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/1 I . 
1, Henaaao 6bJnO o6pameao BHBMaHHe aa B03MO>KHOCTb nonyqeaaB >KeCTKBX 

x) 
Y -KB8HTOB B pe3ynbT8Te p8CC9SIHHSI H8 penBTBBHCTCKBX &neKTpOH8X MS!Th'IX ¢OTOHOB , 

3aKOHbl COXp8H9HBSI 9HeprHB H HMUYnbC8 OCT8BnSUOT U0006Hy10 B03MO>KHOCTb H OnB 

npoueccoa pacceHHHB aeATpaao, xax a nnB npyrax nponeccoa c y'laCTHeM 6eaMaccoaoA 

'18CTHUbl, 

noMHMO KOMUTOH-a¢¢eKT8 

Y+e~y +e (1) 

nono6HhiA a¢¢eKT non>KeH aMeTb MecTo nnB nponecca paccesaaB aeATpaao Ha anexTpoaax 

Y+e~v+e 
e 

v +e --+Y+e , 
e e 

8 T8K >Ke AnSI nponeCCOB npeBp81U9HHSI anexTpOHHblX HeATpiiHO B M~HeATpiiHO 

v + e ... 
e 

H MIO-HeATpBHO B 3nb-H9ATpHHO 

V+e-+V+fL• 
11 e 

(2) 

(3) 

(4) 

(5) 

(6) 

nponeCCbl (4)- (6), K8K H3B9CTHO, H9UOCpeACTB9HHO CBSI38Hbl C p8CU8AOM MIOOH8 

(7) 

npoueCCbl (2) H (3), OlSS138TenhHb19 B T90pHSIX C npoMe>KyTO'!HbiM 6030HOM, npeACK8-

3biB810TCSI TOK X TOK CX9MOA cna6hlX B38HM01l9ACTBHA, HO He H86ni008nBCb llO CBX nop 

3KCU9pHM9HT8nbHO, 

x) /2/ 
3xcnepHM9HTanbHO &TOT a¢¢e1tT 6hln o6aapy>KeH R accnenoaaH B 

3 



Jlna scex nponeccos ( 1)- (6) 3aKoH coxpaHeHHH 4-aMnyllbca 

p
1
+k

1 
=P

2
+ k

2 
(8) 

rne 

p
1
(E

1
,p

1 
H p .< E 

2 
, p 

2 
) - HMIIyllbCbl aneKTpOHa ( MaCCa m ) H MIOOHa (MaC-

• 
ca ml' ) B Ha"'allbHOM H KOH8"1HOM COCTOSIHH!IX, a k l ( WI , k I ~ ~ k 

1 
) H 

k (w ,It a~ k ) 
2' 2 2 c 2 

4-HMIIYllbCbl HeliTpHH00 1IpHBO.tlHT K paBeHCTBy 

2 2 
m

1
+2(p

1 
k

1
)=m

2
+2(p

1
+k

1
, k). (9) 

113 (9) cnenyeT: 

2 2 
m - m 

J 2 

2 
+(pk)=(p+k,k). 

I I 2 I 2 (10) 

OTKY.tl8, H81IpHMep, • .tlnH (4)- (6) HM98M 

2 2 

2 
= E 

1 
W 

2 
( 1 -vI cos 0 

2
) + "\ w

2 
( 1- cos 0 ) , ( 11) E 

1 
WD ( 1 - VI cos 0

1 
) -

m~ 

rna v ~ P. IE • e - yron M8lK.tlY p H 
1, 2 I , 2 1 , 2 1 1 

k 
I 

0 
2

- TO lK8 M8lK.tly B8KTOpaMH 

p I H k 
2

, a 0 - yron M8lK.tly k 
1 

H k 
2 

113 ( 11) .tlliSI 3HeprHH 6e3MaCCOBOll "'aCTHIIbl IIOCII8 paCC9SIHHSI HM88M 

w 
2 

=W 
1 

1- v cos e -
!' I 

- v 
1 
cos e 

2 
+ 

2 

~ 
2 E.w 

~ <r- cos e .) 
E I 

Jlng nponeCCOB (2)- (3), TBK lK9 KaK .tln!l (1), HM89M H3B8CTHYIO ~OpMyny 

W =W 
2 

1- v 
1 

cos 0
1 

1 - v cos e + ~ < r ·- cos e .) 
I 2 E 

I 

B KOTOPYIO nepexonaT ( 12), ecna B nocnenaa ll nonolKaTb m ~ m 
I' • 

\12) 

