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3penoa B.n., Py>KH'IKa ~. PI - 12251"" 
0 ponH Hany'leHHH BaaHnoaa-YepeHKoaa a aKcnepHMeHrax 
no OnTH'IeCKOMy nepeXOUHOMy H3fiy'leHH~ 

B pa6ore H8 OCHOBe 06!UHX <flopMyn nepeXOUHOro H3ny'leHHH BblllOfiHeHbl 
p8C'IeThl yrnOBbiX pacnpeaeneHHii nepeXOUHOrO H3ny'leHHH ( n11), B03HHKB~ 

ruero Ha rpaHHUe BSKYYM-Merann H HanpaaneHHoro BHyTpb Meranna. 
noapo6Ho paCCMOTpeHbl TSKHe caoiicraa H3ny'leHHH BaaHnoaa-YepeHKOBa 
a nornorua~rueii cpeae, KaK ero HanpaaneHHOCTb, noporoaoe ycnoaHe 
H UOfiHpH3BUHH H3fiy'leHHH, 06paruaeTCH BHHMBHHe HB cy!UeCTBeHHhlii BKfi8U 
H3ny'leHHH BaaHnoaa-YepeHKOBa a aKcnepHMeHrax no onTH'IeCKOMY 
nepexoaHoMy H3ny'leHH~. B qacrHocra: aaercg o6bHCHeHHe coanaaeHH~ 

<flopM 3KCnepHMeHTBfibHbiX H TeopeTH'IeCKHX XapaKTepHCTHK n11 npH CHCTe
MBTH'IeCKOM HecoanaaeHHH ypoaHeii HHTeHCHBHOCTeii H3ny'leHHH; BblUBHraeTCSI 

HOBOe 06bSICHeHHe tiOSIBfieHHSI ~~pne1UHKYfiSipHOii KOMnOHeHTbi; 060CHOBbiBB
eTCH 3MUHpH'IeCKOe npaBHnO W -W .npHMeHSieMoe UpH CpBBHeHHH TeOpHH 
C 3KCnepHMeHTOM no OfiTH'IeCKOMy n11; aaeTCH 06bHCHeHHe p83HbiX 
ypoaHeii <floHa HanyqeHHSI •anepea• H •Haaaa•. 

Pe'5ora abmonHeHa a Jla6oparopHH HaepHhix npo6neM 011~11. 

Coo6meHHe 06beUHHeHHoro HHCTHTyra RaepHMX HccneaoaaHHii, fly6Ha 1979 

Zrelov V,P,, Ru~il:ka J, PI - 12253 
The Role of Vavilov-Cherenkov Radiation 
in Experiments on Optical Transition Radiation 

The angular distributions of transition radiation (TR) origi
nating on the vacuum-metal boundary and directed towards metal 
have been calculated on the basis of TR general equations. Such 
properties of Vavilov-Cherenkov radiation in the absorbing medium 
as its directional property, polarization and radiation energy are 
considered in detail. Special attention is drawn to the considerable 
contribution of Vavilov-Cherenkov radiation to the intensity of 
the radiation observed in experiments on optical TR. In particular, 
the resemblance of theoretical and experimental curves in the 
case of the systematic excess of TR levels is explained, A new 
explanation is given to the appearance of the perpendicular com
ponent. The empiric rule wll -w.J. applied in the comparison of 
theory and experiment on optical TR is substantiated, Different 
"forward" and "backward" background levels are explained. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR, 
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1. BBE,/1EHHE 

B HaCTOJIII.\ee BpeMJI BMeeTCJI MHOrO 3KCDepBMeHTanbHLIX ,IJ,aH

HLIX no Bccne,IJ,oBaHBID onTBqecKoro nepexo,IJ,Horo B3nyqeHBJI, B03-

HBKaiDII.\ero DpB 6oM6ap,1J,BpOBKe DOBepXHOCTeii: pa3nBqHLIX MeTannOB 

::JneKTpOHaMB HB3KBX B BLICOKBX 3HeprBii: /eM. o630pHLie pa6o

TLI/ 1-4/ I. 
H3nyqeHBe, perBCTpBpyeMOe B 3TBX 3KCDepBMeHTaX, B OCHOB

HOM xopowo onBcwsaeTCJI TeopBeA onTBqecKoro nepexo,IJ,Horo B3-

nyqeHBJI rBH36ypra- Cl»paHKa/ &I, O,IJ,HaKO B HeKOTOpLIX cnyqaJIX BMe-

IDTCJI B 3HaqBTenbHWe pacXO)I(,IJ,eHBJI, CBJI3aHHLie C Ha6niD,IJ,aeMWM 

B ::JKcnepBMeHTe "B36WToqHwM" B3nyqeHBeM. Cyll.\eCTBeHHWe oT

KnoHeHBJI Ha6niD,IJ,aiDTCJI, HaDpBMep, DpB o6nyqeHBB cepe6pJIHLIX 

MBWeHeB ::JneKTpoHaMB HB3KBX 3HeprBB B cnyqae BX CKOnb3JIII.\ero 

na,IJ,eHBJI 
16

• 
71 

• 

B 6om.wBHCTBe pa6oT An• o6'bJICHeHBJI pacxo)I(,IJ,eHBB TeopBB 

B 3KCDepBMeHTa DpBBneKaeTCJI TOpM03HOe B3nyqeHBe /B-ll/. 3TO 

B3nyqeHBe, B03HBKaiDII.\ee B MBWeHB DpB MBOrOKpaTHOM pacceJIHBB 

::JneKTpOBOB, ,IJ,eBCTBBTenbHO, D03BOnJieT B 3HaqBTenbHOB Mepe 

cornaCOBaTb XO,IJ, 3KCDepBMeHTanbBWX B TeopeTBqeCKBX KpBBWX, 

TaKBX, KaK yrnoswe pacnpe,lleJieHBJI BBTeHCBBHOCTB B3nyqeBIU, 

3aBBCBMOCTb BHTeHCBBHOCTB B3nyqeHBJI OT 3HeprBB Da,IJ,aiDII.\BX 

qacTBU, OT yrna HaKnoHa B ,llpyrax xapaKTepHCTBK, o,IJ,HaKo non

Horo KonaqecTBeHHoro cornaca• ,IJ,OCTBrHyTo ell.\e He 6wno /S,1
2

•
131

• 

fipe,IJ,naraJIBCb B ,llpyrBe rBDOTe3W ,IJ,n.a 06'bJICHeHB.a B03HBKHOBe

BB.a "B36WToqaoro" B3JiyqeHBJI. TaK, B pa6oTe
1 14/ BLICKa3WB&eTCJI 

MHeHBe, qyo HaJIBqBe niDMBHecueHUBB BeCLMa Bepo.aTHO B He 

BCKJIIDqaeTCJI B03MOlKIIOCTh DpBMeCB B3JiyqeHB.a K&KOB-TO HeB3-

BeCTBOB DpBpo,IJ,W. 
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ABTOpbl pa6oTb1
1 151 

