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3penoB s.n .. Py>KH'IKa H. PI · 12254 

Hany~euue BaoHnosa-4epeHKOBa KaK npH4HHa anoManhHO~ 

HHTeHCHBHOCTH nepexoanoro H311Y4811HH B cnyqae 
CKOJ1b3HWBr'O fl8118HHH 3l1BKTpOHOB Ha noaepXHOCTb cepe6pa 

Ha ocuoeaHHH 3~ljleKra Baeunoaa-LJepeHKoea uaercst o6bHCHeHHe HHOMa 
JlHH B cneKrpe nll, H86JliO!l8BWeH:cg anepBhl8 Eo3pWeM, B City•Iae CKOJlb:JH

wero Il8ll8HHH 'tJBCTHU HB flOBepXHOCTb cepe6pa. llaeTCSI OUBHK8 BKJ1Uil8 H~tl1y-

49HHH Baeunoaa-4epetiKODa n yrnoebiefJacnpeneneHHH nepexoniioro H3nyYeftltS! 
06pawaerc.H BHHMBHHe ua B03MO*HOCTb 6ecnoporoaoro xapaKrepa u3ny•IeHHH 

Baaunoea-I.JepenKoaa a raKoH cpe.ne, KBK cepe6po, H Ha Heo6xoJtHMOCTb 
C03Jl8HHH llOJlHOH TeopHH H3JlyqeHHR 8aBHnoaa-4epeHKOB8 JlllSl nornolllaKHllHX 

cpea. 

Pa6ora BbinOn!leHa B na6oparopHH 5II18pllb1X npo6neM OH HI I. 

Coo6weHHe 06beAHHeHHoro HHCTHTyTa !IAepHbiX accneaosaHHll, lly6Ha 1979 

Zrelov V.P., RuziC'ka J. PI · 12254 

Vavilov-Cherenkov Rodiation as a Cause of TR 
Anomalous Intensity in Case of Electron Grazing 

Incidence on the Silver Surface 

On the basis of the Vavilov-Cherenkov effect the anomaly in 
the TR spectrum is explained which has been first observed by 
Boersch for grazing particle incidence on the silver surface, The 
contribution of the Vavilov-Cherenkov ra'liation to the angle dis
tribution of photons of the transition radiation is estimated, Special 
attention is drawn to a possibility of the nonthreshold character 
of Vavilov-Cherenkav radiation in such a medium as silver, and 
to a necessity of creating a complete theory of Vavilov-Cherenkov 
radiation for absorbing media, 

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

Eme B 1965 ro.n;y lio3pw a .n;p: 1 -
21

o6aapy)KHJIH, 'ITO npa cKom.-

3JIUleM na.n;eHBH 3JieKTpOHOB C 3Heprae:ii: 30 K3B Ha llOBepXHOCTb 

cepe6pa npa yrJiaX HaKJIOHa, 6JIH3KBX K 90~ a6COJllOTHbiH BbiXO.D; 

H3Jiy'leHBJI Ha 1-2 llOpJI.D;Ka npeBhiWaeT BHTeHCBBHOCTb H3Jiy'leHBJI, 

B03HHKaiOUlero llpH HOpMaJibHOM na.n;eHHH. 

H3BeCTHO, 'ITO llOJIHaJI HHTeHCBBHOCTb llH Be.D;eT ce6JI, B 3aBB

CHMOCTH OT yrJia HaKJIOHa 'laCTHUbl'l', KaK -COS 2 111 /eM., HanpBMep, 

puc. 10 B pa6oTe
13

/ .D;JIJI cnyqaJI na.n;eHHJI qacTBUhl Ha rpaHHUY 

Ni - BaKyyM/. 3Ta 3aBHCBMOCTb .D;JIJI yrna HaKJioHa 'P =89° /cKOJib-

3JIUlee na.n;eHHe/ .D;OJI)KHa npBBO.D;BTb K yMeHbWeHBIO llOJIHOH HHTeH

CHBHOCTH llH llpBMepHO Ha 'leTblpe nopJI.D;Ka flO cpaBHeHBIO CO 

cnyqaeM nepneH.n;BKYJIJipHoro na.n;eHHJI, 'ITO Haxo.n;BTCJI B npJIMOM 

npoTBBope'IBB c o6Hapy)KeHHbiM lio3pweM CBJibHbiM noBbiWeHHeM 

llOJIHOH HHTeHCHBHOCTB. 