(13) 

KaK BH.tlBO H3 (13), H Ha 3TO 6hinO o6p8i119HO BHHM&HH9 B /1/' npH pacCeSIHHH 

CT8nKHBai0111HXCSI IIY"'KOB Ha38.tl ( e =" 
I 

, 0 = 0" , Cos 0 =CosO~ l) 
2 I 

max 

lLJ = W =W 
1 + v 2w 

2 2 
1-v

1 
+ ~ 

E I 

~+ ~(~)2 
E

1 
E

1 

113 \ 14) BH.tlHO, 'ITO eCnH sneKTpOH penSITBBHCTCKHll (E >> m ) 
1 • 

TO 

4 

(14) 

' a 4E w >> 
1 1 m •• 

H nocne c~onKHOBSHHH ~ 

11onpo6aoe paccMOTJ 

cneKTP pacceHHHhlX Ha pe 

3H 
max w 
2 

• TaKRM o6FO 

Y -KB8HTOB Bb!COKHX 3HE 

2. 110CKOnbKY 31jxjleK 

KHH9M8TH'19CKHM ( .tlRHaM• 

nHeT HHTepeC paCCMOTpe1 

(2)- (6), Hellb3!1 HCKniO"' 

3B83.tl H penSITHBHCTCKHX 

poro, KOHe'luo, onpenen11e 

MOlK9T npHBO.tlHTb K npeBJ 

BbiCOKHX 3HeprHll, 3Ta KC 

3eMnH. Ee o6HapylKeHae 

BHCTCKHX 3 1I8KTpOHOB, Ta: 

11porpecc a C03.tlaH> 

peaKTOpOB MOlKST npH61IH· 

CTBHH B 3KCnepHM9HT8X C 

Bcnen 3a pa6oTol! < 

CX9Mbl cna6or0 B3aHMO.tl9 

HeliTpHHO Ha aneKTpoaax 

/6/ 
Tposa, a a , r.ne HeK< 

o6cylK.tlaeMbiii 3aecb s~<jle 

KaaapaThi MaTpH"'H> 

da=(2rr)•IMI2 

4(pl k I ) 

HM810T BH!I 

JJ.nH v - e 

Alii! v- e . 

paccesHHSI 

pacce!IHHSI 



:YIIhCa 

(8) 

Macca m ) H MIOOHa (MaC-

k ~...flU k ) H 
t 1 c 1 

B9HCTBY 

"' ( 1- cos 0 ) • 
2 

HIHHH HMeeM 

I l l 
a , npa pacceHBHH 

s o~ 1) 

•> me) 

(9) 

(10) 

(II) 

ll2) 

(13) 

(14) 

H nocne CTOHKHOB9HRH ¢0TOH CTaHOBHTCH *9CTKHM, 

I1oapoi5Hoe paccMOTpeHae, nposeaeaHoe ApyTIOHRHOM a TyMaHHHOM, noxaaano, 'ITO 

cneKTp paCCeHHHb!X Ha peHHTHBHCTCKHX 9H9XTpOHaX y -KBSHTOB COCpeaOTa'IBBaeTCH BI5HH-

3H (Llmaz 

2 
• TaxaM ol5paaoM,yaaeTca non:y'IHTb npaxTH'Iecxa MOHOXpOMaTaqecxae ny'IKH 

Y -xaaHTOB Bb!COKHX 9HepraJI, f1y'IKH OK83biBaiOTCH CHIIhHO nOH!IpH30BaHHb!MH, 

y -KBaHTOB npa pacceHHHH Haaaa HBnHeTCH 

XHH9MaTa'leCKHM ( aaHBMHKa npHBOaHT K 3aKniO'I9HHS!M 0 cneXTpe y -KBaHTOB) 0 npeacTaB

nHeT HHTepeC paCCMOTp9Tb C 9TOJI TO'IKH 3p9HBH npoueCCbl B3aHMoaeJICTBHH H9J!TpBH0 