o6paiQaJOT BHBMause ua BJIB.IIHBe uepoauo

cTeii: llOBepXHOCTB MeTaJIJia B llOICa3biBaJOT, qTO OHB npBBO.Z..IIT 

IC noa~a~wensJO BHTeucaauocTB ua6JIJO.z.aeMoro HlJiyqenH.II. B pa6o

Te
1 131 

npoae.z.enbl no.z.po6u1a1e accne.z.oaaus.11 :noro .IIBJieHH.II nyTeM 

cpaoHeHB.II HlJiyqeHH.II OT MHWeHeii:, nooepXHOCTH ICOTOpbiX 6biJIH 

TIQaTeJibHO oTnonapooanbl, H Hlnyqeua.ll OT MHWeueii: c wepoxooa

TbiMH llOBepXHOCT.IIMH, a .Z.JI.II 06'b.IICHeHH.II llOBbiWeHHOii: HHTeHCHB

HOCTH HlJiyqeua.ll o nocne.z.neM cnyqae npaonexanc.11 3clM1JexT CMHTa
llepceJ]J]a 1 161 . 

JibiJia TaJOKe C.Z.eJiaHa llOllbiTICa 06'b.IICHHTb aHOMaJibHO 60JibWYIO 

HHTeHCHBHOCTb HlJiyqeHB.II llpH CICOJlbl.IIIQeM na.z.eHBH JJieiCTpOHOB 

ua nooepxuocTb cepe6pa nyTeM npaMeueHH.II Teopas HlJiyqenH.II 
ueperyn.11puo .Z.BH)I(yiQeii:c.ll lap.ll)l(euuoii: qacTHJlbl 1 171. 

B uacTO.IIIQeii: pa6oTe .Z.JI.II o6'b.IICHeHH.II npaqaubl BOlHHICHOBeHH.II 

"H36b1Toquoro" HlJiyqena.ll, ua6JIJO.z.aeMoro B 3ICcnepHMeHTax no 

nepexo.z.noMy HlJiyqenHIO, npe.z.naraeTC.II lcWlexT Baoanooa-qepeu
xooa. 

2. H3JIYIJEHHE BABHJIOBA- IJEPEHKOBA 
B CPE,4E C IIOFJIOl/!EHHEM 

1/ ll p 0 .II B Jl e H He 1(1 3 Jl y q e H H .II B a B B Jl 0 B a - q e p e H lC 0 B a 

B yrnoablx pacnpe.z.eneHH.IIX 

I 18/ Kax anepo1a1e laMeTHJIB lla4loMoo a cl>pau:K , 4lopMyJibl M.ll 

nepexo.z.uoro HlnyqenH.II /llH/, BOlHBICaJOIQero ua rpausue cpe.z.a 

/c nornoiQeuaeM/ - aaxyyM, onscbiBaiOT TaJOKe a BlJiyqeuse Ba

BBJIOBa- qepeuxoaa, BbiXO.Z..IIIQee B aaxyyM. Ouo npo.IIBJI.IIeTC.II B ou.z.e 

nonororo MaiCCBMyMa B yrnoBOM pacnpe.z.eneuss ICBaHTOB llH, no

JIQ)I(euse KOTOporo laBBCBT OT .z.eii:CTBBTeJibHOB qaCTB K03clM1JBUBeH

Ta npeJIOMJieHB.II, a CTeneHb ero pa3MbiTOCTB - OT IC03clM1JBUBeHTa 
I 18 I 

nornoiQeHB.II. B pa60Te ' ue o6cy~aJOTC.II npsqsubl pa3MbiTOCTB 
3TOrO MaiCCBMyMa. 

B npo3paquoii: cpe.z.e BlJiyqeuse Baasnoaa-qepeuxoaa .Z.JI.II on

pe.z.eneuuoro noxaJaTeJI.II npenoMJieHB.II /.z.nsua BOJIHbl 4lsxcspoaa

ua/ - ocTpouanpaaneuuoe /"yrnoaoe" pacnpe.z.eneuse - 4laKTB

qecxs 0 -q,yHKUB.II/, a pa3MbiTBe o6yCJIOBJieHO TOJlbKO 3aBBCB

MOCTbiO ll (A) · KalaJIOCb 6bl, TO )l(e CaMoe .Z.OJ])I(HO BMeTb MeCTO 

B nornoiQaJOIQeii: cpe.z.e .Z.JI.II 4lsxcspoaanublx noxaJaTeneii: npenoMne-

4 
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o· 2o· 4o· so· ao· 92 

Puc. 1. Yz11o61o1e pacnpeoeAeHu.R UHIIIeHCU6HOCIIIU IIH "6nepeo," 
603HUKOJOU1ezo 6HyJJpu MeiiiOIIII06 Au , Cu , Ag , Ni , Al , Pt Ha 
zpaHUije 60KYYM - MeJJ0/1/1, OII.R OIIUHiol 60/IHiol A = 5500 A u Y = 
= 2~5. llyHKJJUpHou /luHueu noKoaoHo no11oxeHue yz11o ua11y~eHU.R 

Bo6UII06o- IJepeHK060, 603HUKOJ0111ezo 6 Pt npu y = 27,5 u A= 
= 5500 A u pocc~u•oHHozo no (JopMylle /3/. 