~JIBHa BOJIHbl, npB KOTOpOH %biJI 3aMe'leH llHK BHTeHCBBHOCTB 

B cneKTpe llH, paBHa ,\0 '"" 3500 A. Y CTaHOBJieHO Ta~e, 'ITO ,\ O 

He MeHJieTCJI 3aMeTHO C yrJIOM na.n;eHHJI 3JieKTpOHOB ~ B He COBna.n;aeT 

C MaKCHMYMOM npo3pa'IHOCTH cepe6pa, KOTOpbiH HaXO.D;HTCJI llpH 
0 

A..., 3250 A . illapBHa Ha6mo.n;aeMoro naKa B cneKTpe 1'1 A paBHa -
0 

200-300 A .. lio3pw noKa3aJI TaK)Ke, 'ITO HHTeHCBBHOCTb B naKe 

Ha6JIIO,D;aeMOrO B3Jiy'leHHJI B 3aBHCBMOCTB OT yrna CKOJlb)KeHBJI 

a Be.n;eT ce6.11 KaK 

1 
W ( u) • const 

,\on tg a 

3 



2. H3JIYT.{EHHE BABHJIOBA- qEPEHKOBA IIPH 

CKOJih3Jlll(EM IIA.,l(EHHH 3JIEKTPOHOB HA 
IIOBEPXHOCTh CEPEliPA 

.L{JHI Bhl'fBeneHBJI BHTeHeBsHoeTH B3JIY'feHBJI BasBnosa- qepeHKO

Ba, B03HBKaiOI}lero B eny'fae eKOJlh3Jill.lero na.n;eHBJI 3JieKTpOHOB 

Ha flOBepXHOeTh pa3;:J;eJia BaKYYM- Ag, BOenoJih3yeMeJI !l>opMyno:ii: 
.6y;:J;HHH I 41: 

dW e 2 w 2 Re E ( w ) --=- J expl--/3 Im[E(w)]p!(1- !wdw, 
dx c2 v /3 21E(w)l2 /1/ 

r.ne P - paeeTOJIHHe OT TO'IKH BenyeKaHHJI H3Jiy'feHHJI .D;O TO'IKH 

ero Ha6mo.neHBJI /T.e . .nnBHa nyTB,npoxo.nBMoro H3Jiy'feHBeM B epe

.ne/, f•J - 'faeTOTa B3Jiy'feHBJI, v~f3c - eKOpOeTh qaeTH}lhl H e - ee 

3apJI;:J;, c ( Cd) - .ll;B3Jie1CTpH'feeKaJI npOHB}laeMOeTh epe;:J;hl. 

O.nsaJCo .nnx pell.leHBJI noeTasneHso:ii: Ja.n;a'IB !l>opMyna /1/ .noJDKHa 

6wT& .nononsesa yenosHeM .nnx HanpasneHHOeTH HJJiy'feHHJI BasH

noaa- qepeHxosa s MeT anne, KOTopoe, xaJC 6hlno noxaJaHo B pa6o
'5,' 

Te , HMeeT BH)l 

cos e = v' I Re ( I 
I c I 13 

/2/ 

KaK ene,11.yeT H3 KPHBhiX .nnx sanpasneBHOCTB BJJiy'feHBJI BasB

nosa-qepeHxosa sAg, pacc'f~TaHHhlx no yeJIOBHIO /2/ /eM. puc. 1/, 
.D;JIJI ;:J;JIBHhl BOJIHhl A"' 3400 A BMeeTeJI oeo6eHHOeT&. H3MeHeHBe 

yrJia BenyeKaHBJI B3Jiy'feHBJI B6JIB3H 3TOB oeo6eHHOeTH B 3aBHeBMOe

TH oT A. B .nnx pa3HhiX y noKa3aHo Ha puc. 2. 
() 