(2)- (6), Hellh3H HCKniO'IHTb 0 'ITO nponeCCbl (2) H (4) HM910T MeCTO anSI 9Jih-HeliTpHHO OT 

aaeaa a penHTBBHCTCKHX snexTpoaoa ao Bceneaaoll. 3TOT MexaaaaM, s¢¢exTHBHOCTb KOTO

poro, KOHe'IHO, onpeaenHeTCH B 60IIhli!Olt Mepe HHTeHCHBHOCTblO penHTBBHCTCKHX 9n9KTpOHOB 0 

M0*9T npHBOaBTb K npeapameHHIO 3Be3aHb!X 9 Jih-HeliTpHHO B MJO-BeliTpHBO H Snb-HeliTpHI!O 

Bb!COKHX 9Hepral!, 3Ta KOMnOBeHTa HeHTpHHO He CBst3aHa CO CneKTpaMH M93 OHOB a6nH3H 

3eMna. Ee o6HapyJKeHae MOlKeT 6biTb aeCbMa HHTepeCHbiM xax anst oueaxa 'lacna penSITB

BHCTCKHX sneKTpOHOB 0 TaX H anH cyah6bl He 06HapylKeHHOrO ao CHX nop npouecca (2}, 

I1porpecc B coaaaHHH 9H9KTpOHHb!X ycxOpHTenell C 60IIhli!HMH TOKaMH H MOIUHb!X 

peaKTOpOB MOlKeT npa6nH3HTb nOCTaHOBKY 9KCnepBM9HTOB no H3y'leHHIO V
0

- e B3aHMOaei\-

131 
CTBHH B 9KCnepaMeHTaX CO BCTpe'IHblMB ny'IKaMH BHTHHellTpHHO H sneKTpOHOB 

Bcnea aa pa6oTol! $eliHMaHa a renn-Maa/
41 

npouecCbi (2)- (3) B paMKaX TOK X TOK 

15,61 
aBTOpOB , OaHaxo paccestHae cxeMbi cna15oro aaaaMoaellcTaHH paccMaTpaaanacb pHaoM 

151 
HeliTpHBO Ha sneKTpOHaX B pBCCMaTpBaanocb nBlllb anH Ha'IBnhHO TIOKOHBll!erOCH snex-

Tpoaa, a B 
161

, rae HexoTOpbie aa npaaeaeHBbiX HHJKe ¢opMyn nony'leBbl a apyroM aaae, 

o15cy*aaeMbill aaech s¢¢exT He paccMaTpaaanc>I. .. 
2 

KaaapaThl MaTpH'IHbiX sneMeHTOB I M I r BX0.0SilllH9 B Bblp8>K9HHH llnH Cet.IeHBH 

du=(2rr)'IMI2 

4(p, k,) 

HM910T BHa 

dk 
(4) 

8 {p,+k,-p2-k2), 

I M 12 
= 64 G 

2 
( p k X p k ) 

1 I 2 2 

.o.nH v - e . 
anSI v -e . 

paCC9HHHH (2) , H 

paccestHHH (3). 3aecb G - KOHCTaHTa cna6oro B3aHMOaeii CTBH lt, 

5 

( 15) 

(16) 

( 17 ) 



CaaMBB onao a&Terpaposaaae B ( 15) c noMOUlbiO 8 -ljlymmaa, nns v - e 

HBR BM99M 

G 2 dk 
do(v -e)=-- (p k) --=...::i lJ(E +CU-E -cu) 

e 71 2 1 1 E ru
2 

1 1 2 2 

2 

RnH, C ylfeTOM TOro, qTO B C.U..B. 