HB.II (n) a nornoiQeHB.II (k). O.z.uaxo pe3yJibTaTbl pa6oTbl/181 npoTB

oopeqaT 3TOMy. flo HaWeMy MHeHBJO, 3TOT 3clM1JeKT MO)I(eT 6b1Tb 

BJIB npo.11oneuseM uooblx cooii:cTo BlJiyqenB.II Baasnooa-qepeuxoaa 

B norJioiQaiOIQeii: cpe.z.e /.Z.JI.II cnyqa.11 nornoiQaJOIQeii: cpe.z.1a1 nonuoii 

TeOpBB B3JiyqeHB.II BaBBJIOBa- qepeHKOBa B HaCTO.IIIQee BpeM.II He 

CyiQeCTByeT/, BJIB, qTo 6oJiee BepO.IITHO, pe3yJibTaTOM BHTepq,epeu

UBB nepexo.z.uoro B qepeuxoacxoro BlJiyqeusii: B lone q,opMs

poaaHB.II, T.e. npo.lloJienBeM ra6ps.z.uoro BlnyqenB.II jrHj 1 191 . 
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Kax 6Lmo OTMe'feHo B pa6oTe 1 181 , npH 6on.i.wux noxaJaTeJIJIX 

npenoMJieHHJI HJJiy'feHHe BaBHJIOBa-~epeHxoBa He BWH~eT H3 cpe

~ /HJ- Ja nonHoro BHyTpeHHero oTpa)KeHHJI/ ~a)Ke npu He6om,

WOM nornoweHHH, ecJIH 'faCTHUa BXO~HT B Cpe~y no HOpMaJIH. 

O~Haxo ero MO)KHO BhiBecTH, ecnu JacTaBHTh qacTHUY nepecexaTh 

rpaHHUY paJ~eJia no~ HeKOTOphiM yrJIOM 1J1 o 

IlpHBe~eHHhle B pa6oTax / 1 ' 3 •181 yrnoBhle pacnpe~eneHHJI 
lllf C Bhl~eJIJIIOWBMCJI Ha HHX MaKCHMYMOM H3Jiy'feHHJI BaBHJIOBa

~epCHKOBa paCC'fHTaHhl ~JIJI npOH3BOJlbHhiX K03cWJHUHeHTOB npeJIOM

JieHHJI H nornoweHHJI. Il03TOMY HHTepeCHO paCCMOTpeTb, npH KaKHX 

yrnax 0 BOJHHKaeT HJJiy'feHue BaBHJIOBa- ~epeHKoBa B peanhHhiX 

cpe~ax c nornoweHHeM H xaxue yrnhl HaxnoHa qacTHUhl 'P x no

BepxHOCTH paJ~eJia He06XO~HMhl, 'fT06hl BhiBeCTH ero Hapy)Ky, 

B BaKyyM. 

Ha puc. 1 npuBe~eHhl yrnoBhle pacnpe~eneHHJI HHTeHCHBHOCTH 

nepexo~Horo H3Jiy'feHHJI, B03HHKaJOwero BHYTPH paJJIH'fHhiX Me~ 

TannoB H HanpaBJieHHoro "Bnepe~", ~JIJI ~JIHHhl BOJIHhl A = SSOOA 
H nopeHu-«PaxTopa y = 27 ,5. 3TH pacnpe~eneHHJI pacc'fHTaHhl no 

o6wHM cllopMynaM nepexo~Horo HJJiy'feHHJI, BJJIThiM H3 pa6oThi/20/ 

/cllopMyJihl /6/ H /7 I no& pa6oThl/, ~JIJI cny'faJI nepneH~HKYJIHp
Horo na~eHHJI 'faCTHUhl Ha rpaHHUY BaKyyM-MeTaJIJI. AHaJIOrH'fHhle 

pacnpe~eneHHJI, HO ~JIJI cny'faJI nepexo~Horo HJJiy'feHHJI, BOJHH

KaJOwero B . cpe~e H HcnyweHHoro "RaJa~", npe~cTaBJieHhl Ha 

puc. 2. IIIHpOKHH MaKCHMYM Ha 3THX ~BYX pHCyHKaX B6JIH3H yrJia 

() = 80° COOTBeTCTByeT HJJiy'feHHIO BaBHJIOBa-~epeHKOBa /TO'f

Hee, rM;. M3 puc. 1 H 2 cne~yeT, 'fTO ~JIJI Toro, 'fT06hl BhiBeCTH 

HJJiy'feHHe BaBHJIOBa- ~epeHKOBa H3 MeTaJIJia B BaKyyM, Heo6-

XO~HMO HaKJIOHHTh 'faCTHUY OTHOCHTeJihHO HOpMaJIH K rpaHHUe 

paJ~ena no xpa&Hea Mepe Ha yron 1J1 "' 707 80" 0 

Kax Tenepb JICHO, aHanorH'fHoe npoJIBJieHue ru6pH~Horo HJ

ny'feHHJI BhiCTynaeT B JaBHCHMOCTH nOJIHOrO 'fHCJia cPOTOHOB lllf 

/HcnyweHHWX B BaKyyM/ OT yrna HaKJIOHa 'faCTHUhl IJI npH npo

XO~eHHll: ee qepe3 rpaHHUY Ni -BaKyyM /eM. puc. 3, B3JIThiH H3 

pa60Thl 
1211 I B o6naCTH yrJIOB 1)1 ~ 80°oHa KPHBOH w-('1') BH~eH 

He60JibWOH WHpOKHH MaKCHMyM. lf3 3TOrO pHCYHKa BH~HO TaK)Ke, 

'fTO BKJia~ Tai<oro HJJiy'feHHJI B nOJIHylO HHTeHCHBHOCTb filf CO

CTaBJIJieT npH 3THX yrnax HaKJIOHa 3aMeTHYIO ~OJIIO OT nOJIHOH 

HHTeHCHBHOCTH filf, Ha6JllO~aeMOH npH nepneH~HKYJIJipHOM na~e
HHH 'faCTHUhl. 
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o· 20· 40" so· so· e, 
Puc. 2. To JKe caMoe, t~•o u Ha puc. 1, HO i}A.R cAyt~a.R HH, 603HU
KOIOflleZo a cpe(}e u ucnyr~~eHHozo "Ha3ai}". 