KaK BH;:J;Ho B3 3Toro pBeyHKa, .nnx .D;JIBHhl BOJIHhl A. =3366 A 

BJJiy'feHBe BaBBJiosa-qepeHJCosa B03HHKaeT /npB seex Y I s6JIB3H 

yrna 90°. TaK npoBexo.nBT noToMy, 'ITO pean&Hax qaen • .D;B3JieJCT

PH'feexo:ii: npoHBnaeMoeTH eepe6pa o6pall.laeTeJI s HYJih npB 3TOM 
Ao: 

Ref(/.. 0)~0. /3/ 

3aMeTHM TaJC)I(e, 'ITO ;:J;Bana30H ;:J;JIHH BOJIH, B JCOTOPOM B03HBKaeT 

4 

\O - o· 
0,81- .. / J~ .~ H ~30" 
0.6 

cos e..,, 
0,4 

50" 

e..,, 
70" 

0,2 

o.o go· 
2000 3000 4000 5000 6000 7000 

l,A 

Puc.l. 3aeucuMocmb t:o~; U :!_IRe~~-- om 0/IUHbl BOIIHbl A 011.11 pa3-
! (! {1 

HbiX y 1 \ 1 -- {i 2 . pacc'lumaHHa.R 011.11 Ag llyHKmupHa.R Kpuea.R npeo------
, liter!t lei 

CIIIQ6/1Jielll 3Q6UCUMOC111b COS 1).,1, {~njnpu y=2/ 0/I.RAg,zoe ll ~ y' ------!. 
2 

H3Jiy'feHHe BasBnosa- qepeHKosa, HanpHMep JJ.Jlll )' =I, I, eocTaBJilleT 

npHMepHo -\A= 100 A 
PaccTOJIHHe p. KOTopoe npoxo,II.HT KBaHT H3Jiy'feHHJI BasHnosa

qepeHKosa ,11.0 nosepxHOCTH paJ.nena cpe,11. /s nnocKOCTH na.neHHll/, 

swpa)l(aeTCJI 'fepe 3 yron HaKJioHa 'faCTH!lhl 'I' H yron H3Jiy'leHHJI 

l)ch cne,IJ.yiOll.lHM o6pa30M /eM. puc. 3/: 

!' cosiJI 
p 

sin 0 ch siniJI- cosOc 11 eos 1P 

r,11.e r - ;:J;JIBHa nyTB 'faeTB}lhl. 

llO,!J.eTaBJIJIJI /4/ B /1/, flOJIY'fBM: 

/4/ 

rcosiJI lx 2 Pod/oo•~ 2 "~lm• (A) - v\Re.l 
dW = (2

17

e) f expl- ,\ ~~-cosiJI-~-) 
., " '''"~v•- 1 , 1 2~ 2 1·1~ 

X (1- IRec(~) ~ 
/321c(A.)I2 ,\3 

/5/ 
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r,ne d - onpe,neJI.IIeT paccTO.IIHHe <tacTHUhl oT nosepxuocTH paJ,nena 

B MOMeHT HCDYCKaHHJI KBaHTa HJJiy'leHH.II. 

llnTerpupy.ll /5/ B yKaJaHHhlX npe,nenax H y<tHTblBa.ll 

ycnosue /3/ /T.e. paccMaTpHBa.ll cJiy<taA, Kor,na HJJiy<teuue Basu

nosa- 4epeHKOBa HCDYCKaeTC.II nepneH,ItHKYJI.IIpHO K TpaeKTOpHH 

<taCTHUhl/, nonyqaeM swpa:lKenue: 

-~ = ~2 
stEIJI [ 1-exp( 3..!Z./1. Im£(,\) +,;-)1 

A Sin~ d A A 2 {i Im £ (A) cos IJI 

go· 
ao· 
1o· 
so· 

8 
Ch so· 

4o· 
30. 

20. 

10. 