8(cu-cu) 
E -cu ) = ) I lJ(E+cu- 2 2 (l+cu /E CU=CU 

1 1 2 
2 

2 

8 

dk= cu· dcu d!l 
2 2e 2c 2 c 

nonyqaeM 

• du ( v - e . 
2 

G 
--(p k) 

rr2 1 1 

Cd 

E +cu 
lc 1 c 

qTo xapaxTepao nns saoTponaoro pacnpeneneaas. 

nepeAaeM K nepeMeHHblM MaanenbCT8M8 

s=(p +k )
2
=(p + k )

2 
=( E +CU )

2 

1 1 2 2 1 c 1 c 

=(k -k )
2
=(p -p )

2
=- 2cu 2 

( 1-cos () 
1 2 2 1 I c 

u = ( p - k )2 = ( k - p ) 2 
1 2 1 2 

s + t + k = m
2 

+ m 2 = 2m
2

• 
1 2 2 

113 (21) 

rae 

( P k ) = s - m2 
1 1 --!-1 --· 

1 
(c.)::!-

1c S 

E a cu - aaaqeaast 3HepraA B c.n.a. 
1 c 1 c 

C IIOMOUlb~ (21) B (:.!2) npaBOllHM (20)K BBllY 

G2 
du =-- dt , 

" 

s- m2 ___.. 
2 

d Cl • 
2c 

) ~ 

. pacces-

(18) 

(19) 

(20) 

(:.! 1) 

(23) 

rne npH H3MeH9HBB () OT 0 110 " M9HBeTCSI OT 0 nO -4cu 2 
, T8K qTO npoaHTe-

rpap088HH09 ceqea&e 1IpHHBM89T H3BeCTHb!A BHll 

4G 
2 

2 G 
2 

u=-cu=-s(ll-
rr lc f1 

2 
~ )2 

6 

1oo 

(:.!4) 

I j 

l 

·, J 

·' 

Jlng IIOIIY'IBBBB 9ll&preTB'IE 

aiiT&rpBpOBBIIBB IIO yrn&M C IIO~ 

dk 2 -cu
2 

dcu d(-• 
2 2 

8(E
1

+cu
1

-E
2
-o. 

a --(E+cu) 
a cos o 2 2 

Jlns BCTpeqa~x coynape!IBA 

(p1k1) = E1cu1 

B 

2G 2 

du =-
( E 

" 
8 CU 

2 
H3M9HB9TCB B COOTB9TCTl 

TaJtHM otSpa30M, Mbt npaxo 

aene1111B pasaoMepaoMy eaepreT 

CJJmar. • Ecna cu -= 10 Msa 
2 1 

ceR!IHbiX aeATpaao tSllli3Ke Jt E 

Jlng penBTBBBCTCKHX BII9J[' 

4 
du = -

n 

Jlng p8CC9RHBB 8HTHH9ATp 

HM99M 

du 

ana 

du =-

nnst yrnosoro pacnpeaeneaas a 

1 
u{il-e)=3 . 

nnu nonHoro ceqeHHR. 

x) Bee nposeaeaaoe pace 
AnB p8CCeBHSISI 8HTHH911TpBHO H• 



lH, .ansr 11- e pacceg.. 

(18} 

(19} 

(20} 

(:.!1} 

.. , 
,J 

(23) 

•
2 

1 T8X: 'ITO DpOHHTe-
1"-

(:.!4) 

nnu no~eHKH aaepreT .. ecEoro cneETpa pacceuaRMx aeATpaao npoBoABw a (18} 

BKTerpapoaaKHe no yrnaM c UOMOUU.lO cj>opr.tyn 

B 

_a_(E+CL>) 
a cos o 2 2 

du = 

" 
( E I+ p ,) "' I 

(PI- "'I) 

deL> 
I 

a 4> 2 H3M9HH9TCH B COOTB9TCTBHH C (13} BnnOTb QO "' 2· 

(25} 

TaEHM o6pa30M, Mbl npaxoaaM K xapaETepaoMy anu R30Tponaoro yrnosoro pacnpe

neneHHH pasaoMepaoMy aaepreTaqecKoMy pacnpeaeneua10 c rpaauquoA auepraeA, paeaoA 

wmaz • Ecna w = 10 Mae, a E >> w
1 

, TO 
2 I x} I 

cuma&, E 
2 

ceHKHbiX ueATpauo 6naaKa E E ~ 

nnu penHTHBHCTCEHX sneETpOHOB 

4G 2 

du=--

" 