W ± x10
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Puc. 3. 3aaucuMoc•~> t~ucAa tJo•oHoe cyMMapHozo HH ot5eux noAJipu-
3014Uil ( wu + W .l. ), ucnyr~~eHHozo KaK "anepe(}" - W- (IJI), •aK u 
"Ha3a(}"- w + (IJI), o• 'I'. 
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21 HanpasneHHOCTb HJnyqeHHR 

BasHnosa-qepeHxosa 

C O.D.HOB CTOpOHbl, HanpasneHHOCTb HJnyqeHHR BaBHBOBa- qe

peHxosa s cpe,11.e c nornomeHHeM MO)I(eT 6b1Tb onpe,lleneHa no 

aHanOrHH C 06blqHbiM COOTHOWeHHeM, BbiTeXaiOiliHM H3 TeOpHH 

TaMMa-<llpaHxa 

1_. cos (j, 7Jll Ill 

r.D.e noxaJaTenb npenoMneHHR n c yqeToM xoMnnexcHOCTH cpe.D.bl 

Bblpa)l(aeTcR xax 

n =V IRe r I + I r I 
2 

npuqeM 

2 2 I £ I = V I Re £ I + I lm r I . 

121 

A c ,llpyroii - HanpasneHHOCTb HJnyqeHHR BasHnosa-qepeHxo

sa B Taxoii cpe.D.e 6blna BbiBe.D.eHa xocseHHhiM o6paJoM nyTeM aHa

nuJa cllopMyn nepexo.D.Horo HJnyqeHHR, npose,lleHHoro s pa6oTe i 1 \l , 

B BH,IJ.e * 

cos8- V! Rer I - j;!/i"~ 131 

* Kax noKaJaHo B pa6oTe / 19; HanpasneHHOCTb HJnyqeHHR Ba
BHBOBa- qepeHXOBa cne,11.yeT H3 06pa111eHHR B HOBb CK06KH : 1- f32r cos2fJI, 

co,llep)l(ameiicR s JHaMeHaTene o6111HX cllopMyn TIH. 
,l:{eiicTBHTenbHO' ypasHeHHe 11 - (3 ~ eosf e I = 0 .llBR KOMnnexc-

HOrO r = a+ j b MO)I(eT 6b1Tb nepenHCaHO B BH,Ile 

{-f[ a 2 + b 2 1 cos 40- 2 {-3 2
acos 2e + 130. 

Bbl,lleneHHe peanbHOH qacTH H3 peweHHR 3TOro ypaBHeHHR OTHOCH
TeBbHO {3 2 npHBO,II.HT K YCBOBHIO 

. vTRe~! 
cos f)~' lcTI"-3-- . 1221 

3aMeTHM, qyo liy,llHHH B CBOeH pa6oHi He npHBO,II.HT COOTHOWe-

HHR .D.BR HanpasneHHOCTH HJnyqeHHR s norno111aiDilleii cpe,lle, a nopo
rosoe ycnosue npHHHMaeT B ofiblqHOM BH.D.e: 

{3> 1 /yRec 

8 

llpH lm£ = 0 cllopMynhl I II H 131 ,llaiDT O,llHHaXOBbiH pe-

JynbTaT. Kaxoii )l(e JaBHCHMOCTbiD cne,llyeT nonbJOBaTbCR npH sbl

qHcne_HHRX yrnos HJnyqeHHR BasHnosa- qepeHxosa B nornoma10meii 

cpe,lle? flo HaWeMy MHeHHIO, JaBHCHMOCTb 131 HOCHT 6onee 06IItBH 

xapaxTep, nocxonbxy, xax OTMeqeHo B pa6oTe /19 1 , oHa HeRBHO 

TaX)I(e CO,Ilep)I(HTCR B cllopMyne ,IJ.BR HHTeHCHBHOCTH HJnyqeHHR Ba

BHBOBa-qepeHXOBa B nornoma10meii cpe,11.e, nonyqeHHoii liy,iJ,HHH 1221 . 

HHTepecHo OTMeTHTb, qyo, xax cne,11.yeT HJ cllopMynhl 131, yron 

HcnycxaHHR HJnyqeHHR BaBHBOBa-qepeHXOBa onpe,llenReTCR COOT
I fl HOWeHHeM ---·-- ---- XOTOpOe MO)I(eT npHHHMaTb 6onbWHe 

vi IRe ;T 
JHaqeHHR nu6o npH npH6nH)I(eHHH Re ( x HYBID I .D.BR n106oii Im r /, 

nH60 npH JHaqHTeBbHOH senHqHHe OTHOWeHHR j_Im< I:__ . B 3THX 
IRe, I 

cnyqagx noporosag cxopoCTb Mana, a yrnhl HcnycxaHHR HJnyqeHHR 

BasHnosa- qepeHxosa JHaquyenbHble. 

HarnR.D.Hble npe,llcTasneHHR o JaBHCHMOCTRX yrnos HJnyqeHHR 

Basunosa- qepeHxosa, BOJHHXaiDmero s TaxHx MeTannax, xax Ag , 

Ni , Cu , Pt , Au , Al, OT nopeHu-cllaxTopa y /npH paJHbiX 

.D.BHHax sonH A I .D.aiDT xpHBble, paccquTaHHble no cllopMyne 13/ 
H npHBe.D.eHHble Ha puc. 4. HJ 3Toro pHcyHxa BH.D.HO, qyo HJnyqeHHe 

BasHnosa- qepeHxosa BOJHHKaeT so scex nepequcneHHblX MeTannax, 

-------~--
Al Au 

Ni Cu 

, ... Al 
/ ______ Pt 

/ 
/ 

/ 
/ , 

~21 :?:-~ 
/ 

I I I I 

2000 3000 4000 5000 6000 1.1 

Puc. 4. 3aeucuMoc•u cos e = ~ lj~1 o• OIIUHW 60AHW A OAJI pa3-
IIU'IHbiX Me•aAIIOB I At.Au c , Cu , Ni u Pt I npu y•l,l. 
Il~HK•upHa.R rcpuea.R - •a JICe 3aeucuMoc•r. OIIJI Au npu y. = 27,5. 
Kpuea.R OII.R Ag - npu Y = 1,2, 9 



,naJKe npu OTHOCHTeJIJ.Ho HH3Koii 3ueprHu 3JieKTpouoa 1 y = 1,1; 
Efl = 50 K3B/ H, 3a HCKJUO'IeHHeM HeKOTOpbiX CJiy'laeB, npaKTH'IeCKH 

BO BCeM ,nuana30He BH,AHMOB 'laCTH cneKTpa. 

