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l111cbMa B pe;iaKU.lllO I Ii 1,-

YHHBHCAJlbHOE B3AHMO,nEflCTBHE <t>'E.PMH H ACTPO<l>H311KA 

E. lloHmeKopeo 

.f 1more3a· 0 rJiy6oKOH aHaJJOfIUI pa3HhlX MeAJieHHhl~ npou.eccoB pacna.11.a 
:i.'lel\leHTapHhIX tJaciuu. KaK JJemoirnblx [ 11, .. TaK: If.. Henenr.ottHhi_x '(~]. ;·m1ui.1ia 
ue.11.aBHO 6JJecrnrn.y10 ¢opMyJJHpOBKy: B reopHll ' YHHBepcaJJhHOfO (BeKl'OpHoro, 
11 itKCil8JlbHO·BeKTOpHOf0) B38.llMOJI.eiicTBIHI Cy.11.apmaHa -MapmaKa (3] H 
<lle11m,,aHa - feJJJJ-MaHHa [ 4). CorJJacHo sroii reopHH, npou.ecc .. paccesrnHH 
ueihp1rno sJJeKrpoHaMH onuchrnaerc.H B3aHMOJI.efl,qraneM nepnoro. nop.HAKa no 
1..oHcTaHTe cJJa6or6 B3aHMOAeiicrn,rn [ 4 • 5]. 3KcriepnMeHTaJJhHOe o6Hapy.meane 
TaKOfO npo'u,ecca ·. 6bIJJO 6bJ OlJeHh .meJJaTeJihHbIM. Qn,HaKO nocTaHOBKa OilblTOB 
110 npm.1cmy Ha6~JOAeHUIO pacce.HHH.H 3JJeKTpOH8MH . aHTHHeiiTpl!HO ll3 peaK
TOpa (r. e. 110 o6Hapy)l<eHHIO llOHH38U.HH, o6ycJJOB.'leHHOH aHTHHeiiTpHHO, He 
l'BH3RHHOii C o6paTHbll\lll 5!,!lepHbll\lll [~·IlpOU.€CC8Mll), XOT.H' ll He llCKJJJOlJeHa, 
uo u uacrnnrn.ee n.peMH .1rnmercn otJeHh 3aTPYAHHTe.'lbHoii. . 

IJ,eJJb H8CTOHW.eii 3aMeTKII - o6paTIITb BHIIM8Hlle Ha TO, lJTO cyw.ecTBOBa-
1111e B38HMO~eiiCTBH.H V - e nepaoro nopH.l{Ka MOfJIO 6bJ npHBO)I.HTh. K MaKpo
CKOnlllJ€CKllM s¢¢.~KTaM. J,fa TaKoro B38HMO.l{eikTBll.H CJ!e)l.yer, lJTO Il03HTpOH· 
3JJeKTPOHHa.H 8HHllrHJIHU.HH MO}KeT npoHCXO.l{HTb .c 11cnycKaHHeM HeiiTpH

0

H0·8H· 
THHeiiTpllHHO}l napbl 1• TI03TOMY B 3JJeKTpOM8fHIITHblX npou.eccax BMeCTO 

11cnycKaHI1.H qJOTOHa . c1aHOBIITC.H B03MO)l{Hb!M 11cnycKam1e napi,1 .;7; (l!epe3 
llllpTyaJihHYIO napy e+ e-). 3ra o6w,a.H ¢YHAaMeHT8JlbHa.H CB.H3b Mem.l{y 3JJeKTpO· 
MafHIITHbIMH HBJieHIIHMII II JJenTOHHbIMII npol{eccaMH npHMO Bb!TeKaer 113 YHII· 
nepcaJihHOfO B3811MO,l1.eHCTBll.H cI>epMll, . . . 