(24) nepeXOQHT B 

"'I I E I 

d w . 
2 

• Cpeauuu suepruu pac-

(25') 

nng paCCQHHHH &HTHH&ATpHHO Ha sneKTpOHBX (aeATpRHO RB U03HTpOHax) aaanoraquo 

HMeeM 

2 2 
w 

du = 
G (pI k 2) 

d!l 
"2 (p k ) E + w 

I I I I 
(26) 

HnH 
G2 t 2 

du =- d t ( 1 + --) = du (~- e 
" 2 s - m (27) 

anu yrnoeoro pacnpeaeneaau H 

G2 
2 2 2 

o(i7-e)=.l. -s( 1-
m. 

)2 I 1+~+(~) 2 1 
• 3 " s s s (28) 

anu nonuoro ceqeaau. 

x) Bee npoeeaeaaoe paccMoTpeaue cnpaeennaeo, Kouequo, e cuny CP- uaeapuaHTHd?::TH 
Qng paCC9RHHR &HTRHeATpRHO H& U03HTpOH&X. 

7 



---

JllUI SBepr9TII'I9 e&OrO CU8KTp8 paCC8Sl.HilblX 8BTIIB8ATpHBO IIM98M 

2G2 
du--

rr 

'ITO npB (Som.mllX 

cu 1{E 1 +p1)( )2 
p-cu dcu, 

{p-cu)3 1 2 2 

r 1 
saepraHX anexTpoaoa nepexoABT B 

(29) 

du-~ 
rr 

2 
cu 1{ 1- cu:J E1 ) 

(11- cu.J p
1 

)
3 

dcu 2 • (29') 

CpeAHIUI aaeprRB cnexTpa pacceSLHHhiX aeATpaao 

fducu ~ E, 
< cu>~ =4 

2 f du (SO) 

rrpaqeM qacno pacceSLHa~x aaTaaeATpRRO c saepraeA >E 1/2 COCT8BnSieT OJlJIYIO B'OObMY10 

oT ot:Smero qscna aaTsaeATpaao, npeTepnesmsx pacceaase aa snexTpoaax. Qqessnao, ~o 

TO >Ke cnpaBeAIIJiliiO nna pacceSLHHSI aeATpaao aa noaaTpoaax. OTMeTRM csa3aaaoe c pa3ns
• 

'IH9M B AHB8MRX9 B38HMOA8ACTBHB (Son&W08 pa3DB'IB8 M8lKAY CD8XTp8MB Y -KB8BTOB 

npouecca (1) H cnexTpaMH seATpaso B nponeccax (2J R (3). 

3. Ot:SpaTsMca x npoueccaM npespameasB sn&-aeATpaao B MJO-aeATpaao (4) a (5) 

H MJO-ReATpsRO B sru,-aeATpaao (6). PaccMOTpRM saaqane 

2 

(pk\~~ 
2 t 2 

R 

TO nna nonaoro ceqeaaa nponecca (4) s (6) 

1 
cu 2 = vs 
HM99M 

s 

I . a2 m2 
+fL~ v +e)=- s(l-....::1!.) 

2 
u(v 

ll rr s 

HDII I!DH OTHOWOHRSI C9'19HRA nponeCCOB (4) R (2) 

u(v 

u ( v + e 

- . = ( 
.... .., + e . 

1 - m2 ! s 

1 - m7 ! s 

npouecc ( 4). 

2 
) . 