HuTepeCHO OTMeTHTb, 'ITO H3- 3a CJIOJKHbiX 3aBHCHMOCTeii OllTH

qeCKHX xapaxTepHCTHK MeTannoa oT A cnexTp H3Jiy'leHHJI Basuno

sa- llepeHKoBa MOJKeT HMeTJ. nonocaTbiB xapaxTep. 

10-' 

d2W
logdfldA 

1 o-s 
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Puc. 5. YZAOBbre pacnpeoeAeHu.R nepneHOUKYA.RpHoii KoMnoHeH•~>r 
U311Y'IeHU.R W J.. , 803HUKOIOIIIeZo 8 cepe6pe npu pa3Hf>IX yz.11ax 
HaKAOHa 'lac•ur~~>r W I y = 27,5 u A = 5500 A/. 1 - 'I' = 40 °; 
2-IJI = 15°; 3 - 1J1 = $>;4- 1J1 = 3°; 5- 1J1 = 1,5°.IlYHK•UpHa.R .IIUHU.R 
Ha pucyHKe coo•ee•c•eye• noAoJtCeHUIO yz.11a U3Ay'leHu.R BaeUAoea
qepeHKoea, onpeOe.II.ReMOMY COO.HOIUeHUeM /3/. 
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3/ llOJIJlpH3aUHJI H3Jiy'leHHJIBaBHJIOBa-\lepeHKOBa 

B cHJibHO nornoiQaJOIQeii cpe,ne 

cl»opMyJibl fiH ll03BOJIJIIOT llOJIY'IHTb HeKOTOpble yKa3aHHJI Ha 

ueo6b1'1Hhlii xapaxTep noJIJIPH3aUHH H3Jiy'leHHJI Baaunosa- llepeuxosa 

B Taxux cpe,nax. H3BecTuo, 'ITO npu uaxnouuoM na,neuuu 'laCTHUhl 

B llH llOJIBJIJleTCJI KOMllOHeHTa H3Jiy'leHHJI C nepneH,nHKYJIJIPHOB llOJIJI

PH3aUHeii. Ha puc. 5 npe,ncTaBJieHbl yrnoBble pacnpe,neneHHJI nep

neu,nuxynRpuoii KOMnoueuTbl nepexo,nuoro H3Jiy'leHHJI, B03HHKaJOIQero 

B cepe6pe llpH pa3Hb1X yrnax HaKJIOHa 'laCTHUbl OTHOCHTeJIJ.HO rpaHH

Ubl pa3,nena saxyyM - Ag. 3TH pacnpe,neneHHJI pacc'IHTaHbl B nnoc

KOCTH, nepneH,nHKYJIJlpHOB K llJIOCKOCTH na,neHHJI, ,AJIJI 'laCTHUbl 

c y = 27,5 H ,AJIJI A = 5500 A. 
H3 pucyuxa BH,nuo~ 'ITO wupoxuii MaKCHMyM B o6nacTH yrnos 

8 = 70 ° • COOTBeTCTBYIOIQHB H3Jly'leHHIO BaBHJIOBa- \lepeHKOBa /TO'I

uee, rHj, llpOCMaTpHBaeTCJI Ha BCeX KPHBbiX 175 /nyHKTHpHaJI 

JIHHHJI Ha 3TOM pHCYHKe COOTBeTCTByeT llOJIOJKeHHIO yrna H3Jiy'leHHJI 

BaBHJIOBa-llepeHKOBa B Ag, onpe,neJIJleMOMy COOTHOWeHHeM /3// 
annoTJ. ,no W = 1,5°. llpH'IeM, uecMOTpJI ua CHJIJ.uoe ocna6neuue 

llOJIHOB HHTeHCHBHOCTH C yMeHJ.WeHHeM IJI, MaKCHMYM 'lepeHKOBCKOrO 

H3Jiy'leHHJI C nepneu,nHKYJIJIPHOB KOMllOHeHTOB llOJIJIPH3aUHH npo

CMaTpHBaeTCJI ,naJKe 6onee OT'IeTJIHBO. 3TO MOJKeT CBH,AeTeJibCTBO

BaTb 0 TOM, 'ITO H3Jiy'leHBe BaBBJIOBa- \lepeHKOBa B llOrJIOIQaJOIQeB 

cpe,ne BMeeT BHYIO llOJIJlpB3aUBIO, 'leM B npo3pa'IHOB cpe,ne, T.e., 

B03MOJKHO, OHO o6na,naeT OTJIB'IHOB OT HYJIJI nepneH,nBKYJIJIPHOB 

KOMllOHeHTOB llOJIJlpB3aUHB. 

3. 0 BKJIA.4B H3JIYqBHHJI BABHJIOBA- qBPBHKOBA 
B 3KCIIBPHMBHTAX IIO OIITHqBCKOMY 
IIBPBXO~HOMY H3JIYqBHHIO 

1/ K B 0 n p 0 C y 0 C B C T eM aT H 'I e C K 0 M ll p e B bl We H H H 

Ha6JIJO,naeMbiX HHTeHCBBHOCTeii B3JIY'IeHBJI 

uail pac'leTHbiMB npa coana,neHHH 4>opM 

cneKTpOB a yrJIOBbiX pacnpe,neneuaii 

H3 cxa3auuoro B pa3,nene 2 cne,nyeT, 'ITO B HHTepsane 3Hepraii:, 

B ICOTOpOM npOBO,AJITCJI 3KCllepHMeHTbl no OllTB'IeCKOMY nepeXO,AHO

MY B3Jly'leHHIO, KpOMe llH, TOpM03HOrO B3JiyqeHBJI B JIIOMBHecueu-

t1 



UBH jnpeunexaeMMX o6wqHo nnR o6~RcHeHHR Ha6nwnaeMoro cue

Touoro H3nyqeHHR/ BHYTPH MeTannoB, HCnOnb30BaHHhlX B KaqeCTBe 

MHWeHeH, B03HHKaeT H H3nyqeHHe BaBHnOBa- qepeHKOBa. 