TipaB.l{a, 11cnycKam1e napbl 'IV KpaiiHe MaJJoBepoHTHO no OTHOlll€HHIO K. ucny
CK8HHIO qJOTOHa, O,!tHaKO orpOMHaH npOHllK8JOW.a.H cnoco6HOCTb HeiiTpm10 3a· 
CTaDJIHeT .ztYMaTh O B03MO)l{HOCTll sqJ¢eKTOB, CB.H38HHblX C He11Tp1!H0·3JJeKTp0H· 
Hb!M B38IIMO.l{eiicTBlleM B 60JihlllllX TeJiaX, HaXOAHW.IIXCH npll Bb!COKOH TeMnepa• 
Type T. PaCCMOTpllM npol{ecc TOpM03HOf0 ll3JJYtJeHH.H 3JieKTpOHa C l!CnycKaHHel\l 

<pOTOHa. IIJIII napbl :;; B coy)l.apeHHII 3JieKTpOHa C .H,!tpOM A 3ap.H.l{a Z: 

e + A-.e +tA + 1 (¢01ottttce 1cpMosttoe 113ny,iettHe), 

e + A -.·e + A + v + v (nenrottttoe rnpMostto( 11sny,1em1e). 

0603H8lJIIM tJepe3 0t OTHOllleHHe BepOHTHCCTeii Wy 11 w ,'v Toro; lJTO npu 
OTKJIOH€Hllll 9JJeKTpoHa C 3Hepmeii E .HJIPOM ucnycKaJOTCH CCOTB€TCTB€HHO. 

cpoTOH IIJIII napa VV. Coo(5pameHIIH pa3MepH0CTII H8BO)l.~T Ha MblCJlh, lJTO 

U7 y (e 2Z I tic)2e2 / tic 
ot = W ~:::;:;; (e~z I tic)' 02 (EI mc2) 4 .. . 

r,'.\e G = gm2c / t,,3 - 6e3pa3MepHaH Koncraura cm16oro B3allMO.l{eiicrB11SJ, g = 
= l,4,I0-49 8pa,c.1i3 -KOHCT8HTa <llepMH 11 m-Macca 3Jl€KTpOHa, 

5IcHO, lJTO ('J,, - orpOMHaH BeJJIJllHHa npu .'II06h!X rer.meparypax, KOTOpbie 
BCTpetJaIOTCH B. acrpocp!13HKe. 0,nHaKO H3•3a pa3HHl.{bl npOHHKaIOrn.eii cnoco6-
HOCTH <pOTOHOB II ueiirpHHO l13JJYtJem1e .1{8HHOii 3H€prHII (cKameM, ,-.kT) B nu,ne 
qJOTOHOB 3Be3,naMII B npocrpaHCTBO npoHCXO.l{IIT, B KOH€lJHOM CtJere, 6naro,ll.apH 
orpor.moMy lJIICJIY 8KTOB cpoTOHIIOfO TOpM03HOfO 113JJYtJemrn, HecpaBHIIMO 
npeBL!WaJOU].eMy lJHCJJO (,..__ I) aKTOB .r1enrn1rnoro TOJ)M031!0f0 ll3JJYtJemrn, npu 
Ko1oph1x H3JJytJaercn B nu,ne uei'npuuo ra >i,e s11epnrn ,...,__,kT. Tio:iroMy ua ueKo• 
TOpoii CTa.l{HH 3DO.'IIOI.Ulll 3DC3;J. JIIO}l(C"f OKa3aThCH, lJTQ :rnepnrn, ll3JJYtJ€HHh!C 
B npocTpaHCTBO B BH.1{€ HCI°lTJ)ilHO II (jJOTOHOB, CTaHOBnTCH cpallHHMhlMII, H€CMOT· 
pH Ha MaJIOCTh ornowemrn W' ,:; /\\? .( n I<a)KJI.OM sJJeMettntpiiOM a,ne. 06pamaeT 

\ 
l 8 tJaCTHOCTU, aHllllrIIJIHU.HII opro110311Tp0111Ill C 11cnyc1rn1111eM napl>l v'i npnMepHO D 10 1:; 

pa3 i1euee nepol!THa, lJCM era aHHJ(rl!JllllU!H 11a TPII Y•KBaHTa. l13·3a llpOAOJlbHOCTH ttellrpuuo 
napano3HTpom1i1 ue Mo;mer a111111nin11ponan, c ucnyKauncM ueiiTp1rno II attrnttei11p11110. 
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11116 Tl ucb\la n pe.:taKUHlp 