2 
mP., 

Tax Xalt 

(31) 

(31') 

YrnoBoe pacnpeneneHHe ocTaeTca H30TponRhiM, a nns saepreTil'!ecxoro pacnpeneneaaa 

MJO-aeATpHao aMeeM ( y'IIIThiBas, 'ITO 

du = 
4a2 

rr 

2 m•<< m 
ll 2 

mf' 
(cu 1 - 4E 

(l-eu/E) 
I I 

d (U • 

2 

To >Ke cnpasennaso nna pacnpeneneaHa sn&-aeATpaao B nponecce (6). 

JlH¢¢epeanHan&aoe ceqeaHe nponecca (5) 

du ~ (p,k{<p,k,) 

( p
1
k 

1
) 

B cuny COOTHOW9HHA 

dk do •• c•>( +k -p -k) __ 2 ----'-"-"-o P
1 1 

2 2 

cu 2 E 2 

8 

(32) 

(33) 

(p k)-~ 
I 2 2 

MOlKHO npenCT8BilTb B BB. 

a• 
du ·=-- dt 

rr 

s 

( S -I 

+ t ( .1. 
s 

oTxyna nnB nonaoro ceqe 

1 
17=3 a• s ( 

" 
B~p8lK9HR9 ADB 9R9 

HCXOARTb R3 IIR~epeRURa 

d 
(p k ) ( 

u~ _1_2 

( p k 
I ! 

H Y'I9CTb, 'ITO 

a 

(p2kl) =(pi 

cos () E " 

Torna npaxonaM x 1 

du ~ 

(E + 
I 

-/!.2 
( E 1 +pI: 

nps !Son&WHX 3Ha'I9HIIHX 

E 
d u = 

2(E
1 

-

-2/!.•(EI+ 

'tfTO MO>KHO 38UHC8Tb B BJ 



'PHBO HM99M 

(29) 

(29') 

(30) 

COCTABnBeT OJlBYIO B.OCbMYJO 

sa sneKTpoaax. OqesaJlao, ~o 

X. 0TM9THM CBB3aBH09 C pa3nH-

IY CDeJ:TpaMH Y -KBaHTOB 

3). 

rHO B MJO-H9liTpHHO (4) H (5) 

npouecc (4). TaK JtaJ: 

(31) 

2 
) . (31') 

·eTaqecJtoro pacnpeQeneaas 

(32) 

necce (6). 

(33) 

MOlKBO 

( p k ) e 

1 2 

m - u 
---.::.. 

2 

DP91lCTABHTb B BHJl9 

a• •• du ·=-- dt 

" ( s - m• . 
+ 1(2._ 

s 

{ 1 -
)2 

2 
m + . 

s 2 

OTKYilA 11ns nonaoro ceqeaas HM99M 

2 

2 
mp. 

a• 1 
s(1-...!!!..u.)

2
(1+ 17=3 

" s 

2 2 
m. + mu 

+ 
s 

2 
+ (...!._ ) 

s 

2 
m• 1 mu. + 

2 
0 

s 

s + t + u -= m2 + m 2 
fl 

2 2 m miL 
+ s• 

m! 
2 

miL + ) 
s 2 

(34 ) 

BhlpalKeHae JlnH saepreTaqecKoro cneKTpa aaTaaeATpaao aeTpyJlHO nonyqaT&, ecna 

HCXOJlHTb 83 JlR~epeanaan&HOro CeqeHHH, 3aDHCaHHOro B BHJl9 

(PI k 2) ( p2 k 1) 
du = d cos 0 

(p k ) 
1 1 

8 (cos (} - cos (}0 ) 

( p - w ) 
1 1 

a yqecT&, qTo 

a 

( p 2 k 1 ) = ( p 1 k 2) + 
2 m2 

mfL- • 

2 

2 
=(pk)+ l\ 

1 2 

E w + w w - w E -w p + t; 
cos (} = ----------------------~---------

w (p -w ,) 

TorJla npaXOJlHM 1t BbipalKeaaiO 

- /j.
2 

( E + p ) ( p + w ) ( p - w ) + p /j. 4 

1 1 1 1 1 2 1 d f3 • 
2 

npa fiOn&IIIHX 3HaqeHHHX E (36) nepeXOJlHT B 

- 2jj.
2 

( E + w ) ( 
1 1 

w • 
- ----1) + "" I E I d w , 

Er 1 2 

'ITO MO>KHO 38IIHC8Tb B BH.{t9 

9 

d w 
2 (35) 