0~ 
I 

3200 3300 

5 
-~.~ /./ / 4 
-~ -~. ~3 
/~ 

2 
1 

3400 3500 A.,A 

/6/ 

Puc.2. YzAbf UC'l)'CKUHUJI u3Ay'leHuJI Ba6uAo6a- ':lepeHK06a 6 Ag 
66Au3u \ =3400 A OAR pa3HbfX y: 1- y =1,05; 2 - y =1,1; 3 -y= 

=1,2; 4 -y =1,5; 5- y =27,5. 

6 

z 

y 

Puc.3. K onpeoeAeHwo OAUHbl nymu p U3Ay'leHUJI Ba6uAo6a- ':lepeHKo-
6a 00 no6epXHOCIIIU pa30eAa /IJ'- Y20A HUKAOHa 'IUCIIIUijbl/, "
Y20A CKOAbJKeHUJI, f' - OAUHU nymu 'IUCIIIUijbl 6 cpeoe, d - IIIOAUIUHa 
nozpaHU'IH020 CAOJI, Uch - yzoA ucnycKaHUJI U3Ay'leHUJI Ba6UA06a
':lepeHK06a/. 

Ana .JL_ '>'> 1 H Im, (A)~ 0 
A 

cPOpMyJia /6/ DpHBO,ItHTCJJ K BH,Ity 

d2 W e 2 t IJI ----- -~ ____ $ ____ -
dAd¢ A2filmF{A) /7/ 

Y<tHThlBaJJ, 'ITO tgiJ'=1/tga, r,ne a - yroJI CKOJlLlKeHHJJ, DOJiy'iaeM 

OKOH'iaTeJILHO: 

d 2w 1 
----,. const---. 

dA d ¢ tga /8/ 

0 

TaKHM o6paJoM, npll Ao =3366 A B cepe6pe BOJHHKaiOT yCJIOBH.II 

,nJIJJ ucnycKaHHJJ HJJiy<teHBJJ BaBHJiosa-4epeHKoBa no,n yrJIOM 90° 
B CKOJILJJJIUee na,neHBe JJieKTPOHOB B CHJly DOCJie,nuero COJ,naeT 

6JiaroDpHRTHble yCJIOBBR ,ItJIJJ ero BblXO,ItR B BaKyyM. 

7 



1,0 Ni 
10 Au o· o· 0,8 Jo• 
"~ 1bL/ II. ~ :;?;;r= f Jo· 0,6 so· 

cos e..,. e.... 0,4 
"'Cf=2,0 '-•,• --... ~so· =:::::::::: 70" 

~ 0,2 

t7~ 
f=27,5 

0,0 go· 
2000 3000 4000 sooo 6000 7000 

l,A 

1,0 Cu o· 0,0 go· 0,8~ r=ird/ ;z-;=1~~=1,1 ----- s" r 30" 4000 sooo 6000 7000 
so· l,A 
e.... 

70" 
Al 0,21 ~ . ------- '{ = 2 7, 5 

~ tgo· 1,0 ~ o· 
v~1,0Y ~Jo· 0,0 

' ' ' ' ~ 2000 3000 4000 sooo 6000 7000 qa 
~.A 

o5J ~ "'f ~ 1, u :::> ~so· I 
Pt I 

1,0 o· cos~, J ~ ra... 0,4 
0,81 ~ 

Jo· ..._ 70. I ---
0,2 

0,61 so· 
0,0 " - -~- go· cost,4 8max 4000 sooo 6000 7000 - 70. 

0.21 :::-- 1=20 

t90" 
~.A ' 

f=27,S 0,0 I I 

1 4000 sooo 6000 
...... 

7000 I • Puc.4- 8. To xe, '1110 u Ha puc.· 1, moAbKO OA.JI MemaAAOB Ni,Cu,Pt, 

l,A Au,AJ COOIIB€RCRB€HHO. 

