Horo 113nyi.iemrn. ~'I'JJo ,.1 , rronyl!eHHb!M anett­

TPOHOM B llpOL\(JCCe TOp!J 03HOI'O V13JI:f 1Jetiillfl, n ,;;e1rn upera!IOC:O. 

· l/l aJiytJ.eHtt11e '& -KBaHTLI rpynm1 py10'l'Cff :s cr.eAfKJ1:t11e IO aHepreTHl!ea­

KHx H.iiTepn11Jia x =- KIL : (O.O+U.I), (0 .2+u.5), (0.4+0.5), · 

{o.5t-0 .. 6), co.6..,d'.?), co. 7~.s>; <o.s+o.es>, co.s5~0.9), co.9+o~9s) . 
:o.95+1.D). l3bIJJJ1 llp0B6A8llbl Bbll!.11C Jie HMH, COOTBOTCTBJ ivU(!1e IT !J OXO i~,l.(a-
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Hl1IO SJICK'.I'pouon c HatiaJr:bttOii\ atteprnei.1 E0 = 3000 MaB, 1rnpe 3 pa­

Al1aTopl:l aa cmrnua TOJili\l1HOid 0.005, O.OI,0.05, O.I 11 o.2;(.,(pa­

.lU'au11ottHaH .z1mrna cmrnua X
0 

= 6.37r/c~ [
9

] ). ToqHOCTI> i>!OH-

Te-KapJio BblqV!CJIBHV!ii COCTD.BJIH8T ~ 2 %. 0THOIJe!IlllG 

ti.N~i(t)/tirV~i (t.) , r.z1e - t.N'6L (l) 11 e,.N/i(t) 
q~ICJ!O '€ -KB8!lTOB n 'L -TOM 3HeprOTll!qecKOM HHTepnane, Bhll!~ICJIGH-

HOe HaI!UlM crroco60M l1 cornacHO CITGKTPY TOp!.iOSHOl'O Jli3JIY<i8HV!ff 

EeTe-rai1TJiepa, cooTneTcTne1rno,;n;Jirr t ~ O,OI Xo.• n rrpe.z1eJiax ourn-

6oK :,!OHTe-KapJIO Bhll!11CJIBHl1i.1 1iOlKHO rrp11HHTI> paB.Hb!M e~IH!1I.le . OTH o 

lllemie A1V'(i.(t}/llN;c(l:) ,l(Jlff t = 0.05, O.I 11 0 .2Xpp:-i l3e-

i'(GHO B Tct OJUl i_\e r. l(aK Bl1,l(HO, c yne;mqem1e 1A TOJ!llll1Hbl pa,lll1aTopa 

cneKTP .z1e cl>O!JMl1pyeTCH,OC06eHHO ee Bb!CO!C03Heprl1l!H8H qacn.Ilpor­

paMMa :JbltH'!CJIHGT T8KlKe yrnonoe pacrrpeAeJIGHl1e O' -KB8HTOB BO BCG:X 

IO anepre Tl'!l!eCKMX l1HTe pnaJiax. C y:aenvrtrnttv.eM TOJI~HN pa,zurnTopa 

yrJIOBOO pacrrpeAGII8Hl18 Bb!COi\03HB PI 'Hl!HblX 0 -J\B8HTOB CTaHOmiTCH 

OCTpee no c pUBH8Hl1!0 c yrJIOBblM pacrrpe;LJ.B J!G lfrJGJJ HJ/13!t03HGprl1<iHblX 

'6 -1rnauToTI . 8To o6'L>HCHHeTcrr Te 11 , l!TO BhlCOKOSHeprnl!Hbie ~-Knatt·· 

Tb! rrpem: yi~GCTBGJiHO oupa3yIOTCH B ne1:et1HVJX CJIOHX pa,llllaT 0~1a. 

B Ta6JJH1.\ax 2-6 npl1BGi'(GHU 3Hal!eHVIH "1 • (-1: U) ,l(J!H pas l ~cpcf I 

:rnx atta11eHlilH t 11 ll 

t (l,U): t>N.,(t,U) 
~t<I> ll. /\/Ql (t) 

r.z1e t;; /1/0 < ( t , ll ) 'tll1CJIO ~ -KBaHTOll D L -TOM anepre -

TV!l!GCIWM HH'.l'e pBaJie c yrnaMl1 ~ U , I\ Nr; L ( i ) - o6utee 

l!HCJIO 6 -l\B8HTOB B 3TOIA 8HepreT11l!e CK O~! l1!1TO 11DUJ!O. 8Kcm1yaT8.­

:.jl!OHHb!iil ~TOP pa,ll,YlaTopa 6y,l(eT panaHTLOH 

• 

( t ) - ti NH_( i_L Y) (t u) a. U, , X - , / o l acpcp , • 
A 1"n (t) 

B Ta6Jrnu e 7 rrp11Be.z1etthl aHal!eHl1fl :=mcnnyaTau11o~:noro L)aKTopa, 

Bbilllt!CJieHHbie aarnvIM crrocooor.1, a Ta:ti:wi pesyn:oTaThI JlyTua 11 lliyir:oua • 