(36) 

(36') 



du • [ 8 ( 1- x ) 
2 

- b(1 - x ) + c ] ·dx , (36") 

rne 

npHqeM npa 2E w » 1'!. 2 

I L 

0 < X =W / E < 
- 2 I-

2 
8 • 4 E 

1 
w

1 

b • 2/';2 ( E 
1 
+ W 1 ) 

c=1'>4 /E
1

• 

b/8«1, 
n 2 

c/8 «(--x-) 

B Bbtpa>KeHHR llnR cpenaell saepraa aHTaaeliTpRHO 

< w > 
• 2 

a b c 
---- +-12 6 2 

a 
3 

b 

2 
+ c 

E (37) 

CyW8CTB8 HHO, t{TO senH\fHH8 8 3H8'tHTenbHO np8Bbllll88T b H C llpeaeopera>1 npu 

BbiCOKBX 9HeprH51X 

2E w >> 1'1
2 

I I (38) 

aKnanoM b H , npHXOilHM K (29) 0 qTO 9CT9CTB9HHO, UOCKOnbKY npa BbtnOnHeHHH 

ycnOBHR ( 38) MO>KHO npeHef5pe% pa3nH'IH9M MaCe MIOOHa H 9n9KTJlOH8 R ( 11) nepeXOilHT 

B (12). 

XoTSI ceronast 3aTpyllHHTenbHO oocy>KilaTb 9KcnepaMenTanbHYJO nposepKy pacCMOTpeHHo

ro 31l9Cb asneHHst, HO )lnst r.onHOTbi OTM9THM 0 'ITO H9fiTpHHO OYilYT stjltjleKTHBHO npaof5peTaTb 

Bb!COKH9 9HeprHH npH CTOnKHOB9HHSIX C penstTHBHCTCKHMH sneKTpOHaMH 0 a aHTHH9l\TpHHO -

C n03HTpOHaMH, llnst MIOOHHb!X H9llTpHHO ManbiX 9HeprHll 9<jxjl9KTHB9H npOU9CC (6) 0 TaK KaK 

HX ynpyroe B3aHMOileliCTBH9 C sneKTpOHaMH HM99T M9CTO nHWb B nOp>!llK9 a G 

E bin O 6hl B8CbM8 HHTepeCH bi M yCT8HOBRTb 1 HM810TCH nH B ll0TOK8 '18CTHU 1 nanaiOIUHX 

Ha 3eMnJO, MIOOHHI<Ie H 9n9KTpOHHbl9 HellTpHHO npellenhHO BbiCOKHX 9HeprHl!, 

llporpecc B 9TOll oonaCTR TaK CTpeMHTenea, 'ITO MO>KeT Ob!Tb y>Ke nopa llyMaTb H 0 

BCTpeqHb!X nyqKaX BHTHH~iiTpHHO H 9n9KTpOHOB, 

ABTOpbl onaronapHbl 38 none3Hbl9 OOCY>Kil9HHst 8.11. BeKcnepy, E. noaTeKopso H 

OC009HHO C,C, fepWTellay, pa3rosop C KOTOpbiM pewan CYilbOY 9TOii nyonHKBUHH, 
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(36") 

(37) 

H C , npeHeOperaSI npH 

(38) 

UOCKOilbKY npH BbinOnHeHHH 

sneKTPOHa B (II) nepeXOQHT 

·anbHYIQ npoaepKy paCCMOTPeHHC>

oynyT s¢¢9KTHSHO npUOOpeTBTb 

~KTpOHBMH , a BHTHHefiTpHHO -

eKTHSeH npouecc (6) , TBK KBK 

!Wb s nopsrnKe a G 

B flOTOKe qaCTHU 1 na.aaJOntHX 

COKHX SHeprufi . 

r ObiTb yJKe nopa nyMaTb H o 

<Cnepy, E. noHTeKopso H 

5y STOH nyonHKBUHH, 
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