8 
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Cne,11.yeT OTMeTHTb, 'ITO ,ll.nHHa BOnHbl ,\ 0 RBnReTCR xapaKTepHC" 

THKOH Cpe,ll.bl /B ,lJ.aHHOM cnyqae cepe6pa/ H ll03TOMY He MO)I{eT 

3aBHCeTb HH OT yrna HaKnoHa lla,!lalOil(HX JneKTpOHOB, HH OT HX 

3HeprHH. Cepe6po B 3TOM CMbiCne RBnReTCR yHHKanbHbiM MeTan

nOM, llOCKOnbKY, KaK 3TO cne,!lyeT H3 paCCMOTpeHHR OllTH'IeCKHX 

xapaKTepHCTHK H HanpasneHHOCTH H3nyqeHHR Basunosa-qepeHKOBa 

B ,11.pyrux MeTannax /eM. puc. 4 8/'! cpe.D.H HHX HeT TaKoro, .D.nR 

KOTOporo 6bl B BH,!lHMOH o6naCTH )lnHH BOnH BblllOnHRnOCb ycnOBHe 

/2/. )l.nR 6onee KOpOTKHX ,ll.nHH BOnH aHanorH'IHbl~ cnyqaii, DepORT" 

HO, Mo~eT B03HHKHYTb .D.nR Ge npu A~ 2800 A H )lnR Cu npu 

2200 A 

3. OL(EHKA BKJIA/M H3JIYf.JEHHR BABHJIOBA- f.JEPEHKOBA 

B YFJIOBbJE PACllPE,4EJIEHHJI llEPEX0,4HOFO 
H3JIYf.JEHHJJ 

)l.nR OUeHKH 3HeprHH, TepReMOH JneKrpOHOM Ha H3ny'leHHe 

Basunosa- qepeHKosa a nornomaromeil cpe,11.e c .D.HJneKTPH'Iecxoii 

npOHHUaeMOCTblO l. BOCfiOnbJyeMCR MO.D.H<IJHUHPOBaHHOH <!JopMynoii 

fiy.D.HHH /5/. 0.D.HaKo a pac'leTax no 3Toii <!JopMyne 6y.D.eT ucnonb-

3oBaHo noporosoe ycnosue ,11.nR BOJHHKHOBeHHR HJny'leHHR BasH

noaa- qepeHKOBa He a <!JopMe
1 

cne,!lyromeii HJ TeopHH TaMMa-cl>paHKa, 

a B BH,ll.e: 

{3 
0 

= j I Ref 1 

Ill 

BbiTeKaromeM H3 yenosHR /2/. 

/9/ 

llpu 6onbruux noKa3aTenRx npenoMneHHR, xapaxTepHbiX .D.nR 

MeTannos, HJny'leHHe Basunosa- qepeHKOBa B03HHKaeT no.D.6onbWH

MH yrnaMH )la)l{e npH HH3KHX eKOpOeTRX. A TaK KaK yron nonHOI'O 

BHyTpeHHero OTpa)l{eHHR 0 * B MeTanne, eeTeeTBeHHO , Man, TO 

3Ha'IHTenbHaR 'laeTb eneKTpa HJnyqeHHR Beer,ll.a OeTaeTeR B MeTan· 

ne. TeM He MeHee a cny'lae cepe6pa H3nyqeHHe Basunosa- qepeH

xosa MO)I{eT B03HHKaTb H fiO,ll. ManbiMH yrnaMH: Och <8 *. TaK, 

It- )l.nR Y.D.06eTBa nonbJOBaHHR puc. 4-':8 B KOHUe pa60Tbl npana

raiOTeR rpa<IJHKH 3aBHeHMoeTH {-i(y) H Ee (y) /eM. puc. 10 a 11/. 