3To H3nyqeHHe, ecnycxae~oe 3apR)I(eHHoii qacTeueii non 6onb

WHMH yrnaMH OTHOCHTenbHO HanpaBneHHR ee nBH)I(eHHR, BhlHneT 

H3 MeTanna B uaxyyM newb Torna, xorna yron ero naneHHR Ha 

rpaHHilY pa3nena 6yneT 6ne30K K Hynw. Taxee ycnoBHR B03HHKaiDT 

ne6o B cnyqae , xor na nyqox 3neKTPOHOB HanpaunReTCR non 6onb

WHMH yrnaMH K nouepxHOCTH pa3nena, ne6o B cnyqae MHoroxpaT

Horo pacceRHHR qacTHil npe nw6Mx yrnax uxona qacTHilM B cpeny. 

KpoMe Toro, 3TH ycnoBHR aBTOMaTeqecxe uwnonHRIDTCR npe Hane

qee HepoBHOCTeii Ha nouepxHoCTH pa3nena /nocnenHee oco6eHHO 

Ba)I(HO B cnyqae HaKnOHHOrO naneHHR qacTHU/. 

OnpenenHM neana3oH yrnoB u6nH3H HOpManH K nouepxHoCTH 

pa3nena B cnyqae, xor na H3nyqeHHe Bauenoua- qepeHKoBa BMxoneT 

Hapy)l(y. )J,nR pa3neqHwx yrnoB HaxnoHa qacTHil 'V yron naneHI!R 

()i qepeHKOBCKOrO H3nyqeHHR jecnycKaeMoro B nnoCKOCTH nane

HHR/ Ha noBepXHOCTb pa3nena OTHOCHTenbHO HOpMan& K 3TOH no

BepXHOCTH Oi =0ch ± 'V. 
C yqeToM 3aKoHa npenoMneHHR yron BMxona H3nyqeHHR B ua

xyyM tir onpenenReTcR BMpa)l(eHHeM 

(} = arcsin(nsin(O ± 'II)). 
r ch /4/ 

rne n =1 I (Jcose 
ch 

)J,nR pa3HhlX IJI H Y = 1,05 lilYHKUHR (;ii ~(!ch - IJI ,, onpe-

nenReMaR /4/, npeueneHa Ha puc. 6. H3 3Toro pecyHKa uenHo: 

uo-nepBMX, c yueneqeHHeM yrna 'V o6nacTb yrnoB BMBoneMoro 

H3nyqeHHR BaBHnOBa- qepeHKOBa CHnbHO Cy)l(aeTCR; BO- BTOphlX, 

H3nyqeHHe jqTO ecTeCTBeHHO/ MO)I(eT BhlHTH non niD6MM yrnoM, 

OT +90° no -90°. Ilocneneee 06CTORTenbCTBO npHBOnHT K "pa3Ma-

3hlBaHHID" BhlBOnHMblX Hapy)l(y MaKCHMYMOB rH6p&nHOrO H3nyqeHHR, 

npencTaBneHHhlX Ha puc. 1 H 2. 
TaKHM o6pa30M, H3nyqeHHe Bauenoua- qepeHKOBa, uwxonRIIlee 

H3 MeTannOB, MO)I(eT BHOCHTb BKnan B 0611lYID HHTeHCHBHOCTb H3-

nyqeHHJI, Ha6nwnaeMoro B onwTax no IIH, B Bene H30TponHoro !llo

Ha. 3TO, B KOHeqHOM HTOre, npHBOnHT K CHCTeMaTeqecl<OMY npe

BhlWeHHID perHCTpHpyeMhlX HHTeHCHBHOCTeH H3nyqeHHR npH COB

naneHHH !llopM pa3nHqHhlX 3l<CnepHMeHTanbHhlX H TeopeTeqeCKBX 
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KpHBhlX. TaK, aBTOphl pa60Thl 
161 

OTMC'IaJOT, 'ITO B CJiy'lae nep

neH,IJ.HKYJIJipHOro na,IJ.eHHJI 3JICKTpOHOB C 3HeprHeii 30 K3B Ha 

noBepXHOCTh TOJICTOB MHWCHH H3 cepe6pa cneKTphl TOB 'laCTH 

H3Jly'ICHHJI, KOTOpaJI o6paTHO nponopUHOHaJihHa 3HeprHH na,IJ.aJOmHX 

'laCTHU H KOTOpaJI, KaK OHH C'IHTaJOT, JIBJIJICTCJI TOpM03HhlM H3-

JIY'ICHHCM, no CBOCB ~OpMe COBna,IJ.aJOT CO cneKTpaMH, Bhl'IHCJICH" 

HhlMH B paMKaX TeOpHH TOpM03HOrO H3JIY'ICHHJI, O,IJ.HaKO no a6co

JIJOTHOMy 3Ha'ICHHJO 3KCnepHMCHTaJihHhlC ,ll.aHHhlC ,II.JIJI HHTCHCHB" 

HOCTH npH6JIH3HTCJihHO B nJITh pa3 60JihWC TeopeTH'ICCKHX 3Ha· 

'ICHHB /eM. puc. 7/. Taxoe lKe pacxolK,IJ.eHHe TeopHH H 3Kcnepu

MeHTa 3TH aBTOphl· HaXO,IJ.JIT H JJ CJiy'lae MHWCHCB 83 HHKCJIJI /CM. 

puc. 8/. 