.·Ha ce6S1 BHHMaH!Ie CBfl3aHHafl C pa3MepH0CTblO K0HCTaHrbl <I>zpMH pe3Kafl 3a• 
BHCHM0CTb OT TeMnepaTypbl nepoSITH0CTH · npouecca JienTOHHOro TOpM03HOro 
H3Jiy11eHHS1. I(poMe TOro, c yae.nu11eHHeM_ Z .ztJIHHa cao5o.ztHoro npo5era q>OTOHoa 
yMeHbwaeTcfl, l!TO npuao.ztHT K yae.nu11eHu10·neca HeiiTpHHHoro npouecca B 3Hep-
rem11ecKOM 6aJiaace. . . . · · 

Bee 3TO HaBO.ztHT Ha MblCJlb,. l!TO npouecc MOlli:eT CTaH0BHTbCfl Balli:HblM 
B CTa.ztHH 3B0JIIOUHH 3Be3.ll, KOr.zta HX TeMriepaTypa H cpe.ztHHiiZ 3Hal!HTeJibHO npe
Bb!Wa!OT COOTBeTCTBYIO~He BeJJH'IHHbl .llJlfl COJIHJ,a. HeTpy.ztHO BH.zteTb, l!TO Me
xaHH3M JienTOHHOro TOpMOlli:H0ro H3Jiy~eHHfl npaKTHl!eCKH He urpaeT pOJIH 
B 3Heprem11ecKoM 6anaHce coJIHUa (kT......, IkeV, Z......, I). , 

MexaHH3M ncnycKamrn HeiiTpHHO 3Be3.ztaMH, npe.ztnom:eHHblH Bb!We, CBfl3aH 
C aeiiTpHH0·3JleKTpOHHblM B3aHMO.zteiiCTBHeM H ·q>yH.ztilMeHTaJibHO OTJIH'laercfl 
oT npouecca, npe.ztnom:eHHoro faMOBblM H llleH6eproM (6), CBfl3aHHoro c fl.ztep
.HblMH (npflMblMH H oopaTHblMH) /3-npoueccaMH. JienTOHHOe TOpM03H0e H3ny11e
H11e 3JieKTpoHa - npouecc 6ecnoporoablii,. a npouecc r aMoaa - IlleHoepra -
3q>q>eKT c onpe.zteJieHHblM noporoM. ' 

B noCJie.ztHee apeMfl r. M. faH.zteJibMaHoM H B. C. IluHaeablM 6blJIH KOJIH11e
cTaeHH0 HCCJie)tOBaHbl 3cp:peKTbl B acTpOq>H3HKe, CBfl3aHHble C OnHCaHHblM Bb!We 
MexaHH3M0M JienTOHHOro TOpM03Horo H3J1y11eHHfl ~J1e1np0Ha.. 11MH noKa3aHO, 
'ITO n o6nacm TeMnepaTypbl kT > 30 keV npH nJ1e>THocr11 > 1o"r.,,.;f3HepruS1, 
yHeCeHHafl HeHTpHHO H3 3Be3.zt (Z:::::::: 20), npeBblWaeT 3Heprul0, yHeCeHHYIO q>OTO• 
HaMH • 

B 3aKJIIOl!eHHe MHe OlleHb npHSITHO IlO0Jiaro.ztapHTb 5{. 6. 3eJJb)tOBHl!a, 
LI.. A. <I>paHK·I<aMeHeUKoro H JI. B. OKyHfl• aa KPHTHtJecKne aaMe11aHHfl H HH· 
Tepee K pa6oTe, a TaK>Ke.r. M. faH.zte,,JhMaHa H B. C. IlHHaeBa, n10oe3HO HHcpop
_Muponaawux MeHfl o pe3yJihTaTax ux pa6oThl. 

. 061,e,11,11HeHHblli IIHCTHTYT 
ll,11,epHblX HCCJJe,11,onaHHH 

Jlareparypa 

flocryn11no e pe,11,aKUHIO 
23 Mapra 1959 r. 
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