10 

" )lnJI Y ~1 ,1 JTO npoHeXOJJ.HT s6nH3H ,11.nHH sonH A 1 =3300 A u>-2= 

=3400 A /eM. puc. 2/. 
MHTeHeHBHoeTb HJny'leHHR Basunosa-qepeHxosa a .D.Hana3oHe 

.D.nHH sonH oT A =3304 A .D.O A =3312 ~. soJHHKaromero a nosepx

HoeTHoii JOHe TOnll(HHOH d =1000 J{ npH HOpManbHOM na,!leHHH 

'laeTHUbl Ha rpaHHUY Ag- aaxyyM H BbiWe.D.Wero a saxyyM I e y'le

TOM ero oTpa)KeHHJI u npenoMneHHJI/, noxa3aHa Ha puc. 9 /xpusaR 1/. 

rJw• 
logcKld~ 

1()2 

103 

105 

-6 
10 

~=3312 A 
1 l=~3~ 

~133~ 

~·~T~~~ 
--::::::=:...._-<::: - 2 

-8 ~I 1 10 I I I I I I I I • 

o· 2o· 40· 5o· ao· e, 
Puc.9. YzAOBI>Je pacnpeoeAeHU.R uHmeHcuaHocmu U3Ay~eHu.R Baau
Aoaa- f.JepeHKOBa /KpU6a.R 1/ U nepeXOOHOZO U3Ay~eHU.R /KpU6ble 2 
u 3/. Kpuaa.R 1 pacc~u•aHa no (JopMyAe liyouHu /1/ e ouana3oHe 
OAUH aoAH t\A =/33047 3312/ A. OA.R nepneHOUKYA.RpHozo naoeHU.R 
~CIIUI4bl c y =1,1 Ha noaepxHoCIIb cepe6pa. Kpua&ae 2 u 3 pacc~u
llaH&J no (JopMyAaM nepeXOOHOZO U3Ay~eHU.R, ucnyUieHHOZO '~Ha3aO" 
/•.e. ~ aaKyyM/ OA.R y1=1,1 u oayx OAUH aoAH, >- 2=3300A u>. = 
=3360 L\ COOII6eiiCII6eHHO. 
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~ng cpaBHeHHB Ha JTOM pucyHxe npuae~eH~ yrnoa~e pacnpe

~eneHHB HHTeHCHBHOCTH nepeXO~HOrO H3nyqeHHB ~nB TOR *e rpa

HHI.{~ pa3~ena, Ha6mo~aeMoro a aaxyyMe /T .e. ~nx H3nyqeHHB 
0 0 

"Ha3a~"/ ~nx l' =1 ,1 H ~ayx ~nHH aonH ,A =3300 A H A =3360 A. 

H3 pucyHKa BH~HO, qTo B ~Hana3oHe yrnoa e OT 30'-'~o 60° /~ng 

KOTOp~X 06~qHo DpOBO~BTCB H3MepeHHB HHTeHCHBHOCTH TIH/ OTHO
WeHHe HHTeHCHBHOCTeH qepeHKOBCKOrO H nepeXO~Horo H3nyqeHHH 

cocTaanxeT He MeHee ~ayx nopx~xoa. Pa3yMeeTCB, npu Ha6mo~eHHH 

TIH "Ha3a~" a aaxyyMe H3nyqeHHe Baaunoaa-l.lepeHKoaa 6y~eT 

TOnbKO OT qaCTHI.{, HCD~TaBWHX o6paTHOe pacceBHHe. ll03TOMY 

COOTHOWeHHe HHTeHCHBHOCTeH 3THX H3nyqeHHH, ecTeCTBeHHO, B 

peanbH~X ycnOBHBX 3KCDepHMeHTa 6y~eT CHnbHO 3aBHCeTb OT 3TOrO 

cPaKTOpa. 

Bau~y TPY~HocTeH ~eTanbHoro yqeTa axna~a H3nyqeHHB Baau-

noaa-l.lepeHKOBa OT MHOrOKpaTHO paCCeBHH~X JneKTpOHOB HH3KHX 

3HeprHH M~ orpaHHqHnHCb 3~eCb nHWb yKa3aHHeM Ha B03MO*H~H 

xaqeCTBeHH~H Jclxl>eKT. 