·w 
CM•Cp 

4000 

Puc. 8. To JKe, ""o u Ha puc. 7, HO c)A.R MUIIIeHu u3 Ni 
16< 

123/ 
B ,11.pyroii pa6oTe npu onpe,11.eneHHH a6coJIJOTHoro BhlXO.D.a 

H3JIY'ICHHJI 83 aJIJOMHHBJI H cepe6pa B 3aBHCHWOCTH OT TOJimftHhl 

MHWeHeB npH HX 06Jiy'leHHH 3JICKTpOHaMH C 3Heprueii 40 H 50 K3B 

OTMC'IaeTCJI B OCHOBHOM COrJiaCHC C npe,II.CKa3aHHJIMH TeopHH 

PHT'IH OCHOBaHHOB Ha TeOpHH rHH36ypra-CI>paHKa/!)/ /CM. puc. 9 
B 10/. 0,11.HaKO, KaK 3TO CJIC,II.yeT H3 3aMe'laHB.8 aBTOpOB, C,IJ.e

JiaHHOrO npH KOppeKType CTaThH/2 ,3 / nocJJe DpOBC,IJ.eHHJI ,IJ.OnOJI· 

HHTCJIIoHOB KaJJH6pOBKH ~OTOYMHOlKHTeJJ.a H CneKTpOMeTpa C no

MOIUhJO IUCJICBOro BOJlh~paMOBOrO HCTO'IHHKa CBCTa BhlJIBHJIOCh, 

'ITO cornacHe TeopHH H 3KcnepHMeHTa He Taxoe xopowee, xax 

3TO CJie,IJ.yeT H3 puc. 9 H 10. 3KcnepHWeHTaJihHble 3Ha'leHH.8 HH" 

TeHCHBHOCTCB OKa3aJIHCh 3aHHlKeHHhlMH B 1, 7 pa3a. 

B pa6oTe ApyTJOH.&Ha H ,11.p/ 1 11 TOlKe OTMe'laeTc.a, 'ITO npH 

cpaBHCHHH 3KCDepHMeHTa C TeOpHeB a6COJIJOTHa.& BeJIH'IHHa HH· 

TeHCHBHOCTH Ha6JIJO,IJ.aeMOrO H3Jiy'leHHJI npeBbliiiAeT pac'leTHOe 3Ha-

14 

= 0 
Q, 

'"' :.: 
Ql 
1::: 

"' 
-=-0 

'"' 0 

~ 
IQ 
0 = 0 

'"' 0 

.. 

.6~-

.. 

--1 

TeopuSI 
IJ.-6---6 

~~P•:e»T 

.eo ......... 2 

l:t )l 
0 9 
~ fr 0 

125 250 37!S ·--~· = TOJIIUHHhl ~OJibr t B ){ 
Puc. 9. 3KcnepuMeH111aAbHblii ebrxoc) (JolloHoe e 3aeucuMoc11u 011 IIOA
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'leHHe B 1,5 pa3a npH COBna,IJ.eHHH XO,II.a 3KCDepHMeHTaJihHhlX H Teo

peTH'IeCKHX KpHBhlX. TaKoe OTKJIOHeHHe, KaK C'IHTaJOT aBTOphl, 

CBJI3aHO C HeKOTOpOB Heonpe,ll.eJieHHOCThJO B 3~eKTHBHOCTH HX 

,ll.eTeKTHPYJOIUeB CHCTeMbl. B ,IJ.aJihHeiiweM OHH DpHBO,II.JIT 3KCDepH

MeHTaJihHble ,ll.aHHhle, yMeHhWeHHhlMH B 1,5 pa3a • 
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10. To JKe, '1110 U Ha puc. 9, HO OA.R (JOAbZU U3 cepe6pa. 
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21 BKna~ B3nyqeHBX BaBunoBa-qepeHKoBa 

B nonxpu3aiJ,BIO 

Hanuque B3nyqeHBX c nepneH~BKynxpHoH nonxpu3au,ueH B 3K

cnepuMeHTax no lllf npB HOp.MaDbHOM na~eHBB qaCTBIJ, Ha rpaHBU.Y 

pa3~ena 06'bXCHXeTCX 06blqHo npBMeCbiO OnTBqecKoro TOPM03HOrO 

B3nyqeHBX. O~HaKo Teopux TopM03Horo B3nyqeHBX npe~cKa3biBaeT 

3HaquTeDbHO .MeBbWYIO BHTeHCBBHOCTb :HOH KOMnOHeHTbl B3DyqeHBX, 

qe.M 3TO Ha6nto~aeTcx B 3Kcnepu.MeHTe. Hanpu.Mep, B pa6oTe 
112

/ 

npuBe~eHbl pe3YDLTaTbl B3MepeHBH xapaKTepucTBK nepexo~Horo 

B3DyqeHBX, B03HBKaiOIIJ,ero npB o6nyqeHBB 3DeKTpoHa.MB C 3HeprBX

MB 297, 423, 632 K3B B l,l M3B TOHKBX nneHOK B3 30DOTa, 

cepe6pa B .Me~u. KaK OT.MeqaiOT B 3aKntoqeHBB aBTOphl 3TOH pa6o

Tbl, 3KCnepBMeHTaDbHhle BHTeHCBBHOCTB ~DB nepneH~BKYDXpHOH 

KOMnOHeHThl B3DyqeHBX npeBhiWaiOT TeopeTBqecKBe Ha O~BH-~Ba 

nopx~Ka. 

llpBqBHOH nOXBDeHBX B3DyqeHBX C nepneH~BKynxpHOH nonxpB-

3aiJ,BeH B 3KCnepB.MeHTaX no lllf,Kpo.Me npoqerO,.MO~eT XBDXTbCX 

B B3nyqeHBe BaBBDOBa- qepeHKOBa OT MHOrOKpaTHO pacceXHHhiX 

qaCTBIJ,. ~eHCTBBTeDbHO, qacTBIJ,a, BCnbiTaBWaX pacceXHBe B Ha

npaBneHBB nDOCKOCTB, nepneH~BKYDXpHOH nDOCKOCTB Ha6nto~eHBX, 

HanpB.Mep, Ha yron, paBHhiH yrny B3DyqeHBX BaBBDOBa-qepeHKO

Ba, ~aeT B3nyqeHBe, perBCTpBpye.Moe B nnOCKOCTB Ha6nto~eHBX TODb

Ko c nepneH~HKynxpHOH nonJipB3au,ueH. ~eTanLHO ~nJI cnyqaJI 
~ .I.A. 6 /24/ 

npo3paqHoB cpe~hl 3TOT 3'"'eKT paccquTaH B pa oTe • 

Kpo.Me 3Toro, KaK noKa3aH B pa3~ene 2, nyHKT 3 , HacTox

IIJ,eH pa60Thl, nonepeimaJI cocTaBnJitoiiJ,aJI nonxpu3au,uu llH .Mo~eT 

nOJIBDJITbCJI B no ~B3BqecKBM npBqBHaM, CBJI3aHHhi.M C B03HBKHO

BeHBeM nepneH~BKYDJipHOH KO.MnOHeHThl B3nyqeHBJI BaBBDOBa- qe

peHKOBa B nornomatoiiJ,eH cpe~e. 