B Ta6;111ue 8 npvrne µ,eHbl oTttoweHvrH snal!eH11t1 K I 0 , r .z1e I 0 HH· 

'fGHCHBiiOCTh 0 - 1rnanTOB, i'(Jlff l1HTepuana 8HeprV1ii x =(0.88+0.92),K 

sHal!elllliJO KI
0 

np11 X = (O.UB+0.12). ,I\J!H cpannelfi1H npv.rne;n.ettbi 

TaK;Ke 3Tl1 OTHOiilCHHH, B3ffT!:lG 113 pa 6oT [
31 VI [

51 . ToqHOCT:b !liOH­

Te-1'.apJIO pacqcTa np11 u ~ I cocTannneT ~ 5~h , c yBem1 qe tt V1eM 

yrJia KOnIIJII:viaLUrn TO'tJ!!OCTI> COCTD.BJ!H8T :S 2)~. llarni.1 pesynMaTbl 

uaxo;n.HTCH B xoporne1.1 cor;rac~rn c pesyJ1nTaTa1v111 TaiiTa [
5

] • 

!la pile.I npvrne,iJ.erm 3aBl!Cl-alOCTb l1ET8l!CUBIIOCTV! ~ -nyqKa B 3Hep­

I'eTLl'!8Citol.I Yll!TepBaJJe X = (0.85+0.95) OT TOJIJ~lrnLi pa;n.HaTopa,npa 

IT OCTOHH!10ivi SHaqe IU1l1 yrna KOJ!lllL1UUJMI "U. = 5. I1pl1 ynemi'i8 HYlVI Ton..: 

I:;JU!bl pa.z111a·ropa Jlilr'rCHC!1Bl!OCTb rryl!.i:ia CTp8MlilTGH K lIOCTORifr!OI.IY 

sHa"tJeHmJ. Ha pvrc.2 rrpE BG,IJ.elia samicm'1ocn l1HTBUCHBHOCTvl rry~ma 

T 0 pM03llblX ~ - KBaHTOB OT YI'Jla KOJiJ!l1~1aUl1l1, npVI TIOCTOHHHOM 3Ha­

l!8Hl1l1 TOJlll(11Hbl 9a;n.11aTopa t = O. I X0 • JlJIH cpaBHCHl1ff Ha 3Tl1X 

Me _µJ11cy1rna..x np:rne;n.em1 Tai\lKe µesym:.TaThl pacqeTOB JlyTr\a .11 lllyn:o-

ua [ 3] • . 

TaKYl11 oopa.;:;oM ,Mb! :l!1,ll,l1M' '-<TO B U8J!Oi1I pe 3YJ!I>TaTbl ;,iOHTe-EapJIO 

pac<rnT a Ha.JCOi'\HTCH B x o pomell.i corJiac11n c pu3yJ!bTaTa'.1ll1 pa6oT [3] 
lt! OCOOGHHO [ 5] • l!G!COTOpOe pacxmO:,l(GH118 :f.e)i{,l(y H8l!!HMl1 pesylll>Ta· 

TaMl1 i1 p83YJII>TaTE'.'~ll JlyTua l! lli,';'Jl:bIJ;a , qacTHble cnyqaz KOTOpb!X 

'.l10Ka3aHbl Ha pllic.I n 2, !;lO)iiHO 00'.bf!CHV!T:b Jl!ClIOJ!:b30BaJrneM H8Ml1 

T01!Hb!X Gymn.111i1 pacnpe;,.\eireirnti ,,10JI:oe pa 11 lllllt)l.f:a. OT1:1eTH!.I, l!TO 

Cl18KTJ:l TO pM0 3HOI'O ]13Jl.)'Y.GiH1H .Je Te-I'ail.TJiepa B o6naCT'1 8Heprirn 
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Ha'lalll:>Hh!X 3Jiel\TpOHOB Eo,.....,. r;:iB, C.ilc.Go aa:::rncH T OT ::iae prn:Vi 3Jl8E-

TpOnOlJ. c il.lJYI'Oi·i CTOpOnbl, KOr;n;a .)'I'Jl!.J H3:.:ep!IOTCH B e.t;;IHiWIJ,ax 

rnc I Eo ' :DyHl\!J,HR pacrrpo;.\eJieHliH T OjJ,,i03HOl'O H3JIJ'!CH!HI no 

yrJiaM To .. ;e cna6o saB11c11T OT E
0 

[BJ • lloaTOi:Iy ITfii:Be.n.ettttble 3ttaqev-

I1:rn 3I<c1rn;yaTaIJ,110HHoro :~a1cropa a(u,t,x) , llbl'UlCJJe HHbl8 _ 

npu E 0 = 3 r:oB, ;,j O:i~HO v!CTIOJJ:b30:0aTJ> :!'rude ll]JV! iJ.1,,yrMX ::JHepr1rnx 

:.JJleKTpOHOB "" !."&is • 

AETOiJ 6;;arv,_;,E,p1T il '.100• l'.A.Ba ;crnr;eTRHa, IIO llH!UJ,HaTM -

j]C KOTOporo CiGiJJ8. lJb:..1o :::Le Ha i!C.CTOH:_\aH J!U50Ta I a TO.l'.Ee r .,;; . EaRTHHa 

i·: c.r.t:HR3RH sa rr;;:iesttae o6cy.;c;n,emrn VI u.eHHLle sarneqamrn. 
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