B CBB3H C BODpOCaMH, 3aTpOHYT~MH 3~eCb, M~ XOTenH 6~ 

06paTHTb BHHMaHHe Ha TO, qTO Jclxl>eKT H3nyqeHHB Baaunoaa-l.lepeH

KOBa B MeTannax MO*eT TaK*e HMeTb MeCTO B 3KCDepHMeHTaX 161 

no H3yqeHHIO Jclxl>exTa CMHTa- llepcenna. ~eiicTBHTenbHO, nepexo~

HOe H3nyqeHHe H H3nyqeHHe BaBHnoaa-l.lepeHKOBa, B03HHKaiOII.{ee 
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1 

Puc.l 0. 3aeucuMOCBb cKopocmu <~acBUIIbl v = {~ c 011 y zl/v' 1-(32. 
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10- 101 10° 101 102 

log(f -1) 
Puc.ll. 3aeucuMocmb KUHemu-,ecKoil 3Hepzuu 3AeKmpoHa Ee 0111 Y · 

Ha OT~enbH~X 3Y6bBX ~H~paKI.{HOHHOH peWeTKH, MO*eT npHBO~HTb 

K TaKOMy *e HHTep$epeHI.{HOHHOMy BBneHHIO, KaK Jclxl>eKT CMHTa

llepcenna. AHanoruqH~ii :Jclxl>exT HHTeP.PepeHI.{HH, TOnbxo ~nB o~Horo 

TIH, a HaCTOJIII.{ee apeMB Y*e Ha6n10~ancx B JxcnepHMeHTe Bap~cxo
ro/7;. 

4. 0 EECIIOPOFOBOM XAPAKTEPE H3JIYTIEHHJI 
BABHJIOBA- 'IEPEHKOBA B IIOFJIOllMIOII!EH CPEJ(E 

H3 a~wenpuae~eHHoro aHanu3a cooTHoweHHB /1/ ~nx Hanpaa

neHHocTH H3nyqeHHB Baaunoaa- l.lepeHxoaa 6~n Y*e c~enaH o~HH 

B~Bo~ o 
0 
Heo6~qHoM xapaxTepe HJnyqeHHB a cepe6pe B6nHJH 

A 0~ 3366 A: HJnyqeHHe HcnycxaeTcB no~ aceMH yrn~MH, annoTb 

~o 90' B Y3KOM ~uana3oHe ~nHH aonH j'\A ~100~200 A/u npaKTH

qecxu npu acex y, Tiocne~Hee o6cTOBTenbCTBO cne~yeT H3 o6pa

ll.{eHHB H.e r B Hynb Ha yKa3aHHOB ~nHHe BOnH~. llo 3TOB *e 

npuquHe H3nyqeHHe BaaunoBa -l.lepeHxoaa ~o~Ho HMeTb B6nH3H 

JTOH ~nHH~ aonH~ 6ecnoporoa~ii xapaxTep. ~eiicTBHTenbHO, npu 
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Re c -> 0 OTHOWeHHe 
I c I 
v~ -->oo, a f3 eornaeHO eOOTHOW8HHID 

/9/ eTpeMHTeR K HyniD. B eBR3H e 3THM HHTepeeHO 3aMeTHTb, 

'ITO Bene,lleTBBe 6eenoporOBOeTB DpB 3aMe,llneHBB 3neKTpOHa 3a 

eqeT BOHB3aUBOHH~X DOTepb OH 6y,lleT HenyeKaTb B3ny'leHBe IIO,ll 

yrnoM 8ch "' 90° B o6naeTB ,llnBH BOnH, 6nB3KBX K A0.npaKTB'Iee

KB ,llO IIOnHOH eooeii: OeTaHOBKB. 

0TMeTHM 3,lleeb, 'ITO BBe,lleHHe B eOOTHOWeHBe cos8 
1 

8U 
,llnR BanpaoneHHoeTH B3ny'leHBR noxa3aTeng npenoMneHBR, onpe,lle-

y • 1 I Re c I + I c I 
nReMoro <PopMynoH n = v 

2 K 6eenoporOBOeTB He IlpBBO-

,llBT /eM. IIYHKTHpHyiD KpBBYID Ha puc. 1/. 