II .i 31 llpou,e~ypa BhlqBTaHBJI \V -W 

HHTepecHa eme o~Ha oco6eHHOCTb B3nyqeHBJI, 3aMeqeHHaJI 

B 3KCnepB.MeHTaX no lllf. lfMeeTCJI B B~y TOT ~aKT, qTo pa3HOCTb 
~ w• w.J.. 3KCnepB.MeHTaDbHbiX BHTeHCBBHOCTeB - nyqwe cornacyeT-

CJI c BenuquHOH W" , npe~cKa3biBae.MoH TeopueA nepexo~Horo B3-

16 

nyqeHBJI, qe.M 3aBBCBMOCTB OT~eDbHbiX KOMnOHeHT. TaKas npou,e

~ypa BblqBTaHBX qaCTO BCnODb3yeTCJI npB o6pa60TKe 3KCnepB.MeH

TaDbHbiX ~aHHbiX no lllf. 

TT 6 6 /25/ 6 ,...,nJI 0 'bJICHeHBX Bb1WecKa3aHHOrO B pa OTe billa BbiCKa3aHa 

rBnOTe3a 0 TOM, qTO ~DBHHOBODHOBOe TOp.M03HOe B3nyqeHBe XB

nJieTCJI HenonJipB30BaHHbiM. B 3TOM cnyqae ero BKna~ B napan-

" t nenbHYIO KO.MnOHeHTY W B B nepneH~BKYDJipHyiO KOMnOHeHTy W , 

Ha6nto~ae.Myl0 B 3KCnepB.MeHTe, ~o~eH 6b1Tb O~BHaKOB. ll03TO.My, 

eCDB cqBTaTb, qTo nepneH~BKynJipHaJI KOMnOHeHTa B03HBKaeT B oc

HOBHOM 3a cqeT TOp.M03HOrO B3nyqeHBJI, TO TODbKO napannenbHYIO 
l 

KOMnOHeHTY lllf MO~HO nonyqBTb BblqBTaHBe.M W B3 Ha6nto~ae.Mb1X 

BenuquH. 

XOTJI eCTb B npJIMble yKa3aHBJI Ha TO, qTO O~HBM TODbKO Top-

M03Hbi.M B3nyqeHBe.M HeB03MO~HO 06'bJICHBTb nepneH~BKYDJipHyiO 

KOMnoHeHTy 3Kcnepu.MeHTanLHO Ha6nto~ae.Moro B3nyqeHBX I cM., Ha-
/12/ > 

npu.Mep, pa6oTy I, pa3Hble Teopuu TOPM03Horo B3nyqeHBJI, KaK 

OT.MeqeHO B pa6oTe112 ~ He ~aiOT ~OCTaToqHhiX OCHOBaHBH CqJITaTb 

3TO B3nyqeHue HenonJIPB3oBaHHhiM; 

llpu yqeTe BKna~a B3nyqeHBJI BaBunoBa-qepeHKOBa npou,e~ypa 

BblqBTaHBJI nonyqaeT 060CHOBaHBe. ~eHCTBBTeDbHO, MHOroKpaTHOe 

pacceJIHBe qaCTBIJ, npOBCXO~BT paBHOBepOJITHO Ha nto60H a3B.My

TaDbHbiH yron, B n03TO.My BKDa~ B3nyqeHBX BaBBDOBa- qepeHKOBa 

OT HBX KaK B nepneH~BKYDJIPHYIO COCTaBDXIOIIJ,YIO lllf, TaK B B ee 

napanneDLHYIO KOMnOHeHTY ~O~eH 6h1Tb O~BHaKOB. 

41 0 pa3Buu,e ypOBHeH ~OHa 

lllf, BCnycKae.Moro "Bnepe;!l," B 

npu Ha6nto~eHBB 

"Ha 3a~" 

1 261 
B pa6oTe' 6~a~no 3a.MeqeHo, qTo 3KcnepuMeHTanLHble KpBBble 

B.MeiOT 6onee BbiCOKBH ~OH npB Ha6nto~eHBB B3DyqeHBJI Ha nepe~HeH 

CTOpOHe MBWeHB IT.e. CO CTOpOHbl BbiDeTa 3DeKTpOHOBI, qe.M npB 

Ha6nto~eHBB CO CTOpOHbl BDeTa 3DeKTpOHOB. llo MHeHBIO aBTOpOB, 

3Ty OC06eHHOCTb ~OHa HeB03MO~HO 06'bJICHBTb HanpaBDeHHOCTbiO 

Bnepe~ TOp.M03HOrO B3nyqeHBJI, nOCKODbKy, KaK nOKa3biBaiOT BX 

pacqeTbl, B yCDOBBJIX ~aHHOrO 3KCnepB.MeHTa BKna~OM TOp.Mo3-

HOrO B3DyqeHBJI MO~O npeHe6peqb. 

O~HaKo, KaK cne~yeT B3 BbiWecKa3aHuoro, B 3TOM 3KCnepu

.MeHTe IKaK B B ~pyrux e.My no~o6H~a~xl cne~yeT yquTbiBaTb Ta~e 

B3DyqeHBe BaBBDOBa- qepeHKOBa OT MHOrOKpa THO pacCeJIHHbiX qac-

17 



TBIJ,. llpeBMYIIJ,CCTBCHHOC pacceJIHBC ::meKTpOHOB BDepe,ll B ycnOBBJIX 

3KCDepBMCHTa /26/ 6y,lleT DpBBO,li.BTh K DOBhiWCHHOMY BhiXO.IlY B3ny

qeHBJI Baaanoaa- tlepeHKOBa qepe3 nepe,li.HJOJO rpaHL, cnoco6cTBYB 

3TBM yaenaqeHBJO cPOHa npB B3MepeHBJIX nepeXO,li.HOrO H3nyqeHBJI 

"anepe,ll". 

3a none3HhiC 06Cy)K,li.CHBJI pJI,lla BODpOCOB, 3aTpOHYThiX B Ha

CTOJIIIJ,CH pa6oTe, aBTOphl 6naro,llapHhl A.ll.Ko63eBy. 
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