HeeMOTpR Ha TO, 'ITO 3aKOHHOeTb BeiiOnb30BaHBR cPOpMyn~ /2/ 
MR epe,ll~ e rrornmueHBeM ,lla)Ke ,llnR B3ny'leHBR BaoHnooa- llepeH

xooa B orrTH'IeexoM ,llBarra3oHe Tpe6yeT 6onee y6e,llBTenbHOii: apry

MeHTaUHB, Mbl XOTenB 6~ Bee )Ke o6paTBTb BHBMaHBe B Ha Ba)K

HOeTb paeWBpeHBR o6naeTB IIpHMeHHMOeTH cPOpMym>I /2/ B peHTre

HOBeKyiD o6naeTb enexTpa. Y)Ke HeO,llHOKpaTHO 18-11 1 o6ey)K,lla

naeb B03MO)KHOeTb BerryeKaHBR penRTHBBeTeKHMB qaeTBUaMH O,llHO

cPOTOHHOrO peHTreHooexoro H3ny'leHBR BaoHnooa-llepeHxooa.O,llHa

xo B 3THX pa6oTaX yenOBHe ,llnR B03HHKHOBeHHR qepeHKOBeKoro 

H3ny'leHHR /B o6naeTH norno~eHHR peHTreHOBeKHX nyqeii:/ aBTO

MaTH'IeeKH IIpHHHManOeb B TaKOM BH,lle, B KaKOM OHO enpaBe,llnHBO 

MR npo3pa'IHOii: epe,ll~, T.e. /3?_1/vfiRecl. 

EenH yenoBHe /2/, ,lleii:eTBHTenbHO, RBnReTeR o6~M yenoBHeM 

B03HHKHOBeHHR H HanpaoneHHoeTH H3ny'leHHR BaoHnooa-llepeHKOBa 

B rrorno~aro~eii: epe,lle /xax M~ IIOHHMaeM, B~pa)KeHHe /2/ 3Kene

PBMeHTanbHO IIO,llTBep)K,llaeTeR IIOKa nHWb HanH'IHeM IIHKa B erreKTpe 

H3ny'leHHR, Ha6nro,llaeMoro IIpH eKOnb3R~eM IIa,lleHHH 3neKTpOHOB 

Ha IIOBepXHOeTb eepe6paj, TO IIpH TeX ,llnHHaX BOnH peHTreHOB

eKOH o6naeTH, r,lle Ref =0, H3ny'leHHe ,llOn)KHO TaK)Ke B03HHKaTb 

H HMeTb 6eerroporOB~H xapaKTep. B 3TOH eBR3H HHTepeeHO 3aMe

THTb, 'ITO MHOr03apR,llB~e HOH~, ,ll~e HepenRTHBHeTeKHe, MOrnH 

6~ 6~Tb TOr,lla MO~~M HeTO'IHHKOM peHTreHOBeKoro H3ny'leHHR. 
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B 3aKniD'IeHHe M~ XOTenH 6~ e~e pa3 IIO,ll'lepKHYTb, 'ITO 

B~BO,ll~ 0 B03MO)KHOeTH B03HHKHOBeHHR peHTreHOBeKOrO H3ny'le

HHR BaBHnooa- qepeHKOBa, e,llenaHHble B 3TOM pa3,llene, He RBnRIDT

eg KaTeropH'IHbiMH H OeHOBaH~, exopee, Ha KOeBeHHbiX paeey)K,lle

HHRX, TaK KaK eTporoii: TeOpHH /TaKOH, KaK TeopHR TaMMa-cllpaHKa 

MR rrpo3pa'IHOH epe.ll~/ H3ny'leHHR BaoHnooa-qepeHxooa B rrorno

~aro~eii: epe,lle B HaeToR~ee opeMR He ey~eeToyeT. 

C03,llaHHe TaKOH TeOpHH IIOMOrno 6bl He TOnbKO rrpaBHnbHO 

orrpe,llenHTb rroporoooe yenooHe B03HHKHOBeHHR H3ny'leHHR BaoH

nooa- qepeHxooa B rrorno~aro~eii: epe,lle, HO H, B03MO)KHO, BbiRBHTb 

oeo6eHHOeTH TaKHX eBOHeTB, KaK HarrpaoneHHOeTb H3ny'leHHR H ero 

nonRpH3aUHR. 
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